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V. Abstract

The theme of this thesis is to explore novel methodologies to access useful heteroatom-
substituted bicyclo[1.1.1]pentane (BCP) scaffolds. BCPs are utilised as non-classical
bioisosteres and as a metabolically stable spacer unit in their own right within
pharmaceutical and agrochemical industries, they have also found application in materials

chemistry.

Firstly, we investigated the addition of nitrogen-centred radicals across the strained
central bond of [1.1.1]propellane 1 as an efficient entry to N,/-disubstituted BCPs (Figure
i). In an atom-transfer radical addition (ATRA) process, we demonstrated fragmentation of
a-iodoaziridines 2 for the formal addition of N,/ across 1 to give iodo-
bicyclo[1.1.1]pentylamines (BCPAs) 3. The developed methodology demonstrates good

functional group tolerance and applicability to pharmaceutical analogues.

Ewe Et;B/ air EWG
A N e B
|\/A [ir], Blue LEDs //—/

28 examples
Figure i: a-lodoaziridine fragmentation and ATRA reaction to achieve BCPA iodides.

Having discovered that BCPA iodides were significantly more challenging to functionalise
than carbon-substituted BCPs, due to expulsion of the amine component from anionic
BCPA intermediates, the development of a novel C—C bond formation tolerant of
heteroatom-substituted BCP halides was required. Through investigation into the use of
photocatalysis as a means to generate BCPA radical intermediates, we demonstrated that
the resident iodide of BCP(A) iodide compounds could be functionalised through a

photocatalysed silyl-mediated Giese reaction (Figure ii). This transformation enables

Xiii



access to challenging and desirable N,C-disubstituted BCPAs 4, for example a-amino acid
analogues. In combination, these two methodologies contribute a significant

advancement to the field and provide access to aniline and N-t-butyl bioisosteres.

Rz

EWG, Rz EWG, EWG
/Nﬁl + %\EWG B @ e /N
Allyl A~ Allyl R4
R (o)
3 6 °

4
29 examples
Figure ii: Photocatalysed Giese reaction of BCPA iodides.

Following a serendipitous result from the synthesis of BCPA iodides, we discovered that
sulfonyl halides, generated in situ from readily accessible sulfinate salts 18-S, add rapidly
to [1.1.1]propellane 1 under mild conditions and in exceptional yields (Figure iii). This

methodology represents the first synthesis of sulfonyl BCP iodides and bromides 18-X.

o (A) n=013 O (A n=013
1l N X* reagent [eN]] X
R” “ONa ] ﬁ &

18-S 1 18-X
R = (Het)Aryl, Alkyl 63 examples
X=Br, |

Figure iii: In situ generation of sulfonyl halides for the synthesis of sulfonyl BCP iodides
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1.

Introduction

1.1 The Potential of Bioisosteres

1.1.1 Challenges Within the Pharmaceutical Industry

Bringing a new drug to market takes a pharmaceutical company between 10 — 15 years
and costs $1 — 2 billion dollars.? Thousands of potential compounds are steadily funnelled
through the drug discovery bottleneck through this labour intensive process;
consideration of Lipinski’s rule of five or computer-aided drug-design modelling is often
employed to streamline the process.? 3 Consequently, the pharmaceutical industry is at
risk of restricting progress in discovering novel drug molecules due to accessing only a
fraction of available chemical space.* A potential cause of lack of diversity stems from the
uptake of quick and practical chemistry such as amide bond formations, SyAr reactions and

Suzuki cross-couplings, for example resulting in (hetero)arene rich compound screening



libraries.> Therefore, research into new methodologies and new structural motifs is of

increasing value in the search for effective drug candidates.

The pharmaceutical industry is beginning to address the need to explore a wider area of
chemical space through a diversity orientated approach to drug discovery.® The use of
bioisosteric replacements of certain functional groups offers a potential solution to this
challenge. The widely accepted definition for a classical bioisostere was termed by Burger

in 19917

"Compounds or groups that possess near-equal molecular shapes and volumes,
approximately the same distribution of electrons, and which exhibit similar
physicochemical properties...”

However, consideration of ‘nonclassical’ bioisosteres allows for more freedom in
structural, electronic and physicochemical properties compared to the parent analogues,
and is perhaps more helpful to consider when aiming to increase diversity within the

pharmaceutical industry.

1.1.2 Pharmaceutical Applications of Nonclassical Bioisosteres

Bioisosteric modification enables fine-tuning within structure-activity relationship (SAR)
studies of new lead compounds. It is a powerful tool for the design of new drug candidates,
agrochemicals and materials.®1° By surveying a broader range of steric and electronic
properties, the degree of drug-like chemical space evaluated can be increased (Figure
1.1).1% 2 A demonstration of this is the application of carboxylic acid alternatives, such as

sulfonamides and isoxazoles, which offer altered pKass and H-bond donor/acceptor



properties.!®> Another example includes surrogates of ketones, esters or amides with
increased steric bulk or modified lipophilicity, of which oxetanes have been of particular
success.'* Spiro and fused motifs have also demonstrated the importance of considering
the conformational flexibility of target compounds.*> ¢ Similarly, replacement or arene
groups with rigid 3D, sp? rich groups has proven beneficial for metabolic stability and
solubility effects.” 1’ Hence, it is considered that accessing novel bioisosteres will benefit
the pharmaceutical and agrochemical industries by diversifying drug-like chemical space,

while also enabling intellectual property advantages.

~N
N7\ o 0O N
o Y \Y 07\
— / s. _R OH
N FNd =~
OH \ H
H
carboxylic acids « variable pKa « H bonding « solubility

A = < X
)& X

X X

ketones / esters / amides « increased steric bulk « variable liphilicity

X =N, O, CRy

D -8 a

X =N, O, CH,

« higher conformational rigidity « variable liphoilicity

o= O K

- « higher conformational rigidity « variable
X=CR3, NR; lipophilicity « 3D vectorial space

Figure 1.1. Examples of Nonclassical Bioisosteres.



1.2 Bicyclo[1.1.1]pentanes (BCPs)

1.2.1 Applications of BCPs

Bicyclo[1.1.1]pentanes (BCPs) are three-dimensional linkers that have been used as
nonclassical bioisosteres of aryl, 1% 18 t-butyl,1° and alkynyl?° groups in medicinal chemistry
(Figure 1.2, a). Although the difference in inter-substituent C—C distance between p-
substituted arenes and a disubstituted BCP is greater than 1 A,2! BCPs possess a 180 °
substituent vector bond angle, meaning they are well proportioned to act as a linker in
place of arenes and alkynyl groups (Figure 1.2, b). In addition, the mono-substituted BCP
system can be used as an alternative to bulky t-butyl groups. The sp? rich BCP framework
offers a new complement of pharmacokinetic properties for SAR studies, such as
interrupted m-stacking interactions, improved lipophilicity, and increased metabolic half-
life.?? 23 Including three-dimensional aspects into drug design probes new vectors of

chemical space, accessing new opportunities for identifying successful drug candidates.

i— >_ \—/< —/—NEtz

BCP-Tazarotene F3C

Cl
N
§ I :
Nl\\/CF;.;
NH,

S
BCP-Avagacestat Novartis (alkyne) BCGPS?a(;arZrI:;):"b
Pfizer (arene) O
d=277A d=188A
b Bioisosteric
replacement
L or R————R o R R C——————> R R
R
™~ 180: 7 ™~ 1800 7
tert-butyl alkyne para-substituted 1,3-disubstituted BCP

arene

Figure 1.2: a. Bicyclo[1.1.1]pentanes in pharmaceuticals compound. b. Bicyclo[1.1.1]pentanes as
surrogates for arenes, alkynes and t-butyl groups.



Complementing their emergence within the pharmaceutical industry, BCPs have found

applications in materials and supramolecular chemistry fields (Figure 1.3).24 2> Examples

26

include molecular rods,?® molecular rotors,?” liquid crystals,?® FRET sensors,?® and

supramolecular assemblies.3°

Molecular Rod Molecular Rotor
NG — — |_| — ( \ M
\—/ A IXNT \ v N=N
Liquid Crystal FRET Sensors

MeOQ
— \_/ ———Ph

OMe

mms%somg
4

Figure 1.3: Applications of BCPs within materials chemistry.

Over the last five years, BCPs have seen a marked increase in popularity in both synthetic
approaches and through their application (Figure 1.4). Therefore, novel methodologies to

access BCPs are of interest to further develop the field.

|- 900
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|- 300

6 200

I~ 100
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Figure 1.4: Citation Report for ‘bicyclo[1.1.1]pentane’. Web of Science - Accessed 07.03.2022.



1.2.2 Synthesis of Bicyclo[1.1.1]pentanes

The first isolation of bicyclo[1.1.1]pentane was described by Wiberg in 1966 through
intramolecular Wurtz reaction of dibromocyclobutane, albeit in a poor 1% vyield due to
elimination and thermal rearrangement products (Figure 1.5, path a).3! Subsequent
syntheses used mercury-sensitised photolysis to implement ring contraction of the
bicyclo[2.1.1]pentanone (path b),3? and cycloaddition of 1,4-pentadiene (path c).33
Cyclopropanation of bicyclo[1.1.0]butane via diazomethane carbene insertion is another
route to BCPs (path d).3* Reaction across the central C—C bond of [1.1.1]propellane 1 has
by far been the most utilised method to access BCPs with considerably milder reaction

conditions (path e).

Br

.

a. Wurtz Cyclisation

Na, dioxane

| o
A — A =}

e. Ring Opening / \ b. Ring Contraction
CH2Ny, hv Hg, hv
/ N
d. Cyclopropanation c. Cycloaddition

Figure 1.5: Early syntheses of bicyclo[1.1.1]pentanes.

1.2.3 [1.1.1]Propellane

In 1982 Wiberg reported the first synthesis of [1.1.1]propellane 1, achieved by lithiation

and cyclisation of the now commercially available bis(chloromethyl)dibromocyclopropane



(Figure 1.6, a).>°> The preferred synthesis of 1 remains essentially unchanged and has been
optimised to >100 g scale and adapted to flow conditions.3¢ 37 Alternative and less efficient
preparations of 1 include carbene cyclisation of exo-cyclobutene structures®® and ring
closures of 1,3 disubstituted BCPs (Figure 1.6, b).3%%3 Once prepared, [1.1.1]propellane can
be conveniently stored in dilute ethereal solutions (typically <1.0 M) at —20 °C for several
months; however, neat solutions polymerize spontaneously above 0 °C.3> Determination
of the structure and dimensions of 1 was made possible by the use of low-temperature X-

ray crystallography, 4 gas-phase measurements* and DFT calculations.*®

Br. Br

CHBr3, NaOH n-BulLi
Cl Cl -_—
/\”/\ -50 °C, pentane:Et,0
cl 1
Cl >100 g scale

PhLi, Et,0,-45t00°C,2h

MelLi t-BuLi X v
Br or NaCN

or KOH
Br 1 X=Y=1,Br, SPh

X#Y=1Br,ClLH
Figure 1.6: Syntheses of [1.1.1]propellane.

[1.1.1]propellane 1 has established itself as the reagent of choice to construct BCPs, owing
to its susceptibility to undergo rapid reactions across the central C—C o bond with

nucleophiles, electrophiles and radicals (Figure 1.7).4647

Nu R'| E*
VPP A A
anions radicals cations

Figure 1.7. Reactivity of [1.1.1]propellane 1.
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The reaction of [1.1.1]propellane 1 with radicals is the most expansive research area for
BCP synthesis to date, and this approach has successfully enabled the synthesis of both
mono- and disubstituted BCPs (Figure 1.8, a).*® The first reported example of radical
addition to 1 obtained a BCP sulfide on reaction with thiophenol (Figure 1.8, b).*° Following
this initial isolation, further development included examples of aryl- and alkyl thiols, and
disulfides.”® > A principal example for the addition of carbon-centred radicals to 1 involves
the homolysis of diacetyl under mercury irradiation to obtain diketyl BCP (Figure 1.8, b).>?
Sequential oxidation with sodium hypobromite achieved the di-carboxylic acid BCP, which
is a key intermediate in the many syntheses of asymmetrically 1,3-disubstituted BCPs (see
chapter 4 for examples). Further advancements in radical chemistry have since enabled
the generation of carbon-centred radicals under much milder reaction conditions, forgoing
the need for harsh irradiation.*” A range of heteroatom-centred radicals have also
undergone radical addition to 1 (Figure 1.8, c), while nitrogen- and sulfur-centred radicals
will be covered in greater detail in the following chapters due to their direct link to this

thesis (Chapters 2 and 4).

a SOMOPhile,

R® [M] or HAT
/Q - > R¢ E _— Ri &—R
1

b
ﬁ,H < PhsH [ ﬁ ] (MeCO), °> Q {o
Ph/ 34% ; hv, (Hg Lamp) R R
naosr [ RZGH san
[
RS&—SR Rozsﬁ—SeR smﬁ—x NRzﬁ—R xﬁ—R
X =H, Bpin X = Hal
Rozsﬁ—SR (RO)Z(O)Pﬁ—R SnRsﬁ—H ozNﬁ—SCN Roﬁ—x
X=H,I



Figure 1.8: a. Summary of reactivity of [1.1.1]propellane 1 with radicals. b. Early examples of
radical addition to 1, reported yields are from the bis(chloromethyl)dibromocyclopropane
precursor. c. Addition of heteroatom radicals to 1.

The addition of nucleophilic reagents to [1.1.1]propellane 1 and subsequent reactions of
the BCP anionic intermediate have enabled the synthesis of disubstituted BCPs (Figure 1.9,
a). Seminal work in this area achieved the addition of aryl Grignard reagents to 1, and the
resulting BCP Grignard intermediate has been trapped with electrophiles (CO,* or RCOCI?®
>3), or reacted via transmetallation for cross-coupling (ZnClz then Pd" or Ni")2% >3 (Figure
1.9, b). The limitation of this approach lies in the use of high temperatures (up to 100 °C)
in low flash point solvents, such as Et;0, to achieve anionic addition to 1, leading to the
metallated BCP intermediate. Turbo-lithium amides have also demonstrated analogous
additions of nucleophilic nitrogen centres to form terminal BCP amides (Figure 1.9, c).?’
This methodology has since been advanced to achieve 1,3-disubstituted-BCPAs through

transmetallation with Cu' to couple to activated electrophiles.>* These selected examples

highlight the current state of the art of nucleophilic additions to 1.

R E*
% L» Nuﬁ@ —or—> NUﬁE
M], R-X
1
b (0]
Ar¢ v
/ R

CO, or RCOCI
Ar-MgX -
ﬁ —_— [ ArﬁMgX l N
Et,0, 100 °C ZnCly, Ar-X
1 [Pd"] or [Ni']
~

ArﬁAr
c
R,N-[Mg] A then Cul, R—X
= R,N Mg] [———> RN R
‘turbo amide' R = Alkyl
1

Figure 1.9: a. Summary of reactivity of [1.1.1]propellane 1 with nucleophiles. b. Reaction of 1 with
Grignard reagents. c. Reaction of 1 with lithium amides.



The reaction of [1.1.1]propellane 1 with electrophiles leads to the generation of a cationic
BCP intermediate that undergoes rapid rearrangement to give exo-methylene cyclobutane
products (Figure 1.10).*! This rearrangement typically outcompetes interception with
nucleophiles. However, cations formed from halo-BCPs are less susceptible to

rearrangement and could be trapped with strong nucleophiles.*!

/(1;( ne 7I_J|/
—_—

E
/ E rapid

Nu
rearrangement

E*
% R E~£ 5@
MeO~
1 \
E OMe

E=1Br
Figure 1.10: Reaction of [1.1.1]propellane 1 with electrophiles.

Similar rearrangements of [1.1.1]propellane 1 have been observed on heating to
temperatures above 100 °C, or through the generation of carbene intermediates via flash
vacuum pyrolysis (FVP) (Figure 1.11, a).2> >> Formation of cyclobutene products and higher
oligomers have also been initiated by transition metal centres (Figure 1.11, b). Recently,
such rearrangement of 1 to metalla-cyclobutylcarbene intermediates has been exploited
by Ni' catalysed cyclopropanation of alkenes to form methylenespiro[2.3]hexanes
products (Figure 1.11, c).”® A further example of the reactivity of 1 is the formation of
allene and alkyne coupled methylene-cyclobutane products under Cu' catalysis (Figure

1.11,d).*’
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c Aggarwal 2019

R;
. \)\ 25 examples
R > _ 919
NS R, rtor 50 °C R 28-91%
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d Tolani 2019
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o 1 R
60 °C ) R
(Het)Ar (1.4 equiv.) 4
R=TMS R = Alkyl, Aryl
4 examples 32 examples
44 - 59% 62 — 98%

Figure 1.11: Rearrangements of [1.1.1]propellane 1.
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1.3 Thesis Aims

This thesis aims to explore novel methods to achieve heteroatom-disubstituted BCPs via
the reaction of heteroatom-centred radicals with [1.1.1]propellane 1, and then to exploit
the conveniently installed halide for further functionalisation opportunities (Figure 1.12).
At the start of this investigation, the methods available to access such disubstituted
hetero-BCPs were limited in comparison to the better-studied carbon disubstituted BCPs.
Novel synthetic developments in this field would enable further evaluation of the biological
activities and pharmacokinetics of heteroatom-substituted BCPs as bioisosteres.
Throughout the research, we aimed to employ practical, effective and mild reaction
conditions to achieve the desired compounds while maintaining functional group
tolerance, and for the chemistry to be amenable to multigram scale synthesis and

pharmaceutical applications.

R
X/
Ne /\\ ATRA Giese
‘/ SOMOphile
.

Br Pharmaceutical and
Agrochemically

heteroatom radical .
relevant motifs

generation
Figure 1.12: Project Overview, methods towards hetero disubstituted BCPs.

The results of this research are split across three chapters, each of which will be introduced
in more detail in turn (Figure 1.13). Firstly, we investigate the use of an atom transfer
radical addition (ATRA) reaction to obtain synthetically convenient nitrogen-substituted
BCP iodides through the generation of nitrogen-centred radicals (Chapter 2). We then
highlight the utility of these BCP halides through novel functionalisation methods for C—C

bond formation to obtain N,C-disubstituted BCPs (Chapter 3). Finally, we develop a

12



practical synthesis of sulfonyl BCP halides through the in situ generation of sulfonyl halides

(Chapter 4).

O,R
|2 ATRA RO25
N —_ N I
%| Allyl

:,
:

|
& @
|

%}/

ffffffff Chapter 4 --------
(0]
?, X SV ATRA ogll "
9N R X * /
R ONa R
in situ 1
X=1,Br
R = (Het)Aryl, Alkyl

Figure 1.13: Thesis Chapters.
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2.

Nitrogen-Substituted BCPs

2.1 Introduction

2.1.1 Bicyclo[1.1.1]pentylamines (BCPAs) as Bioisosteres

Bicyclo[1.1.1]pentyl amines (BCPAs) have the potential to be applied as nonclassical
bioisosteres of N-t-butyl and aniline motifs, the latter of which is a pharmaceutical
toxicophore. Cytochrome Pasp (CYPas0) oxidation of anilines to form reactive quinone imine
intermediates is a suspected cause of their hepatotoxicity and, as a result, their
replacement with more metabolically stable sp? rich cage frameworks is of considerable
interest (Figure 2.1, a).”® Indeed, the Food and Drug Administration (FDA) withdrew
numerous aniline containing drug compounds from the market for displaying undesirable
side effects resulting from CYPsso oxidation (Figure 2.1, b); examples include the
antidepressant Nefazodone which was rescinded in 2003 for causing severe cases of liver

damage,”® cancellation of the registration of the non-steroidal anti-inflammatory drug
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(NSAID) Lumiracoxib in 2007 after concerns it may cause liver failure,®® and similarly
withdrawal of Amodiaquine from phase four malaria trials in 1998.%' Drugs containing N-
t-butyl groups have demonstrated similar susceptibility to hepatic metabolism; for
instance, the biologically inactive oxidised by-products of Finasteride are observed to be

readily excreted by the body (Figure 2.1, c).%?

a
Bioisosteric

o}
/© CYP450 /g Replacement NR2 NRZ NR2 NRZ
oxidation Z %K @
R,N R;N / :E /

€]

sp° rich caged frameworks

b OH
OPh COzH

)X\ F H NEt
2

N T/\/\N/\ N HN

—N k/N cl yZ |
Et Cl “
cl N

Nefazodone Lumircoxib Amodiaquine
Antidepressant, withdrawn 2003 NSAID, withdrawn 2007 Malaria, withdrawn 1998

OH CO,H

CYP4s50
R,N & aldehyde dehyd ana/or
5 aldehyde dehydrogenase RN RN

Finasteride
dihydrotestosterone blocker,
tiyp=6h

Figure 2.1: a. Proposed metabolism of anilines and their potential bioisosteric replacements,
scheme adapted from ‘Recent Advances and Outlook for the Isosteric Replacement of Anilines.”®
b. Withdrawn aniline-containing drug compounds. c. Proposed metabolism of N-t-butyl groups.

sp® rich frameworks are increasingly included in structure-activity relationship (SAR)
surveys to discover new lead compounds. In particular, the growing interest in BCPA
derivatives can be monitored by their recent appearance in numerous patents and in drugs
produced by pharmaceutical companies (e.g. Figure 2.2, a).538 SAR investigations by The
Upjohn Company highlighted BCPA derivative U-87947E of the fluoroquinolone

ciprofloxacin, which can be used to treat severe bacterial infections such as pneumonia.®®
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The BCPA analogue displayed in vitro antibacterial activity against gram-positive and gram-
negative aerobic bacteria (Figure 2.2, b). Notably, U-87947E proved to be significantly
more active than ciprofloxacin against a resistant strain of Staphylococcus aureus owing to

increased steric bulk and electronegativity of the bridgehead carbon atom.”®

HoN

N o)
F CO,H \r/ | N (
| N N\N
HN H,N 7/ |
Me N N cl o OJ\/O
" <X L O}
/N\ Integrated Stress

N Cl
NH, \\> Response Modulator
Cl = Calico Life Sciences
+ MeSO3H (%)-U-87947E o
The Upjohn Company, Antibiotic Hsp 90 inhibitor
Pfizer
Ciprofioxacin-susceptible Clprofloxacin-resiatant
Staphylococcus aureus ATCC 29213 Staphylococcus aureus 30864
b o 10, 104
F CO,H = 8 9 94 s
| E a B 8- %
2 | -
— 2 7y o— Control 7 —&— Control
N N E & [}
HN\) F 3 \ —%— Clprofioxacin (2.0 gg'mi) ~¥- Ciprofioxacin (8 pg/ml)
LE * Y —e— U-BT947E (0.5 pg/mi) SJ —@— U-BTO47E (0.8 pg/ml)
2 4 4
. . 2 24 .—1-‘—‘:1"—;.. 24
Ciprofloxacin §\ |
(Trade Name: Ciloxan 14 The limh of detection le 100 ctu/ml 14
Cipro, Neofloxin) b 0y —— — =~
0 4 8 12 16 20 24 e 4 8 12 18 20 24
Time (h)

Figure 2.2: a. BCPAs in pharmaceutical lead compounds. b. Time-kill curves for U-87947E and
Ciprofloxacin, figure from ‘U-87947E, A Potent Quinolone Antibacterial Agent Incorporating a
Bicyclo[1.1.1]pent-1yl (BCP) subunit.””

In an attempt to broaden the available biological data for BCPA drug analogues, MacMillan
and co-workers demonstrated that BCPA analogues of Indoprofen and Leflunomide
displayed either equal or improved metabolic stability in rat and human liver microsomes
(Figure 2.3).”! These results show great promise for using BCPA templates in the
pharmaceutical industry. In the future, we can expect to see an increase of these
fragments being utilised, especially if novel methodologies are continuously developed to

access BCPA motifs.
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NSAID
t1/2 >180 min

Me
Me
0 COzH o
CO.H
N — N
Indoprofen

t4/2 >180 min

O\ o\
H | N — H\HIéN

Leflunomide
immunosuppressor
t1/2 >20.3 min

t4/2 >180 min

Figure 2.3: MacMillan and co-workers' metabolic stability studies of BCPA drug analogues.”

2.1.2 General Methodologies to Access BCPAs

Early routes towards 1,3-disubstituted BCPAs predominantly centred around multistep
manipulations of BCP dicarboxylic acid derivatives or other pre-functionalised BCPs.
However, following the popularisation of [1.1.1]propellane 1 as a ‘strain-release’ reagent
in 2016 by Baran,?” which saw the preparation of this versatile reagent on >100 g scale,
the majority of proceeding publications capitalised on ring-opening reactions of 1 to
access BCPAs (Figure 2.4). The synthesis of mono- and disubstituted BCPAs from 1 can be
categorised into three distinct approaches: reaction of N-centred anions, C-centred

radicals and N-centred radicals.

e N
o
N-BCP Anion

manipulation

R = CRy, H, X C-BCP Radical 1

difunctionalised BCPA
-f KN

\ N-BCP Radical /

Figure 2.4: Approaches towards difunctionalised BCPAs via [1.1.1]propellane 1.
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2.1.3 Manipulation of BCP Derivatives

Early approaches towards mono- and disubstituted BCPAs involved multi-step routes using
pre-formed BCP building blocks, typically derived from [1.1.1]propellane 1. Of these, acyl
nitrene rearrangements have proved the most successful and widely used entry to
disubstituted BCPAs (Figure 2.5, a).”27> In addition, high-pressure reductions of BCP azides
and hydrazines have been reported (Figure 2.5, b).”® 77 A further example involves
lithiation of BCP stannanes followed by quenching with a lithium alkoxyamine (Figure 2.5,
c).”® The formal alkoxide displacement on nitrogen by the lithiated BCP, is proposed to
involve an Sn2-like process in a lithium aggregate complex, rather than via generation of a
nitrene intermediate.”” Unfortunately, the majority of these methods are restricted to
accessing mono-substituted BCPAs, require multiple steps and/or are not suitable for

scaled-up protocols.

a Wheeler, 1982
Kirkbride, 1987
Timberlake, 2001
Szeimies, 2004 Schmidt, Curtius or

Hofmann Rearrangement
HO,C R HoN R

R = H, CO,H, CO,Me, COCI

b Bunker, 2011
Adsool, 2011

Hp(3-4bar)  *HCI
HN or N3 I —_ H,N
HoN PtO, or HCI,
Pd(OH,)/C

[ Barbachyn, 1993

n-BuLi ,
LINHOMe MR
(n-Bu)3Sn —_— H,N R, ,N—O\
N Me

lithium aggegate

Figure 2.5: Early multi-step approaches towards BCPAs.
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2.1.4 Reaction of Nitrogen-Centred Anions with [1.1.1]Propellane

Methodologies utilising the direct reaction of [1.1.1]propellane 1 with nitrogen-centred
anions have given efficient access to both mono-substituted BCPAs and the more
challenging 1,3-disubstituted-BCPAs. In 2016, Baran and co-workers demonstrated that
through the generation of ‘turbo-amides’ with iPr-MgCl.LiCl, N-centred anions could
engage in ‘strain-release’ additions to 1 to access mono-substituted BCPAs bearing a wide
variety of N-alkyl substituents (Figure 2.6).3-8 However, these processes require elevated
temperatures (50 — 90 °C), restricting functional group tolerance. This methodology was
later adapted to achieve 1,3-disubstituted BCPAs by Gleason through transmetallation of
the metallated BCPA intermediate to a Cu' catalyst that can be used to couple with

activated electrophiles; however, this approach is limited to the use of alkyl amines.”*

Baran, 2016
Gleason, 2019

RoN-[Mg] A then Cul,R—X
_— RoN [Mg] | ——— >
‘turbo amide’ R = Alkyl N R
1

53 examples 26 examples
38-72% 36-73%

Figure 2.6: Reaction of N-centred anions with [1.1.1]propellane 1.

2.1.5 Amination of BCP Radicals

Methodologies that involve adding C-centred radicals to [1.1.1]propellane 1 followed by
amination of the resultant BCP radical intermediate have successfully achieved the sought
after unsymmetrical disubstituted BCPAs. Primarily demonstrated by the Uchiyama group,
Fe' catalysis was used to generate acyl, (hetero)aryl or alkyl radical intermediates through

oxidative de-nitrogenation (Figure 2.7, a).8* Upon addition of this C-centred radical to 1,
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the resultant BCP radical was trapped by diethyl azodicarboxylate (DEAD) as an N-centred
SOMOphile to achieve BCP hydrazines in a multicomponent one-pot process. Reduction of
the BCP hydrazine products to the free amine could then be achieved in two steps. In 2020,
MacMillan and co-workers described a three-component metallaphotoredox
methodology to achieve ‘drug-like’ BCPAs (Figure 2.7, b).”* Primary, secondary and tertiary
alkyl radicals were generated through photoredox-catalysed decarboxylation of activated
alkyl carboxylic acids (alkyl bromides were also successful). The alkyl radical was trapped
with 1 to give a BCP radical intermediate that can then be intercepted by a Cu" catalyst for
coupling to nucleophilic N-heterocycles. These methodologies provide tidy one-pot

solutions toward the challenging synthesis of difunctionalised BCPAs.

a Uchiyama, 2017

Boc, Fe(Pc), TBHP, Boc
RN ﬁ . N Cs,COs NH
H No MeCN, —20 °C, 1-3 h R N
1 Boc Boc
(2.0 equiv.) (2.0 equiv.)
- 18 examples
R = COMe. 38 < 72%
(Hetero)Aryl, Alkyl
b  MacMillan, 2020
B
B Ir(ppy)s (2 mol%) |
COy(IMes)o 5 Cu(acac), (60 mol%)
. . 7 BTMG (3 equiv.) 2
—_—
N 1,4-dioxane =~
[¢] 1 HN Blue LEDs OMN _
(2.0 equiv.) (1.5 equiv.) =
pre-prepared from the acid 53 examples

41 - 85%

Figure 2.7: Three component reactions to make 1,3-difunctionalised BCPAs via C-substituted BCP
radical intermediates. Fe(Pc) — Iron(ll) phthalocyanine. TBHP — t-Butyl hydroperoxide. BTMG — 2-t-
Butyl-1,1,3,3-tetramethylguanidine.

2.1.6 Reaction of Nitrogen-Centred Radicals with [1.1.1]Propellane

The reaction of [1.1.1]propellane 1 with electrophilic N-centred radicals is comparatively
underexplored in comparison to the addition of C-centred radicals to 1. Seminal work in
the field by Wiberg in 1986 included a reaction of 1 with nitric oxide and carbon disulphide
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to give nitro-thiocyano BCPs (Figure 2.8, a).8? The addition of N-radicals to 1 then remained
unexplored until 2020, when Leonori and co-workers demonstrated a robust three-
component  construction of  1,3-disubstituted BCPAs.  Photoredox-catalysed
decarboxylation of the amidyl radical precursor for trapping with 1 and a third SOMOphile
component (Figure 2.8, b).23 Amide, sulfonamide and carbamate functionalities were well
tolerated as the electron-withdrawing group on the nitrogen atom. However, this
chemistry is restricted to halogen (Cl or Br only) or S-substituents at the Cs-position of the
BCPA, and C—C bond formation was markedly absent. In 2021, following the completion of
the work presented later in this chapter, an amidopyridylation of 1 was described by Hong
and co-workers through light-promoted N-N bond cleavage (Figure 2.8, c).8* The proposed
reaction mechanism proceeds via a photoexcited electron-donor-acceptor (EDA) complex,
generating an electrophilic sulfonamidyl radical through single-electron transfer (SET) that
can then be intercepted by 1. These procedures demonstrate that adding N-radicals to 1
is a particularly efficient entry to difunctionalised BCPAs; however, versatility at the C3-BCP

position remains somewhat limited.

ﬁ - o &
_—
2

a Wiberg, 1986

b Leonori, 2020

Ir[dF(CF3)ppy.](dtbpy)(PFe) (5

mol%), CsCO3 (2.0 equiv.) Me\
+ + X—=Y - > N X
Me CH,Cly, rt, 90 min EWG/

ril 1 Blue LEDs
EWG (2.0 equiv.) (4.0 equiv.) 28 examples
— 0,
EWG = COR, X=Cl, Br,H, SR 20-86%
SO,R, CO,R Y = Nphth, CCls, PhC(CN), X#C
c Hong, 2021 R
M —|=
Me — NaOAc (2.0 equiv.) N =\
NN Wt N \
- / MeCN, rt, 2 h
/ W T
RO, S R . Blue LEDs RO.S
) 28 examples
(2.0 equiv.) 44-99%

Figure 2.8: Reaction of N-centred radicals with [1.1.1]propellane 1.
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2.1.7 Previous Synthesis of BCPs in the EAA group

In previous work, we described the efficient synthesis of BCP halides through an atom
transfer radical addition (ATRA) reaction of alkyl halides across the central bond of
[1.1.1]propellane 1 using EtsB/Ozas an initiator (Figure 2.9, a).8> Heteroaryl and aryl iodides
were unreactive under these conditions, which led to the development of a
complementary photoredox-catalysed ATRA methodology to access this class of substrates
under very mild conditions (Figure 2.9, b).8¢ These methods have been applied to
pharmaceutically relevant substrates such as BCP derivatives of dipeptides, penicillin and
nicotinic acid (Figure 2.9, c). The BCP halide products provide an excellent opportunity for
further functionalisation, such as C—C bond formation; this will be discussed and explored
in chapter 3. Photoredox catalysis can also be combined with hydrogen-atom transfer
(HAT) cycles to generate monosubstituted BCPs bearing a-carbonyl chiral and quaternary
centres (Figure 2.9, d).8” 8 In the first instance, the photocatalyst/HAT cycle is used in

conjugation with chiral enamine organocatalysis to achieve a direct asymmetric radical

addition to 1.
a
Et3B (10 mol%) 30 |
X 3 examples
Alkyl” + % > Alkylj TX ) oxamp
g air, Et,0, rt 98%
1 X=Br |
(2.0 equiv.)
b
X fac-Ir(ppy)s (2.5 mol%) R X 87 examples
- + N n
R t-BuCN, Blue LEDs, 29 - 98%
1 25°C,0.5-24h
i R = Alkyl, (Het)Aryl
2.0 .
(2.0 equiv.) e

c 0o
| 1
= o NH
H i X o s
/N\)]\ OMe N
Boc Y N o N
> o)

t-BuO,C
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dipeptide nicotinic acid | fo)

derivative
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19 examples : 24 examples
25-99%, 64— 98% ee | |10 CAUN) 50 — 94%

Figure 2.9: EtsB/0; and photoredox-initiated ATRA reactions with [1.1.1]propellane 1. PC =
Photocatalyst. OC = Organocatalyst.

2.1.8 BCPA Halides

A BCPA halide was first reported in experiments carried out by Wiberg in the early 1990s
to prove the formation of BCP cationic intermediates (Figure 2.10, a).** & In 2001,
Timberlake and co-workers reported the same azido-BCP-iodide compound in 92% vyield,
following reaction of IN3 with [1.1.1]propellane 1 (Figure 2.10, b).*° Timberlake attempted
LiAlH4 (LAH) reductions to achieve the BCPA iodide with a free amine as a functional
synthetic building block, however, this gave rearranged and ring-opened products. A
borane reduction was supposedly successful; however, the authors note that ‘analytical
analyses were unsatisfactory’ but ‘reduction [of the amine product] with LAH gave [the exo-
methylene-cyclobutane] thus implying the correct structure’. To our knowledge, there are
no other reported syntheses of BCPA iodides in the literature. In fact, with the addition of
the elegant work by Leonori et al. discussed in Section 2.1.6,%% these publications
constitute the only syntheses of BCPA halides altogether. This substrate class holds

untapped potential for the synthesis of disubstituted BCPA bioisosteres.
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a  Wiberg 1991, 1994

b  Timberlake 2001

IN
8 > N, | - BHsTHF H,N 1
MeCN
1
LiAIH4, THF, LiAIH,4, Et,0,
A; HCI A; HCI

Cl +
+ CIH3N
CIH3N -

Figure 2.10: Synthesis of BCPA iodides.
2.1.9 Generation of Nitrogen Radicals

Based on our experience with ATRA reactions of C-centred radicals with [1.1.1]propellane
1 to form BCP halides, we anticipated applying this concept to N-centred radicals to
provide analogous BCPA halides. Such a method would constitute an excellent opportunity
to access 1,3-disubstituted BCPAs as p-substituted aniline bioisosteres. N-centred radicals
are typically highly electrophilic based on their Pauling electronegativity values compared
to that of carbon (xp (N) =3.04 vs X, (C) = 2.55),° except iminyl radicals which demonstrate
ambiphilic reactivity. Typically, these intermediates are generated from N—H, N-X, N-O or

N—N bond cleavage, and are initiated by homolysis, SET or redox processes (Figure 2.11).

+eo
>N SN /\N/H N
A § L PS
amidyl aminyl aminium iminyl
H X OR
\N e ~ N/ \N - - NR2

| | | N

|
N-H bond cleavage N-X bond cleavage N-O bond cleavage N-N bond cleavage

Figure 2.11: Classes of N-centred radicals and their generation.
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Of these methods, N—I bond cleavage is the most appealing class of reagents to consider
for ATRA reactivity across [1.1.1]propellane 1. A selection of N—I reagents bearing electron-
withdrawing groups are known to achieve one-pot additions across double bonds (Figure

2.12).%2

R X R4 X
|
X _ ATRA A
| Ry
Rz
|
1 O\\ / Br
/ O:S/N

_ CN
N
PhP? I | N |
NUEX

Figure 2.12: Examples of N—I reagents having undergone ATRA reaction with olefins.

Further evaluation of the literature identified that N-centred radicals could also be
conveniently accessed by fragmentation of a-iodoaziridines. This system has been used for
formal (3+2) cycloadditions to unactivated and electron-rich alkenes with stoichiometric

Ft3B/O, (Figure 2.13).9% %

Ts \ —_ _R
| Et3B (3 x 0.5 equiv.) | W
N
%| * T) 02, CeHeg N
N
- Ts/ \/
(3+2) cycloaddition
stepwise

Figure 2.13: lodoaziridine fragmentation with EtsB/0; to generate N-centred radicals.
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2.1.10 Chapter Aims

We questioned whether [1.1.1]propellane 1 could be a suitable radical acceptor for N-
centred radicals generated from a-iodoaziridines. The resultant BCPA radical would be
able to abstract an iodine atom from the starting halide in a chain propagation process,
affording BCPA iodides in one step (Figure 2.14). The BCPA iodide products could enable
entry to highly desirable 1,3-disubstituted BCPA motifs through lithiation, cross-coupling
or further radical reactivity. In addition, the resulting N-substituents have the potential to
be manipulated or cleaved entirely to give the free BCP amine. For example, the electron-
withdrawing substituent on nitrogen could be an amide, carbamate or sulfonamide
functionality, and the N-allyl chain could undergo olefin manipulations for example

oxidation, de-allylation and cross-coupling.

amides, carbamates
sulfonamides

EWG é ;é g L ‘
I
N > initiator EWG\ f_» 1 EWG\
g N oropagation™ N |
propagation .
- v / lithiation, cross-coupling,
x'\_/I jodo-BCPA radical initiation

strain relief driven

N-centered radical formation '
olefin chemistry, de-

allylation, cross-coupling

Figure 2.14: Proposed ATRA reaction of N-centred radicals with [1.1.1]propellane 1.
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2.2 Results and Discussion

2.2.1 Triethylborane-Initiated ATRA Reaction Optimisation

a-lodoaziridine 2a was selected to optimise the ATRA reaction with [1.1.1]propellane 1.
Triethylborane (Et3B) was first trialled as a radical initiator for this process, based on the

93,94 and our experience with addition of C-centred radicals to 1.8 8¢

success of Taguchi,
Encouragingly, iodo-BCP sulfonamide 3a was obtained in 67% yield following the required
C—-N o bond fragmentation and ATRA with 2.0 equiv. of 1 (Figure 2.15). BCP staffane
oligomer 3a=S resulting from a secondary addition to 1 was also formed in small quantities
(6:1, 3a:3a-S) and was inseparable from the desired mono addition product. In addition,
products 3a—H (20:1, 3a:3a-H) and N-allylsulfonamide 5a (17% vyield) arising from
premature HAT were also isolated. We considered two potential HAT sources: The a-N
allylic H-atom of 5a or 3a, or the reaction solvent, as was found to be significant by Leonori
and co-workers.® These undesired side products accounted for 28% yield loss of BCPA 3a,
and we endeavoured to improve the yield by minimising their formation.
\/_& EtZO air, rt, 5 h Ay’

3a, 67%
(2.0 equ|v)

Ts\ . o Ts
N . oligomerisation \N I
/ »
/
Allyl % Al /é§§ ij

3a-S
up to 8% impurity

A HAT s,
N X > N H 3a-H Potential HAT sources
AIIyI/ AIIyI/ up to 3% impurity

Ts -
“N HYMe
H OEt
Ts
SN HAT Ts. _H )m
Allyl E—— 'il 5a,17%
Yy Neallul
Allyl a-N-allylic H atom solvent

Figure 2.15: Successful formation of BCPA iodide 3a and the by-products of the reaction.
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2.2.1.1 Variation in temperature

Following our initial result of 67% yield of 3a (Table 2.1, entry 1), the effect of temperature
on the reaction was investigated.!!. The proportion of staffane product 3a-S could be
significantly reduced (from 6:1 to 20:1 of 3a:3a-S) by lowering the reaction temperature,
at a cost to the conversion of 2a (entries 1 to 3). A prolonged reaction time was then

required to achieve a comparable conversion of 2a and yield of 3a (entries 4 and 5).

_ EuB(10mol%) B ™\

/ /

\/_X air, temp time Allyl Allyl
1 3a 3a-S

(2.0 equiv.)
0.65 M in Et,0

3a NMR Yield /%
Entry Temp. / °C Time / h Conversion of 2a /% 3a:3a-S /%

(isolated)®
1 20 5 100 6:1 67 (79)
2 0 5 91 11:1 63 (69)
3 -20 5 70 20:1 61 (68)
4 —20to5after2h 16 100 13:1 70
5 0 16 64 20:1 36

Table 2.1: Variation of temperature for the EtsB-initiated ATRA reaction. ° Yields of the isolated
product are uncorrected for staffane impurity so are greater than the NMR yield when 3a:3a-S is
<20:1.

2.2.1.2 Variation of equivalents of [1.1.1]propellane

At room temperature, the proportion of staffane impurity 3a-S could be further reduced
by lowering the equivalents of 1 to 1.3 equiv. (Table 2.2, entries 1 and 2). Notably, under
these conditions 3a could be obtained in 71% yield. An inverted reaction stoichiometry,

with 2a in 1.5 equiv. excess was tested to reduce the influence of premature HAT on

' NMR yields were obtained by *H NMR analysis of the crude reaction mixture using mesitylene as an
internal standard throughout this chapter. Isolated yields are uncorrected for staffane impurities.
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depletion of the reaction yield by the formation of 5a and to minimize oligomerisation.
This was an effective change but resulted in a lower yield of 3a (65% with respect to
[1.1.1]propellane 1) due to reduced conversion of the starting a-iodoaziridine 2a (entry 3).
Taking the improved result using just 1.3 equiv. of 1 (entry 2), reducing the temperature
and increasing the duration of the reaction reduced the yield of 3a significantly (23 —47%,

entries 4 and 5). The conditions of entry 2 were taken forward as the optimal result.

_ EtB(10mol%) ™\ ™\
/ /
\/_X air, temp time Allyl Allyl

1 3a 3a-S
(XX equiv.)
0.65 M in Et,0
Ent 1 ] - /oc Time /h Conversion of 30:30-5 3a NMR Yield /%
ntr, equiv. emp. ime a:3a-
y 9 P 2a/% (isolated)?

1 2.0 20 5 100 6:1 67

2 1.3 20 5 100 17:1 71(79)
3 1.0° 20 5 76¢ >20:1 65¢

4 1.3 0 16 59 >20:1 23

5 1.3 Oto 20 after2 h 16 76 >20:1 47

Table 2.2: Variation of equivalents of [1.1.1]propellane 1 for the EtsB-initiated ATRA reaction. ®
Yields of the isolated product are uncorrected for staffane impurity. °1.5 equiv. of 2a. ¢ 74% of 2a
remained unreacted, starting from 1.5 equiv. of 2a. ¢ Yield with respect to 1.

2.2.1.3 Solvent Effects

Two unwanted side products, 3a-H and 5a, resulting from HAT were observed during the
reaction optimisation. The proportion of 3a-H (<5% throughout the optimisation process)
was insignificant compared to 5a (up to 20%). Solvent effects were studied to probe the
cause and reduce the proportion of these HAT products (Table 2.3). The addition of CHCl,
as a co-solvent improved the staffane formation ratio (from 17:1 to >20:1) and gave an

admirable 72% yield of 3a. Unfortunately, the formation of 5a was not reduced (entries 1
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and 2). Based on the studies by Leonori,® we hypothesized that Et,O might serve as an H-
atom source for premature capture of the N-centred radical. Preparation of 1 as a stock
solution in CH,Cl, instead of Et,0 (by deposition of [1.1.1]propellane 1 on a cold finger and
dissolving the solid 1 in CH,Cl,, following distillation from Bu,0)?! was indeed effective in
reducing the proportion of 5a but gave no further benefit in yield due to reduced
conversion of a-iodoaziridine 2a (entry 3). The use CH,Cl, co-solvent was retained as the
optimal conditions for investigating the reaction scope.
Ts
& __EB(10mol%) \ Q |
/
\/_X co-solvent, air, Allyl

t,5h 3a

1
(1.3 equiv.)
XX M in solvent

Ts, Ts N _H
N | +
/
Allyl AIIyI A"yl
3a-8

3a-H 5a

Ent Solution of 1 c venta Conversion 30:30-S 3a:30-H 5a NMR 3a NMR Yield
ntr! olution o 0-Soiven a:sa-. a:oa-
Y of 2a /% Vield /% /% (isolated)?
1 ‘ Et,0, 0.65 M - 100 17:1 >20:1 17 71 (79)
2 ‘ Et,0, 0.80 M CH:Cl ‘ 100 >20:1 >20:1 16 72 (75)
88 >20:1 >20:1 12 64

3 ‘ CH.Cly, 1.06 M -

Table 2.3: Variation of solvent for the EtsB-initiated ATRA reaction. “°2a was prepared as a 1.0 M
solution in the co-solvent. ® Yields of the isolated products are uncorrected for staffane impurity.

2.2.1.4 Reaction Monitoring

The progression of the ATRA reaction over time was monitored with [1.1.1]propellane 1 as
the limiting reagent and a-iodoaziridine 2a in 1.5 equiv. excess. Theoretically, this
stoichiometry would reduce the negative impact on the yield due to premature HAT

forming allyl sulfonamide 5a (Figure 2.14). The time course study showed that the reaction

I preparation of 1 in CH2Cl> was carried out by Alistair Sterling.
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rate reduced significantly after 2 h and that un-fragmented a-iodoaziridine remained

unreacted after stirring for 5 h.

_EtB(10mol%) sy T
N | + N—H

CHZCIZ air, rt / /

Allyl Allyl

1 3a 5a
15equw) (1.0 equiv.)
0.65 M in Et,0
150 &«
\
\\
125 \
\
\
(=] \\
& 100 "
) * _
o ‘*~-___’ conversion of 2a
S 9c | T T e e e
. 75 t
= o —o
= formation of 3a
50
25
0
0 1 2 3 4 5

Time / h

Figure 2.14: Reaction progress over time. ° Remaining yield assumes 1.5 equiv. of 2a = 150% at t =
0 h.*3a:3a-S >20:1 for all.

To improve the conversion of a-iodoaziridine 2a, we investigated the addition of a second
portion of EtsB (10 mol%) at the 2 h mark. However, this led to no improvement in the

yield of 3a over our optimised conditions (Table 2.4).

_EtB (10mol%) N s\
N | + N—H
CHZCIZ air, rt / /
Allyl Allyl
1 3a 5a
(1.5 equw) (1.0 equiv.)

0.65 M in Et,0

Entry Et3B equiv. Remaining 2a / %° 3a NMR Yield /%" 5a NMR Yield /%
1 1x10 mol% 74 65 23

2 2 x 10 mol%*© 59 67 25
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Table 2.4: Portionwise addition of EtsB. ° Remaining yield of 2a assumes a maximum of 150%
based on 1.5 equiv. of 2a. ° Ratio of 3a:3a-S was >20:1 for all reactions. ¢ Second portion of EtsB
was added after 2 h with an additional two syringes (100 ul) of air, 4 h total reaction time.

2.2.2 Photocatalytic ATRA Reaction Optimisation

Photocatalysis is a powerful tool for radical initiation and has found broad application and
advantages in organic synthesis.?> %® In our ongoing work at the time, we found success in
using photoredox catalysis to enable ATRA reactions of C-centred radicals with
[1.1.1]propellane 1 (see section 2.1.7).8¢ Therefore, we aimed to test whether

photocatalysis could be applied in the synthesis of BCPA iodides.

A photocatalyst can take part in either a redox cycle or an energy transfer process with a
substrate. The general catalytic cycle for photoredox reactions proceeds as follows (Figure
2.15).%7 First, the ground state photocatalyst (PC) undergoes excitation to the triplet state
upon irradiation with an appropriate wavelength of visible light (dependent on the catalyst
Amax absorption). The excited photocatalyst (PC*) can then undergo either reductive
quenching with an electron donor (ED) or oxidative quenching with an electron acceptor
(EA). In the case of reductive quenching, the reduced photocatalyst (PC7) is oxidised back
to its ground state by an EA. For oxidative quenching the reverse is true, the oxidised
photocatalyst (PC*) is reduced by an ED. The ground state catalyst is then able to undergo
further catalytic cycles. Photoredox catalysis can be used in an overall redox neutral cycle
concerning the substrate (when ED* = EA or EA™ = ED), or a sacrificial or off-cycle

oxidant/reductant can be used to achieve the sole oxidation or reduction of a substrate.
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reductive oxidative

quenching quenching
ED EA
E°+‘7)/ j \%' =
EA I /ﬁ* ED
EA ED*

Figure 2.15: Photoredox catalytic cycle.®

Energy transfer photocatalysis is another mechanism of action for an excited photocatalyst
(Figure 2.16).°%%° The ground state photocatalyst absorbs irradiated light and is excited to
a singlet state (**PC); following inter-system crossing to the excited triplet state (**PC), the
photocatalyst is quenched through a Dexter energy transfer process with the substrate
that cannot absorb the irradiated light itself. The overall indirect photoexcitation of the

substrate enables further reactivity to give the product.

IS/ \ / Sub* ———> Prod

Dexter-Energy
Transfer EnT % hv

N

Figure 2.16: Dexter energy transfer mechanism for excited photocatalysts.?

2.2.2.1 Variation of Photocatalyst

To our delight, multiple photocatalysts successfully formed BCPA iodide 3a from a-
iodoaziridine 2a (Table 2.5). Generally, a higher proportion of staffane 3a-S oligomer
impurity was obtained compared to triethylborane initiation. Of the investigated

photocatalysts, fac-Ir(ppy)s gave the best yield of 3a at 64% with the lowest proportion of
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staffane formed (14:1 ratio of 3a to 3a-S), and this result was taken forward as a
representative catalyst for a screen of reaction stoichiometries (entry 10). Notably,
environmentally friendly organocatalysts PTH and 4-CzIPN gave comparable yields of 61%
and 63% respectively (entries 2 and 9). No significant correlation was drawn between the

reduction potential of the photocatalyst and yield of 3a or consumption of a-iodoaziridine

2a.
photocatalyst Ts\ Ts\
N¢ ?I + N I
\/Q ﬁ tBuCN, Blue /_/ /_/ é& ;
LEDs, 18 h 74
1 3a 3a-S
(2.0 equiv.)
0.65 M in Et,0
Reduction potential Conversion 3a NMR Yield /%
Entry Photocatalyst® . 3a:3a-S )

Ered (PC"/PC*) vs SCE of 2a /% (isolated)®
1 Rhodamine B -1.31 45 17:1 26
2 4-CzIPNP -1.04 89 11:1 58 (61)
3 Ru(bpy)s(PFe)2 -0.81 0 20:1 4
4 [Ir(dF(CF3)ppy)2(dtbpy)]PFe -0.89 32 17:1 23
5 [Ir(dtbbpy)(ppy)2]PFs -0.96 100 8:1 60
6 [Ir(dF(CF3)ppy)2(bpy)]PFs -1.00 % 11:1 61 (69)
7 Ru(d(Me)bpy)s(PFe)2 -1.43 56 14:1 40
8 Ir(4'-CF3ppy)s -1.70 % 13:1 59 (69)
9 PTHP -2.10 - 17:1 (63)
10 fac-Ir(ppy)s -1.73 - 14:1 57 (64)
11 fac-Ir(p-Fppy)s -1.91 - 8:1 25 (20)

Table 2.5: Variation of photocatalyst for ATRA reaction. °2.5 mol% of photocatalyst.” 5 mol% of
organophotocatalyst. PTH = 10-phenylphenothiazine. 4-CzIPN = 2,4,5,6-Tetrakis(9H-carbazol-9-yl)
isophthalonitrile. € Yields of the isolated products are uncorrected for staffane impurity.

2.2.2.2 Variation of equivalents of [1.1.1]propellane

As expected, reducing the equivalents of [1.1.1]propellane 1 lowered the proportion of
staffane 3a-S impurity formed (20:1 vs 14:1), however, at a high cost to the yield of 3a
(Table 2.6, entries 2 to 6). Similarly, increasing the equivalents of 1 resulted in a higher

proportion of staffane formation but with no additional benefit to the yield (entries 6 to
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8). The use of 2.0 equiv. of 1 was maintained as the optimal reaction conditions (entry 6).

Interestingly, in the absence of 1 only 10% of a-iodoaziridine 2a fragmented to give the N-

allylsulfonamide 5a (entry 1), which appears to suggest that 1 is involved in reaction

initiation. In addition, no dehalogenated (but non-fragmented) aziridine was observed.

ﬂﬁv Vad 7% |

A4

fac-Ir( ppy (2.5 mol%)

£BuCN, Blue
LEDs, 18 h
(XX e1quw)
0.65 M in Et,0
Entry 1 equiv. Conversion of 2a /% 3a:3a-S 3a NMR Yield /% (isolated)?
1 0.0 10 - 0P
2 1.0 29 >20:1 (24)
3 13 63 20:1 31
4 1.5 - 20:1 (49)
5 1.8 81 13:1 42
6 2.0 78 14:1 57 (64)
7 2.5 82 10:1 57
8 3.0 91 8:1 64 (76)

Table 2.6: Variation in equivalents of [1.1.1]propellane 1. ?Yields of the isolated products are
uncorrected for staffane impurity. °10% yield of N-allyl sulfonamide 4a, 90% yield of a-

2.2.2.3 Solvent and Concentration

iodoaziridine 2a.

An investigation into solvent and concentration effects confirmed t-BuCN to be optimal for

this transformation, superseding MeCN, which gave only a 31% vyield (Table 2.7, entries 1

and 2). More polar solvents only returned trace amounts of product 3a (entries 3 to 5).

Dilution of the reaction improved the product to staffane ratio from 14:1 to >20:1,

however, at the cost of a 11% vyield loss (entries 2 and 6). Increasing the reaction

concentration was slightly detrimental to the optimal result previously obtained (entry 7).
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Ts ﬁ fac-Irppy)s (2.5 moi%) ;2 ;2 §E§7
N +
I\/_& solvent [XX M], /_/ /_/

Blue LEDs, 18 h
2a 1
(2.0 equiv.)
0.65 M in Et,0
. 3a NMR Yield
Entry Solvent Concentration /M 3a:3a-S )
/% (isolated)®
1 MeCN 0.10 17:1 31
2 t-BuCN 0.10 14:1 57 (64)
3 DMF 0.10 - 3
4 DMSO 0.10 - 2
5 MeOH 0.10 - 2
6 t-BuCN 0.08 >20:1 46 (53)
7 t-BuCN 0.18 13:1 54 (62)

Table 2.7: Solvent and concentration effect on the photocatalysed ATRA reaction. ° Yields of the
isolated products are uncorrected for staffane impurity.

2.2.2.4 Reaction Additives

Should a photoredox catalytic cycle be in operation, an efficient catalyst turnover event
following an initial catalyst quenching would enable a high turn-over number and
theoretically improve the yield of 3a. Presuming an oxidative quenching pathway, the
addition of external reductants was investigated (Table 2.8). However, tertiary alkyl amines
were found to inhibit the desired ATRA reactivity, forming only N-allyl sulfonamide 5a
(entries 1 to 3). Sodium ascorbate was also trialed as a reductant and gave trace amounts
of 3a (entries 4 and 5). To probe whether I~ could be involved as a cation trap in a radical—
polar crossover mechanism Lil was added (entry 5). However, no product 3a was observed,
yet a significant 55% NMR yield of diiodo BCP was observed on *H NMR analysis of the
crude reaction mixture. Finally, the addition of the oxidant K;$,0s to probe a reductive

qguenching pathway resulted in only 24% of 3a (entry 6).
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fac-Ir(ppy)3 (2.5 mol%)

Ts Ts
additive N \
N + —_— N—H + N 1
| /
I\/_& t-BuCN, Blue Al //_/

LEDs, 18 h
2a 1 5a 3a
(2.0 equiv.)
0.65 M in Et,0
Entry Additive 5a:3a 3a NMR Yield /%
1 i-PraNEt (1.0 equiv.) 100:1 0
2 NBus (1.0 equiv.) 100:1 0
3 NEts (1.0 equiv.) 100:1 0
4 Na-Ascorbate (2.0 equiv.), TBAB (0.1 equiv.) 8:1 trace?
5 Lil (1.0 equiv.) 100:1 0P
6 K2520s (2.0 equiv.) - 26

Table 2.8: Addition of reductants for catalyst turnover and addition of Lil as a potential cation
trap. °Diiodo-BCP and a-iodoaziridine 2a were also observed. °55% yield of diiodo-BCP observed.

2.2.2.5 Photochemical Equipment and Setup

Photocatalysed reactions are sensitive to several variables in the reaction set-up:

e Wavelength —dependent on Amax of the photocatalyst,

e Irradiation Intensity — affected by distance between the reaction mixture and the

light source, power of the light source and solution transparency,

e Temperature — heat produced by the light source.

Three different reaction setups were assessed to probe these sensitivities of the ATRA
reaction. The optimisation so far was carried out using reaction LED strips as in set-up 2
(Table 2.9). Firstly, no significant change was noted between using an 18 W bulb in a
PhotoRedOx box with a fan, and an LED strip (Table 2.9, entries 1 and 2). However, direct
irradiation with a 50 W Kessil lamp gave a reduced 56% yield of 3a (entry 3), presumably
due to degradation of the a-iodoaziridine 2a or product 3a from an increased reaction

temperature and a higher intensity of irradiation.
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Entry Reaction Set Up 3a NMR Yield /%°

Evoluchem™ 455 nm 18 W LED in

1 PhotoRedOx box with a fan to 64

regulate reaction temperature.

Tingkam® Waterproof 5M 5050
2 SMD RGB LED Strips. No fan for 62

temperature regulation.

Kessil PR160L 456 nm 50 W

3 clamped 5 cm from a vial, cooled 56

with desk fan from above.

Table 2.9: Variation of reaction set-up conditions.

Having considered the results obtained from the optimisation of the reaction conditions,
we pursued triethylborane initiation for evaluating the scope of the iodo-sulfamidation of

[1.1.1]propellane 1.

2.2.3 Substrate Synthesis

To investigate the iodoamination of [1.1.1]propellane 1 reaction scope, a selection of a-
iodoaziridine substrates was prepared using a two-step procedure. a-lodoaziridines 2
could be readily synthesised by iodination/aziridination of N-allyl sulfonamides 5,100-102
which could be obtained by sulfonylation of N-allylamine or allylation of tosylamine (Figure
2.17, a).103105 Alternatively, an Mitsunobu reaction of a-alcohol aziridines obtained from

allyl alcohols could be used (Figure 2.17, b).106: 107
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0. 0
\\S// + NH,
c” R i ~  NEt A: NaH, I, Et,0, t o
CH.CL. b °C H B: Chloramine-T, I, MeCN, rt W\ R
222 By N. _R  C:tBuOCI, Nal, MeCN, rt 0=$8
/\/ ~g” ’!‘
A\
K,CO3 Nal ™~ % ,\/Q
X Ts _— Acetone, A
/\/ + HZN/ 5 2
X =Br, Cl
. o}
b Chloramine-T, Ts \ _R
HO PTAB (10 mol%) ! PPh;, Mel, DIAD 0=3
_— [ ———
V\ N

MeCN Ho\/—x PhMe, 0°C to 1t |\/—X

Figure 2.17: General syntheses of sulfonamide-iodoaziridines 2. PTAB = trimethylphenylammonium
tribromide. DIAD = Diisopropy! azodicarboxylate.

a-lodoaziridines 2a — 2k, 2ac and 2ad were prepared bearing different aryl sulfonamide

protecting groups (Figure 2.18).

/@/Me OMe Mej@ /O ©/ Br
0,S 0,87 : 0,8 0,8 0,8

|

N N

2a, 83% 2b, 38% 2c, 69% 2d, 46% 2e, 40%

o)
CN ON
0,5 : ozs: :
0,5 ! 0,8 CFs 0,8 F |
|
N \/Q

|
I N N |\/A
1 \/A |\/A 1 \/A
2f,17% 2g, 68% 2h, 65% 2i, 56% 2j, 14%
CF3
II\I/
NO, N/
0.5 /©/ 0,8
2 |
| 02? N
N N I \/Q
A A
Me
2k, 75% 2ac, 72% 2ad, 52%

Figure 2.18: a-lodoaziridines with aryl sulfonamide protecting groups. Reported yields are for the
iodo-aziridination step only, please see supporting information for the yield of N-allyl sulfonamide
formation.
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Aziridines with heteroaryl 21 —2q and alkyl sulfonamide 2r — 2t protecting groups were also

synthesised successfully (Figure 2.19).

CF. Mo N N
I \ I \ BN 3 =\ =\
Br N P < N—Me
0,8 S 0,8 S N—O 0,8
| |
N N N Me

0,5
|
N
|\/A |\/A I \/Q |\/A
21,76% 2m, 48% 2n, 47% 20, 84%
(\S
NCbz
f } Me
ﬂ g N/\kN 0,8 08" /O
S~ 2 | 0,8
0z S osz\( A N |
i , | \/Q N
N c I\/A |\/A
|\/A |
2p, 78% 2q, 20% 2r, 48% 2s, 74% 2t, 29%

Figure 2.19: a-lodoaziridines with heteroaryl and alky! sulfonamide protecting groups. Reported
yields are for the iodo-aziridination step only, please see supporting information for details of N-
allyl sulfonamide formation.

Sulfinamide-protected N-allyl compounds underwent iodoaziridination to form 2u — 2v
(Figure 2.20). Additionally, we were able to incorporate substituents onto the aziridine
alkyl backbone 2w — 2y, these substrates were prepared by Dr Jeremy Nugent. a-
Bromoaziridine 2ae was prepared according to a literature procedure via bromination of

N-allyl tosylsulfonamide.'%®

0,8 02?
! N
A A
2u, 20% 2v, 3%

2w, 85%? 2x, 64%2 2y, 66%° 2ae, 52%

Figure 2.20: Sulfinamide-substituted aziridines, aziridines with various alkyl backbones and a-
bromoaziridine. Reported yields are for the iodo-aziridination step only, please see supporting
information for the yields of N-allyl sulfonamide formation. ® Prepared by Dr Jeremy Nugent.
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The following substrates 2z — 2ab were synthesised by Mitsunobu reactions of the

corresponding a-alcohol aziridine (Figure 2.21).

2z, 66% 2aa, 70% 2ab, 68%

Figure 2.21: Substituted a-iodoaziridines prepared by Mitsunobu reactions. Reported yields are for
the Mitsunobu step only, please see supporting information for more information.

The following N-allyl sulfonamides were either unreactive or underwent decomposition

under aziridination conditions (Figure 2.22).

N N
= FsC—SO
I/ S0, 7 N_so N—s0, SN2 HN—SO
N/ \ 2 \ NH ;7 N\?
Me” NH — NH s NH Allyl NH

Allyl
Allyl Ayt Allyl 4 Allyl

Figure 2.22: Allyl sulfonamides that were unsuccessful under general aziridination procedures.

2.2.4 Bicyclopentylation Scope

The scope of the bicyclopentylation reaction was evaluated under the optimised
conditions with a wide range of a-iodoaziridines (Figures 2.23 — 2.25). High yields of aryl
sulfonamide aziridines bearing electron-donating (3a—c, 61% — 75%), electron-neutral (3d,
75%) and electron-withdrawing (3e —i, 55 — 73%) substituents were obtained, however
nosyl protecting groups were less successful (3j and k, 10—36%) (Figure 2.23). The reaction

was equally efficient on a 6.50 mmol scale up with just 1.1 equiv. of 1 giving 67% of 3a.
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gwe Et,B (10 mol%) BWG
N + 4>. /N |
I\%_x ) CHZC|2,haII', rt, 5 AIIyI

' 2a-2ab 1 3a-3ab
(1.3 equiv.)
0.70 M in Et,0
Allyl” ¢ K Ay’ l i AIIyI Ay’ i K
3a, 75%, 67%° 3b, 69% 3¢, 61% 3d, 75%
o
Br
ﬁ* ﬁ* ﬁ*'
Ally” Allyl” Ayl Ayl
3e, 72% 3f, 73% 39, 73% 3h, 55 %
£ A
AIIyI A"Y' Ay’
3| 71% 3, 36% 3k, 10%

Figure 2.23: Scope of aryl sulfonamide BCPA iodides. * 2.19 g, 6.50 mmol of 2a, 1.1 equiv. of 1.

Heterocyclic sulfonamide aziridines including thiophenes 3| — m, oxazole 3n, pyrazole 3o,
benzothiophene 3p and imidazothiazole 3q afforded the corresponding BCPA products in
fair to very good yields (52 — 81%) (Figure 2.24). Aziridines featuring alkyl sulfonamide (3r

— t, 37 — 66%) and sulfamide-substituted aziridines (3u — 3v, 22 — 61%) were also

accommodated.
ﬁ 1) @
N : Allyl”
AIIyI Allyl , Y
31, 75% 3n, 71% 3, T1%
YN
SO, | SO
/ Ji ﬁ& } N\/87 W |
AIIyI ,
Ay’ Cl Aliyl
3m, 52% 30, 73% 3q, 81%
[>_S\02 Me— 302 CszC>— O  N—sO, N=80.
/
Allyl Ay’ Allyl” Allyl Ay’
3r, 66% 3s, 53%" 3t,37% 3u, 61% 3v, 22%°
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Figure 2.24: Scope of heteroaryl and alkyl sulfonamides,and sulfamide BCPA iodides. ° Isolated as
an inseparable 7:1 mixture of the desired product to staffane 3q-S; recorded yield is that of 3q."°
1.6 equiv. of 1 used for complete conversion and to improve product purity. < 0.09 mmol scale.

Substitution of the a-iodoaziridine alkyl backbone was well tolerated (Figure 2.26). We
investigated aziridines featuring substituents at the 1-, 2- or 3- positions, including fused
cyclopentane and cyclohexane aziridines (3v — aa, 30 — 73%). The reaction of a
disubstituted aziridine under our optimised conditions gave a disappointing yield (3ab 4%).
Finally, inclusion of the NSAID celecoxib BCPA iodide example demonstrates the potential

of this chemistry to operate effectively in medicinal chemistry settings (3ac, 70%).

e ke SR
B AR g S

3ac, 70%
\ E from Celecoxib
3z, 30%? 3aa, 39%

3ab, 4%

T

Figure 2.26. Scope of a-iodoaziridine alkyl backbone substituents and application to a
pharmaceutical example. ° 1.6 equiv. of 1 was used for complete conversion.

2.2.5 Unsuccessful a-Haloaziridine Substrates

Over the course of our substrate investigations, additional substrate classes were tested
to broaden the reaction scope. Unfortunately, these examples were unsuccessful but are

discussed below.
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2.2.5.1 Sulfonamide a-Haloaziridine Substrates

The bulky triisopropyl aryl sulfonamide aziridine 2ad was found to be unreactive under
triethylborane and photoredox initiation methods (Figure 2.27, a). Interestingly, we
considered the possibility of 1,5-HAT reactivity of the intermediary N-centred radical with
the o-benzylic protons. However, this was not observed for either the triisopropyl
substrate 2ad or the o-tosyl aziridine 2¢ (Figure 2.27, b). We next hoped to be able to apply
our chemistry to a-bromo aziridine 2ae to access the corresponding BCPA bromides,
however, once more only unreacted starting material was recovered under our optimised

reaction conditions.

2ad 2ae

R

W) .
(V)] . — —
C§: /N_/_ 1,5 HAT HN—/_ HN—/_
SO, / /

—X > SO, —K S0,

Figure 2.27: a. Unsuccessful a-haloaziridine substrates. b. Possible 1,5-HAT on o-alkyl benzylic
substituents.

2.2.5.2 Amide and Carbamate a-Haloaziridines
We explored the potential for different electron-withdrawing substituents on the aziridine
nitrogen to aid ring fragmentation and stability of the resulting electrophilic N-centred

radical. Encouraged by the results of Leonori and co-workers,® where amidyl radicals were
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shown to add efficiently to [1.1.1]propellane 1, we had hoped that amide and carbamate
protecting groups would translate to our developed methodology.

The primary challenge lay in the synthesis of amide protected aziridines. N-Allyl amides
and carbamates are known to undergo cyclisation of the carbonyl to form iodomethyl
oxazolines under iodo-aziridination conditions (Figure 2.28, a).1°! Nevertheless, we tested
whether 2af could undergo C—0 bond fragmentation to form an N-centred amidyl radical.
Instead, we observed the direct ATRA product 3af with [1.1.1]propellane 1 in an excellent
91% vyield. Unfortunately, the synthesis of a carbamate-substituted aziridine was

unsuccessful under multiple different reaction conditions (Figure 2.28, b).

a
[QX i N
H . N 1013 ecluw.) | \
/\/N Ph  Chloramine-T, I, \): N\ ph EtsB (10 mol%) Ph
T —
o
\ﬂ/ MeCN, rt, 5 h | o CHyCly, air, rt, 5 h

o)
5af 2af, 99% 3af, 91%
b
CbzCl (1.1 equiv.) iodoaziridination Cbz
NH K,COj3 (2.5 equiv.) NHCb conditions ,L
N2 - P e z —_— ¢ >
EtOAc/H,0 (1:1) 1
19 h 5ag, 49%

Figure 2.28: a. Oxazoline synthesis and attempted fragmentation. b. Investigation into carbamate
protecting groups.

We managed to prepare the Cbz-protected aziridine 2ah through an alternative route,
albeit in a very low vyield (Figure 2.29). Aziridination of methyl vinyl ketone with

109 gave 2ah-S in good 83% vyield on a 6.0 mmol scale.'’® However,

Chloramine-Chz
reduction and subsequent Mitsunobu reaction to form a-iodoaziridine 2ah was very low
yielding likely due to the instability of the aziridine alcohol towards aza-Payne-type

rearrangements. Unfortunately, iodo-aziridine 2ah proved largely unreactive under both

EtsB and photoredox initiation. Unreacted starting material was returned and only trace
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amounts of BCPA iodide 3ah were isolated (4%). Due to their challenging synthesis and

limited reactivity, this class of substrates was no longer pursued.

o
Z )
(2.0 equiv.) Cbz Cbz

|
Cbz_ _CI PhCH,NEt3*CI™ (10 mol%) N NaBH, (1.1 equiv.) N

N o HO
,[la MeCN, 1t, 2 h MeOH, -78 °C, 1 h

Chloramine-Cbz

2ah-S, 83% rearranges / decomposes rapidly
(6.0 mmol scale)

PPh; (1.2 equiv.), Cbz ﬁ - )
DIAD (1.2 equiv.), | (.3equiv)
Mel (1.2 equiv.) Et3B (10 mol%) \N |
| . é E
toluene, rt, 20 h \(Q CH,Cly, air, 1t, 5 h

/

2ah, 16% 3ah, 4%

Figure 2.29: Synthesis of a Cbz-protected iodoaziridine and subsequent ATRA attempt.

2.2.5.3 Oxaphosphinane and Sulfinamide Aziridines

We next probed oxaphosphinane and sulfinamide aziridine electron-withdrawing groups.
Oxaphosphinane iodoaziridine 2ai was successfully prepared but unfortunately, this
compound failed to undergo the desired fragmentation and addition to [1.1.1]propellane
1, with only unreacted starting material returned (Figure 2.30, a). Attempted syntheses of
a sulfinamide iodoaziridine were unsuccessful under our general iodoaziridination

procedures (Figure 2.30, b).

a b
iodoaziridination Oy ptBU
o /0/7‘\ Chloramine-T, I, O\\P/éO?‘\ O\\S“’tBu conditions SI
Spt-0 B - ] ¢ > N
P
| MeCN, rt ,!‘ /\/NH |

A~ |\/A

Figure 2.30: a. Oxaphosphinane iodoaziridine synthesis. b. Attempted sulfinamide iodoaziridine
synthesis.
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These failed results show the importance of a strong ¢ electron-withdrawing group on the
aziridine to enable C—N bond fragmentation and enhance N-centred radical stability.
However, increased electron deficiency of the N-protecting group causes reduced N-
nucleophilicity for the initial iodoaziridine synthesis and promotes sulfone de-arylation

decomposition pathways.

2.2.6 Mechanistic Discussion

The mechanism of the N-centred radical ATRA to [1.1.1]propellane 1 was considered under

both triethylborane and photoredox conditions.

2.2.6.1 Triethylborane Initiation

The literature proposes that triethylborane initiates radical processes through an EtsB / O2
couple to generate ethyl and peroxide radicals, which can then engage in a radical

propagation process (Figure 2.31).111

initiation

Et;B + o, —2f&won _  R,B0O° +  Et
Et
RO,BEt,
02 propagation
Et;B
ROO*

Figure 2.31: Proposed initiation mechanism for organoborane radicals.*!?

Following initiation by EtsB / Oz, we propose an ATRA chain reaction mechanism (Figure
2.32). After iodine atom abstraction and C—N bond fragmentation of iodo-aziridine 2, the
resulting electrophilic N-centred radical A is trapped by [1.1.1]propellane 1. The BCPA
radical intermediate B can abstract iodine from the substrate in a propagation mechanism

to give the desired BCPA iodide product 3 and reform the N-centred radical after ring
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fragmentation. While Et3B is reported to initiate radicals from alkyl iodides and forming
ethyl iodide, the ethyl radical could alternatively undergo addition to 1 to form a BCPA
radical intermediate also capable of iodine atom abstraction from 2. However, the ethyl

BCP iodide presumably formed in such a process was never isolated.

IIEWG
N initiation /?‘”yl
—_— .
I\/A _N
2 EWG
A .
RoN I+ R
& propagation 3
1 I
-
wpy

B
Figure 2.32: Aziridine fragmentation/ATRA mechanism.

As previously discussed in Section 2.2.1, both intermediates A and B can engage in HAT
termination events, giving rise to unwanted side products 3a-H and 5a (Figure 2.33, a). H-
atom sources could arise from the reaction solvent, as proposed by Leonori and co-
workers,® or from the a-N allylic proton of the allyl sulfonamide. Alternatively, BCPA
radical intermediate B can engage in oligomerisation with a second equivalent of 1 to form
staffanes 3-S that can be isolated as a minor contaminant (>20:1 ratio of product to

staffane in 89% of scope examples) (Figure 2.33, b).

Ts ~\ HAT Ts \N/H Potential HAT sources
| - |
Allyl Allyl Tso -
A 5a N H\rMe
Ts Ts H)m OEt
\ HAT \
N . [ N H
AIIyI/ AIIyI/ a-N-allylic H atom solvent
B 3a-H
b oligomerisation
RoN . e —— R,N 1
A 1 3-8

Figure 2.33: ATRA side products and their formation.
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2.2.6.2 Photoredox-Catalysed Initiation

We were delighted that we could use photocatalysis initiation in addition to triethylborane
for this reaction. Our previous work using photocatalysis for ATRA reactions with
[1.1.1]propellane 1 proposed an oxidative quenching mechanism.8 In this publication,
isolation of reaction by-products resulting from oxidation of the BCP radical intermediate
to give the BCP cation supported this mechanism. We considered the following hypothesis
for the photoredox reaction of iodoaziridines (Figure 2.34). Initially, the excited-state
photocatalyst could undergo oxidative quenching with iodoaziridine 2 to give an N-centred
radical A following ring fragmentation. As with the triethylborane-initiation mechanism,
this intermediate could form BCPA 3 in a propagation cycle following addition to 1 and
subsequent iodine abstraction from the iodoaziridine substrate. A turn-over event is
required to reduce the catalyst back to the neutral oxidation state. Under the reaction
conditions, intermediate B could fulfil this role to give BCPA cation C. BCP cationic
intermediates undergo rapid fragmentation to cyclobutene products and in this case, the
nitrogen lone pair would further promote this fragmentation to give exo-cyclobutadiene
D.4” 8 Intermediate D can either lose a proton to give cyclobutene E or be trapped with
iodide in a radical polar crossover mechanism to give cyclobutene F, which in turn could
undergo elimination to give E or participate in further propagation events to form G.
However, no by-products arising from formation of intermediate D could be isolated or

observed in crude reaction mixtures.
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Figure 2.34: Hypothetical photoredox catalysis mechanism and possible by-products resulting from
an oxidative catalyst turn-over event by the substrate.

Instead, we considered a photosensitisation mechanism where the excited-state
photocatalyst undergoes a Dexter energy transfer process to the substrate to initiate the
propagation cycle (see Section 2.2.2). In 2020, during the course of this work, Fodran and
co-workers reported an aziridine fragmentation/(3+2) cycloaddition reaction, initially
discovered by Kitagawa,®* under photocatalytic conditions (Figure 2.35).1*? The authors
elucidated a Dexter energy transfer mechanism for this process instead of a photoredox
catalysed mechanism. Among the supporting evidence for their hypothesis, the reduction
potential of aziridine 2a was measured at Ei, = =1.88 V, which is more negative the
reducing capabilities of the photocatalyst E1/2[*Ir'"/Ir'V] = =0.96 V vs SCE. Based on the
absence of BCP oxidation by-products and the low reduction potential of a-iodoaziridines
we conclude that a Dexter-energy transfer mechanism was likely to be in operation. The

role of [1.1.1]propellane 1 with respect to redox processes of the photocatalyst in the
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reaction mechanism is unclear, however due to time constraints, further investigation was

not carried out.

Fodran 2020

Ts OEt
| Ir(ppy)2dtbpy.BF 4 (2.0 mol%) 1
N + X OEt 23 examples
%I MeCN, 48 h, Blue LEDs 35 - 96% yield
. N
22 (5.0 equiv.) T~
Ey=-1.88Vvs. SCE Ey2=-2.51Vvs. SCE

Figure 2.35: Photocatalysed Dexter Energy Transfer for an aziridine fragmentation/(3+2)
cycloaddition reaction.
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2.3 Conclusion

2.3.1 Conclusion

In conclusion, we have developed an efficient route to achieve highly desirable 1,3-
disubstituted BCPAs 3, through fragmentation of a-iodoaziridines 2 and subsequent ATRA
reaction with [1.1.1]propellane 1 (Figure 2.36). These results mark a significant
contribution to the field in accessing difunctionalised BCPAs with the resident iodide
perfectly set up for further functionalisation. We endeavour to address this challenge in
the following chapter, in order to exploit the utility of BCPA iodides for use as aniline

bioisosteres.

Et3B (10 mol%) EWG,
R, N 1

CHZCIZ air, J_<

R

rt,5h
R4 3
1 3
(1.3 equiv.) 28 examples
0. 70 M in Et;,0 4-81%

Figure 2.36: N-centred radical ATRA reaction with [1.1.1]propellane 1.

The triethylborane-initiated aziridine fragmentation/ATRA methodology demonstrates
good functional group tolerance for a range of sulfonamide protecting groups and aziridine
substituents, including applications in more complex settings that are relevant to
compounds found in the pharmaceutical industry. The limitations of this methodology are
that we were unable to include alternative nitrogen protecting groups such as amides,
carbamates, sulfinamides and phospinanes. The work presented in this chapter has been

since been published in J. Am. Chem. Soc.*3
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Following the publication of these results, a novel halogen-bond mediated electrophilic
activation of [1.1.1]propellane 1 was reported by Aissa and co-workers to access N, /-
disubstituted-BCPAs (Figure 2.37).!'* The methodology obtained a selection of N-
heterocyclic and primary and secondary aniline BCP products. This complementary
contribution to the field further highlights the importance and desirability of BCPA iodide

compounds to the scientific community.

Aissa, 2022

[e]
R i Ph
-
N_I“-ﬁy /HT m | N/ 20 examples
—_ 0,
AT Et,0, THF or Acetone Zééx 8-72%
o 1 -78°Ctort N/ \
(1.5 equiv.) o

electrophilic activation
via halogen bond

Figure 2.37: Synthesis of N-substituted BCPs through electrophilic activation.
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3.

Functionalisation of BCP(A) lodides

3.1 Introduction

3.1.1 Reactions of BCP Halides

Bicyclo[1.1.1]pentane (BCP) and bicyclo[1.1.1]pentylamine (BCPA) halides possess a
handle for a diverse range of functionalisation opportunities and can be used for the
generation of anionic, radical or cationic BCP intermediates (Figure 3.1). For example,
electrophiles or transition metals can intercept BCP anionic intermediates for C—C bond
formation (top). Similarly, BCP radical intermediates can be captured by SOMOphiles or
transition metals for further functionalisation (middle). BCP cationic intermediates,
however, are known to undergo rapid rearrangement to exo-methylene cyclobutenes
(bottom).*! Having established the methodology to synthesise BCPA iodides in the
previous chapter, we sought to investigate derivatization methods to attain desirable 1,3-

disubstituted BCP(A)s.
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E* or [M]
R €] E— R R
/ BCP Anion
R 1 [M] or SOMOphile
—_— R o - R é 2 R

iodo BCP BCP Radical

N

expected

R ; ;@ rearrangement R @::

BCP Cation

Figure 3.1: Diversification methods of BCP halides.

3.1.2 Functionalisation of Carbon-Substituted BCP Halides

Due to the limited number of preparations of BCPA halides, the majority of literature
methods for the functionalisation of BCP halides focus on C-substituted BCP iodides. These
compounds can undergo C—C bond formation following lithiation with t-BuLi and trapping
with electrophiles such as acyl chlorides and CO, (Figure 3.2, a).>® Direct palladium-
catalysed cross-coupling of BCP iodides suffer from competing ring fragmentation (Figure
3.2, b);'> to bypass these issues, BCP iodides can be lithiated before transmetalation and
Negishi cross-coupling (Figure 3.2, ¢).>® In 2020, our group reported a milder and more
scalable iron-catalysed Kumada cross-coupling with readily available (hetero)aryl Grignard
reagents (Figure 3.2, d).11> However, alkyl and vinyl Grignard reagents were not tolerated.
Finally, an isolated example of photo-induced copper catalysed alkynylation has also been

described, albeit requiring 48 h reaction time (Figure 3.2, e).11®
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a t-BuLi or LiDBB O
Alkyl 1 > Alkyl 15 examples
-78 °C; E* R 17 - 79%

R = OH, alkyl

b Pd(PPhg3)4
BocN 1 BocN —
80 °C

30%

¢ t-BuLi; ZnCl,, Pd(dppf)Cl,, Ar-X
Alkyl | —— > Alkyl ZnCl ————————» Alkyl Ar 22 examples
rt 10 - 87%

(0.5 -4.0 equiv.)

MaB Fe(acac);, TMEDA
R ! + (Het)Ar” 9= > R (Het)Ar 39 examples
rtor50 °C 27— 90%

(1.6 equiv.)

Alkyl, Vinyl not tolerated

CO,Me
MeO%‘—/h

53%

Figure 3.2: Functionalisation of BCP iodides.

3.1.3 Generation of BCP Radical Intermediates

C-substituted BCPs can undergo C—-C bond formation via radical intermediates,
predominantly through decarboxylative processes. For example, photoredox catalysis can
initiate a decarboxylative Heck reaction from a BCP carboxylic acid (Figure 3.2, a),'*” and
BCP redox-active esters can be decarboxylated in the presence of zinc and nickel to form
BCP amino acids following addition into a chiral sulfinyl imine acceptor (Figure 3.2, b).11®
Both of these examples are isolated results within a general methodology but demonstrate
the ability of BCP radical intermediates to be generated under photocatalysis and undergo

C-C bond formation in respectable yields (54% and 55% respectively).
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3.1.4 Functionalisation of BCPA Halides

Compared to C-substituted BCP

jodides,

the

reported methodology for

Ph

(o)

54%

Mes

/

HN—S’
Me%Cﬁ—( A
COEL

Figure 3.2: Isolated examples of decarboxylative photoredox functionalisation of BCPs.

the

functionalisation of BCPA iodides to form N,C-disubstituted BCPAs is lacking. This is

predominantly due to the absence of methodology to synthesis N, C-disubstituted BCPAs .

Only BCPA iodides with azide or triazole N-substituents have been studied for C—C bond

formation. These methods rely on toxic organotin reagents (Figure 3.3, a),”’ or require the

radical acceptor as the reaction solvent using relatively harsh UV conditions and high

temperatures (Figure 3.3, b).

a

b

S

Adsool, 2015

119

Adsool, 2014

NﬁN\

N I+ D coMe

(3.0 equiv.)
Ph

N§N\
\\(N |
\
R
or

n-BuzSnH, AIBN (cat.)

benzene, A

(t-Bu)4NBH3;CN (4 equiv.),
AIBN (1.1 equiv.), Ph-H (solvent)

NB}%.

hv (245 nm),
air, 100 °C,2.5h

N ;N\ CO,Me
N +
g(

solvent = Ph, Pyr, Pyrm, Pyrz

Figure 3.3: Functionalisation of BCPA iodides.
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We questioned whether photoredox catalysis could offer a solution to this challenge. By
utilising photocatalysis to generate a BCPA radical intermediate from the corresponding
iodide under mild conditions, we could then achieve C—C bond formation in a Giese-type
reaction.'?% 121 This would represent the first visible-light photocatalysed initiation of BCP
radicals from BCP iodides, and it would also offer an alternative to the dominance of cross-

coupling transformations in the literature.

3.1.5 Silyl Mediators in Photoredox Catalysis
Silane and silanol mediators have enabled the photocatalytic generation of radicals from
alkyl and aryl halides with reduction potentials beyond the redox capabilities of common

photocatalyst (Figure 3.4).1%?

Recently, this method has been used to achieve
trifluoromethylation (Figure 3.4, a),*?3 1?4 cross-coupling (Figure 3.4, b),'?> Giese reactions
(Figure 3.4, c),*?® and Minisci reactions (Figure 3.4, d) of alkyl and aryl bromides.1?’-128 The
use of iodides is less common compared to bromides; and only one example exists for the

activation of tertiary alkyl iodide (t-Bul) in a silyl-mediated Minisci reaction (Figure 3.4,

d)'128
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including t-Bul

Figure 3.4: Silyl-mediated photoredox reactions of alkyl and aryl halides.

Si—X BDE / kcal mol*?
MesSi—Cl 113
MesSi—Br 96
MesSi—H 90

MesSi—I 77
t-(CaHo)—Br 63
t-(CaHo)—1 50

Figure 3.5: Si—X Bond Strengths.1?> 129,130

MacMillian speculated that the success of bromides in this chemistry is a result of
irreversible halide abstraction due to the greater Si—Br bond strength compared to sp® C—
Br (difference of 33 kcal mol?) (Figure 3.5).12° By analogy an Si—| bond is stronger than the
C—l bond of t-Bul by 27 kcal mol?* and should be able to be employed in iodide atom
abstraction with similar efficiency. Silanes are able to act as HAT agents in addition to an

energy transfer mediator or X scavenger. For C—C bond formation, fast HAT processes are
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unproductive due to premature radical termination. Therefore, the choice of silane can be
crucial for controlling the rate of HAT vs the formation of new C—C bonds. The rates of HAT
of different silanes and silane/thiol couples are typically reflective of the Si-H bond
dissociation energies (Figure 3.6 and 3.7); the success of (Me3Si)3SiH in C—C bond forming
reactions compared to BusSnH for example, has been attributed to the 5 kcal mol™

difference in Sn—H vs Si—H bond strength.13% 132 133

n-BuzGeH n-BuzSnH
10° 1 108 | 107 108
= J -~ . ' // >7 ‘\ T
(Me3Si),Si(H)Me (Me3Si);SiH (Me3Si)sSIH/RSH  (Me3Si)3SiH/ArSH

ki M'sT ——

Figure 3.6: Rate constants of H-abstraction from Group 14 hydrides by
primary alkyl radicals at 80 °C.*3*

Reductant BDE / kcal mol™ Availability
BusSn—H 73.7 Commercial
(MesSi)sSi-H 79.0 Commercial
EtsGe—H 82.3 Commercial
(MeS)sSi—H 82.5 Ref. 129
BusGe—-H 82.6 Commercial
(MesSi):MeSi-H 82.9 Ref. 135
PhsSi—H 84.0 Commercial
(MesSi)Me3Si—H 85.3 Commercial
(iPrS)sSi—H 85.6 Ref. 129
EtsSi—-H 90.1 Commercial

Figure 3.7: Literature bond dissociation energies for commonly used reductants.?3¢138 Note: The
synthesis of non-commercially available reductants is typically lengthy or unpleasant.
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3.1.6 Chapter Aims

This chapter aims to use BCPA iodides as precursors to N,C-disubstituted BCPAs, which can
then be investigated as bioisosteres for p-substituted anilines (Figure 3.8). Our strategy
was to first investigate the reported methods to generate BCPA anionic intermediates and
their trapping with electrophiles or transition metals for cross-coupling, before
investigating the formation and application of BCPA radical intermediates in novel C-C

bond forming reactions.*?°

potential
b|0|sosteres R
RN ; ; 0 C-C Bond E E
2 Formations
RoN
BCPA lodide p-aniline

Figure 3.8: Methods to functionalise BCPA iodides.
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3.2 Results and Discussion

3.2.1 Literature Methods to Functionalise BCPA lodides

We commenced our investigation with methodologies previously published by our group
that were successful with C-substituted BCPs. We first investigated the lithiation of BCPA
iodide 3a with t-Buli with a view totransmetallate for Negishi cross-coupling, or
electrophilic trapping.8> 1> Unfortunately, even conducting the lithiation at —96 °C led to
fragmentation of the BCPA carbanion intermediate to give N-allyl sulfonamide 5a,

presumably reforming [1.1.1]propellane 1.

rapid

Ts\ t-BuLi Ts\ fragmentation
N I —_— N Li JE— - /\/ NHTs +
/ o /
Allyl 5 -96 °C Allyl

a 5a 1
volatile

Figure 3.9: Anionic fragmentation of BCPA iodide 3a.
Attempts to perform iron-catalysed Kumada cross-coupling of 3a with aryl Grignard

reagents also failed, only returning starting material when performed at room

temperature or 50 °C (Figure 3.10).

Ts Fe(acac)s, TMEDA Ts\
Y 1o+ ~MgBr - N OMe
¥ PMB /
Allyl THF, rtto 50 °C, 19 h Allyl

3a (1.6 equiv.) no reaction

Figure 3.10: Failed Kumada cross-coupling of BCPA iodide 3a.
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3.2.2 Photochemical Reduction of BCPA lodides

We observed that BCPA iodide 3a becomes pale pink when standing in ambient light and
questioned whether this was indicative of C—| homolysis and resulting iodine liberation.
We aimed to exploit this decomposition pathway by attempting a photoinduced ATRA
reaction of BCPA iodide 3a with methyl acrylate 6b. Unfortunately, attempts to promote
this transformation using either white or blue LEDs were unsuccessful (Figure 3.11). The
UV/Vis spectrum of BCPA iodide 3a showed that only UV wavelengths <350 nm were
absorbed by the substrate so homolysis of the BCPA C—I bond is likely to be inefficient
under visible light (Figure 3.12). For safety reasons we opted to steer away from the use
of UV wavelength light and attempted to instead promote radical initiation with EtsB or a
photocatalyst (PC = fac-Ir(ppy)s, Ereds *IFM/I" = —=1.7 V vs SCE®® or PTH = 10-
phenylphenothiazine, Ereq *PC"/PC™! = —2.1 V vs SCE'*°). However, no ATRA (or de-

halogenated) products were obtained in these cases.

PC, Et3B or white

Ts\ or 455 nm LEDs Ts\ CO,Me
/Nﬁil ' /\COZMS — X /N
Allyl Allyl

3a 6b 4b-1
(3.0 equiv.)

Figure 3.11: Attempted ATRA process with visible light, triethylborane, and photocatalysis.
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Figure 3.12: UV/Vis Spectra of BCPA iodide 3a.
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Photoredox catalysis can be used to effect single-electron reduction of C—| bonds via
oxidative quenching of the photoexcited catalyst. We sought to implement a photoredox
catalysed de-halogenation based on the work by Nguyen et al. (Figure 3.13).24° A oxidative
quenching mechanism of the photocatalyst is proposed, where either NBus/HCOH or
NBus/Hantzsch Ester (HE) are used for catalyst turn-over and as an HAT source. Both

variations of these conditions returned unreacted starting iodide 3a.

H

T
5\ PN [Ir], MeCN, Blue LEDs, 24 h Ts, COzMe Ts,
/N I+ Z SCco,Me - N and/or N H
Allyl NBus / HCO,H (10 equiv.) Ayl Alyl”
or
6b NBu3 / HE (2 equiv.) b 3a-H

(3.0 equiv.)

Figure 3.13: Attempted photoredox catalysed dehalogenation of BCPA jodide 3a. HE = Hantzsch
Ester, diethyl 1,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate. [Ir] = fac-Ir(ppy)s.

We therefore considered the reduction potential of the BCPA iodide C—I bond to probe
whether single-electron reduction was energetically feasible through an oxidative
quenching method. Approximate figures for the reduction potentials of BCP halides are
promising, based on the reported reduction potentials of mono- and di-halide BCP (—1.09
V to —0.64 V vs SCE) (Figure 3.14)1! and the capabilities of common photoredox catalysts

(<0.57 Vto—2.19 V).142

R E1/2Red vs SCE
H -1.09

F -1.17
Cl —0.84
Br -0.74

| —0.64

Figure 3.14: Literature data for reduction potentials of BCP iodides.?*
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A square wave voltammogram of BCPA iodide 3a showed a reduction peak at —2.29 V vs
SCE in MeCN (Figure 3.15, a), and no oxidative peak was observed in a scan in the positive
direction (Figure 3.15, b). The cyclic voltammogram supports 3a undergoing irreversible
reduction at this potential (Figure 3.15, c and d). Notably, we observed degradation of the
substrate over multiple scans, presumably a result of degradation or rearrangement
through the generation of ionic and /or cationic BCPA intermediates. We cannot
conclude that the reduction peak at —2.29 V is directly due to the C—| bond. Regardless,
this potential is beyond the reduction capabilities of common photoredox catalysts and

explains the lack of reactivity of BCP iodide 3a under photoredox conditions thus far.

— 40 -
20 -
< 40 4 | =229V =] Fc/Fct=+0.40V
3 ~
= 1 2 20 1
§ -60 A g
S Fc/Fct=+0.40V 3
O -80 -
'100 T T T T T T T 0 T T T T T T T 1
-3.0 2.0 1.0 0.0 0.0 0.5 1.0 1.5 2.0

Potential / V Potential / V

B
o

N
o

Current/pA
Current/pA

0!0 1.0 2.0

-20
Potential / V Potential / V

Figure 3.15: Voltammograms of BCPA iodide 3a in MeCN. a. Square Wave Reduction. b. Square
Wave Oxidation. c. Reduction Cyclic Voltammogram (unreferenced). d. Oxidation Cyclic
Voltammogram (unreferenced).
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3.2.3 Silanes as lodide Scavengers

It was not until we attempted to de-halogenate BCPA iodide 3a with (MesSi)3SiH that we
could utilise photocatalysis to generate BCPA 3a-H in 54% vyield (Figure 3.16). We
anticipated the role of the silane to not only be as a HAT reagent but also as a mediator
between the BCPA halide and photocatalyst to enable generation of a BCPA radical

intermediate by iodine atom abstraction.

Ts Ts
\ i \
/N %I —_— /N ﬁ H
Allyl (Me3Si)3Si-H Allyl

3a 3a-H, 54%
Figure 3.16: Photocatalysed de-halogenation of BCPA iodide 3a. [Ir] = fac-Ir(ppy)s.

With evidence that a direct radical initiation of the BCPA iodide was not feasible under
direct photoredox catalysis, triethylborane initiation or visible light homolysis; we
investigated the potential of a one-pot, three-component cascade ATRA reaction with
iodoaziridine 2a, [1.1.1]propellane 1 and methyl acrylate 6b to achieve an N,C-
difunctionalised BCP 4b. The aim was to intercept the BCPA radical intermediate with a
SOMOphile before it could abstract iodide from the iodoaziridine substrate or undergo
HAT termination events. Unfortunately, with photoredox and triethylborane initiation
protocols, BCPA iodide 3a was obtained as the primary product (Figure 3.17, top). Inclusion
of (MesSi)sSiH as a potential iodide scavenger resulted in premature HAT of
the intermediate sulfamidyl radical to give N-allyl sulfonamide 5a as the major product
(Figure 3.17, middle). The desired Giese addition product 4b was not observed until the
addition of (MesSi)3SiH was delayed by 2 hours when 2a was consumed. Under these

conditions with Et3B, an encouraging 13% yield of Giese addition product 4b was obtained
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(Figure 3.17, bottom). From here, we took a step back to implement a stepwise Giese

reaction to address these challenges, before re-visiting a one-pot procedure.

Ts
\
N I
/
Allyl

PC or Et3B 3a
Ts PC or Et;B
or Etjl N
N + + /\COZMe - P Ay HTs
,\/Q TTMSS
5a
2a 1 6b
(2.0 equiv.) (6.0 equiv.) Et;B

then TTMSS

\ Ts, CO,Me
il
/
Allyl

4b, 13%

Figure 3.17: Three-component Giese reaction attempts.

3.2.4 Giese Reaction Optimisation — Allyl Sulfone Acceptor, Conditions A

Allyl sulfone 6a was selected as an efficient radical acceptor for the Giese addition of BCPA
iodide 3a.1 Initial attempts using Ir[(dF(CF3)ppy)2(dtbbpy)]PFe with (MesSi)sSiH (TTMSS)
as a radical mediator delivered addition product 4a in 16% yield, along with a significant
amount of the de-iodination product 3a—H (Table, 3.1, entry 1). This competing H-atom
abstraction by the presumed BCPA radical intermediate could be reduced by using
(MesSi)3SiOH, which is proposed to act as a silyl radical source via silanolate oxidation /
radical-Brook rearrangement.'?® 144 This led to a significant improvement in yield (38%,

entry 2).
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[I1] (2.5 mol%)

. mediator (2 equiv.), PhO,S
s SO,Ph Na,COj (2 equiv.) Ts
\ \
N 1 _———
N Q\ * /I’\/SOZPh Blue LEDs, A
Allyl MeOH, rt, 24 h Alyl
3a 6a T 4a
(3.0 equiv.)
Entry Mediator 4a NMR Yield /%"°
1 (MesSi)sSiH 16
2 (MesSi)sSiOH 38

Table 3.1: Giese Reaction Optimisation. [Ir] = Ir[(dF(CFs)ppy)2(dtbbpy)]PFs. ¢ NMR yield determined
using mesitylene as internal standard throughout.

3.2.4.1 Variation of Solvent

The choice of solvent had a significant influence on the reaction vyield, likely due to
improved solubility of 6a (Table 3.2). An extensive solvent screen confirmed that CHxCl;
gave optimal yields of (4a, 60%) (entry 7). Notably, t-BUuCN and DME gave good vyields
based on recovered starting material (entries 9 and 12), and these were further

investigated in later optimisation.

[Ir] (2.5 mol%)

(Me3Si)sSiOH (2 equiv.), PhO,S,
TS\ SO,Ph Na,COj3 (2 equiv.) Ts\
* _—
Al |/N ﬁ K I )\/SOQPh solvent, rt, 24 h Al I/N
’ Blue LEDs Y
3a 6a 4a
(3.0 equiv.)
Entr Solvent NMR Conversion of 4a NMR Yield /%
’ 3a /% (isolated)

1 MeOH _ 38

2 DMF 75 3

3 DMA ) 18

4 DCE 91 56

5 DMSO 16 1

6 TFE 77 37

7 CH2Cl 86 (60)
8 MeCN 78 41

9 t-BuCN 58 42 (43)
10 MeOH _ 38
1 PhCFs 79 33
12 DME 48 47 (37)
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13 EtOAc 14 23
14 MeOH/H.0 (2:1) 56 42 (47)
15 1,4-dioxane/CH2Cl, (8:2) - 54 (58)
16 1,4-dioxane/H,0/CHxCl, (4:4:2) 98 49
17 DCE/H,0 (2:1) 100 36

Table 3.2: Variation of reaction solvent. [Ir] = Ir[(dF(CFs)ppy).(dtbbpy)]PFs.

3.2.4.2 Variation of reaction setup

A reduced vyield was observed when using the more powerful 50 W LED 'set-up 3'
compared to the 18 W LED 'set-up 1' (see section 2.2.2.5 for further information),
presumably due to an increased substrate degradation rate (Table 3.3, entries 1 and 2). In
addition, a longer reaction time gave a reduced yield of 50% (Table 3.3, entry 1 vs 2 and
3). Re-investigation of DME and t-BuCN as potential reaction solvents at this stage showed

no improvement with longer reaction times (entries 4 and 5).

[I1] (2.5 mol%)
(MesSi)sSiOH (2 equiv.), PhOS

Ts, SO,Ph Na,COj (2 equiv.) Ts,
N | + > N
/ )\/SOZPh solvent, rt, time /
Al Blue LEDs Allyl

3a 6a 4a
(3.0 equiv.)

] NMR Yield /2
Entry LED Set up Time /h Solvent Conversion of — 4a feld /%

3a/% (isolated)
1 18 W Set-up 1 24 h CHaCl, 86 (60)
2 50 W Set-up 2 24 h CHCl; 91 48
3 18 W Set-up 1 48 h CHCl; 90 50
4 18 W Set-up 1 48 h DME 47 29
5 18 W Set-up 1 72 h t-BuCN 98 63

Table 3.3: Variation of reaction set up and re-evaluation of promising solvents. [Ir] =
Ir[(dF(CFs)ppy)a(dtbbpy)]PFe.
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3.2.4.3 Variation of photocatalyst

Multiple catalysts were suitable for this transformation (Table 3.4); in particular, the
organo-catalyst 4-CzIPN gave a comparable 56% vyield to the optimal
Ir[(dF(CF3)ppy)2(dtbbpy)]PFs in 60% (entry 2 vs 7). No correlation between reaction vyield

and reduction or oxidation potential could be drawn (Figure 3.18).

catalyst
(Me3Si);SiOH (2 equiv.), PhO2S,

s SO,Ph Na,COj3 (2 equiv.) Ts,
N I * )\/SO Ph > N
/ 2 /
Allyl [Qx CH,Cly, 1t, 24 h Allyl

2 6a Blue LEDs 4a
(3.0 equiv.)
Entry Catalyst - oo Conversion 4a NMR Yield /%
of 3a /% (isolated)
1 Ir[(dF(CF3)ppy)2(5,5'-d(CF3)bpy)]PFs 1.68 —0.69 81 41
2 Ir[(dF(CF3)ppy)2(dtbbpy)]PFs 1.21 -1.37 86 (60)
3 Ru(bpz)s(PFs)2 1.45 -0.80 29 6
4 Rose Bengal #° 0.81 -0.99 31 15
5 Ir(ppy)2(dtbbpy)PFs 0.66 -1.51 61 35
6 Ir[(dF(CF3)ppy)2(bpy)]PFs 1.32 -1.37 - 55
7 4-CzIPN ® 1.35 -1.21 - 56
8 Mes-[Acr]*BF4 2 2.08 -0.57 - 33
9 (-)-Riboflavin 1.50 -0.50 68 17
10 Ir[(dF(F)ppy)2(d(CF3)bpy)]PFs 1.55 -0.83 - 56 (53)

Table 3.4: Investigation of photocatalysts. @ 5 mol% of catalyst. ® Green LEDs.
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Figure 3.18: Temperature plot of reaction yield against redox potentials of the photocatalysts.

3.2.4.4 Base variation and Additives

Screening of inorganic and organic bases demonstrated Na2COs to be the optimal choice
(Table 3.5, entries 1 to 7). The addition of Nal as a potential source of I~ for the initial
reduction of the catalyst, as proposed mechanistically by EIMarrouni, did not benefit the
yield of 4a (entry 8).1%° Addition of phase transfer catalysts such as TBAI to increase

solubility was not beneficial and resulted in diminished yields (entry 9).
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[Ir] (2.5 mol%)
(Me3Si)3SIOH (2 equiv.),

PhO,S

Ts\ SO,Ph additive Ts,

N & ros )\/so Ph - N

/ 2 i /
Allyl solvent, rt, time Allyl

3a 6a Blue LEDs 4a
(3.0 equiv.)
Entry Base? Additive Solvent 4a N,MR Vield
/% (isolated)
1 Na2COs3 = MeOH 38
2 Cs2C03 - MeOH 6
3 K4POs3 - MeOH 11
4 Na2COs3 - 1,4-Dioxane/CH2Cl, (8:2) 54 (58)
5 BusN* OH" - 1,4-Dioxane/CHaCl2 (8:2) 12
6 BusN* OAC - 1,4-Dioxane/CH2Cl> (8:2) 5
7 BuaN*(O)P(OBu)2° - 1,4-Dioxane/CHCl> (8:2) 0
8 Na>COs3 Nal (2.0 equiv.) 1,4-Dioxane/CHCl> (8:2) 51
9 Na2C03 TBAI (2.5 equiv.) 1,4-Dioxane/CH2Cl> (8:2) 1

Table 3.5: Screen of organic and inorganic bases, and addition of other additives. ? 2.0 equiv. base.

b BuyN*(0)P(OBu), was prepared according to known literature procedures.*® [Ir] =

Ir[(dF(CFs)ppy)2(dtbbpy)]PFs.

3.2.4.5 Variation of Silane, Base and Acceptor Equivalents

Variation of the equivalents of silane, base and acceptor 6a to try and control the

proportion of undesired HAT revealed our initial ratio of 2:2:3 respectively to be optimal

(Table 3.6, entry 2).

[Ir] (2.5 mol%)
(Me3Si)3SIOH (XX equiv.),

PhO,S

T8y S0,Ph Na,CO3 (XX equiv.) Ts
N 7Q§ b )\/so Ph - N
/ 2 . /
Allyl CHCly, rt, time Allyl

3a 6a Blue LEDs 4a
(XX equiv.)
Entry 6a equiv. (TMS)3SiOH equiv.  Na2COs equiv. 4a NMR Yield /% (isolated)
1 2.0 2.0 2.0
2 3.0 2.0 2.0
3 4.0 2.0 2.0 54 (50)
4 3.0 1.2 1.2 52 (47)
5 2.0 1.5 1.5 45 (44)

Table 3.6: Evaluation of reaction stoichiometry. [Ir] = Ir[(dF(CF3)ppy)(dtbbpy)]PFe.
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3.2.5 Giese Reaction Optimisation — Methyl Acrylate Acceptor, Conditions B

In stark comparison, when methyl acrylate 6b was used as a radical acceptor with these
optimised conditions, only 3% of Giese addition product 4b was obtained. Even an
increased loading of methyl acylate (6.0 equiv.), improved the yield of 4b to just 9% (Table
3.7, entries 1 and 2). By returning to the use of (Me3Si)sSiH as a mediator, we were pleased
to restore the desired reactivity (48%, entry 3). An optimal 60% yield of 6b was achieved
by changing the reaction solvent to MeOH / H,0 (9:1) (entry 4). Alongside the formation
of 6b, a significant proportion of over-addition product 4b1 and premature HAT product
3a-H were isolated, which negatively impacted the reaction yield. To reduce the formation
of 3a-H, EtsGeH was tried as a mediator due to its stronger Ge—H bond (BDE = 82.3 kcalmol
1) than the Si—H bond of (Me3Si)sSiH (BDE = 79.0 kcalmol™, see section 3.1.5); while the
amount of 3a-H was reduced, a lower yield of 4b was returned (entry 5). Dilution of the
reaction and reduction of the equivalents of 6b were trialled to minimised the formation
of over-addition product 4b1, however at a cost to the yield of desired Giese product 4b

(entries 6 to 8).

[Ir] (2.5 mol%), mediator (2.0 equiv.),

N Na,COj3 (2.0 equiv.), Ts, CO,Me
N ] + /\ - N
/ COMe solvent [XX M], Blue LEDs, 24 h /
Allyl Allyl

4b

3a 6b
(XX equiv.)
CO,Me
Ts
\NﬁfH TS, COMe
/ N
Allyl )
Allyl
3a-H 4b1
. 6b Viediat Sovent  Conc./M 3a-H NMR 4b1 4b NMR Yield
t ediator olven onc.
nry equiv. Yield /% isolated /% /% (isolated)
1 3.0 (Me3Si)sSiOH CH2Cl2 0.15 - - 3
2 6.0 (Me3sSi)3SiOH CH2Cl> 0.15 41 - 9
3 6.0  (MesSi)sSiH CHaCl 0.15 24 22 (48)
4 6.0  (MesSi)sSiH  MeOH/H,0? 0.15 23 27 (60)
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5 6.0 EtsGeHP MeOH/H,0? 0.15 7 - 35
6 6.0  (MesSi)sSiH  MeOH/H,0? 0.06 20 23 (52)
7 3.0  (MesSi)sSiH  MeOH/H,0? 0.15 35 - 44
8 40  (MesSi)sSiH  MeOH/H,0? 0.15 23 - 49

Table 3.7: Giese reaction optimsation with methyl acrylate acceptor. Reactions carried out using
set-up 1. [Ir] = Ir[(dF(CF3)ppy).(dtbbpy)]PFs. © MeOH:H-0 (9:1). © 1.0 equiv. of mediator.

3.2.6 Control Reactions

The use of a silane mediator was essential for achieving the desired reactivity. Irradiation
of BCP iodide 3a with blue LEDs alone (Table 3.8, entry 1), or in the sole presence of the Ir
photocatalyst (entry 2), only returned starting material. The addition of TEMPO as a radical
trap yielded the same result, with no TEMPO adduct observed by 'H NMR, mass
spectrometry or LCMS, with or without the photocatalyst (entries 3 and 4). Only in the
presence of a silyl mediator was the Giese product 4b obtained (X = H, entry 5), albeit in
reduced yield without the presence of the photocatalyst (22% compared to 60% with [Ir],

entry 6). These results show that all reaction components are required for successful Giese

addition.
X
Ts Ts CO,Me
\ additive \ 2 Ts
/N ZéES L + /\COZMe /NW and/or \N
Allyl MeOH/H,0 (9:1), Blue Allyl /
LEDs, 24 h Allyl
3a 6b 4b 3a-H
(6.0 equiv.) X=1lorH

3a NMR 4b NMR 3a-H NMR

Entry Additives Vield % Vield /% Yield /%
1 - 100 0 0
2 [Ir] 99 0 0
3 TEMPO? 94 0 0
4 TEMPO?, [Ir]o 100 0 0
5 (MesSi)sSiH,* Na:COs* : 22 (X=H) 40
6 | (MesSi)sSiH,® NaxCOs, [Irf? : 60 (X=H) 23

Table 3.8: Control experiments. @ 2.0 equiv. ° [Ir] = Ir[dF(CF3)ppy](dtbbpy)PFs (2.5 mol%).
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3.2.7 Substrate Scope

With two sets of reaction conditions in hand, the Giese methodology was applied to a

range of radical acceptors (Figure 3.19, a and b).

Conditions A

(2.5 mol%), (TMS)3SiOH,
s, Na,CO3, CH,Cl,, Blue LEDs, 24 h Ts
/N | + Acceptor or N&R
Allyl (2.5 mol%), (TMS)3SiH, AIIyI/

Na,CO3;, MeOH/H,0, Blue LEDs, 24 h

3a 6 4a-z

Conditions B

R R! N N
RZ\)\ = | X PhthN—SPh Ph028—</
)\/SOQPh EWG _ S

Figure 3.19: Optimised reaction conditions and radical acceptors used. [Ir]
= Ir[dF(CFs)ppy](dtbbpy)PFs. Reaction were carried out on a 0.15 mmol scale.

Under Conditions A, addition to allylic sulfones bearing sulfonyl, ester and bromide
substituents delivered the corresponding allyl-BCPA products 4a, 4c and 4d following
sulfone elimination (29 — 60%, Figure 3.20, a). Ipso-substitution of a benzothiazole sulfone
gave the hetero-arylated BCPA 4e in a modest 24% yield. Although lower yielding, isolation
of this heteroarylated BCPA compliments the cross-coupling protocols reported for
carbon-substituted BCP iodides (section 3.1.2). Trapping of the BCPA radical intermediate
with N-(phenylthio)phthalimide delivered an N,S-disubstituted BCP (4f, 32%). Variation of
the sulfonamide group on the BCPA iodide was also well-tolerated, including
functionalisation of the anti-inflammatory agent Celecoxib (4g and 4h, 50 — 53%, Figure
3.20, b). To our delight, C-substituted BCP iodides featuring ester, piperidine and pyridine

functionalities performed comparatively well to give 4i —k in 40 — 59% yield.
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PhO,S Et0,C

N ST 4

4a, 60% 4c, 43% 4d, 28% 4e, 24% 4f, 32%
b
FsC PhO,S PhO,S PhO,S
D—soz
BocN
p-Tolyl AIIyI AIIyI
4g, 53%? 4h, 50%? 4i, 59%
47% 4k, 40%

Figure 3.20: Scope of BCPA iodide functionalization. Red yields indicate Conditions A. Blue yields
indicate Conditions B. @ 0.13 mmol scale.

Acrylonitrile, acrylate and acrylamide acceptors (4b, 41— 0, 42 — 60%) were more suited to
reaction Conditions B with (MesSi)sSiH as a mediator (Figure 3.21). The Giese reaction
demonstrated potential for larger scale applications, whereby a 1.0 mmol scale procedure
returned 4b in 50% yield. Additionally, the structure of 4l was determined by single-crystal
X-ray diffraction.'*® 2-Benzylidene malononitrile however, reacted poorly under these
conditions but delivered 40 in 57% vyield under Conditions A. Vinyl sulfone, and 2-
vinylpyridine radical acceptors were also successful, giving compounds (4p, 45%) and (4q,
34%). Vinyl boronic esters were also suitable radical acceptors for this chemistry, and the
Giese additions products could be oxidised directly for ease of isolation (4s and 4t, 29 —

31%).
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Ts\ CO,Me Ts\ CN Ts\ CO,Me Ts\ CO,Me
/ / / /
Allyl Allyl Allyl Allyl CO,Me

4b, 60%, 50%° 41, 42% 4m, 46% 4n, 54%
Ph (0] Single crystal X- NC
Ts\ ’ ® ray structure of 41 Ts\ cN TS\N SO,Ph
N NHPh LAY N it
Allyl JD N\ Allyl Ph 4
40, 44% % g 4p, 57% 4q,45 %
N— Ph
Ts Ts BPin Ts BPin
\ \ \
/ / /
Allyl Allyl Allyl
4r, 34% 4s,31% 4t, 29%P

Figure 3.21. Scope of BCPA iodide functionalization. Red yields indicate Conditions A; blue yields
indicate Conditions B. 2 1.00 mmol scale. ® The crude boronic ester was directly oxidized with
H>0,/NaOH (aq.); the yield refers to the isolation of the corresponding alcohol.

Pharmaceutically-relevant BCPA a-amino acid analogues of 4-amino phenylalanine could
be obtained on addition to dehydroalanine 6u, indeed compound 4u was isolated in a good
52% yield under reaction Conditions B (Figure 3.22, a). BCPA iodides bearing both electron
deficient p-CN- (4v) and electron donating p-OMe- (4w) aryl substituents showed
comparable reactivity (54% and 57% respectively). These mild reaction conditions also
tolerated heteroaryl and alkyl sulfonamides giving BCPA phenylalanine derivatives 4x and
4y in 38% and 69%. Once more, this chemistry was applied smoothly to the photocatalytic
functionalisation of C-substituted BCP iodides (4z — ad, 44 — 58%) (Figure 3.22, b). The
exemplary functional group tolerance of this Giese methodology was further
demonstrated by application to nicotinic acid derivative (4ac, 45%) and BCP-brequinar
analogue (4ad, 53%). These previously unobtainable BCP(A) a-amino acid analogues
demonstrate the power of this strategy to access pharmaceutically-relevant structures

directly from BCP(A) iodides.
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Ts
\
N I +
/
Allyl

3a

N(Boc),

CO,Me

6u

(Boc),N
Conditions B
Ts
\
N

/
Allyl

CO,Me

(2.5 mol%), (TMS)3SiH,
Na,COj3, MeOH/H,0, Blue LEDs, 24 h

a-amino acid analogues

(Boc),N
Ts CO,Me (Boc)N (Boc),N
\N NC S\Oz COyMe MeO 892 CO,Me
/
Allyl Al |/N N
4u, 52% Y Allyl
4v, 54% 4w, 47%
(Boc),N
N= (Boc),N [>—s\o2 CO,Me
(I) Y, S\Oz CO,Me /N
,N Allyl
Allyl 4y, 69%
4x, 38%
b
(Boc),N (Boc),N (Boc),N
CO,Me PhthN CO,Me TsHN CO,Me
4z, 58% 4aa, 44% 4ab, 44%
F3C
MeO (Boc),N (Boc),N
N o) CO,Me F CO;Me
72\
Nicotinic Acid — o) BCP-Brequinar
Derivative Analogue
4dac, 45%" MeO,C 4ad, 53%

Figure 3.22: BCPA a-amino acid analogues.® 0.13 mmol scale. [Ir] = Ir[dF(CFs)ppy].(dtbbpy)PFs.

3.2.8 Telescoped Reaction

Earlier in this thesis, photocatalysis was shown to achieve the formation of BCPA iodides 3
through aziridine fragmentation and addition to [1.1.1]propellane 1 (section 2.2.2). On
reflection of our Giese conditions, we anticipated that a single photocatalyst could be used
to promote all three steps in one pot — azridine fragmentation, ring opening of
[1.1.1]propellane 1 and Giese addition (Figure 3.23, a). A telescoped procedure, where
addition of (MesSi)sSiH was delayed until 24 h to prevent premature HAT events, led to the
successful formation of product 4b in 31% yield (average 55% per step, comparable to the
individual steps 58%/60%). This results highlights the great potential of this chemistry to
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generate C N-difunctionalised BCPAs directly from [1.1.1]propellane 1 in a
multicomponent reaction. Notably, the organo-photocatalyst 4-CzIPN (5 mol%) gave a
comparable 29% yield in this procedure. Similarly, the use of Et3B in the first step, followed
by the addition of an Ir catalyst and (MesSi)3SiH after just 2 h, resulted in a lower 21% yield
of 4b but reduced overall reaction time (26 h) (Figure 3.23, b). This method is an excellent

candidate for application and scale up with photo-flow chemistry techniques.4 148

| [Ir] (2.5 mol%), Na,CO3 (2.0 equiv.),
N + % + CH,Cly, Blue LEDs, 24 h TS\ CO,Me
|\/A 2> cosMe > N
then TTMSS (2.0 equiv.),

/
Allyl
Blue LEDs, 24 h.
2a 1 6b 4b, 31%
(2.0 equiv.) (6.0 equiv.) 55% per step
b
Ts Et3B (10 mol%), Na,CO3 (2.0 eq.), (Boc),N
| N(Boc), CH,Cly, air, rt, 2 h Ts CO.Me
N + + )\ \N 2
|\/A CO,Me then [Ir] (2.5 mol%), TTMSS (2.0 equiv.), /
MeOH/H,O (9:1), Blue LEDs, 24 h. Allyl
2a 1 6u 4u, 21%
(1.3 equiv.) (6.0 equiv.) 46% per step

Figure 3.23: Telescoped reaction conditions using photocatalysis and/or triethylborane.

3.2.9 Mechanistic Studies

Literature studies have suggested that reaction with either silane mediator ((Me3Si)3SiH or
((MesSi)sSiOH) requires the initial formation of a silyl radical in a reductive quenching
process with the excited photocatalyst.’?212> The resultant silyl radicals can abstract a

halide atom from the substrate before engaging in further reaction pathways (Figure 3.24).

e (Conditions A: In the case of (MesSi)3SiOH (Figure 3.24, conditions A), oxidation of
the silanolate ion (generated on deprotonation of the silanol under basic

conditions) by the redox-active excited triplet state of the iridium catalyst (Ereq
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Ir(I*/1r(11) = +1.21 V vs SCE in MeCN),*4® 0 followed by radical Brook

rearrangement could give the silyl radical intermediate.

e (Conditions B: With (MesSi)sSiH as a mediator (Figure 3.24, conditions B), it has been
proposed that (MesSi)sSi® can be generated by direct oxidation of the silane ([Eox

(Me3Si)3SiH/(MesSi)sSiH®* = +0.73 V vs SCE in MeCN),** followed by deprotonation.

Conditions A Conditions B
(Me3Si);Si—OH
Na,CO ¢ Reductive
23 _ quenching
(Me3Si)3Si—0O (Me3Si);Si—H
X =X
[Ir(ID]
(Me3Si)3Si—O [(Me3Si)sSi—H] " +
radical Bm ACO3
R3Si®
R—X
R4Si—X
R’

Figure 3.24: Proposed role of silane mediators in photoredox catalysis.

To probe these proposals a Stern-Volmer quenching study was conducted (Figure 3.25
and table 3.9). Both BCPA iodide 3a (purple line) and (MesSi)sSiOH (red line) were found
to be efficient quenchers of the excited photocatalyst. In contrast, (MesSi)sSiH was found
to be a poor quencher (blue line). These results support that Conditions A proceeds (at
least in part) according to the proposed mechanistic hypothesis (Figure 3.24). However, it

opens the debate on the mechanism in the presence of (Me3Si)sSiH.
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Figure 3.25: Stern-Volmer Plot of 0.38-0.50 M solutions of quenchers with a 5 uM solution of
Ir[dF(CF)sppy]2(dtbbpy)PFs. Intensities are corrected for increasing dilution.

Quenching constants were obtained using the Stern-Volmer relationship:

170 =1+ kq4to[quencher]
Quencher Quenching Constant/ M s
BCPA iodide 3a 3.55x 107
Methyl acrylate 6a 2.14 x 10°
(MesSi)sSiH 1.72 x 10°
(MesSi)sSiOH + Na,COs 234 %107

Table 3.9: Quenching constants of reaction components. Excited state lifetime of photocatalyst

To = 2.3 us.’”

Our earlier voltammetry experiments determined the reduction potential of 3a to be -2.29
V vs SCE, which is beyond the reducing capabilities of most common photocatalysts
(section 3.2.2). As a result, we believe an oxidative quenching pathway to be unlikely for
the Giese reaction. Visible light alone may instigate C—I bond homolysis; however, the

UV/Vis spectrum of the reaction components show no absorption at 455 nm, and suggest
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that initiation by this mode is unlikely to be promoted by Blue LEDs (Figure 3.26). While
iodide ions have been proposed to quench the excited state photocatalysts (E° I7/1* = +1.35
V);1>? deliberate addition of excess sodium iodide to the Giese reaction delivered no yield
improvement, and we do not believe that I would be involved in the reaction mechanism

(see optimisation section 3.2.5.4).

hv
homolysis

A

1.4

1.2
5 (MesSi)sSiH + BCPA iodide 3a (2:1)
310 BCPA iodide 3a
§0.8 (MesSi)sSiH
oc |\ A =455 nm
0
30.6
3
<0.4

0.2

0.0 N\

300 400 600 700

Wa%/%?ength /nm
Figure 3.26: UV/Vis absorbance spectrum of reaction components and substrates.

Therefore, in the absence of (MesSi)sSiOH to act as an energy transfer mediator
(conditions B), we propose a Dexter energy transfer mechanism between BCPA iodide 3a
and the iridium photocatalyst (Figure 3.27).°® °° The triplet T1 energy state of
Ir[(dF(CF3)ppy)2(dtbbpy)]PFs (258 kJ mol™1)14° is within the BDE range of a C—| bond (~213

kJ mol™), rendering homolysis to form intermediate A feasible by this mechanism.

Oe(n e}

E+ =258 kJ mol™
ey - £

Energy

BDE = 213 kJ mol’ transfer A

Figure 3.27: Dexter Energy Transfer between photocatalyst and BCPA iodide 3a.
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Having probed the mechanism by which BCPA radical intermediate A is formed under both

conditions, we then proposed that this intermediate undergoes addition to the radical

acceptor to give the EWG-stabilized radical B (or competing HAT to generate C) (Figure

3.28).

Conditions A: For acceptors such as allyl sulfones which give intermediate radical
B, this addition is slower than competing HAT when using (MesSi)3SiH as a mediator
to give C, rationalizing the need for (MesSi)3SiOH. Catalyst turnover is achieved by
reduction of the eliminated sulfonyl radical to the sulfinate ion (Ered PhSO2* / PhSO,~

=+0.37 V vs SCE; %3 Eox Ir"/1rM = +1.37 V vs SCE in MeCN).14°

Slow ad(dition to R
acceptor Y,
R . B PR EE R SO,Ph
K
R

A
) SOZPh
: PhsO, 0r(]
HAT Turnover via
! reducible LG
: [r(11)]
v Phso2
RﬁH R
c D

Figure 3.28: Proposed catalyst turnover for conditions A.

Conditions B: Intermediate B may either engage in:

1. Reduction by Ir'" (Ereq *CH(CH3)COEt/"CH(CH3)CO2Et = +0.66 V vs SCE in

MeCN) as in Conditions A (Figure 3.29, path A).

2. Or, HAT with (MesSi)sSiH to generate the Giese product, along with
(MesSi)3Si®, which propagates the reaction by iodine atom abstraction from

the BCPA iodide (Figure 3.29, path B).
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was observed, implying that SET reduction of Ir{!)

[Ir(I] [ir(li1)]  ROH

H

Path A
A Ewe FEWG EWG
+066V
Path B
A ® =

' (Me3Si)3SiH (Me38|)33|

HAT !
. Propagation
Y (Me3S|)3S|

Figure 3.29: Proposed termination events of conditions B.

Deuteration studies were carried out to determine the fate of intermediate B (Figure 3.30).
A catalyst turnover event and protonation of the resulting substrate anion (path A) or
propagation through a HAT cycle was considered (path B). In contrast to the findings of

EIMarrouni et al.,*?® in deuterated reaction solvent (CD30D/D,0) no product deuteration

does not occur (path A). We were delighted that (MesSi)3SiD could be obtained by

reduction of (MesSi)sSiBr with LiAlID4, and found that its use led to complete a-deuteration

(>95%) of d1-4b, strongly supporting the propagation pathway (path B).

d d4-I\/IeOD/D20 b d1-(|\/|€35|)3SID

H/

Ts\ Conditions B Ts\ CO,Me
/Nj kl + /\Cone /N
Allyl in CD30D / D,0: 0%D Allyl

3a 6b with (Me3Si);SiD: >95% D

4b/d,-4b

EERL a8
[N vy
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Figure 3.30: 1H NMR (400 MHz, CDCls) spectra. Primary spectra including integrals in maroon: ds-
MeOD/D,0 or (MesSi)sSiD. Secondary spectra in teal: MeOH/H,0 and (MesSi)sSiH. a. no deuterium
incorporation with 4b in d,-MeOD/D0. b. > 95% deuterium incorporation of di-4b with d-
(MesSi)sSiD.

Isolation of allyl sulfone 6a-S and methyl acrylate 6b-Si silane adducts provides supporting
evidence for formation of silyl radical intermediates (Figure 3.31). Unreacted radical
acceptors could be recovered from the reaction mixtures, so that these by-products were
not a significant cause of loss in yield.

PhO,S

CO,Me
(M63Si)3si_/_

6a-Si 6b-Si

(Me3Si0)(Me3Si),Si

Figure 3.31: Isolated silyl adducts.

To conclude the mechanistic discussion, the overall mechanisms for the Giese reaction is

presented as follows (Figure 3.32).113
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(Me3Si)3Si—OH

Na,CO, ¢
(Me3Si)3Si—0 ™

Reductive fr(inr”

quenching [Ir(in]
(MegSi)ssi—o® 121V

l radical Brook

(Me3Si ZS|—OS|Me3

A

A par

R . ---» R

R
)\/SOQPh
R B
R%_\SOZ%

PhSO,

Slow ad(dition to acceptor
Turnover via reducible LG

.
PhSO,
+0.37V K

==A

[rang

fir(l
1.3

I |
7V,

-

c

(Me3Si);SiH ‘i

Conditions B

Rﬁ—l
BDE = 213 kJ mol”

[r(ln]
[r(in]

Energy
transfer
E7 =258 kJ mol”

>

roR

HAT /

A Ewe

D EWG
R

EWG
R

+ (Me3Si) 3S|
Propagation é k
(Me3Si);Si-I

R .

Fast addition to acceptor
Turnover via HAT

Figure 3.32. Proposed mechanism of Giese reaction of BCP(A) iodides under conditions A and

conditions B.1*3
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3.2.10 Unsuccessful Photoredox Functionalisations

3.2.10.1 Giese Acceptors

The following radical acceptors were either unsuccessful under both conditions A and B,

or gave <10% yield (Figure 3.33).

SOzPh NTs Pho SO,Ph
J\ P s0,pn /
NC H

Ph Ph
6ab 6ac 6ad 6ae

PhOC N
NFSI Selectfluor \N// ~CoPh

6af 6ag 6ah
Figure 3.33: Unsuccessful Giese reaction acceptors.

3.2.10.2 Minisci Reaction

To complement our developed methodology, we hoped to achieve (hetero)arylation of
BCPA iodides through a similar silyl-mediated photoredox initiation. Minisci reactions of
alkyl halides have been reported, and we tested two sets of conditions to try and achieve
this class of compound (Figure 3.34). The first set of conditions attempted includes one
example of a tertiary iodide t-Bul in the reported scope, however, this set-up only returned
starting BCPA iodide 3a (Figure 3.34, a).2?® The second conditions trialed gave (3a-H) as the
dominant product however, trace amounts of the desired Minisci product could be

observed by LCMS (Figure 3.34, b).*?/
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Ir[dF(CF3)ppyla(dtbbpy)PFg (2.5 mol%)

Ts\ O TTMSS (2.0 equiv.), TFA (2.0 equiv.)
N I+ > no reaction
/ >
Allyl N acetone, Oy, 24 h

Blue LEDs

3a (2.0 equiv.)

b
Ts\ N
/N H +
Allyl ﬁ/

4-CzIPN (5 mol%) |
TTMSS (1.5 equiv.), TFA (1.5 3a-H H

TS\ BN equiv.), K,S,0g (1.5 equiv.) major product major product
N | + >
/ Zéés MeCN / H,0 (2:1)
7 e 2
Allyl N Blue LEDs A
3a _
(1.5 equiv.) N
_Ts
trace by LCMS 'i‘
Allyl

Figure 3.34: Attempted Minisci reactions conditions.

3.2.10.3 Metallaphotoredox Cross-Coupling

Ir/Ni metallaphotoredox-catalysed cross-couplings have been achieved between alkyl and
aryl bromides using silane mediators.>* While there is a single reported example of a BCP
bromide described to undergo this chemistry in a patent,'® there is limited precedent for
this process using tertiary alkyl iodides in general. Our attempt at this transformation with
BCPA iodide 3a thus far only resulted in premature HAT of the BCPA radical intermediate

to give 3a-H as the primary product (Figure 3.35).

Ir[dF(CF3)ppyl2(dtbbpy)PFg (2.5 mol%)
NiCly(glyme) (10 mol%), dtbppy (10 mol%),

Ts, Br TTMSS (1.3 equiv.), Na,COs (2.0 equiv.) Ts,
N T N H
Allyt” Ve 1,4-dioxane, rt, 24 h, Blue LEDs Alyt”
3a (1.5 equiv.) 3a-H
major product

Figure 3.35: Attempted metallaphotoredox-catalysed cross-coupling of BCP iodide 3a.
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3.2.10.4 Fluorination

Finally, Selectfluor has been shown to give tertiary alkyl fluorides from the corresponding
iodides, however these conditions resulted only in the decomposition of BCPA iodide 3a
(Figure 3.36).1°

TS\ Selecfluor (3.0 equiv.)
N | —_— Decomp.
/ MeCN, rt, 18 h
Allyl

3a

Figure 3.36: Attempted fluorination of BCPA iodide 3a.

3.2.11 Further Transformations
Having established methods to access 1,3-disubstituted BCPAs over the first two chapters,

we investigated a selection of further transformations of these compounds.
3.2.11.1 Manipulation of N-Substituents

The ability to cleave either the N-allyl or sulfonyl substituents from the nitrogen atom was
of the highest priority. Detosylation of BCPA iodide 3a (Mg/MeOH) resulted in C—I bond
reduction and fragmentation of the intermediate BCPA carbanion to give 5a in quantitative
yield (Figure 3.37, right). However, detosylation could be successfully achieved on
compound 4b via sonication with Mg/MeOH, which to our delight gave amine 7 in 64%

yield (Figure 3.37, left).

H CO,Me . Ts Ts
Mg (10 . \ .
\ ;2 / - g (10 equiv.) ) ;2 r Mg (10 equiv.) _ :NH . ﬁ
/ - o
Allyl sonication, MeOH Allyl sonication, THF, 16 h, rt Allyl

7,64% R = (CH,),CO,Me 3a/4b R=1 5a presumed
quant. (volatile)

Figure 3.37: De-tosylation of BCPA.
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Attempted de-allylation of the BCPA 3a with Pd?*/NaBH(OAc)s gave cyclobutene
rearranged compound 8 (Figure 3.38, right). Pleasingly, the use of milder conditions

allowed the formation of BCPA 9 in 72% vyield with Pd(PPhs3)s as catalyst and 1,3-

dimethylbarbituric acid as nucleophile (Figure 3.38, left).*>’

1,3-Dimethylbarbituric

Ts, acid, Pd(PPhs),, Ts, Pd(dppf)Cl,, NaBH(OAC)3 Ts = C
N | - N I
W THF, 50 °C AIIyI/ THF, 16 h, 1t

9, 72% 3a 8,43%
(Z:E.1.2:1)

Figure 3.38: De-tosylation of BCPA iodide 3a.

3.2.11.2 Additional manipulations

Further product manipulations were tested to demonstrate access to other potentially
useful derivatives. De-iodination of 3a was carried out under silyl-mediated photocatalytic
conditions (3a-H, 54%). The N-allyl group could undergo classic olefin manipulations such
as oxidation to the epoxide 10 (oxone/KBr, 71%),>” aldehyde 11 (O3, 71%) or BCP glycine
analogue 12 (RuCl3/NalOs, 34%) (Figure 3.39). Finally, cross-metathesis with methyl

acrylate gave 13 (Grubbs II, 72%).

T fac-Ir(ppy)s, Ts, Oxone, .
S\ (SiMe3);SiH, N R KBr N
N o= | - N !
Allyl B:-BULCENES v CH,Cl, / o
3a-H, 54% UeLEDS | R =1, (CH,),COzMe Hz0 (9:1) 10, 71%
0, then Me,S > co,Me
Ts, CH,Cly, -78 °C to rt Grubbs Il Ts,
X N I or > N I
RuCl3, NalOy, CH,Cl,, 45 °C
CCly/MeCN/H,0 i
0 11,X=H 71% MeO,C 13, 72%

12, X = OH, 34%
Figure 3.39. Further transformations.

In addition, we investigated a hydroboration / Suzuki cross-coupling across the N-allyl

group (Figure 3.40).1°% 139 First attempts at this transformation with 2-bromopyridine as
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the coupling partner gave 14 in 28% vyield (Figure 3.40). Under these conditions, we also
isolated an equivalent cross-coupled product in which the ester was reduced to alcohol 15
in 20% yield. Therefore, we effected LiAlH4 reduction of ester 4b to give alcohol 16 in 88%
yield prior to hydroboration and Suzuki cross-coupling. However, this gave only a slightly
improved yield of 15 in 33% yield. Due to time constraints, this chemistry has not been

further investigated.

Ts R
TS\N ;2 /R 9-BBN, THF \Nﬁ_/i
7~ Ng__Br 7\

| N then base

6b R=CO;Me _J PddppfCly, THF =N e R COMe

LiAIH4, Et,0 L~ 16 R =CH,0H T2
88% (2.0 equiv.)

Conditions A: from 6b, 28% of 14, 20% of 15
Conditions B: from 16, 33% of 15

Figure 3.40: Hydroboration / Suzuki reaction of BCPA 6b. See supporting information in differences
in reaction conditions.

Finally, we hypothesised that we could generate a BCPA cationic intermediate from the
BCPA iodide with the addition of a silver salt (Figure 3.41). On the generation of a BCPA
cation intermediate, we expected a rapid rearrangement to occur, accelerated by the
nitrogen lone pair to give an iminium cyclobutadiene intermediate. We had hoped that an
appended alcohol nucleophile could intercept this intermediate to give exciting oxa-
azaspiro[3.4]octane products. To test this hypothesis with reduction of BCPA aldehyde 12
to give alcohol 17 was carried out; unfortunately, treating compound 12 with AgSbF4lead

only to decomposition of the BCPA iodide.

HO

/Ts
Ts Ts Ts N
NaBH \ AgSbF. \ \
42 _ NaBHs _ N | gSbFy N ® —» @ N%>: I: ><>:
THF —/ o
17 HO

HO

Figure 3.41: Proposed cationic generation, fragmentation and interception.
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3.3 Conclusion

3.3.1 Conclusion

In summary, BCPA iodides are significantly more challenging to functionalise than carbon-
substituted BCPs, owing to the excellent leaving group ability of the nitrogen substituent
(Figure 3.42). Additionally, we found that the generation of BCPA radical intermediates
for C—C bond formation using both previously reported methodology and photoredox

catalysis was unsuccessful.

Ts, rapid at -96 °C NHTs
- +
/N © P
) Allyl
V BCP-anion volatite

Ts

\

N%I

E\ T8,
Et3B or hv /N .
Allyl

BCP-radical
Figure 3.42: Summary of failed BCPA iodide functionalisations.

By using silane mediators, photocatalysed radical functionalization of BCPA iodides could
be used to prepare 1,3-N,C-disubstituted BCPs, Thus opening a new route to valuable
aniline bioisosteres (Figure 3.43). This chemistry displays high functional group tolerance,
affording unobtainable products by novel methods, including application to the synthesis
of BCPA amino acid and drug analogues, which highlights the potential utility of this

methodology for the pharmaceutical industry.
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R,

EWG\ EWG\ EWG
/N ﬁl + %\ EWG _— @ — /N
Allyl ~ Allyl R,

R ()

. 29 examples
24 - 69%

Figure 3.43: Silyl-mediated Photocatalysed Giese reaction.

An exciting progression of this work would be through application of our three-component
telescoped procedure to photo-flow chemistry. In theory, this would enable precise
control over addition timings of reagents and enable high throughput synthesis in

improved yield.
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4.

Sulfonyl Substituted BCPs

4.1 Introduction

4.1.1 A Serendipitous Discovery of Tosyl BCP lodide

In Chapter 2, the fragmentation / ATRA reaction of a-iodo aziridines with [1.1.1]propellane
1 was demonstrated. In exploring the scope of the substituents on the aziridine ring, we
unexpectedly discovered that the 3-phenyl substituted aziridine 2aj underwent C—C bond
fragmentation to form a stabilised a-amino benzylic radical instead of the previously
observed C—N bond fragmentation (Figure 4.1). Following this C—C bond fragmentation,
we propose the loss of a sulfonyl radical which then underwent ATRA with 1 to give tosyl
BCP iodide 18a-l in 42% vyield, as confirmed by X-ray crystallography. Following this
serendipitous discovery, we considered the desirability and accessibility of such sulfonyl

BCP halides.
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" _ BB (10mom%) oun .® & -
N N 1 -
,\/A T ORI ML piol oo

Ph air, rt, 5 h Oeﬁ

2aj 18a-l, 42 %
(1.3 equw) .-

Figure 4.1: Formation of tosyl BCP iodide through aziridine C—C bond fragmentation.

4.1.2 Application of Aryl Sulfones

Sulfonyl motifs are abundant in pharmaceuticals and agrochemical compounds (Figure 4.2,
a).189% 181 To our knowledge, there are no comparative studies of ‘drug-like” sulfonyl BCP
compounds, and BCP sulfones have only appeared in three patents.’0?164 Preparation of
the mesyl BCPA analogue of the NSAID Acetaminophen (paracetamol), required five steps
from the unsymmetrically disubstituted methyl ester-BCP-carboxylic acid (Figure 4.2, b).163
This key intermediate necessitates a four step synthesis from 1 and is a common
intermediate for the synthesis of BCP sulfones (section 4.1.3).1%° Efficient methodologies
to construct disubstituted BCP sulfones are rare compared to carbon-, nitrogen- and
sulfide derivatives; therefore, an efficient methodology to obtain disubstituted sulfonyl

BCPs would considerably advance the field.166-168

/
(0)
o
HN Me Me . .
Vismodegib
Cafenstrol basal-cell carcinoma
CN herbicide
Bicalutamide

prostate cancer CF3
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OY
patented BCP

NH

e analogue (I)I HCI 5 steps 4 steps
P —— O= NH, &—> MeOch &*COZH —

HO Me/

Acetaminophen
paracetamol NSAID

Figure 4.2: a. Aryl sulfones in pharmaceutical and agrochemical compounds. b. Synthesis of the
patented BCP analogue of Acetaminophen.

4.1.3 Synthesis of Sulfonyl BCPs

Oxidation of BCP sulfides is one successful strategy to access sulfonyl BCPs, where the
precursors can be obtained in one or more steps from [1.1.1]propellane 1 (Figure 4.3). For
terminal sulfonyl BCPs, oxidation with m-CPBA of the aryl and alkyl sulfide BCPs has been
reported.*® ! Oxidation of BCP sulfides can also be achieved with H,0, or potassium

peroxymonosulfate sulfate.!63 169

Szeimies, 1985
Bréase, 2018

SH (0]
e
R; m-CPBA Ol
pentane/Et,0, ] CH,Cly, 1t, 5 min n
1 rt, 5 min 1 1
Ry = Ar, Alkyl

Figure 4.3: Synthesis of mono-substituted BCP sulfones.

Compared to the concise synthesis of mono-substituted sulfonyl BCPs, the formation of
disubstituted sulfonyl BCPs requires pre-installation of the Cs-substituent early in the
synthesis, via the methyl ester-BCP-carboxylic acid, as described in two patents released
in 2021 (Figure 4.4). Methyl ester-BCP-carboxylic acid is a crucial intermediate for such
compounds. In the synthesis of a potential menin inhibitor, a silver-mediated
decarboxylative C-S cross-coupling and oxidation converted the carboxylic acid into the

required aryl sulfone (Figure 4.4, a).*%? Similarly, a mesyl BCP carboxylic acid building block
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was employed in the synthesis of an lysophosphatidic acid (LPA) receptor antagonist. The
synthesis of this BCP fragment was not described but presumably could be obtained from
the same methyl ester-BCP-carboxylic acid (Figure 4.4, b).!** One example of a
photocatalysed decarboxylative sulfonylation of a BCP redox-active ester (N-
hydroxyphthalimide (NHPI)) has also been reported by Li and co-workers in 2020, although

in low yield due to steric constraints (Figure 4.4, c).17°

amide o

SnAr coupling 10
MeO,C SAr
Ry \ F €02 Ars”
\E\N\/ — — MeOZCﬁCOZH
7/

n

K H R2 then [ox]
PN Menin Inhibitor (leukemias) F
O/ \O Agios Pharmaceuticals Inc.
O
LPA Receptor Antagonist
b amide HN <L Me Giliad Sciences Inc.
coupling //\\
o
RZNH IO
HO,C \/
Amide Coupllng Me
\ﬂ/ synthesis not described
\?\,,N O ¢

Li, 2020

4CzIPN, Cu(OTf),,
MeO c¢ w o
: CF3COH, o
ovons T omgmean > MeoC
ONa DME/MeCN \Ph

Blue LEDs, rt, 12 h
(2.0 equiv.) ueLEDS T 47%

Figure 4.4: a. Retrosynthesis of a patented menin inhibitor. b. Retrosynthesis of a patented LPA
receptor antagonist. c. Decarboxylative sulfonylation of BCP redox-active ester.

BCP sulfinate salts are convenient bench-stable building blocks that can be used to access
sulfonyl-, sulfonamide- and sulfoxide BCPs following reaction with electrophiles (such as
Mel, NFSI, HoNOSOsH), SnAr reactions, and copper-catalysed cross-coupling (with aryl
bromides) (Figure 4.5, a).1”*1’3 The mono-substituted BCP sulfinate can be prepared on
greater than 60 mmol scale in three steps from 1 via elimination of the methyl propanoate
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sulfone (Figure 4.5, b).1”? Synthesis of disubstituted BCP sulfinates, however, required up

to ten step manipulations via Barton esters (Figure 4.5, c).1’*

o) . 0
\ E*, SNAr or [Cu] O\\II
Ry _— R,
/ /
NaO R,
R; = H, CO5t-Bu, NHBoc R, = F, NHy, NR,, Me, Ar

b  Brise, 2019 ] SH
. MeOZC/\/

i 0
% rt, 30 min ol NaOMe N
2. m-CPBA, CH,Cly, /_/ THF, i, 20min+ Nad|

0°C,1h
1 MeO,C

65% 3 steps
>60 mmol

[ Grygorenko, 2020

1. m-CPBA, CH,Cl,,
1.80Cl, 0ee 1en 22 N
—>  HO.C R @— R ——=201 5 ] R
2. hy, @ Ne— 2. EtS1I;,hNaH,THF, NaGC
; ,
NS \_/
ONa

R = CO,H, 4 steps

5—7%, 8 —10 steps
R = COt-Bu, NHBoc, 6 steps

Figure 4.5: a. General manipulations of BCP sulfinate salts to achieve BCP sulfones and
sulfonamides. b. Synthesis of a mono-substituted BCP sulfinate. c. Synthesis of disubstituted BCP
sulfinates.

The direct addition of sulfonyl radicals across the central bond of [1.1.1]propellane 1 is
limited to only a few examples. Methylsulfonyl- and sulfuryl chloride have undergone ATRA
addition to 1 under UV irradiation (Figure 4.6, a);'’* this early example reported by Zeifrov
et al. in 1990 suffers from poor yields and uncontrolled reactivity, generating staffanes (n
= 2) and other products. The resultant BCP chlorides, so far, are not synthetically useful,
being inert to reductions with BnsSnH under photochemical and thermal conditions.'”> A
single example by MacMillan and co-workers demonstrated the metallo-photocatalysed
homolysis of PhO,S-SPh, which after addition to 1 to generate a sulfonyl BCP radical,
underwent a Cu-catalysed amination (Figure 4.6, b).”* Two publications released in 2020

by Zhu and co-workers generated thioether- and selenoether BCP sulfones through mild
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heating or irradiation with Blue LEDs to affect S-S bond cleavage (Figure 4.6, c).1’® 17/ The
same group later reported a photocatalysed energy transfer S—O bond homolysis to
achieve a carbo-sulfonylation of 1 (Figure 4.6, d).1”® Finally, Wu and co-workers reported
an organophotocatalysed sulfonyl alkynylation and allylation of 1 (Figure 4.6, e).1’° The
disadvantage of these methods is the lack of sulfone variety achieved and pre-requisites

of the substrate.

a Zefirov 1990

(0] (o]

o 0

\// . uv O\\II . O\\ll o

PN /

c 1 R n=1-2
R =Cl, Me <30 % =80,CI
R
b  MacMilllan 2020 Br

o 0 (o 7

\// Ph + + HNR, — o ?I ~
Ph” 57 (" N f &N

(2.0 equiv.) 1 N ot =
(1.5 equiv.) 43%
[ Zhu 2020
o R
0 0 o, 0 40/60 °C ol Re

Y R, ©Of N/ R, * or —> S Se

R Ys7 R sé Blue LEDs R’1
. 1
(1.5 equiv) 2 publications

R4 = (Het)Ar, Alkyl, Alkenyl
Rz = CF3, CF,H, CFansq

0
OR 0 >_
ot % fac-Ir(ppy)s (NIl Ar
+ —_—
32 W CFL
Ar& R

d  Zhu 2021

~N

) 1 21 examples
éz.o ethlu\;\.A) 30-57%
= p-tol, Me
e Wu 2021
(¢]
R .0
R,——=——50,R,4 : \
Eosin Y Ri
o . or 38 examples
Blue LEDs Rs 21-88%
R3

0o
1 )
OzR¢ Ry = Ar, Alkyl =2
R, = (Het)Ar, SiR; \R
1

(2.0 equiv.) R3z = SO,Ph, CO,Et

Figure 4.6: Synthesis of sulfonyl BCPs through direct addition to [1.1.1]propellane 1.
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Overall, there is limited convenient and general methodology available to access
disubstituted sulfonyl BCPs. However, we anticipated that an improved synthesis of
sulfonyl BCP halides (as discovered in section 4.1.1) could provide an elegant solution to
this problem. We therefore considered other, streamlined methods to generate sulfonyl

radicals for the addition to 1 to generate sulfonyl BCP halides.

4.1.4 Generation of Sulfonyl Radicals

A survey of sulfonyl radical precursors identified S—X bond cleavage (when X = Hal, S, Se or
N) as a prominent reagent class for homolysis (Figure 4.7).18 Likewise, allyl sulfones,
tetrazole sulfones, and sulfonyl cyanides are similarly engineered substrates that promote

efficient S—C bond cleavage to access sulfonyl radicals.

o 0
\//
[oXe) R” \SeOZR o O
N\ selenosulfonates \//
R” DseR RT X
selenosulfonates l sulfonyl halide
0 RV
\// - . Il - S _EWG
R” CN R”+S0 RN
sulfonyl cyanide sulfonamide
/ \ o 0 Ph
o 0 \Y !
N\ R N
R” \/\ \’\}( //N
allyl sulfones ~N

tetrazole sulfone

Figure 4.7: Sulfonyl radical precursors.

Of these, sulfonyl iodides and bromides appeared to be the most attractive due to the
close analogy to our previous studies on ATRA reactions with alkyl-, (hetero)aryl- and

aziridine halides with [1.1.1]propellane 1.8> 113, 181 Sylfonyl halides are not routinely
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isolated due to their instability to de-sulfonylation and elimination pathways, particularly
with electron-deficient or alkyl substituents (Figure 4.8, a). Sulfonyl bromides and iodides
can be easily homolysed via photolysis or thermolysis, while sulfonyl chlorides generally
require radical initiators or transition metal catalysts (Figure 4.8, b).18% Notably, catalysis

with Pd", Rh" and Ir' often results in desulfonylation.®0

O O i

@V desulfonylation R . 0,
R X X=Br, |
H oo elimination

)

Sx X=8Br, |

b
(0]
O\\//O AIBN, if PAT 1} hvor4 O\\//O
—_— ~ -
R™ el cu R R”*Y0 Br~ R

Figure 4.8: a. General decomposition pathways of sulfonyl halides. b. Generation of sulfony!
radicals from sulfonyl halides. AIBN = Azobisisobutyronitrile, PAT = phenylazotriphenylmethane
and BP = benzoyl peroxide.

4.1.5 Preparation of Sulfonyl Bromide and lodides Reagents

Sulfonyl halides, when isolated, are most readily accessed by halogenation of sulfinate salts
with electrophilic halogenating reagents (Figure 4.9, a). Cleavage of sulfonyl hydrazides is
also a common approach with nucleophilic halogenating agents in combination with an
oxidant (Figure 4.9, b).18%184 |n addition, sulfonyl bromides have been obtained through
the oxidation/halogenation of thiols and disulfides (Figure 4.9, ¢ and d);'® 8 or the
reduction/oxidation of sulfonyl chlorides (Figure 4.9, e).*®” While this is not an exhaustive
analysis, as these reagents are often formed in situ, a comprehensive survey would go

beyond the scope of this thesis.
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Figure 4.9: Overview of sulfonyl halides synthesis.

4.1.6 ATRA Reaction of Sulfonyl Bromides and lodides

Sulfonyl halides can engage in atom transfer radical addition (ATRA) reactions with
electron-deficient and unactivated alkenes, allenes and alkynes (Figure 4.10).18-192 Often,
the B-halide sulfones formed are subjected to basic elimination conditions to form vinyl
sulfones through the elimination of HBr or HI. Typically, sulfonyl iodides employ Cu' and
Cu" catalysts for effective reaction across double bonds,'®3 194 but visible light homolysis
of the S—I bond can also achieve this transformation.’®®> The analogous sulfonyl bromides
necessitate the use of radical initiators such as AIBN and/or high temperatures or UV
light.19® 137 The most successful sulfone substituents tolerated in ATRA reactions are
simple mono-substituted aryl groups. However, rare examples of heteroaryl and alkyl
substituents are also reported. In 1980, Lui commented on the challenging inherent

instability of alkyl sulfonyl halides:

“Alkyl sulfonyl iodides were so unstable that they should be generated and allowed to
react in situ. Both methanesulfony! and 1-butanesulfonyl iodides and their adducts with
alkenes decomposed instantly when exposed to daylight.” 193 ]

BBI'On analysis of the experimental procedure, the alkyl sulfonyl halides were isolated in dilute solution and
after drying for 3-4 hours in a refrigerator were used in solution for the ATRA step.
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X X=1

O\\//O [Cu] or hv
PG Ry —————> )o\\ ORy OF X SOR;
R X RS Y7 Re X =Br
R4 = Aryl, R = Aryl, Alkyl, TMS, AIBN, 90 °C or UV
(Heteroaryl, Alkyl) Allene, Alkyne

Figure 4.10: ATRA reaction of pre-formed sulfonyl halides.

Sulfinate salts have been employed in ATRA transformations via in situ formation of
sulfonyl halides (Figure 4.11). Electrophilic halogenating agents used for this
transformation are exclusively NXS9 198 or X,18 191 reggents, and both B-iodo- and B-
bromo sulfones can be formed in this manner (X = Br or |). However, the less reactive
sulfonyl bromides required heating up to 80 °C for successful addition. The use of
nucleophilic halides (Nal or KI, no bromides reported) requires the addition of an oxidant
such as ceric ammonium nitrate (CAN)'® or PhI(OAc),2% for the same transformation. As
is the case for isolated sulfonyl halides, aryl sulfinate salts are most frequently reported

with minimal application to hetero(aryl) or alkyl substituents.

o + - X
X" or X7, [ox]
Il >
P * RZ/\ )\/ O2R4
R~ TOH Ry
X* reagent X" reagent
I* =NIS or I I = Nal or KI with CAN
Br* = NBS or Br with 80 °C or Phi(OAc),

Br = None reported

Figure 4.11: Generation of sulfonyl halides in situ from sulfinate salts for ARTA reactions.

Beyond these general considerations, the first iodo-sulfonylation of n-bonds from sulfonyl
chlorides was reported by Li and co-workers in 2021 (Figure 4.12).?9! Proposed to proceed
via the formation of a surfactant-EDA-complex (electron-donor-acceptor), this is a unique
solution to achieve ATRA of sulfonyl halides. However, once again, applications with alkyl

sulfones are absent.
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QP . P Nal, CTAB, AcOH )\/ o
(HetyAr”™ cl R H,0, Blue LEDs R

not alkyl R = Alkyl, Aryl, Allyl 46 examples
Y Yh AL AT 42 -95%

Figure 4.12: lodo-sulfonylation of olefins direct from sulfonyl chlorides. CTAB =
cetyltrimethylammoniumbromide.

We recognised that sulfonyl halides reagents would be an excellent starting point for the
development of an efficient and potentially catalyst- or iniator-free difunctionalisation of

the central bond of [1.1.1]propellane 1.

4.1.7 Chapter Aims

We sought to utilise the homolytic cleavage of weak S—X ¢ bonds to rapidly construct novel
halide BCP sulfones through ATRA reaction with [1.1.1]propellane 1 (Figure 4.13). As with
our previous work, the BCP halide could then provide an excellent handle for C—C bond
formation (see chapter 3), and we hoped to demonstrate that this methodology can be

used to access 1,3-difunctionalised BCP sulfones.

(o}
ﬁ X*" reagent O\\//O ] ATRA % 1 N
M b > X
7N
R” “ONa : R™ X J ] \
. ," in situ to aid Tl \\\
o stability
functionalisation
opportunities

v

potential for aqueous
soluble by-products

Figure 4.13: Proposed ATRA reaction of sulfony! halides with 1.
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We envisaged the formation of sulfonyl halide intermediates in situ from readily accessible
sulfinate salts to reduce decomposition pathways, and we aimed to develop conditions
amenable to heteroaryl and alkyl substituents. The development of a practical method was
of paramount importance to have the greatest appeal to industry and to improve the
current state of the art for sulfonyl halide reagents. We hoped to minimise purification
steps through high vyields, optimal stoichiometry, formation of aqgueous soluble by-

products and minimal use of catalysts or initiators.
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4.2 Results and Discussion

4.2.1 Proof of Concept

Following the isolation of tosyl BCP iodide 18a-l from aziridine fragmentation, we set out
to synthesise tosyl iodide 19a-l to test conditions for an ATRA reaction with
[1.1.1]propellane 1. Tosyl iodide 19a-I could be prepared as a crystalline yellow solid in
95% vyield from the corresponding sulfinate salt 18a-S with molecular iodine in EtOH/H,0
(Figure 4.14). To our delight, our initial attempt to effect an ATRA reaction with 1 turned
the yellow solution of 19a-l colourless instantly on the addition of 1, and the white
precipitate of 18a-l precipitated out of the solution. The sulfonyl BCP halide 18a-l was
obtained in excellent purity, and the reaction could be carried out ona 1 gram scale in 88%

yield.

° R
\ / . (o]
"\ I, (1.0 equiv.) 7 1(1.1 equiv.) ol
oNa ——————> I : |
H,0, EtOH, CH,Cly, 2 min
R 2 min R

No purification required

18-S R=Me 19a-l,95%
OMe  19b-l, 31% decomp.
R =Me, 18a-l,88% [1 g scale]
OMe, 18c-l, 79%

Figure 4.14: Proof of concept for the ATRA reaction of sulfonyl iodides with [1.1.1]propellane 1.

Before starting reaction optimisation, we tested an electron-rich sulfinate salt in the
reaction (p-OMe), 18b-S, and discovered that the sulfonyl iodide 19b-I decomposed on
concentration or standing in light (approx. 31% yield). However, the use of the sulfonyl
halide in dilute solution enabled the smooth formation of BCP iodide 18a-1in a 79% vield.

This result highlighted the importance of the formation of sulfonyl halide intermediates in
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situ to access a broader range of substrates. Encouraged by these results, we set out to

optimise the reaction.

4.2.2 Sulfonyl BCP lodide Optimisation

We commenced our investigation by considering commercially available I and I* sources
to generate a tosyliodide 19a-1 from the corresponding sulfinate salt 18a-S in situ before
engaging in ATRA with [1.1.1]propellane to give sulfonyl BCP iodides 18a-l (Table 4.1).
Electrophilic I sources proved promising; however contrary to the previous stepwise
procedure, the use of | returned a poor 7% vield of 18a-I (entry 1). Presumably, this is
caused by the decomposition of intermediate sulfonyl iodide by | generated in situ, and
then the direct reaction of I, with 1 to form di-iodinated BCP 20. The use of N-
iodosuccinimide (NIS) gave an improved 41% vield of 18a-l (entry 2), which was increased
to 49% with the use of ICI (entry 3), and then drastically improved to 78% by the use of
1,3-diiodo-5,5-dimethylhydantoin (DIH) (entry 4). Other iodinating agents such as IPy2BFa
(Barluenga's reagent) and 2,2-diiododimedone (DID) did not improve the reaction vyield
and suffered from the generation of rearrangement product 21 (entries 5— 7, MeCN was
used to improve solubility). In contrast, I reagents such as Nal gave no reaction in either

THF or water (entries 8 and 9).
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o . , o
1" 11 (1.0 equiv. Il
4 * ﬁ ( au) > 0= o+ 1 1+ ol
p-tol” “ONa THF, rt, 2 min, petol” ﬁ& o C

then 1, 2 min p-tol
18a-S 1 18a-I 20 21
(2.5 equiv.) (1.0 equiv.)
1.0 Min H,0 0.7 M in Et,0
0 o)
X\N X )I(
7~ S O
0 0]
DXH DXD NXS

18a-1 NMR 20 NMR 21 NMR

Entry I* source Solvent
Yield /% Yield /% Yield /%
1 l2 THF 7 18 0
2 NIS THF 41 9 0
3 ICI? - 49 0 16
4 DIH THF 78 13 0
5 IPy2BF4 THF 9 24 0
6 IPy2BF4 MeCN 2 2 52
7 DID THF 31 6 27
8 Nal THF 0 0 0
9 Nal H20 0 0 0

Table 4.1: I" and I sources for the formation of sulfonyl BCP iodides. 1 was prepared as a [0.70 M]
stock solution in Et;0 throughout. ° [1.0 M in CH,Cl,]. NIS = N-lodosuccinimide. DIH = 1,3-Diiodo-
5,5-dimethylhydantoin. DID = 2,2-diiododimedone.

4.2.2.1 Reaction Stoichiometry

The relative stoichiometry of the reagents was investigated (Table 4.2). As a control, the
reaction was carried out without the sulfinate salt 18a-S, and an 18% yield of di-iodinated
BCP 20 was obtained (entry 1). We aimed to reduce this by-product formation by using a
minimal amount of iodinating agent. Increasing the equivalents of sulfinate salt from 1.00
to 3.00 equivalents improved the yield of 18a-l up to 87% (entries 2 — 6). DIH possesses

two N-I bonds, and we therefore tested halving the equivalents of the iodinating agent
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(0.5 equiv.) with respect to 1 (1.0 equiv.), however a near halving of the reaction yield of
BCP iodide 18a-I resulted (38%, entry 7). This appears to imply that only one iodine atom
of DIH is sufficiently labile to react under these conditions. Delaying the addition of
[1.1.1]propellane 1 to 15 min instead of 2 min gave no significant change in reaction yield,
indicating that the sulfonyl iodide 19a-l was formed entirely within 2 min and was stable
in solution for at least 15 min (entries 4 and 8). Use of 2.5 equiv. was preferred to limit

wasted reagent and was taken forward for a solvent screen.

(o}

9 +ﬁmos'§%u.éé.
p—tol/ “ONa THF, rt, 2 min, p-tol/
then 1, time
18a-S 1 18a-l 20
(XX equiv.) (1.0 equiv.)
1.0 M in H,0 0.7 M in Et,0

18a-I NMR 20 NMR
Entry. 18a-S equiv. DIH equiv.  Time /min

Yield /% Yield /%
1 0.00 1.0 2 0 18
2 1.00 1.0 2 35 29
3 1.50 10 2 58 34
4 2.00 1.0 2 73 22
5 2.50 1.0 2 78 13
6 3.00 10 2 87 12
7 2.50 0.5 2 38 10
8 2.00 1.0 15 71 29

Table 4.2: Investigation of reaction stiochiometry.

4.2.2.2 Solvent effects

Changing the solvent had a significant influence on the reaction yield (Table 4.3). Both THF
and MeCN were found to be less well suited to this reaction (entries 1-3). They were

surpassed by more suitable solvents Et,0, CH>Cl; and even H,0, which all gave the desired
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sulfonyl BCP iodide 18a-l in near quantitative yield (99% average, entries 4-6). DIH was
poorly soluble in all of these solvents, however, the use of MeOH to solubilise DIH actually
led to a lower yield, and a higher proportion of BCP di-iodide 20 (entry 7). Et,0O was carried
forward as the solvent of choice to maintain consistency with the [1.1.1]propellane 1 stock

solution (0.70 M in Et20 throughout).

9 DIH (1.0 equiv.) ?I
I . —rrhoeew . os ¢ Afu oo |
p—tol/ “ONa solvent [XX M], rt, 2 min, p-tol/

then 1, 2 min

18a-S 1 18a-l 20
(2.5 equiv.) (1.0 equiv.)
1.0 Min H0 0.7 M in Et,0

Entry  Solvent  Conc.of DIH/M  18a-I NMR Yield /% 20 NMR Yield /%

1 THF 1.0 78 13
2 THF 0.25 54 38
3 MeCN 1.0 74 19
4 Et.O0 1.0 100 1
5 H.0 1.0 99 1
6 CHJCl 1.0 100 0
7 MeOH 1.0 83 12

Table 4.3: Solvent effects on the formation of 18a-I.

4.2.2.3 Secondary Stoichiometry Screen

Having optimised the reaction solvent, we endeavoured to minimise the equivalents of
sulfinate salt 18a-S required to achieve quantitative yield (Table 4.4). While reducing the
equivalents of sulfinate salt 18a-S from 2.5 to 1.5, an excellent yield of sulfonyl BCP iodide
18a-1 was maintained, only dropping by 10 % (entries 1-3). However, consequently, the di-
BCP di-iodide 20 impurity increased by a comparable amount. 20 is similar in polarity to

18a-1 and could be separated by careful column chromatography; however, we aimed to
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minimise the formation of 20 to avoid unnecessary purification steps. Maintaining the
optimal 2.5:1 ratio of sulfinate 18a-S: DIH but with reduced equivalents with respect to
[1.1.1]propellane 1 reduced the formation of 20 to just 1%, however, the reaction yield
suffered as a result (entries 4 and 5). Therefore, we continued with 2.5 equiv. of the

sulfinate salt (entry 1).

o DIH (XX equiv. i
Il + —>( equiv.) O= I+ 1 |
p-tol” “ONa Et,0, rt, 2 min, ptol

then 1, 2 min
18a-S 1 18a-1 20
(XX equiv.) (1.0 equiv.)
1.0 Min H,O 0.7 M in E;;0
Entry 18a-S equiv. DIH equiv. 18a-I NMR Yield /% 20 NMR Yield /%
1 2.50 1.00 100 1
2 2.00 1.00 98 4
3 1.50 1.00 90 7
4 2.00 0.80 77 1
5 1.50 0.60 73 1
6 1.00 0.40 51 1

Table 4.4: Re-evaluation of reaction stoichiometry.

4.2.3 Sulfonyl BCP Bromide Optimisation

We sought to apply the developed conditions to the synthesis of sulfonyl BCP bromide
18a-Br with the analogous electrophilic brominating agent 1,3-dibromo-5,5-
dimethylhydantoin (DBH) (Table 4.5). In contrast to the reactivity of sulfonyl iodides, in a
reaction time of 2 min, only a 9% vyield of BCP bromide 18a-Br was obtained (entry 1).
Tosylbromide 19a-Br was detected in the crude reaction mixture, and increasing the
reaction time to 18 h led to complete conversion of 19a-Br, obtaining 18a-Br in quantitative

yield (entries 1 —4).
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DBH (1.0 equiv.)

o}
/“\ + ﬁ —> OQ)I&Br + BrﬁBr + TS/Br
p-tol ONa Et,0O, rt, 2 min, p-tol
18a-S 1 then 1, 2 min 18a-Br 2 19a-Br
(2.5 equiv.) (1.0 equiv.)
1.0 M in H,0 0.7 M in Et,0
Entry Time 18a-Br NMR Yield /% (isolated) 19a-Br NMR Yield /%
1 2 min 9 77
2 3h 54 38
3 6h 69 4
4 18 h 102 (100) 0

Table 4.5: Optimisation for the formation of sulfonyl BCP bromide 18a-Br.

4.2.4 Sulfonyl BCP Chlorides

The ATRA reaction with tosyl chloride 19a-Cl and 1 was also tested under similar conditions

(Table 4.6). Sulfonyl BCP chloride 18a-Cl could be obtained, albeit in low yield. Higher

proportions of staffane and rearranged by-product 21 were formed (entries 1 —4).

o

o

o, 0 Et,0, rt
2\ . % 20, o=l { ;: } PN C
ptol” P't0|/ n=1,2 p-tol/
19a-Cl 1 18a-Cl 21
(1.0 equiv.) (1.0 equiv.)
0.7 M in Et,0
18a-Cl, (n=1) 18a-Cl, (n=2) 21 NMR
Entry Time
NMR Yield /% NMR Yield /% Yield /%
1 2 min 0 0 7
2 3h 14 9 59
3 6 h 14 9 -
4 18 h 29 - 39

Table 4.6: Reaction of [1.1.1]propellane 1 with sulfonyl chlorides.

H NMR monitoring the progress of the halo-sulfonylation of [1.1.1]propellane 1 over time

showed that the addition of sulfonyl bromides required over 6 h and was complete after
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18 h reaction time (Figure 4.15) in comparison to the near-instant reaction of sulfonyl

iodides. As expected, sulfonyl chlorides reacted significantly slower.

100 @ T °

80

—o—Cl

0\0
- —o—Br
< 60
> ——|
o
k]
240
©
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o

20

0

0 4 6 8 10 12 14 16 18

Reaction Time / h

Figure 4.15: Reaction progression for the formation of sulfonyl BCP halides 18a from the

corresponding sulfinate salt/sulfonyl halide under optimised conditions.

Sulfinate salts are easily accessed by the reduction of sulfonyl chlorides, and we considered

whether a substitution-type reaction of sulfonyl chlorides could be used to obtain sulfonyl

halides directly.?9?> Unfortunately, our attempts to implement this led to the significant

formation of di-iodo BCP diiodide 20 and were not pursued further (Table 4.7).

o)
O\\S//O . r reagent O\“
ptol” Cl Mi%’\:] rt p- lol f k ﬁ i
19a-Cl 1 18a-Cl
(1.0 equiv.) (1.0 equiv.)
0.7 M in Et,0
19a-Cl NMR 18a-Cl NMR 20 NMR
Entry I source  Equiv. Additive
Yield /% Yield /% Yield /%
1 ‘ KI 1.0 - ‘ 7 43
2 ‘ K| 2.0 - ‘ - 4 26
3 NIS 1.0 - 97 0 12
4 Nal 2.0 DMAP? 85 1 7

Table 4.7: Attempted formation of sulfonyl BCP iodides from sulfony! chlorides. ¢ 10 mol%.
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4.2.5 Instability of Sulfonyl lodides

Over the course of the reaction, the generated sulfonyl iodide 19a-I precipitated out of the
reaction solution in Et;0 as a yellow solid. We anticipated that for electron-deficient and
alkyl substrates, the stability of the sulfonyl iodide would improve if it were in solution at
this stage (by dilution or use of more polar solvents). Therefore, we used a suboptimal set
of reaction conditions (2.0 equiv. of 18a-S) to investigate the effect of the concentration
of the solvent on the reaction outcome (Table 4.8). Dilution of the reaction from 1.00 M
to 0.25 M improved the yield of 18a-I from 74% to 89% (entries 1 and 2). MTBE
((CHs3)3COCHs3) is a more attractive solvent than Et,O for industrial scale-up due to its higher
flash point; however, its use was not productive (entry 3). Switching to CH,Cl, maintained

an excellent yield of 89% and further reduced the formation of BCP di-iodide 20 (entry 4).

0 DIH (1.0 equiv.) i
1 + ——roew) . ox o I
p-tol” “ONa solvent [XX M, rt, 2 min, p-tol/

then 1, 2 min

18a-S 1 18a-1 20
(2.5 equiv.) (1.0 equiv.)
1.0 M in H,0 0.7 M in Et,0

Entry  Solvent Conc. of DIH/M  18a-I NMR Yield /% 20 NMR Yield /%

1 Et0 1.00 74 1
2 Et.O0 0.25 89 2
3 MTBE 0.25 7 14
4 CHJCl, 0.25 89 <1

Table 4.8: Solvent and concentration effect on reaction yield.

4.2.5.1 Electron deficient substrates

On application of the optimal conditions to an electron-deficient sulfinate 18j-S (3,5-
dCF3PhSO;Na), a significantly reduced yield of 23% of 18j-I was observed, presumably due

to the instability of the intermediate sulfonyl iodide to de-sulfonylation and formation of
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iodine (Table 4.9, entry 1). A reduced temperature of =5 °C, with CH,Cl, as the solvent,
slightly improved the vyield to 31% (entries 2 and 3). Dilution of the reaction at this
temperature ensured the intermediate sulfonyl iodide was fully dissolved and gave a 47%
yield of 18j-I (entry 4). Cooling to =40 °C gave an optimal 69% yield of 18j-I: preparation of
sodium sulfinate 18j-S with DMF co-solvent (rather than water) was required to prevent
freezing, with the reaction warmed to room temperature over 30 mins to ensure complete
conversion (entry 5). Reducing the temperature to —78 °C required IPA or MeOH as the co-

solvent, which led to significantly reduced yields (entries 6 and 7).

1 then 1, time, temp
(1.0 equiv.)
CFs 0.7 Min EO
18-S
(2.5 equiv.)
1.0 M in co-solvent

o ) o
n DIH (1.0 equiv.) o=l
+ _— = o+ 1 1
FsC N ) Y
\©/ ONa solvent, rt, 2 min, Af

18j-1 NMR 20 NMR Yield
Entry Co-solvent Solvent  Conc. of DIH/M  Temp/°C  Time/ min

Yield /% /%
1 H20 Et.O 1.00 25 2 23 21
2 H20 Et.O 1.00 =5 2 24 25
3 H.0 CHJCl, 1.00 =5 2 31 9
4 H20 CHaCl2 0.25 =5 2 47 5
5 DMF CHaCl2 0.25 -40 30 69 0
6 IPA CHJCl, 0.25 =78 30 40 6
7 MeOH CHJCl, 0.25 =78 30 16 2

Tabel 4.9: Optimisation with an electron-deficient sulfinate salt 18;-S.

We concluded the optimisation for sulfonyl BCP iodides with the following conditions

(Figure 4.16).
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General

0 DIH (1.0 equiv.) i H,0, -5 °C, 2 mi
n . .0 equiv. 0= | 50, — , 2 min
R”“ONa CH,Cl, [0.25 M], 2 min, g

185 . then 1, time 184 ~ R = electron deficient -
(2.5 equiv.) (1.0 equiv.) DMF, -40 “Ctort,
1.0Minsolvent 0.7 M in E4,O 30 min

Figure 4.16: Optimised conditions for sulfonyl BCP iodide formation. [1.1.1]propellane 1 was
prepared as a [0.70 M] solution in Et;0.

4.2.6 Control Reactions

To gain insight into the initiation process, we carried out several control experiments
(Table 4.10). Firstly, carrying out the iodo-sulfonylation of [1.1.1]propellane 1 in the dark
led to no formation of tosyl iodide 19a-l or BCP iodide 18a-l (entry 1). Secondly, the
addition of TEMPO as a radical inhibitor completely shut down the desired reactivity (entry
2). Analysis by LCMS or *H NMR observed no TEMPO-tosyl adducts. These results indicate
that ambient light is necessary to initiate a radical process on this time scale. The omission
of [1.1.1]propellane 1 led to the formation of sulfone dimer (entry 3). These observations
are consistent with a radical mechanism.

9 DIH (1.0 equiv.) i
Il . Dequiv) O= I
p-tol/ “ONa CH,Cl,, -5 °C, /

2 min,then 1, 2 min p-tol

18a-S 1 18a-1
(2.5 equiv.) (1.0 equiv.)
1.0 M in H,O 0.7 M in Et,0
Entry Variation Result
1 Dark No reaction
2 TEMPO (3.0 equiv.) No reaction
3 Omission of 1 Ts-Ts major product

Table 4.10: Control experiments.
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4.2.7 Substrate Synthesis

Sulfinate salts can be readily achieved from feedstock chemicals, for example, by reduction
of sulfonyl chlorides or oxidation of thiols (Figure 4.17).1"3 In addition, cleavage of weak S-
S or S-C bonds can be employed. Sulfinate salts can also be isolated or prepared in situ by

the addition of organometallic nucleophiles to ‘SO, surrogates’.?%3

0,

RMgX, RLi, RAl,

sulfinylation & " nd Cu/Pd cat.

|

O\\//O reduction o] oxidaton
B — e

1} -— _SH
R™ >ci Zn, Fe, Mg, LiAlH,4 R” \O[M] H,0,, X3, m-CPBA R
cleavage
NaCN, RSNa, NaOH
o O
/\\//\ \//
R LG R” SR

Figure 4.17: Methods to prepare sulfinate salts. LG = leaving group.

The majority of the sodium sulfinate salts for the scope herein were prepared by reduction
of sulfonyl chlorides with sodium sulfite and sodium bicarbonate (Figure 4.18).2%4
Sulfinates salts denoted with an @ were prepared by Dr J. Nugent and substrates denoted

with a ® were available within our department and prepared by Dr T. C. Johnson.

QL Na,S03, NaHCO, 9
R” cl H,0, rtor 80 °C, 3 h R”“ONa
18-Cl 18-5

Figure 4.18: Methods to prepare sulfinate salts.

The following aryl sodium sulfinates 18-S were prepared from the corresponding sulfonyl

chlorides (Figure 4.19).
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O o o

18b-S? 18¢c-S 18d-sP 18e-SP 18g-SP
84% quant.
F. F3C
D/ NC : O,N :
Br 2 3 CF4
18h-S 18i-sP 18j-82 18k-S? 181
100% 96% 100% 84%
: : :NOZ \(&(
18m-S 18n-S 180-S
quant. 43% 59%

Figure 4.19: Sulfinate salts prepared by reduction of sulfonyl! chlorides. ° Prepared by Dr J. Nugent.
b Available within our department and prepared by Dr T. C. Johnson.?%% 2%

Heteroaryl sulfinate salts 23-S were prepared using this method (Figure 4.20). Sulfinate

23h-S was prepared according to a modified literature procedure.?%

23a-b 23b-S 23c-S 23d-S 23e-S
87% 83% 24%
7 N s N —
(—\‘L\ \ cl N, Y /
S N \ s \ N
PhO o=\ 77— ¢
N
23f-S 23g-S 23h-S 23i-8 23j-s
86% 50% 70% (2 steps) 49% 26%

Figure 4.20: Heteroaryl sulfinate salts prepared by reduction of sulfonyl chlorides. ¢ Available
within our department and prepared by Dr T. C. Johnson.?%% 29>

A selection of alkyl sulfinate salts 25-S were obtained for this chemistry (Figure 4.21).
Benzyl sulfinate 25k-S 2°7 and the sulfinate salt of TBS-rongalite 25I-S 2% were prepared

according to literature procedures. In addition, morpholine 26a-S and pyrrolidine 26b-S

sulfinates could be prepared.
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D S e

25¢-S? 25e-8° 25h-8° 25j-8°

ph—/ TBs0—" {:‘} d

25k-S 251-8 26a-S 26b-S
48% 66%

Figure 4.21: Alkyl, morpholine and pyrrolidine sulfinate salts obtained. @ Available within our
department and prepared by Dr T. C. Johnson.?** 2%

A wide variety of sodium and/ or zinc sulfinate salts are commercially available, and a
selection was chosen to evaluate the scope (Figure 4.22). As part of a collaboration project
between Sigma-Aldrich and the Baran lab, a selection of Diversinates™ sulfinate salts are

available for purchase for use in late-stage functionalisation projects.?%?

T e O

F

18a-S 18e-S 25a-5 25¢-5 25d-5 2568
[ < Me0,C~ > FoC” FoC”
o
25g-S 25i.8 25m-S 25n-S

Figure 4.22: Commercially available sodium sulfinate salts used in this project.

4.2.8 Hetero(Aryl) Sulfonyl BCP Halides Scope

The scope of the reaction was evaluated at =5 °C for the BCP iodides and room
temperature for the corresponding BCP bromides (Figure 4.23). Sulfinates bearing p-
electron-donating Me- 18a, OMe- 18b substituents gave the corresponding sulfone BCP

halides (X = | and Br) in nearly quantitative yields (99—-100%). Lower yields were obtained
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with acetamide 18c, even on cooling to —40 °C, presumably due to the amide
nucleophilicity (43% and 46% for the iodide and bromide respectively). Incorporating an
o-substituent gave a slightly reduced vyield for the o-tosyl BCP iodide (18d-l, 88%).
Interestingly, synthesis of the corresponding BCP bromide gave a significantly reduced
yield (18d-Br, 33%) due to competing bromination of the benzylic position. The bulky
mesityl sulfinate 18e benefitted from cooling to —40 °C for the iodide (66%) but did not
suffer under bromination conditions, giving the BCP bromide in 88% yield. The use of an
electron neutral arene substituent gave 18f in 96% and quantitative yield for the BCP
iodide and bromide respectively. As expected, electron-deficient arenes required reduced
reaction temperatures of —40 °C to prevent rapid desulfonylation (18g-I to 18m-I, except
18h-1). Generally, the corresponding sulfonyl bromides were sufficiently stable at room
temperature and achieved excellent reaction profiles with 1 (18g-Br to 18m-Br). Mildly
electron-withdrawing p-F and p-Br substituents afforded good to excellent yields for both
halides (18g and 18h, 50-100%). Similar results were obtained with stronger electron-
withdrawing p-CN and p-NO; groups (18i and 18j, 54 — 90% yield). Meta-electron
withdrawing substituents were well tolerated, with 3,5-dF 18k and 3,5-dCFs 18l arenes
achieving both BCP halides in 69 — 100% vyield. Finally, the bis-sulfinate was used
successfully to deliver bis-BCP sulfone iodide 18m-I in 26% yield, and bromide 18m-Br in

92% vield.
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o
1l .
R” “ONa

DXH (1.0 equiv.)

2 min, then 1, time

X=1

CH,Cl; [0.25 M],
-5 °C, 2 min

X=Br
Et,O [1.0 M], rt, 18 h

18-S 1 18-X
(2.5 equiv.) (1.0 equiv.)
1.0MinH,0  0.75Min Et,0
0 ol oul o i
N N oLl
N[ ;2 « ﬁ*x ﬁfl ol ;2 « N X
18a-l  99% MeO 18b4  100% AcHN 18c-l  43%3 18d-l 88% 18e-l  66%°7
18a-Br 100% 18b-Br 100% 18c-Br 46% 18d-Br 33% 18e-Br 82%
o] (0] o) [¢]
0 ol
ol : § oLl ;2 « oLl ;: « ol Q . N é} X
18f1  96% F 18g1  50%*2 Br 18h1  99% NC 18l 57%*2 O2N 181 54%*
18f-Br 100% 18g-Br 100% 18h-Br 95% 18i-Br 62% 18j-Br 90%
0 o 0.0 0.0
oyl Q < ol Q . \Y \Y
c 18kl 69%° cE. 181 69%2 18m-l  26%*

18k-Br 100% 181-Br 92% 18m-Br 92%

Figure 4.23: Aryl Sulfonyl BCP Halide Scope. ° Reaction carried out at =40 °C for 30 min, sulfinate
prepared as a solution 1.0 M in DMF (see Figure 4.14).

Heteroaryl sulfonyl halides excelled under our developed protocol (Figure 4.24). Electron-
rich 5-membered rings such as thiophene 23a, bromo-thiophene 23b and pyrazole 23
performed best, with yields ranging from 91 — 100% for both the iodide and bromide
products. A limitation of this chemistry was observed with substrates containing
nucleophilic nitrogen atoms such as oxazole 23d and pyridyl 23e, presumably due to
competing reactivity addition to the sulfonyl halide. These substrates give low to no
product vyields for the BCP iodides (0 — 19%) and reduced vyields of the BCP bromides (24

and 67%).
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(e}

(o] o oLl o] (0]
O\\gi ﬁfx O\\gi ﬁfx \\Sﬁix O\\Isl,f &x O\\gi Tx
{ /® [{ §//\S\
Br X '\{ N\O

A\ N

N
X \ 7/
23a-1 82% 23b-l 100% 23c-l 92% 23d-1 19% 23e-l decomp.
23a-Br 91% 23b-Br 100% 23c-Br 100% 23d-Br 67% 23e-Br 24%

Figure 4.24: Heteroaryl substituted BCP sulfonyl halides. Reaction conditions as in Figure 4.23.

4.2.9 Pharmaceutical and Agrochemical Examples

The triazole rice herbicide Cafenstrole was an ideal substrate for bioisosteric replacement
of the mesityl sulfone with a BCP motif (Figure 4.25, a and b).?? Synthesis of the cafenstrol
BCP sulfonyl halide 24a could conceivably allow access to analogous substrates where X =
H, Me, or CFs as potential mimics of the mesityl group. SAR analysis of cafenstrole
derivatives found an increased bulk and lipophilicity of the sulfone substituent such as 2-
adamantyl- (Pf (3D7) ICso = 0.008 uM) and cyclohexyl (ICso = 0.028 uM) demonstrated
increased potency compared to the parent mesityl compound (ICsp = 0.164 pM).?* These
results demonstrate the appeal of developing a practical methodology for constructing sp3

rich sulfone analogues.

a o Q
N A
N7 N e, N7 N7 ONE,
=N — =N
S X S
S0 /Q\ 1o
o o
Cafenstrole BCP Cafenstrole
Rice Herbicide X =H, Me, CF3
b




Figure 4.25: a. Tiazole herbicide Carenstrole. b. Figure taken from PLOS Biology %1° — “12-d-old
wild-type seedlings grown in the absence (w/0) or presence of cafenstrole 30 nM or 3mM). pas2-1
[mutant] grown in the absence of cafenstrole is shown for comparison.”

The sulfinate salt of cafenstrole 24a-S could be synthesised from the commercially
available triazole-thiol 24a-Ss3 (Figure 4.26). Benzylation and amidation were implemented
in a one-pot procedure to form the carbamoyl triazole 24a-S; in 78% vyield over two
steps.?!! The sulfonyl chloride 24a-S1 could be obtained by reaction with NCS in AcOH in
35% yield. We speculated that the reduced yield came from a sodium bicarbonate aqueous
workup recommended in the literature, causing the premature formation of the sulfonate
salt and loss in the agueous phase. Reduction of sulfonyl chloride 24a-S1 with sodium
sulfite and sodium bicarbonate was effective, affording 24a-S in 67% vield. To our delight,
the sulfinate salt underwent efficient halo-bicyclopentylation to give 24a-l and 24a-Br in
55% and 59% yields, respectively. Functionalisation of the cafenstrole BCP halides through
de-halogenation or radical trifluoromethylation would access potential mesityl surrogates,

but due to time constraints development of these methods was not investigated.?!?

K,CO3, BnBr, N_ N
/N\N DMF, 12 h, rt 4 /N NCS (/ \/N
_—_— - .
&,/{ then (NEt,)COCI, N"k ACOH/H,0, N
SH K2CO3, 80 min, rt EtzN—< SBn 16 h, t ElgN—< SOLCl
o} o)
24a-S; 24a-S, 78% (2 steps) 24a-S, 35%

NaHCO3,
NaySO. JHZO, i, 16 h

- ’_g(z_d o] NJ
= o] i i N
ELN ( O\\II DXH (1.0 equiv.), 2 min </ /
A ° N o= then 1 : N’{
‘1—- ) \\( EtN SO,Na
}D—{ N\ _N X=1 !
\ (1.0 equiv.) o
. CH,Cl/DMF, —40 °
P 24a1 559 Cto rt, 30 min 24a-S, 67%
X-Ray Structure of 4a-Br 24a-Br 59%

X =Br
BCP-Cafenstrole Et,0/H,0, rt, 18 h
(herbicide)

Figure 4.26: Synthesis of Cafenstrole sulfinate derivative.
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Next, we considered the synthesis of a BCP derivative of the Pfizer drug Sildenafil (Figure

4.27).

Sildenafil
Viagra

BCP Sildenafil Analogue
R =H, Me, CF3

Figure 4.27: BCP Derivative of Sildenafil.

Chlorosulfonic acid could be employed to effectively synthesise the aryl sulfonyl chloride
24b-S1, which was manipulated to the sulfinate salt 24b-S in high yield (Figure 4.28).23
We were concerned about the potential nucleophilicity of the pyrazolopyrimidinone motif,
however under standard conditions Sildenafil BCP iodide 24b-l and bromide 24b-Br
analogues were isolated in a very good 84% and 83% vyield, respectively. The nitrogen lone
pairs were presumably sufficiently non-nucleophilic to not compete for sulfonylation of

the in situ generated sulfonyl halide.

o / o
N Na,SO03, N
TN CISOsH NaHCO, HN '
X 7 > CIOsS o sooc Naoss N
N then NaOH,H,0 2 H,0, 80 °C 2 N
propyl reflux propyl propyl
OEt OEt OEt
24b-S2 24b-81, 91% 24b-S, 81%

DXH (1.0 equiv.), 2 min ﬁ

)
BCP Sildenafil N/ then 1
Viagra 1 .
X/% X=1 (1.0 equiv.)
OE CH4Cly [0.25 M],
-5 °C, 2 min

24b-1  84%
24b-Br 82%

X =Br
Et,O [1.0M], rt, 18 h

Figure 4.28: Synthesis of BCP Sildenafil derivatives.
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4.2.10 Alkyl Sulfonyl BCP Halides Optimisation

The reaction of methoxypropanoate sulfinate 25i-S wunder standard halo-
bicyclopentylation conditions returned the sulfonylated hydantoin reagent 27 as a
significant product (Figure 4.29). The lack of de-sulfonylation was highly encouraging, and
we therefore considered methods to reduce the nucleophilicity of the halogenating agent

to improve selectivity for the formation of the BCP ATRA product.

CO,Me
standard conditions ///
0,8
!

MeO,C DXH (1.0 equiv.)
2 v\SOQNa + ﬁ — jN
X=1 >=0
X =Br
25j -8 1 o u
(2.5 equiv.) (1.0 equiv.) 27
1.0 M in H,0O 0.75 M in Et,0 major product

Figure 4.29: Sulfonylation of hydantoin halogenating agent.

We commenced this investigation with alkyl sulfonyl bromides. From our experience with
the aryl and heteroaryl substrates, we anticipated the alkyl sulfonyl bromides to be more
stable and easier to handle. Commercially available sodium methanesulfinate 25a-S was
selected for reaction optimisation. The optimisation was approached stepwise to confirm
efficient conversion to the mesyl bromide 28a-Br before addressing the reactivity of the
mesyl bromide with [1.1.1]propellane 1. First, we considered different brominating agents,
present in a substoichiometric amount (0.4 equiv.) to ensure complete consumption,
therefore preventing di-bromination of 1 later in the ATRA optimisation (Table 4.11).
Bromine was found to be the superior brominating agent, giving mesyl bromide 28a-Br in
27% yield within a 2 minute reaction time (entry 1). PTAB (PhNMes*Brs’) gave a similarly

promising result and was retained as a backup (entry 2). All other brominating reagents
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screened were less successful in the reaction (entries 3—7). Leaving the reaction for 18 h

resulted in a 0% yield of mesyl bromide due to decomposition overnight (entry 8).

ﬁ Br* reagent (0.4 equiv.) VA
Me”  “ONa CH,Cly, 1, time Me” “Br
25a-S 28a-Br
1.0 M in H,0
Entry Br* Reagent Time 28a-Br NMR yield /%
1 Bra 2 min 27
2 PTAB (PhNMes* Brs’) 2 min 26
3 TBAB (BusN*Br) 2 min 0
4 DBH 2 min 19
5 PyrH"Brs” 2 min 9
6 BuaN*Brs 2 min 4
7 NBrSac 2 min 0
8 Br: 18 h 0

Table 4.11: Optimisation for the formation of mesylbromide 28a-Br. NBrSac = N-Bromosaccharin
was prepared according to literature procedure.?**

Increasing the equivalents of bromine (from 0.4 to 0.8 equiv.) with respect to the sulfinate
salt 25a-S gave an improved 63% yield of mesyl bromide 28a-Br (Table 4.12, entries 1 and
2). However, re-evaluation of PTAB as a brominating agent with this new stoichiometry did
not offer further improvements (entry 3). Promisingly, no degradation of mesyl bromide

28a-Br was observed between a 2 min and 15 min reaction time (entries 3 and 4).
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ﬁ Br" reagent (XX equiv.) QL
Me/ \ONa CH,Cly, rt, time Me/ ~Br
2528 28a-Br
1.0 M in H,0
Entry Br* Source Equiv. Time 28a-Br NMR yield /%
1 Br2 0.4 2 min 27
2 Br2 0.8 2 min 63
3 PTAB 0.8 2 min 59
4 PTAB 0.8 15 min 59

Table 4.12: Improved reaction stoichiometry for the formation of mesylbromide 28a-Br.

These conditions were taken forward to prepare mesyl bromide 28a-Br in situ prior to
reaction with [1.1.1]propellane 1 (Table 4.13). Unfortunately, stirring the pre-formed
mesyl bromide 28a-Br with 1 resulted in no sulfonyl BCP bromide 25a-Br (entry 1). Only
after the addition of triethylborane as a radical initiator did we obtain 25a-Br in 30% yield
(entry 2). Modification of the reaction stoichiometry to include 2.0 equiv. of Br; increased
the yield to 76% in only 30 min reaction time (entry 3), and a 2 hour reaction time was
later found to be optimal (96%, entries 5 — 7). Compared to our earlier findings, PTAB was
not a suitable reagent in the presence of 1, suffering from a complex mixture of
decomposition products (entry 4). During these optimisation reactions, the potential di-

brominated BCP side product was not observed.

ﬁ Br* reagent (XX equiv.) oLl Br
S + _— / Br + Ms”
Me ONa CH,Cly, rt, 2 min; Me
then 1, initator, time
25a-S 1 25a-Br 28a-Br
(2.5 equiv.) 0.75 M in Et,0
1.0 M in H,0
Br* 25a-Br NMR Yield 28a-Br NMR
Entry Br* equiv. Initiator® Time
reagent /% (isolated) Yield /%
1 Bra 1.0 - 18 h 0 0
2 Br2 1.0 EtsB 18 h 30 -
3 Bra2 2.0 EtsB 30 min 76 39
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4 PTAB 2.0 EtsB 30 min 17 40
5 Brz 2.0 EtsB 1h 81 50
6 Br2 2.0 EtsB 2h 94 (96) 51
7 Br2 2.0 EtsB 25h 94 36

Table 4.13: Optimisation for bromo-sulfonylation of [1.1.1]propellane. ° EtsB in 10 mol%. nr = not
recorded. [1.1.1]propellane 1 was prepared as a 0.70 M solution in Et;0.

The current best conditions isolated 96% of BCP bromide 25a-Br along with 51% of
undesired mesyl bromide 28a-Br (Table 4.14, entry 6). We endeavoured to make final
adjustments to the reaction stoichiometry to improve the reaction efficiency and minimise
the purification requirements. Proportional reduction of the amount of Br; and 25a-S with
respectto 1 (1.6:2.0: 1.0 equiv.) gave a slightly worse 86% yield of 25a-Br, but did reduce
the formation of unreacted mesyl bromide 28a-Br to just 6% (entry 2). Gratifyingly, the use
of 1.8 equiv. of Br, gave a near quantitative yield of 25a-Br (entry 3), and these conditions
were pursued to evaluate the scope of alkyl sulfonyl bromides.
Q . % Br, (XX equiv.) o\\/ﬁﬁim -
i W

25a-S 1 25a-Br 28a-Br

(XX equiv.) 0.75 M in Et,0
1.0 M in H,0O

25a-Br NMR Yield 28a-Br NMR
Entry 25a-S equiv. Br2 Equiv.

/% (isolated) Yield /%
1 ‘ 2.5 2.0 ‘ 94 (96) 51
2 ‘ 2.0 1.6 ‘ 86 (86) 6
3 ‘ 2.0 1.8 ‘ 99 (98) -

Table 4.14: Final adjustments to reaction stoichiometry.

Having achieved bromo-sulfonylation of [1.1.1]propellane 1 in excellent yield, we set out
to apply these modified reaction conditions to an iodo-sulfonylation procedure (Table

4.15). However, comparable use of iodine as an X* source resulted in only a 28% vield of
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25a-1 and a considerable 50% yield of di-iodinated BCP 20 (entry 1). Happily, an alternative
source of I" — BnMesNICl, — was found to be an excellent iodinating agent for this
transformation.?!> Sulfonyl BCP iodide 25a-1 was isolated in 92% yield in just 2 min (entry
2). An additional benefit was the minimal formation of 20 (2%). However, a significant
proportion of unreacted mesyl iodide 28a-l was observed on analysis of the crude *H NMR
reaction mixture (109%, decomposition amount unknown), indicating the amount of

iodinating agent and sulfinate salt should be reduced to prevent waste of reagents.

. o
ﬁ . I* reagent (XX equiv.) N[} | . L P I
N . — / Ms
Me ONa solvent, -5 °C, 2 min; Mé

then 1, 2 min

25a-S 1 25a-1 28a-l 20
(2.5 equiv.) 0.75 M in Et,0
1.0 M in H,0
No I* source I equiv.  Solvent 25a-1 NMR Yield 28a-I NMR 20 NMR Yield
' aurv. /% (isolated) Yield /% ° /%
1 ‘ I, 1.0 Et,0 ‘ 28 - 50
83 (92) 109 2

2 ‘ BnMesN*ICly 2.5 CHCly

Table 4.15: lodinating agents for iodo-sulfonylation of [1.1.1]propellane 1. ° NMR Yield of
mesyliodide is out of 250% based on reaction stoichiometry.

The reaction efficiency was improved by using 1.4 equiv. of BnMesN*ICl;"and just 2.0 equiv.
of sulfinate salt, obtaining BCP iodide 25a-I in an excellent 100% vield (Table 4.16, entries
1-5). In contrast to electron-deficient (hetero)aryl sulfonyl iodides, dilution of the reaction
led to a reduced 39% vyield of 25a-1 and the formation of disulfone 29 (entry 6). The
conditions outlined in entry 4 were taken forward to evaluate the scope of alkyl sulfonyl

BCP iodides.
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o) o 0

o BnMesN*ICl,” (XX equiv.) Ol N/
e A VI
Me” “ONa CHCl [XXM], 5°C,2 7N
min; then 1, 2 min o o
25a-8 1 25a-1 28a-1 29
(XX equiv.) 0.75 M in Et,0
1.0 M in H,0
BnMesN*IClz 25a-S 25a-1 NMR Yield 28a-1 NMR 29 NMR
Entry . . Conc. /M . ] i
equiv. equiv. /% (isolated) Yield /% © Yield /%
1 2.5 2.5 1.0 83 (92) 109 7
2 1.8 2.5 1.0 71 57 0
3 14 2.5 1.0 102 24 0
4 1.4 2.0 1.0 102 (100) 27 2
5 1.4 1.5 1.0 77 35 7
6 1.4 2.0 0.25 39 24 23

Table 4.16: Adjustment of reaction stoichiometry. The yield of di-iodinated BCP 20 was <2 % for all
entries.

4.2.11 Alkyl Sulfonyl BCP Halides Scope

We explored the alkyl substituent scope with an improved set of conditions for the
synthesis of alkyl sulfonyl BCP halides in hand (Figure 4.30). Primary alkyl substituents,
including methyl 25a and butyl 25b groups, gave good to excellent yields for both bromide
and iodide compounds (64 — 98%). Phenylethyl sulfone 25¢c gave the BCP iodide in an
excellent 98% vield; however, under bromination conditions, a complex mixture was
returned, presumably due to bromination of the benzylic position as seen in the o-Ts
example in section 4.2.8 (Figure 4.23). Secondary alkyl substituents such as cyclopropyl
25d, di-isopropyl 25e and dF-cyclohexyl 25f, were also well tolerated under these
conditions (67 — 100% yield), somewhat surprisingly due to their increased potential for

the elimination of HBr or HI. Tetrahydrofuran example 25g performed admirably under
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these conditions, and was isolated in 71% and 96% yields for the iodide and bromide,
respectively. Oxetane substituents were well tolerated 25h to form the BCP iodide (100%),
however, a reduced yield was obtained for the bromide (50%). Finally, methyl-propanoate
ester BCP derivative 25i was synthesised as the iodide (39%) and bromide (73%). These

compounds are of particular significance as halide-substituted BCP sulfinate precursors,

an improvement to the synthesis of mono-substituted BCP sulfinates by Bréase.1’?
X=1
0 . 9 BnNMesICl, (1.4
n . X* source [eN] X gqui\f)s, 22m(in
/Q\ CH,Cl,, 0°C / /Q\
Alkyl” “ONa 2 zrtO © Alkyl X =Br
i Br, (1.8 equiv.), EtsB
258 ' 25.X 40 molte). 2 h
(2.0 equiv.) (1.0 equiv.)
1.0MinH,0  0.75Min Et,0
o] o o o)
N . [eN]] X oLl | o\|| °N] X

25a-1  99%
25a-Br 98%

Fp 256
25f-Br

84%

25b-1  64%
25b-Br 64%

I Q
N Q X oyl

S

25g-1  71%

100% 25g-Br 96%

25c-l1  98%
25c-Br decomp.

L oA

25h-1  100%
25h-Br 50%

25d-1 71%
25d-Br 67%

25e-l  100%
25e-Br 79%

(0]

ol
o s
MeO,C

3ab-l 39%
3ab-Br 73%

Figure 4.30: Alkyl sulfonyl BCP halides scope.

4.2.12 Strain Release Reagents

To highlight the breadth of this methodology, we investigated the use of alternative ‘strain
release reagents’ such as bicyclo[1.1.0]butanes (BCBs) and tricyclo[3.1.1]heptane (TCHep)
30. Our group's ongoing and unpublished work has demonstrated TCHep 30 as a powerful

and convenient reagent to access meta-substituted arene bioisosteres (Figure 4.31).216
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The ATRA reaction of sulfonyl halides translated smoothly to this system to give sulfonyl

bicyclo[3.1.1]heptane halide products (30a-l, 87%) and (30a-Br, 100%) in excellent yields.

X=1

o) i CH,Cl, [0.25 M],
Il + g DXH (1.0 equiv.) g -5 °C, 4 min
p-tol” “ONa X

X=Br
18a-S 30 X=1 30a,87% EtO[1.0M], rt, 18 h

(2.5 equiv.) 0.23 M in Et,0 Br 30a-Br, 100%
1.0 M inH,0

Figure 4.31: Synthesis of sulfonyl bicyclo[3.1.1]heptane halides. TCHep 30 prepared by N. Frank.

Encouraged by this success, we turned our attention to BCB reagents. Radical
intermediates (a-amino and alkyl) have been shown to add to exclusively mono-
substituted BCBs bearing electron-withdrawing substituents (boronates,?!” sulfones,?8 219
as well as sulfoxides and esters) under photocatalysed conditions, visible light homolysis

or Ti"' catalysis (Figure 4.32).220

R, EWG

PC, hvor Ti" ><><EWG
+ —_—
hz X%

= o-amino, alkyl R, =H
EWG = SO,Ar, SOAr,
CO%Ar, ‘B(OR),R

Figure 4.32: Summary of radical additions to BCB reagents.

We were delighted to find that the ATRA reaction of in situ generated sulfonyl halides with
BCBs was successful, albeit Et3B initiation was required to form both the iodide and
bromide cyclobutyl sulfones 31 (Figure 4.33). Tosyliodide underwent effective ATRA
addition to mono-substituted BCBs bearing amide (31a-l, 80%, 2.5:1 dr), aryl sulfone (31b-
I, 66%, 2.1:1 dr) and alkyl sulfone (31c-l, 28%, >20:1 dr) substituents. Future investigation
into reaction duration could be used to improve the reaction vyields for less electron

deficient BCB 31c. Pleasingly, tosylbromide also underwent addition to BCB 31a and the
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formation of the sulfonyl cyclobutyl bromide 31a-Br was achieved in 72% yield, 2.3:1 dr.

77" and mono-bromination

Apart from the di-iodination of BCB sulfones with elemental I,
with NBS,'’® this work represents some of the first bromination and iodination of BCB
motifs. We tested disubstituted amide BCB 31d under these conditions and successfully

achieved an excellent yield of iodo-sulfonylated product (31d-l, 94%, 3.3:1 dr). This

represents the first radical addition to disubstituted BCBs.

At the time of writing, the major diastereisomer of 31a-l was provisionally assigned as the
syn-addition product, from NOESY correlations of the cyclobutyl protons. However, NOSEY
correlations of 31b-I, 31c-l and 31d-l were inconclusive, they have been tentatively
assigned as the same diastereisomer based on *H NMR shift and coupling patterns of the
cyclobutyl CH, protons. Further structural determination by X-Ray crystallography would

support assignment.

X=1

o) X* reagent, 2 min, BnNMejsICl, (1.4
/II\ . R, R4 then 31, Et3B (10 mol%) ><><R1 equivs_), 12r(1
ptol” “ONa 7§§ CH,4Cl Ry X X=Br
0 °Ctort, time .
2a-8 31 31.X Br, (1.8 equiv.), 2 h
(2.5 equiv.) (1.0 equiv.)
1.0 M in H,0 1.0 M in CH,Cl,

H,, CON(iPr), H,, C \SO,Ph H><><802t3u Me/,/,<>‘\\\CON(iPr)z
X 1 | |

31a-l  80%, 2:1 dr 31b-1 66%, 2:1 dr 31c-l 28%, 2:1dr 31d-1  94%, 3:1 dr
31a-Br 72%, 4:1 dr

Figure 4.33: ATRA reaction of BCB reagents. BCB substrates 31a—31d prepared by R.
McNamee.?*!

Halo-cyclobutane products offer a convenient handle for further functionalisation, as
discussed for the BCP analogues. However, this compound class presents a unique
opportunity to re-form BCB compounds following deprotonation/cyclisation of the acidic

a-sulfone position (Figure 4.34). Interestingly, the use of NaOMe for this process resulted
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in the isolation of MeOH adduct 32 in 93% vield, >20:1 dr. The single diastereoisomer
isolated presumes that this reaction proceeded via a BCB intermediate. We anticipate that
the use of an organometallic base would circumvent this issue and enable the desired BCB

formation 33, however this was not attempted due to time constraints.?%?

CON(iPr),

M LDA or n-BuLi H}<><CON(”’|')2 NaOMe, MeOH H CON(iPr),
<. LDAornBuLi .\, , >< ><
I 0C,1h OMe

33 31a-l 32, 93%, > 20:1 dr

Figure 4.34: Attempted deprotonation/cyclisation conditions for the reformation of BCB
compounds.

4.2.13 Unsuccessful Sulfinate Salt Substrates

4.2.13.1 Sulfinate Salts

The following sulfinate salts were unsuccessful under our reaction conditions and
reasonable modifications (Figure 4.35). Typical limitations included de-sulfonylation of the
sulfonyl halide intermediate (even at low temperature), significant formation of di-

iodinated BCP 20 or purification challenges.

(jmo2 @Z\S\m N/\\S:©/ ©::\>_ Pr—/

18n-S 23f-S 23g-S 23h-S 25k-S
desulfonylation desulfonylation desulfonylation
! /
8s0—" FsC” Fic” <>_/ (AN) O
(0]
25I1-S 25m-S 25n-S 25j-S 26a-S 26b-S

Figure 4.35: Unsuccessful sulfinate salts.
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4.2.13.2 Phosphinic lodides

Phosphinic iodides were identified as potentially analogous reagents to sulfonyl halides;
these reagents have only been proposed intermediates and never isolated. Attempts to
implement this chemistry were not promising, and we did not further pursue this reagent

class (Table 4.17).23

0]

0] +
n I” source 1
_— Ph— | + | |
Ph” I H CHaCly, /
Ph -5°C, 2 min, then 1 Ph 20
not observed

Entry I* source I*equiv. Ph3P(O)H equiv. 20 NMR yield /%

1 ‘ DIH 1.0 2.0 ‘ 39

2 ‘ BzMesN*ICly 1.4 1.0 ‘ 30

Table 4.17: Attempted formation of phosphinic iodides.

4.2.14 Functionalisation of sulfonyl BCP Halides

To demonstrate the utility of sulfonyl BCP halides, we sought to address the
functionalisation of these substrates. Attempted lithiation of BCP halide 18a-1 was
unsuccessful; as with BCPA halides, rapid fragmentation was observed with the presumed
formation of volatile [1.1.1]propellane 1 (Figure 4.36, a). Additionally, attempted insertion
of freshly prepared Rieke Zinc at 50 °C returned unreacted BCP bromide 18a-Br and

fragmented the BCP iodide 18a-l (Figure 4.36, b).
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rapid

t-BuLi fragmentation
I L ——mm> ArSO,H  +
-78°C

1

BCP-anion volatile
b
Rieke Zn OH
50 °C, THF, then PhCHO Ph
18a-X X=1,Br

Figure 4.36: Attempted lithiation and zinc insertion of sulfonyl BCP halides 18a-X.

Attempted iron-catalysed Kumada cross-coupling of sulfonyl BCP iodide 18a-1 with p-

OMePhMgBr resulted in predominant homo-coupling of the aryl Grignard, unreacted

starting material and minor amounts of rearrangement products (Figure 4.37).1%°

| p-OMePhMgBr _PMB . 18ad  + rearrangement
PMB products
Fe(acac)s, TMEDA, THF

18a-1
Figure 4.37: Attempted Kumada cross-coupling of sulfonyl BCP iodide 18a-I.

In contrast to these attempts, the use of our previously developed Giese reaction
conditions for the functionalisation of iodo BCPAs (Chapter 3) was far more successful.
Sulfonyl BCP iodide 18a-l underwent efficient Giese addition with de-hydroaniline 6u to
give BCP a-amino acid analogue 34 in 76% vyield (Figure 4.38).1'3 Unfortunately, the
corresponding BCP bromide 18a-Br was unreactive under these conditions. From our
previous mechanistic investigations in (Chapter 3, Section 3.2.10), these conditions
(conditions B) involve initiation by Dexter-energy transfer between the Ir photocatalyst
and the BCP(A) iodide. We hypothesised that the energy transfer between the Ir-
photocatalyst and the BCP bromide was inefficient by comparison. We therefore tested
conditions which involve (MesSi)sSiOH as a mediator between the BCP halide and Ir

photocatalyst (conditions A). Under these conditions with malononitrile acceptor 6p, we
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observed <10 % NMR vyield of Giese addition product 35, along with unreacted bromide
18a-Br. Future investigations could improve this reaction through inversion of the reaction

stoichiometry, for example using the BCP bromide in excess.

(Boc)oN
(2.5 mol%), (TMS)3SiH,

;: - (Boc)zN\n/COZMe NayCOs, COzMe
MeOH/H,0, Blue

LEDs, 24 h 34, 76%

[N g’ /
18a-l 6u ‘

(3.0 equiv.) @

/
[ ]
NG
(2.5 mol%), (TMS)3SiOH,
L NC]/CN Na,COy. CN X-Ray Structure of 34
r
ZQS CH,Cly, Blue LEDs, oh

Ph 24 h

18a-Br 6p 35. <10% (nmr yield)
(3.0 equiv.)

Figure 4.38: Photocatalysed Giese Reaction of sulfonyl BCP halides. [Ir] = Ir[(dF(CFs3)ppy)2(dtbbpy)]PFs.

Following this, methyl propanoate ester BCP derivative 25i-Br was converted to the
corresponding difunctionalised BCP sulfinate (36, 80%) (Figure 4.39). BCP sulfinates have
been utilised in the formation of sulfonamides, sulfone and sulfoxides; these
transformations were not carried out on 36 due to time restraints but are precedented on
the mono-substituted BCP sulfinate.’’? Notably, this represents a considerably shorter 2-
step synthesis of difunctionalised BCP sulfinates from [1.1.1]propellane 1 compared to the
multistep approaches (8-10 steps) discussed in section 4.1.3.
0

ol
\\/sﬁ—sr

Sulfonamides

NaOMe NaO ol
Br —m8m Br = ----- - x Br
/ THF, 20 min & ;
MeO,C 25i-Br 36, 80% \‘\‘ Sulfones

Sulfoxide

Figure 4.39: Formation of bromide BCP sulfinate.
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4.2.15 Synthesis of Sulfonyl Halides from Grignard Reagents

Aryl Grignard reagent can add to DABSO as an SO; surrogate to generate sulfinate salts in
situ before engaging in further reactivity.?9> We recognised that this would be an attractive
one-pot method to generate sulfonyl BCP halides (Figure 4.40). Attempts at this four-
component, one-pot synthesis of sulfonyl BCP halides gave sulfonyl BCP iodide 18a-l in a
32% yield by *H NMR, along with 20% of BCP di-iodide 20. No improvement was observed
when an organic phase wash to remove DABCO was included. The formation of MgBr; or
Mg(OH), salts in the first step could be a cause of reduced product formation, and we
chose not to pursue this method further as yields were inferior to the stepwise approach.
Nonetheless, the possibility of a one-pot conversion of Grignards to BCP sulfonyl halides

using this chemistry remains very attractive.

BnNMesICl

0 5ICly ﬁ1

I (1.4 equiv.), O\\//O Lo |
_— —

p-Tol” “OMgBr HO0/CH,Clp, 0°C  p-Tol” I

18a-l, 32% 20, 26%

(2.5 equiv.)
THF, —40°Ctort, 1h

MgBr
p-ToI/

(2.0 equiv.)

Figure 4.40: Attempted four-component, one-pot synthesis of sulfonyl BCP halides from readily
available Grignard reagents.
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4.3. Conclusions and Future Work

4.3.1 Conclusions

In this chapter, we have developed an efficient and versatile methodology to construct
sulfonyl BCP bromides and iodides (Figure 4.41). A wide range of substituents were
tolerated under the reaction conditions. In particular, the range of heteroaryl and alkyl
examples represents a positive advancement in the functional group tolerance of sulfonyl
halide reagents in the literature. The use of sulfonyl BCP halides as precursors for para-
disubstituted arene bioisosteres has been demonstrated through Giese C—C bond

formation and application to pharmaceutical and agrochemical examples.

) X* reagent [0) (I)I
1 + . X
ient i /
RN ambient light or
ONa \ EtsB (10 mol%.) R

ﬁ—x

+ rapid reactivity ¢ effortless purification ®simple set up &

R = Aryl,
Heteroaryl, Alkyl

Figure 4.41: Summary of sulfonyl BCP halides.

The reaction protocol is rapid and simple to execute, forgoing the need for anhydrous
solvents and inert reaction conditions. Minimal purification steps were required, and re-
crystallisation could be used effectively. The ATRA reaction could be carried out initiator-
free in ambient light, or assisted with substoichiometric amounts of EtsB for more

challenging substrates, or to achieve faster reaction times.
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4.3.2 Future Work

Several areas could be targeted for improvement and further investigations.

4.3.2.1 Functionalisation of sulfonyl BCP Bromides

This methodology accesses an extensive collection of BCP bromide substrates, and the
functionalisation of these building blocks would be an asset to this chemistry. We have
been able to form trace Giese addition products from BCP bromides under photocatalysed
conditions, however further investigations to develop this reactivity are currently being

investigated by our industrial collaborators.

4.3.2.2 Strain release reagents

Application of sulfonyl halide reagents to other strained systems such as
azabicyclo[1.1.1]butane (ABB) to form azetidine products would be equally attractive
(Figure 4.42, a).?** The addition of tosyl chloride to ABB proceeds at 87% in 18 h at room

224 it would be of interest to determine the

temperature to give 3-chloro-1-tosylazetidine;
regioselectivity of a similar reaction with tosyl iodide and bromide. Addition to housane

would further demonstrate the generality of our reaction protocol to form halo-

cyclopentane products (Figure 4.42, b). 3’

Housane

Figure 4.42: a. ABB as a strain release reagent to form azetidines. b. ATRA reaction with Houseane.
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4.3.2.3 Pharmaceutical Derivatives

Synthesis of additional pharmaceutical BCP derivatives, such as sunscreen agent Ensulizole
(Figure 4.41), and the comparative biological testing and analysis of pharmacokinetic
properties with the parent compound would provide data on applications of sulfonyl BCP

bioisosteres within the industry.

sulfonylation
H H
YO = oo
V.
HO_ N/ > (\ N
7\
o//\\O o o
Ensulizole BCP Ensulizole Analogue
Sunscreen UVB Protection X =0OH, H, CO,H

Figure 4.43: Possible sulfonyl BCP analogue of Ensulizole.

4.3.2.4 Sulfoniminoyl Halides

Aryl sulfoximine motifs can be identified in pharmaceutical compounds such as Ronicibib
(Figure 4.42, a).?*> Oxidation of BCP sulfides has proven to be the only reported strategy
to synthesise sulfoximine BCPs to date (Figure 4.44, b).??° This approach requires prior

synthesis of the BCP sulfide and is only applicable to mono-functionalised BCPs.

a b Brise, 2020

CFs Me |
o ;
AN OH ! PhI(OAc), NH
NI o : (NH4),C05 NI
o . —_—
Wé e Roniciblib ' / MeOH, rt, 30 min /
pan-CDK inhibitor (Phase ) ! R R

HN !
! - 15 examples
' R = Aryl, Alkyl
\© A ; Skt 17 -83%
s 1
O NH '

2\

Figure 4.44: Sulfoximine motifs in pharmaceuticals and current syntheses of sulfoximine BCPs.

We questioned whether sulfonimidoyl halides could be implemented to achieve ATRA

chemistry with [1.1.1]propellane 1. Sulfonimidoyl chlorides have been prepared in situ
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from sulfinamide (salts) with NCS, Cl; or t-BuOC| to generate sulfonimidoyl amides
following nucleophilic addition, for example (Figure 4.45, path a). There is only one
reported example of a sulfonimidoyl chloride undergoing an addition across a double
bond, in this case, under Lewis acid catalysis (path b).??” Typically, these conditions are
instead used for the generation of benzothiacenes.??” In contrast, the generation of

sulfonimidoyl iodide or bromide intermediates are, to our knowledge, unknown.

e} NCS, Cl, _
I _ortBuoC QNR ~
—_—
R/ \N/ 2 AN
TN R” Cl b\AICI3, CH,Cl,,
; P -78°C
isolated or in situ \
< p-tol—N O Cl
— N7/
t-Bu ph” \H<

t-Bu
48%

Figure 4.45: Formation and reactivity of sulfonimidoy! chlorides.

Our initial attempt at this chemistry did not return the desired sulfoximine BCP halide
product 37. Promisingly, the free sulfoximine rearranged exo-cyclobutene product 38 was
isolated in 27% yield, in addition to sulfinamide 39 (Figure 4.46, a). Further investigations
into this transformation, starting with sulfinamide reagents such as 39, could be carried
out (Figure 4.44, b). If successful, this would represent a significant contribution to the

sulfoximine BCP field and a novel application of sulfonimidoyl halide reagents.
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(2.0 equiv.)

CPhg
N
R S
-TolMgBr (2.0 equiv. Vi
’ ° thén aue) [ O\\//N—CPh3-| 1 (1.0 equiv.) p-tol
37
BnMe3NICl, (1.4 equiv.) PN _78°Ctort
p-tol I not observed
Et,0,0t0-78 °C
‘ N 0
S 4 CPh
3
p-tol/ p-tol” \” -
27% major

0
o) x* N_II
4 coem * ﬁ —eee S PTE e pnge”S !
Me” N7 3 CH,Cly, 0°Ctort Ar/

Figure 4.46: Sulfonimidoyl halide reagents for ATRA reactions.
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D.

Conclusions and Future Work

5.1 Conclusions

The resurgence of [1.1.1]propellane 1 as a readily accessible and versatile reagent has
increased interest in the synthesis and application of bicyclo[1.1.1]pentane motifs. As a
result, the demonstration of BCP units as sp> rich bioisosteres in pharmaceutical settings,
as well as their application in materials chemistry, has seen an enormous rise in popularity.
At the time of starting this work, methods available to achieve nitrogen- and sulfone-based
BCP motifs were far less well established than those accessing carbon- or sulfide
substituted BCPs. Our demonstration of the ability of these heteroatom-radicals to add
across the central bond of 1 to form heteroatom-substituted BCPs halides therefore

represents a significant contribution to the field.
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An efficient route to achieve desirable 1,3-disubstituted BCPAs through fragmentation of
a-iodoaziridines and subsequent radical ATRA with [1.1.1]propellane 1 was developed
(Chapter 1, Figure 5.1). The limitation of this work is the restriction of the aziridine
electron-withdrawing substituent to mainly sulfonamides, although the scope of the
sulfonamide substituent is very broad. The resultant halide incorporated onto the BCP is

an asset to this methodology for further C—C bond formation.

0,R
[ 2 ATRA RO25
N —_— N I
%I Allyl

1
Figure 5.1: Synthesis of N, BCPs through aziridine fragmentation.

Heteroatom-substituted BCP halides are significantly more challenging to functionalise
than carbon-substituted BCPs, due to rapid retro-ATRA or anionic expulsion processes
resulting in loss of the heteroatom substituent and reformation of [1.1.1]propellane 1. To
overcome this challenge, we developed a silyl-mediated photocatalysed Giese reaction to
ffect the C—C bond formation of BCP iodides with a broad range of radical acceptors
(Chapter 3, Figure 5.2). This methodology improves previous radical-based
functionalisation of BCP halides, which typically require harmful UV radiation of toxic
stannane reagents, and has received positive reviews on its applicability from our industrial
collaborators. The functionalisation of BCP bromides, however, remains an unsolved

challenge.
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Giese Addition Ro

R, EWG
AR+ e — (D«
N Sewe o
I\lﬂ‘ 1

R = NR,, CRy, SO,R

Figure 5.2: Giese functionalisation of BCP(A) halides.

Following an opportune discovery in our work on the fragmentation of a-iodoazirines, we
developed a methodology to achieve sulfonyl BCP halides (Chapter 4, Figure 5.3). Sulfonyl
BCP halides are limited to a couple of BCP chloride examples in the literature, and the
synthesis of sulfonyl BCP bromides and iodides was unprecedented. The convenient and
efficient method we developed for the in situ generation of sulfonyl halides has enhanced
the generality of these reagents by tolerance of heteroaryl and alkyl substituents.
Furthermore, we demonstrated the application of these reagents to pharmaceutical and

agrochemical examples and the addition to other strained systems.

(0]
ﬁ X* reagent O\\//O ATRA oLl
—_ > -
ZON R” X * / X
R ONa R
1

in situ
X=1,Br
R = (Het)aryl, Alkyl

Figure 5.3: Sulfonyl halide reagents for the practical synthesis of sulfonyl BCP halides.

In combination, these methods have enabled the synthesis of heteroatom-difunctionalised
bicyclo[1.1.1]pentanes, which have the potential to be applied as non-classical

bioisosteres of para-substituted arenes, alkynes and tert-butyl groups.
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5.2 Future Work

Since the beginning of this thesis work, the number of novel methods to synthesise N-
substituted BCPs has increased dramatically, and this area of research has arguably
become saturated. One of the most significant opportunities for further development lies
in the modification of the Giese chemistry to include the functionalisation of BCP bromides
(Figure 5.4, a). A second natural progression for the photocatalysed Giese reaction would
be to re-visit metallaphotoredox methods to obtain cross-coupled products (Figure 5.4, b).
The benefit of these improvements would be the tolerance of heteroatom-substituted
BCPs by circumventing retro ATRA reactivity or rearrangements observed with lithiation or

direct transition-metal catalysed processes.

EWG
By P —ED— Ly

R = CRy, NRy, SO,R

A EEE

X=1,Br 24 R = Aryl, alkyl, NR;

R = CR,, NR,, SO,R

Figure 5.4: a. Radical functionalisation of BCP Bromides. b. Metallaphotoredox catalysed cross-
coupling of BCP halides.

Finally, obtaining biological activity data and a survey of the pharmacokinetic properties of
drug-like heteroatom-substituted BCP and BCHep derivatives, in comparison to their
parent compounds, would provide evidence to support these motifs as bioisosteres.
Ongoing work within our group is investigating the use of [3.1.1]propellane 30 as a

convenient reagent to prepare meta-substituted arene bioisosteres, to great success
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(Figure 5.5).2% Including BCHep biological analogues would help establish the re-

discovered reagent.

; ; R; ét R : R
30 A 4

o \ o/
[3.1.1]propellane 119 120

1,3-disubstituted BCHep meta-substituted
arene

Figure 5.5: Reactivity of [3.1.1]propellane 30 and its application as meta-substituted arene
bioisosteres.

Of particular interest would be targets containing sulfonyl (and sulfide) BCP or BCHep
structures, as there is currently no biological or pharmacokinetic data avaliable for these
motifs (Figure 5.6). The sulfonyl halide ATRA procedure developed in chapter 4 could be
used to synthesise potential targets effectively. For example, a BCHep derivative of the
meta-phenyl group in Lifitegrast, an active ingredient in eye drops, would be a compound
of interest. Following the ATRA reaction of mesyl iodide with [3.1.1]propellane 30, a
subsequent Giese reaction with a dehydroanaline acceptor would provide access to the
amide coupling partner of Lifitegrast. Building on our work towards the synthesis of the
BCP derivatives of Cafenstrole 24a and Sildenafil 24b, if we could effect de-halogenation
or radical trifluoromethylation, this would be a potential piperazine and mesityl surrogates
for testing.?'2 Additionally, a synthetic route to BCP-Eletriptan could be envisaged through
Sn2 reaction of the BCP sulfinate salt obtained on a multigram scale by Brédse and co-

workers.172
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Figure 5.6: Potential BCP and BCPHep biological targets.

The interest in the synthesis and reactivity of propellanes and the bicyclic structures they
can obtain is at an all-time high within chemical communities. The surge of novel
methodologies in the last decade has led to a saturated field. Novel syntheses of
heteroatom-substituted BCPs are still on the rise and, as a result, we can expect to see an

increase in uptake of these compounds in the coming years.
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S1.

General Experimental Details

S1.1Experimental Considerations

NMR Spectroscopy

IH, 13C, °F, 2°Si and 3P NMR spectra were recorded on Bruker AV400 or Bruker AVII500
spectrometers using TOPSPIN software, with the deuterated solvent acting as the internal
deuterium lock. *H NMR spectra were recorded at 400, 500 or 600 MHz, 3C NMR spectra
were recorded at 101 or 126 MHz with 'H decoupling, and *°F NMR spectra were recorded
at 376 or 470 MHz. Assignments were determined either on the basis of unambiguous
chemical shift/coupling patterns, or from 2D COSY, HMBC, HSQC and/or NOESY
experiments. Peak multiplicities are defined as: s = singlet, d = doublet, t = triplet, q =
quartet, quin. = quintet, hept. = septet, m = multiplet, br. = broad, app. = apparent, obsc.
= obscured. Coupling constants (J) are reported to the nearest 0.1 Hz. 'H NMR yields were

calculated using mesitylene as an internal standard.
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Infrared Spectroscopy

Infrared spectra were recorded on a Bruker Tensor 27 FT-IR spectrometer with the sample
being prepared as a thin film on a diamond ATR module. Absorption maxima (Vmax) are
quoted in wavenumbers (cm~1).

Mass Spectrometry

Low resolution mass spectra were recorded on a Micromass LCT Premier Open Access
using electrospray ionization (ESI). High resolution mass spectra (HRMS) was determined
under conditions of ESI, El and Cl on a Bruker MicroTOF. High resolution values are
calculated to 4 decimal places from the molecular formula, and all values are within a
tolerance of 5 ppm.

Melting Points

Melting points were obtained using a Griffin melting point apparatus and are uncorrected.
Reagents, solvents and techniques

All reagents were used directly as supplied. Solvents were either used as commercially
supplied, or as purified by standard techniques. Anhydrous Et;0, MeCN, CHCl,, THF, DMF
and toluene were obtained from solvent dispenser units having been passed through an
activated alumina column under argon. Unless otherwise stated, non-aqueous reactions
were performed using flame-dried glassware under Nitrogen atmosphere.

Reactions were monitored by thin layer chromatography (TLC) on pre-coated aluminium-
backed plates (Merck Kieselgel 60 with fluorescent indicator (UV254). Spots were
visualized by quenching of UV fluorescence or by staining with potassium permanganate,
vanillin, ninhydrin and PMA. Retention factors are reported with the solvent system.
Column chromatography was performed on silica gel obtained from Merck (Silica gel Si 60,

0.040-0.063 mm) under a positive pressure of Nitrogen, using the stated solvent system.
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Photochemical Equipment and Setup

The Blue LED lamps used for this work were either:

Set-up 1

Set-up 2

Set-up 3

Evoluchem™ 455 nm 18 W LED or Kessil
PR160L 456 nm placed in an
Evoluchem™ PhotoRedOx box. Set up
used for all Giese reaction optimisation

and scope examples.

Tingkam® Waterproof 5M 5050 SMD
RGB Led Strips fixed to the inside of a
crystallisation dish (left). Set up used in

optimisation.

50 W Kessil PR160L 456 nm was clamped
5 c¢cm from a vial, cooled with desk fan
from above. A polystyrene box lined with
foil was used to shield the light. Set up

used for 1.0 mmol scale reaction.
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S2.

Chapter 2 Experimental Data

S2.1 General Experimental Procedures

General Procedure 1 - Et3B initiated ATRA synthesis of BCPA iodides

ﬁ __EtB (10 mol%) éé
\/LA CH,Cly, air, rt, 5 h /—/

(13 equiv.)
A flame dried vial was charged with a-iodoaziridine (1.0 equiv.) and sealed with a septum
under air. The a-iodoaziridine was dissolved in CH,Cl; (0.10 M, from solvent Winchester)
and then [1.1.1]propellane 1 (0.60 — 1.00 M in Et;0, 1.3 equiv.) was added. EtzB (1.0 M in
hexanes, 10 mol%) was added in one portion with the syringe needle tip in the solution,
followed by syringes of air (100 uL x 2) directly into the solution. The vial was capped and
sealed with parafilm and stirred vigorously at room temperature for 5 h protected from
light. The reaction mixture was concentrated in vacuo and purified by column

chromatography in the specified eluent system to afford the desired BCPA iodide.
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General Procedure 12 - Photoredox initiated ATRA synthesis of BCPA iodides

EWG EWG

| fac-Ir(ppy)s (2.5 mol%) \

N + > N |
I\/Q t-BuCN, Blue

(2.0 equiv.) LEDs, 18 h /

A flame dried vial was charged with a-iodoaziridine (1.0 equiv.) and fac-Ir(ppy)s (2.5 mol%).
The vial was then equipped with a PTFE septum, evacuated and placed under an Ar
atmosphere. t-BUuCN (0.10 M) and [1.1.1]propellane 1 (0.60 — 0.85 M in E;O, 2.0 equiv.)
were added sequentially. The solution was degassed by freeze-pump-thaw cycles (x 3),
vacuum was only applied while the reaction was frozen due to volatility of
[1.1.1]propellane 1), and then the mixture was irradiated with blue LEDs for 18 h (set-up
1). The reaction mixture was concentrated in vacuo and purified by column

chromatography in the specified eluent system to afford the desired BCPA iodide.

General Procedure 3 — lodoaziridination with NaH and lodine

H R
N U

&% EGO, t LA
According to a modified literature procedure.* NaH (1.1 — 1.2 equiv.) was added
portionwise to a solution of N-allyl-sulfonamide (1.0 equiv.) in anhydrous Et;0 (0.2 M) at
room temperature. The mixture was stirred for 20 min and then iodine (3.0 equiv.) was
added and stirring was continued for the specified duration protected from light. The
mixture was poured into NazS;03 (sat. ag.) and extracted with EtOAc (x 3), washed with
brine, dried (Mg2S04), filtered and concentrated in vacuo. Purification by column

chromatography in the specified eluent system gave the desired a-iodoaziridine.
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General Procedure 4 — lodoaziridination with Chloramine-T and lodine

H . O=\\S/R
/\/N\S/R Chloramine-T, I, 0
—_——
o//\\O MeCN, rt \/A
|

According to a modified literature procedure.? To a flame dried flask under Ar and
protected from light was added N-allyl sulfonamide (1.0 equiv.) in anhydrous MeCN (0.17
M). Chloramine-T.3H,0 (1.0 equiv.) and iodine (1.0 equiv.) were added sequentially and
the reaction mixture was stirred at room temperature, protected from light, for the
specified duration. The reaction was quenched by addition of Na;$,03 (sat. ag.) and
extracted with EtOAc (x 3). The combined organic phases were washed with brine, dried
(Mg2S0a), filtered and concentrated in vacuo. Purification by column chromatography in

the specified eluent system gave the desired a-iodoaziridine.

General Procedure 5 — lodoaziridination with t-BuOC| and Nal

R t-BuOClI, Nal 0=s
 EE———

Y MeCN, \/A

According to a modified literature procedure.® To a flame dried flask under Ar and
protected from light was added N-allyl sulfonamide (1.0 equiv.) in anhydrous MeCN (0.17
M). Nal (1.2 equiv.) and t-BuOCI (1.2 equiv.) were then added sequentially and the reaction
mixture was stirred at room temperature for the specified duration. The reaction mixture
was quenched by addition of NayS;03 (sat. ag.) and extracted with EtOAc (x 3). The
combined organic phases were washed with brine, dried (Mg,S0O4), filtered and
concentrated in vacuo, shielded from light. Purification by column chromatography in the
specified eluent system gave the desired a-iodoaziridine.

t-Butyl hypochlorite, t-BuOCI:
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According to a modified literature procedure.* > NaOCl.5H,0 (8.93 g, 0.12 mol) was
dissolved in H,0 (150 mL, 0.8 M) in a 1 L round bottom flask and then cooled to 0 °C. A
mixture of tert-butyl alcohol (11.1 mL, 0.12 mol) and acetic acid (7.3 mL, 0.12 mol) was
added in one portion to the bleach solution and stirred vigorously for 5 min. The biphasic
mixture was separated and the yellow organic layer was washed with Na,COs3 (10% aq., 50
mL), H20 (50 mL), and then dried (Na2SOa4) and filtered. t-Butyl hypochlorite was obtained
as a yellow liquid and was used without further purification.

Note: t-Butyl hypochlorite was stored over Na>SO4 in an amber vial in the freezer for 3

weeks.

General Procedure 6 — lodination of Aziridine alcohols with PPhs, DIAD and Mel

Ts Ts
| PPh3, Mel, DIAD

|
According to a modified literature procedure.® To a flame dried flask under Ar and
protected from light was added PPhs (1.2 equiv.) and anhydrous toluene (0.18 M). The
solution was cooled to 0 °C and di-isopropylazodicarboxylate (DIAD) (1.2 equiv.) was added
slowly. A solution of aziridinyl alcohol (1.0 equiv.) in anhydrous toluene (0.15 M) was then
added to the mixture, followed by dropwise addition of Mel (1.2 equiv.). The reaction
mixture was stirred at room temperature for 16 h, then quenched by addition of Na2S,03
(sat. ag.). The aqueous phase was extracted with EtOAc (x 3), then the combined organic
phases were washed with brine, dried (Mg>S0a4), filtered and concentrated in vacuo.
Purification by column chromatography in the specified eluent system gave the desired a-

iodoaziridine.
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General Procedure 7 — Sulfonylation of N-allyl amines

o, 0 NEts

/\/NHZ + N\ > /\/ \S/R
cl” R CH,Cly, 0 °C to rt 7N

A: According to a modified literature procedure.” NEts (2.0 equiv.) was added to a solution
of N-allyl amine (1.5 equiv.) in CH2Cl; (0.2 M) at 0 °C. The sulfonyl chloride (1.0 equiv.) was
added portionwise and the mixture was stirred for the specified duration at room
temperature. The reaction mixture was poured onto HCl (1 N aq.) and extracted with
CH,Cl; (x 3). The combined organic phases were then washed with H;0, brine, then dried
(Mg»S0a4), filtered and concentrated in vacuo to give the N-allyl sulfonamide. No further

purification was required unless specified.

B: According to a modified literature procedure.® NEts (1.0 — 1.1 equiv.) was added to a
solution of N-allyl amine (1.1 equiv.) in CHCl> (1.2 M) at O °C. The sulfonyl chloride (1.0
equiv.) was added portionwise and the mixture was stirred for the specified duration at
room temperature. The mixture was then poured into NaHCOs3 (sat. ag.) and extracted
with CH,Cly (x 3). The combined organic phases were washed with brine, dried (Mg2S04),
filtered and concentrated in vacuo to give the N-allyl-sulfonamide. No further purification

was required unless specified.

General Procedure 8 — N-Alkylation of Sulfonamides

K,COs, Nal H

Ts
A + HNT N
j Br I 2 Acetone, reflux /\/ STs
= Br,

According to a modified literature procedure.® p-Toluenesulfonamide (1.1 — 2.0 equiv.),
K,CO3 (1.1 — 2.0 equiv.) and KI/Nal (if added, 10 mol%) were dissolved in reagent grade

acetone (1.0 M). The alkyl halide (1.0 equiv.) was added and the reaction mixture was
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heated to reflux for the specified duration. The reaction mixture was cooled, then poured
onto H,O and extracted with EtOAc (x 3). The combined organic phases were dried
(Mg»S0a), filtered and concentrated in vacuo. Purification by column chromatography in

the specified eluent system gave the desired N-allyl sulfonamide.
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S2.2 BCPA lodides

Tricyclo[1.1.1.0%3]pentane, [1.1.1]propellane, 1
Cl_ CI

X PhLi %
Br/ < Et,0, - 40 °C

to0°C

Br

According to a modified literature procedure.*® PhLi (1.9 M in Buz0O, 100 mL, 190 mmol)
was added to a solution of 1,1-dibromo — 2,2-bis(chloromethyl)-cyclopropane (28.2 g, 95.0
mmol) in Et;0 (60 mL, 3.2 M) in a 500 mL flask at =40 °C. The mixture was then stirred at
0 °C for 2 h to give a yellow/brown suspension. A rotary evaporator was cleaned with
acetone and Et,0, then dried under vacuum and flushed with Ar (x 3). The reaction mixture
was distilled under reduced pressure using the rotary evaporator, maintaining a steady
drip of [1.1.1]propellane solution (water bath 25 °C, condenser and trap —78 °C, 200 mbar
— 50 mbar). Once the distillation was complete, the system was flushed with Ar and the
distilled solution was transferred to a flame dried AcroSeal™ bottle with septum under Ar
at =78 °C. The remaining residue was quenched with MeOH/acetone.

Total Volume = 62.0 mL (0.85 M in Et;0), 56% vield.

The concentration of [1.1.1]propellane solution varied between 0.60 M and 1.00 M.

1H NMR (400 MHz, CDCl3) 6 1.94 (6H, s).

Spectroscopic data in agreement with that reported previously.**

Concentration and yield: Determined by *H NMR spectroscopy using a sample of stock
solution (200 L), DCE (50 uL) and CDCls in NMR tube. An average NMR integral ratio of
three samples was used.

2.47 (DCE, 3.7 ppm, 4H) : 1.00 ([1.1.1]propellane, 1.94 ppm, 6H)
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(2.47/4) - (1.00/6) = 0.616 : 0.167

(50 uL x 1.253 g mL~1)/98.96 mg mol = = 0.63 mmol
(0.63 mmol/(0.616/0.167))/0.2 mL = 0.85 M

(0.85 M x 66.05 g mol~!x 62.0 mL)/1000 =3.48 g

(3.48 g/6.27 g) x 100 = 56% vyield

Staffane 3-S and H-atom transfer 3-H impurities

R4 R
\ \
/ /

R, Ry

3-8 3-H

>20:1 in 89% of examples
BCPA lodides were isolated with small amounts of the corresponding staffane 3-S and H-
atom abstraction 3-H impurities. The ratio of these impurities are calculated from *H NMR
integrals and is reported with each compound where the ratio is <20:1. The characteristic
'H NMR peaks of these impurites are also reported. Isolated yields are uncorrected for
these impurities. The ratios of 3:3-S and 3:3-H are >20:1 in 25/28 examples. The three
examples where these impurities are <20:1 is when a higher proportion of 1 was required

to achieve better conversion of a-iodoaziridine.
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N-Allyl-N-(6-iodobicyclo[1.1.1]pentan-4-yl)-N-methylbenzenesulfonamide, 3a

a-lodoaziridine 2a (51 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl> (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO,, Et,O/pentane, 1:9)
gave BCPA iodide 3a (46 mg, 0.11 mmol, 75%) as a colourless oil. Recrystallization from
Et,O/pentane gave the BCPA iodide as a white crystalline solid.

Multigram scale (note: 1.1 equiv. of 1): a-lodoaziridine 2a (2.19 g, 6.50 mmol),
[1.1.1]propellane 1 (0.61 M in Et20, 11.7 mL, 7.15 mmol), Et3B (1.0 M in hexanes, 6.50 mL,
10 mol%) in CH2Cl, (6.50 mL) was subjected to general procedure 1 in a 50 mL flame-dried
round bottomed flask. Purification by column chromatography (SiO,, Et,O/pentane, 1:9)

gave BCPA iodide 3a (1.76 g, 4.36 mmol, 67%) as a colourless oil.

Rs0.41 (Et20/pentane, 1:4) [UV, vanillin].

m.p. 67 -71°C.

IR vmax/cm ™1 (film) 2920, 1345, 1195, 1158, 1090, 877, 831, 812, 660.

1H NMR (400 MHz, CDCls) § 7.69 — 7.65 (2H, m, H8), 7.31—7.28 (2H, m, H9), 5.79 (1H, ddt,
J=17.1,10.2, 5.7 Hz, H2), 5.23 (1H, app. dq, / = 17.2, 1.6 Hz, H1), 5.16 (H, app. dg, J = 10.2,
1.4 Hz, H1), 3.89 (2H, app. dt, J = 5.7, 1.6 Hz, H3), 2.43 (3H, s, H11), 2.40 (6H, s, H5).
13CNMR (101 MHz, CDCl3) §143.8,137.9,134.7,129.9, 127.3,117.8,62.2,56.1, 50.5, 21.7,
-0.1.

HRMS (ESI*) [M + Na]* C15H180,NINaS requires 425.9995; found 425.9992.
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Characteristic data for staffane 3a-S and H-atom abstraction product 3a-H:

1H NMR (400 MHz, CDCl3) 6 2.13 (6H, s, 3a-S), 1.96 (6H, s, 3a-H), 1.82 (6H, s, 3a-S).

N-Allyl-N-(6-iodobicyclo[1.1.1]pentan-4-yl)-p-methoxybenzenesulfonamide, 3b
— 5
0% ”_s0,
/ ‘Q/;/;Nﬁ,l

a-lodoaziridine 2b (53 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl; (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO;, Et,O/pentane, 1:9 =
1:4) gave BCPA iodide 3b (44 mg, 0.10 mmol, 69%) as a colourless oil.

0.45 mmol scale: a-lodoaziridine 2b (159 mg, 0.45 mmol), [1.1.1]propellane 1 (0.70 M in
Et,0, 0.84 mL, 0.59 mmol), Et3B (1.0 M in hexanes, 45 uL, 10 mol%) in CH,Cl; (0.45 mL)
was subjected to general procedure 1 in a 10 mL vial. Purification by column
chromatography (SiO», Et,0/pentane, 1:9 - 1:4) gave BCPA iodide 3b (127 mg, 0.30 mmol,

67%) as a colourless oil. The product was isolated as an inseparable mixture of 3b:3b-S:3b-

H, 1:0.04:0.09 as determined by 'H NMR spectroscopy.

Rf0.27 (Et20/pentane, 1:4) [UV, vanillin].

IR vmax/cm~1 (film) 1579, 1497, 1343, 1257, 1194, 1153, 1091, 1022, 876, 827.

1H NMR (400 MHz, CDCl3) & 7.74 — 7.70 (2H, m, H8), 6.99 — 6.94 (2H, m, H7), 5.79 (1H, ddt,
J=17.2,10.2, 5.7 Hz, H2), 5.23 (1H, app. dqg, / = 17.2, 1.6 Hz, H1), 5.16 (1H, app. dqg, J =
10.2, 1.5 Hz, H1), 3.89 — 3.87 (2H, m, H3), 3.88 (3H, s, H11), 2.40 (6H, s, H5).

13CNMR (101 MHz, CDCl5) 6 163.1, 134.8,132.5,129.4,117.8,114.4,62.3,56.1, 55.8, 50.4,

-0.1.
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HRMS (ESI*) [M + H]* C1sH1903NIS, requires 420.0125; found 420.0123.

Characteristic data for staffane 3b-S and H-atom abstraction product 3b-H:

1H NMR (400 MHz, CDCl3) 6 1.82 (6H, s, 3b-S), 1.96 (6H, s, 3b-H), 2.13 (6H, s, 3b-S).

N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-2-methylbenzenesulfonamide, 3¢

a-lodoaziridine 2¢ (51 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et;0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 uL, 10 mol%) in CH,Cl; (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO», Et,O/pentane, 0:1 -

1:9) gave BCPA iodide 3c (37 mg, 0.11 mmol, 61%) as a colourless oil.

R: 0.67 (Et20/pentane, 1:4) [UV, Vanillin].

IR vmax/cm % (film) 2975, 2918, 1329, 1251, 1195, 1158, 877, 825, 760.

'H NMR (400 MHz, CDCl3) 6 7.90 (1H, dd, J= 7.9, 1.5 Hz, H8), 7.46 (1H, app. td, J= 7.5, 1.5
Hz, H9), 7.36 — 7.26 (2H, m, H10, H11), 5.88 (1H, ddt, /= 17.2, 10.2, 5.8 Hz, H2), 5.27 (1H,
app.dq,/=17.2,1.5Hz, H1), 5.20 (1H, app. dqg, /= 10.2, 1.4 Hz, H1), 3.96 (2H, app. dt, J =
5.8, 1.5 Hz, H3), 2.56 (3H, s, H13), 2.38 (6H, s, H5).

13C NMR (101 MHz, CDCl3) & 139.0, 137.9, 134.9, 133.1, 132.7, 129.7, 126.3, 118.1, 62.3,
55.9,50.4, 20.3,-0.2.

HRMS (ESI*) [M + Na]* C15sH1s02NINaS, requires 425.9995; found 425.9997.
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Characteristic data for staffane 3¢-S and H-atom abstraction product 3c-H:

1H NMR (400 MHz, CDCl3) 6 2.11 (6H, s, 3¢-S), 1.94 (6H, s, 3¢c-H), 1.80 (6H, s, 3¢-S).

N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)benzenesulfonamide, 3d

9 8

B

1

a-lodoaziridine 2d (48 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH2Cl; (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO;, Et,O/pentane, 0:1 -

1:9) gave BCPA iodide 3d (44 mg, 0.11 mmol, 75%) as a colourless oil.

R: 0.38 (Et20/pentane, 1:4) [UV, vanillin].

IR vmax/cm ~1 (film) 1446, 1346, 1195, 1159, 1090, 876, 827, 735, 719, 689.

1H NMR (400 MHz, CDCls) & 7.82 — 7.77 (2H, m, H8), 7.61 — 7.55 (1H, m, H10), 7.53 — 7.49
(2H, m, H9), 5.79 (1H, ddt, J = 17.1, 10.2, 5.7 Hz, H2), 5.24 (1H, app. dqg, / = 17.2, 1.6 Hz,
H1),5.17 (1H, app. dq, / = 10.2, 1.4 Hz, H1), 3.91 (2H, app. dt, J = 5.7, 1.6 Hz, H3), 2.40 (6H,
s, H5).

13C NMR (101 MHz, CDCls3) 6 141.0, 134.6, 132.9, 129.3, 127.3, 118.0, 62.3, 56.0, 50.5, —
0.3.

HRMS (ESI) [M + Na]* C14aH1602NINaS, requires 411.9839; found 411.9839.

Characteristic data for staffane 3d-S and H-atom abstraction product 3d-H:

1H NMR (400 MHz, CDCls) 6 2.13 (6H, s, 3d-S), 1.97 (6H, s, 3d-H), 1.82 (6H, s, 3d-S).
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N-Allyl-p-bromo-N-(6-iodobicyclo[1.1.1]pentan—4-yl)benzenesulfonamide, 3e

a-lodoaziridine 2e (54 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl> (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiOz, Et;O/pentane, 1:9 =

1:4) gave BCPA iodide 3e (51 mg, 0.11 mmol, 72%) as a white solid.

R: 0.53 (Et20/pentane, 1:4) [UV, vanillin].

m.p. 85 -86 °C.

IR vmax/cm ~ 1 (film) 1350, 1196, 1160, 1089, 1009, 878, 821, 739, 610.

'H NMR (500 MHz, CDCl3) & 7.67 — 7.62 (4H, m, H8, H9), 5.77 (1H, ddt, J = 15.7, 10.2, 5.7
Hz, H2), 5.24 (1H, app. dg, / = 17.2, 1.6 Hz, H1), 5.19 (1H, app. dqg, J = 10.2, 1.4 Hz, H1),
3.89 (2H, app. dt, /=5.7, 1.6 Hz, H3), 2.42 (6H, s, H5).

13C NMR (126 MHz, CDCl3) 6 140.1, 134.3, 132.6, 128.8, 127.9, 118.2, 62.3, 56.0, 50.6, —
0.7.

HRMS (ESI*) [M + Na]* C14aH1502N"?BrINaS, requires 489.8944; found 489.8945.

Characteristic data for staffane 3e-S and H-atom abstraction product 3e-H:

'H NMR (400 MHz, CDCl3) 6 2.14 (6H, s, 3e-S), 1.98 (6H, s, 3e-H), 1.83 (6H, s, 3e-S).
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N-Allyl-N-(6-iodobicyclo[1.1.1]pentan-4-yl)-p-methoxybenzenesulfonamide, 3f

a-lodoaziridine 3f (53 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl> (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO», Et,0O/pentane, 1:9 -

1:4) gave BCPA iodide 3f (41 mg, 0.10 mmol, 64%) as a colourless oil.

R 0.47 (EtOAc/pentane, 1:4) [UV, Vanillin].

IR vmax/cm ~ 1 (film) 2979, 1690, 1397, 1351, 1257, 1196, 1161, 1093, 878, 782, 637.

'H NMR (400 MHz, CDCl3) 6 8.13 = 8.02 (2H, m, H), 7.92 — 7.85 (2H, m, 1H), 5.78 (1H,
ddtd, J=16.9, 10.2, 5.7, 0.9 Hz, H2), 5.29 - 5.19 (1H, m, H1), 5.23 = 5.14 (1H, m, H1),
3.94 -3.90 (2H, m, H3), 2.66 (3H, d, /= 0.9 Hz, H12), 2.42 (6H, d, J = 0.9 Hz, H5).

13C NMR (101 MHz, CDCls) & 196.7, 144.9, 140.2, 134.2,129.1, 127.5, 118.3, 62.2, 55.9,
50.6, 27.0, -0.8.

HRMS (ESI*) Not found.

Characteristic data for staffane 3f-S and H-atom abstraction product 3f-H:

1H NMR (400 MHz, CDCl3) 6 2.13 (6H, s, 3f-S), 1.98 (6H, s, 3f-H), 1.83 (6H, s, 3f-S).

N-Allyl-4-cyano-N-(3-iodobicyclo[1.1.1]pentan-1-yl)benzenesulfonamide, 3g
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a-lodoaziridine 2g (52 mg, 0.15 mmol), [1.1.1]propellane 1 (0.75 M in Et,0, 0.27 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl> (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO», Et,O/pentane, 1:19 >
1:4) gave BCPA iodide 3g (46 mg, 0.11 mmol, 73%) as a pale-yellow oil.

0.45 mmol scale: a-lodoaziridine 2g (157 mg, 0.45 mmol), [1.1.1]propellane 1 (0.70 M in
Et,0, 0.84 mL, 0.59 mmol), EtsB (1.0 M in hexanes, 45 uL, 10 mol%) in CH,Cl; (0.45 mL)
was subjected to general procedure 1 in a 10 mL vial. Purification by column
chromatography (SiO,, Et,O/pentane, 1:19 - 1:4) gave BCPA iodide 3g (130 mg, 0.31

mmol, 70%).

R 0.32 (Et20/pentane, 1:4).

IR vmax/cm~1 (film) 2920, 2361, 2233, 1353, 1197, 1181, 1161, 1089, 880, 830, 634.

1H NMR (500 MHz, CDCls) § 7.93 — 7.89 (2H, m, ArH), 7.83 — 7.79 (2H, m, ArH), 5.76 (1H,
ddt, /=17.1, 10.2, 5.7 Hz, H2), 5.29 - 5.17 (2H, m, H1), 3.92 (2H, dt, J = 5.7, 1.6 Hz, H3),
2.43 (6H, s, H5).

13C NMR (126 MHz, CDCls) & 145.4, 134.0, 133.2, 128.0, 118.7, 117.4, 116.8, 62.3, 55.9,
50.8,-1.1.

HRMS (ESI*, APCI) Not found.

Characteristic data for staffane 3g-S and H-atom abstraction product 3g-H:

14 NMR (400 MHz, CDCls) 6 2.14 (6H, s, 3g-S), 1.99 (6H, s, 3g-H), 1.85 (6H, s, 3g-S).
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N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-3,5-bis(trifluoromethyl)benzenesulfonamide,

3h

a-lodoaziridine 2h (69 mg of a 90% pure sample, 0.14 mmol), [1.1.1]propellane 1 (0.80 M
in Et20, 0.24 mL, 0.20 mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.15 mL)
was subjected to general procedure 1. Purification by column chromatography (SiO»,

Et,O/pentane, 0:1 - 1:19) gave BCPA iodide 3h (39 mg, 0.077 mmol, 55%) as a white solid.

Rr 0.64 (Et,0/pentane, 1:19).

m.p. 51 -53 °C.

IR vmax/cm~1 (film) 2360, 2341, 1360, 1280, 1182, 1162, 1143, 1110.

1H NMR (400 MHz, CDCls) 8.23 (2H, br. s, H8), 8.08 (1H, br. s, H10), 5.74 (1H ddt, J = 17.2,
10.2, 5.8 Hz, H2), 5.30 — 5.21 (1H, m, H1), 5.25 — 5.18 (1H, m, H1), 3.94 (2H, app. dt, J =
5.8, 1.5 Hz, H3), 2.46 (6H, s, H5).

13C NMR (101 MHz, CDCls) & 143.9, 133.5, 133.2 (q, Ycrs = 34.5 Hz), 127.5 (q, Ycrs = 4.1
Hz), 126.5—126.2 (m), 122.5 (q, Yers = 273.4 Hz), 119.0, 62.2, 55.9, 50.7, —1.6.

19F NMR (377 MHz, CDCls) 6 —62.97.

HRMS (ESI*-, APCI) Not found.

Characteristic data for staffane 3h-S and H-atom abstraction product 3h-H:

IH NMR (400 MHz, CDCl3) 6 2.16 (6H, s, 3h-S), 2.02 (6H, s, 3h-H), 1.88 (6H, s, 3h-S).
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N-Allyl-3,5-difluoro-N-(3-iodobicyclo[1.1.1]pentan-1-yl)benzenesulfonamide, 3i

a-lodoaziridine 2i (54 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiOz, Et,O/pentane, 0:1 >

1:19) gave BCPA iodide 3i (45 mg, 0.11 mmol, 71%) as a colourless oil.

Rr0.43 (Et20/pentane, 1:19).

IR vmax/cm~ 1! (film) 1605, 1439, 1358, 1298, 1197, 1158, 1126, 989, 878, 671, 619.

'H NMR (400 MHz, CDCl3) 6 7.32 (2H, app. ddd, J=5.3, 2.3, 1.2 Hz, H8), 7.03 (1H, tt, J = 8.5,
2.3 Hz, H10), 5.78 (1H, ddt, J = 17.1, 10.2, 5.7 Hz, H2), 5.30 = 5.17 (2H, m, H1), 3.90 (2H,
app. dt,/=5.7, 1.6 Hz, H3), 2.45 (6H, s, H5).

13C NMR (101 MHz, CDCl3) 6 162.9 (dd, “*Jcr = 255.0, 11.6 Hz), 144.3 (app. t, 3Jcr= 8.1 Hz),
134.0, 118.5, 110.8 (dd, >*Jcr = 19.8, 8.4 Hz), 108.5 (app. t, 2Jcr = 25.0 Hz), 62.2, 55.8, 50.7,
-1.1.

19F NMR (377 MHz, CDCl3) § =105.22.

HRMS (ESI*, APCI) Not found.

Characteristic data for staffane 3i-S and H-atom abstraction product 3i-H:

1H NMR (400 MHz, CDCls) & 2.15 (6H, s, 3i-S), 2.01 (6H, s, 3i-H), 1.86 (6H, s, 3i-S).
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N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-2-nitrobenzenesulfonamide, 3j

NO.
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a-lodoaziridine 2j (55 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.15 mL) was subjected to

general procedure 1. Purification by column chromatography (SiO», Et,0O/pentane, 1:9 -

1:4) gave BCPA iodide 3j (24 mg, 0.054 mmol, 36%) as a white solid.

R 0.42 (Et20/pentane, 2:3).

m.p. 87 °C.

IR vmax/cm~1 (film) 2919, 1542, 1354, 1198, 1163, 1125, 881, 629.

IH NMR (400 MHz, CDCl3) 6 8.11 — 8.01 (1H, m, ArH), 7.74 — 7.63 (3H, m, ArH), 5.86 (1H,
ddt, J=17.2, 10.2, 5.8 Hz, H2), 5.29 (1H, app. dg, J = 17.1, 1.5 Hz, H1), 5.21 (1H, app. da, J
=10.2, 1.3 Hz, H1), 3.95 (2H, dt, J = 5.8, 1.6 Hz, H3), 2.38 (6H, s, H2).

13C NMR (126 MHz, CDCl3) & 148.1, 134.6, 134.3, 134.1, 132.1, 131.1, 124.5, 118.4, 62.1,
55.6,51.3,-0.8.

HRMS (ESI*) [M + Na]* C14H1504N2INaS, requires 456.9689; found 456.9689.

Characteristic data for staffane 3j-S and H-atom abstraction product 3j-H:

14 NMR (400 MHz, CDCls) & 2.11 (6H, s, 3j-S), 1.94 (6H, s, 3j-H), 1.79 (6H, s, 3-S).
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N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-4-nitrobenzenesulfonamide, 3k

ﬁi%

a-lodoaziridine 2k (65 mg of an 85% pure sample, 0.15 mmol), [1.1.1]propellane 1 (0.80 M

9

in Et20, 0.24 mL, 0.20 mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.30 mL)
was subjected to general procedure 1. Purification by column chromatography (SiO»,

Et,O/pentane, 1:9) gave BCPA iodide 3k (7 mg, 0.02 mmol, 10%) as a colourless oil.

Rr0.69 (Et20/pentane, 1:4).

IR vmax/cm ™~ (film) 2920, 2361, 15330, 1350, 1311, 1198, 1163, 1090, 880, 736, 614.

1H NMR (400 MHz, CDCls) 6 8.33 — 8.25 (2H, m, H8), 7.96 — 7.88 (2H, m, H9), 5.70 (1H, ddt,
J=17.1,10.2,5.7 Hz, H2), 5.22 = 5.12 (2H, m, H1), 3.87 (2H, app. dt, / = 5.7, 1.6 Hz, H3),
2.38 (6H, s, H5).

13C NMR (151 MHz, CDCl5) & 150.2, 146.9, 133.8, 128.5, 124.6, 118.7, 62.3, 55.9, 50.7, —
14.

HRMS (ESI*, APCI) Not found.

Characteristic data for staffane 3k-S and H-atom abstraction product 3k-H:

1H NMR (400 MHz, CDCls) & 2.08 (6H, s, 3k=S), 1.94 (6H, s, 3k-H), 1.79 (6H, s, 3k-S).

195



N-Allyl-5-bromo-N-(3-iodobicyclo[1.1.1]pentan-1-yl)thiophene-2-sulfonamide, 3|

8
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a-lodoaziridine 2l (61 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl> (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO2, EtO/pentane, 0:1 >

1:9) gave BCPA iodide 3I (53 mg, 0.11 mmol, 75%) as a white solid.

Rf 0.56 (Et.0/pentane, 1:4)

m.p. 44°C.

IR vimax/cm ~ 1 (film) 2919, 1403, 1357, 11996, 1157, 879, 670, 607.

'H NMR (500 MHz, CDCl3) 6 7.31 (1H, d, J = 3.9 Hz, H8), 7.06 (1H, d, J = 3.9 Hz, H9), 5.79
(1H, ddt, J=17.2, 10.2, 5.7 Hz, H2), 5.26 (1H, app. dg, /= 17.2, 1.5 Hz, H1), 5.20 (1H, app.
dg,/=10.2, 1.4 Hz, H1), 3.85 (2H, app. dt, / = 5.8, 1.6 Hz, H3), 2.49 (6H, s, H5).

13C NMR (126 MHz, CDCls) 6 142.3, 133.9, 132.6, 130.4, 120.1, 118.4, 62.2, 56.0, 50.6, —
0.8.

HRMS (ESI*) [M + H]* C12H1302N"°BrlS;, requires 473.8689; found 473.8689.

Characteristic data for staffane 3|-S and H-atom abstraction product 3|-H:

1H NMR (400 MHz, CDCl3) 6 2.16 (6H, s, 3I-S), 2.05 (6H, s, 3I-H), 1.91 (6H, s, 3I-S).
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N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-5-(5-(trifluoromethyl)isoxazole-3-yl)thiophene-

2-sulfonamide, 3m
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a-lodoaziridine 2m (70 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et;0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO;, Et,O/pentane, 1:9 =

3:7) gave BCPA iodide 3m (41 mg, 0.078 mmol, 52%) as a colourless oil.

R 0.18 (Et,0/pentane, 1:4).

IR vmax/cm ™~ (film) 2981, 2360, 2341, 1315, 1291, 1196, 1157, 312.

14 NMR (500 MHz, CDCls) § 7.58 (1H, d, J = 3.9 Hz, ArH), 7.45 (1H, d, J = 3.9 Hz, ArH), 6.98
(1H, q, Jers = 0.9 Hz, H12), 5.82 (1H, ddt, J = 17.1, 10.2, 5.8 Hz, H2), 5.28 (1H, app. dq, J =
17.1, 1.6 Hz, H1), 5.22 (1H, app. dq, J = 10.2, 1.4 Hz, H1), 3.91 (2H, app. dt, J = 5.8, 1.6 Hz,
H3), 2.51 (6H, s, H5).

13C NMR (126 MHz, CDCl3) 6 160.2 (q, %Jcr3 = 43.1 Hz), 156.8, 134.7, 133.8, 132.5, 128.1,
118.7 (q, Ycrs = 270.7 Hz), 118.5, 103.6 (q, 3Jcrs = 2.3 Hz), 62.2, 56.0, 53.3, 50.7, —1.0.

19F NMR (377 MHz, CDCls) 6 —64.17.

HRMS (ESI*) [M + H]* C16H15F303N:IS,, requires 530.9515; found 531.3502.

Characteristic data for staffane 3m-S and H-atom abstraction product 3m-H:

1H NMR (400 MHz, CDCls) & 2.16 (6H, s, 3m-S), 2.08 (6H, s, 3m-H), 1.93 (6H, s, 3m-S).
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N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-3,5-dimethylisoxazole-4-sulfonamide, 3n

a-lodoaziridine 2n (51 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl> (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiOz, Et,O/pentane, 0:1 >

1:19) gave BCPA iodide 3n (44 mg, 0.11 mmol, 71%) as a colourless oil.

Rr0.52 (Et20/pentane, 1:4).

IR Vmax/cm~1 (film) 2981, 1593, 1338, 1178, 1119, 913, 745.

H NMR (500 MHz, CDCls) 6 5.82 (1H, ddt, J = 17.2, 10.3, 5.7 Hz, H2), 5.29 — 5.18 (2H, m,
H1),3.92 (2H, dt, J = 5.8, 1.5 Hz, H3), 2.63 (3H, s, H11), 2.45 (6H, s, H5), 2.34 (3H, s, H10).
13CNMR (126 MHz, CDCl3) 6 173.5, 157.5, 134.3, 118.5, 117.3, 62.1, 55.7, 50.4, 13.0, 11.0,
-1.1.

HRMS (ESI*) [M + Na]* C13H1803N2IS, requires 409.0077; found 409.0076.

Characteristic data for staffane 3n-S and H-atom abstraction product 3n-H:

1H NMR (400 MHz, CDCls) & 2.15 (6H, s, 3n-S), 2.00 (6H, s, 3n-H), 1.86 (6H, s, 3n-S).

N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-1-methyl-1H-pyrazole-4-sulfonamide, 30
8
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a-lodoaziridine 20 (49 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO,, EtOAc/pentane, 1:9 =

3:7) gave BCPA iodide 30 (43 mg, 0.11 mmol, 73%) as a colourless oil.

R 0.22 (EtOAc/pentane, 3:7).

IR vmax/cm ~1 (film) 2920, 1523, 1347, 1195, 1157, 1118, 877, 826, 658, 633, 614.

'H NMR (500 MHz, CDCl3) & 7.72 (1H, s, H9), 7.68 (1H, s, H8), 5.81 (1H, ddt, = 17.2, 10.3,
5.7 Hz, H2), 5.25 (1H, app. dq, J=17.2, 1.6 Hz, H1), 5.18 (1H, app. dg, /= 10.3, 1.5 Hz, H1),
3.95(3H, s, H10), 3.82 (2H, app. dt, J = 5.7, 1.6 Hz, H3), 2.47 (6H, s, H5).

13CNMR (126 MHz, CDCl5) 6 138.5, 134.3,131.8,123.1, 118.0, 62.2, 56.1, 50.3, 39.8, — 0.4.

HRMS (ESI*) [M + H]* C12H1702N3lS, requires 394.0081; found 394.0081.

Characteristic data for staffane 30-S and H-atom abstraction product 30-H:

'H NMR (400 MHz, CDCl3) 6 2.16 (6H, s, 30-S), 2.03 (6H, s, 30-H), 1.88 (6H, s, 30-S).

N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)benzo[b]thiophene-2-sulfonamide, 3p
y 10 o i .
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a-lodoaziridine 2p (57 mg of a 94% pure sample, 0.14 mmol), [1.1.1]propellane 1 (0.80 M
in Et20, 0.24 mL, 0.20 mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.15 mL)
was subjected to general procedure 1. Purification by column chromatography (SiO,

Et.O/pentane, 1:9 = 1:4) gave BCPA iodide 3p (45 mg, 0.10 mmol, 71%) as a white solid.
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R 0.23 (Et20/pentane, 1:1) [UV, vanillin].

m.p. 67 °C.

IR Vmax/cm~1 (film) 2360, 1504, 1355, 1249, 1195, 1152, 1022, 879, 622.

H NMR (400 MHz, CDCls) § 7.90 — 7.85 (2H, m, H10, H13), 7.85 — 7.83 (1H, m, H8), 7.53 —
7.45 (2H, m, H11, H12), 5.84 (1H, ddt, J=17.1, 10.2, 5.7 Hz, H2), 5.28 (1H, app. dg, / = 17.0,
1.5 Hz, H1), 5.19 (1H, app. dqg, / = 10.3, 1.4 Hz, H1), 3.92 (2H, app. dt, / = 5.7, 1.6 Hz, H3),
2.51 (6H, s, H5).

13CNMR (101 MHz, CDCls) 6 141.7,141.4, 137.5, 134.2,129.7, 127.6, 125.8, 125.8, 122.9,
118.2,62.3,56.0,50.7, —0.6.

HRMS (ESI*) [M + Na]* C16H1602NINaS,, requires 436.9559; found 467.9558.

Characteristic data for staffane 3p-S and H-atom abstraction product 3p-H:

1H NMR (400 MHz, CDCl3) 6 2.15 (6H, s, 3p-S), 2.07 (6H, s, 3p-H), 1.93 (6H, s, 3p-S).

N-Allyl-6-chloro-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-6H-4l4-imidazo[2,1-b]thiazole-5-

sulfonamide, 3q
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a-lodoaziridine 2q (95 mg of a 43% pure sample,* 0.13 mmol), [1.1.1]propellane 1 (0.73 M
in Et20, 0.54 mL, 0.39 mmol), Et3B (1.0 M in hexanes, 30 pL, 10 mol%) in CH,Cl, (0.30 mL)

was subjected to general procedure 1. Purification by column chromatography (SiO»,

Et.O/pentane, 1:9 = 1:3, then EtOAc/pentane, 1:4) gave BCPA iodide 3q (49 mg, 0.10
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mmol, 81%) as white crystalline solid. The product was isolated as an inseparable mixture
of 3g:39-S:3g-H, 1:0.09:0.11 as determined by *H NMR spectroscopy.

Note: The impurity in the a-iodoaziridine 2q was characterized as 4-(iodomethyl)-1,2-
thiazetidine 1,1-dioxide 2q1 (2q:2q1, 43:57) and was anticipated to be reactive under the
reaction conditions. The amount of reagents used was calculated according to a total of
0.30 mmol of iodides 2q (0.13 mmol) and 2q1 (0.17 mmol). BCP iodide 3q1 was then easily

separated from the desired compound.

R:0.51 (EtOAc/pentane, 3:7).

m.p. 144 °C.

IR vmax/cm~* (film) 2919, 1456, 1437, 1351, 1321, 1271, 1251, 1197, 1178, 1137, 880, 831,
730, 622.

'H NMR (400 MHz, CDCl3) 6 7.93 (1H, d, J = 4.5 Hz, H11), 7.10 (1H, d, J = 4.5 Hz, H10), 5.84
(1H, ddt, J=17.1, 10.3, 5.5 Hz, H2), 5.26 (1H, dtd, /= 17.1, 1.7, 1.0 Hz, H1), 5.20 (1H, app.
dg,J=10.3, 1.4 Hz, H1), 4.08 (1H, app. dt, J=5.5, 1.7 Hz, H3), 2.39 (6H, s, H5).

13C NMR (126 MHz, CDCls) & 149.7, 137.1, 134.4, 120.5, 120.2, 118.0, 114.7, 62.0, 55.6,
51.5,-1.2.

HRMS (ESI*) [M + H]* C13H1402N3ClIS;, requires 469.9255; found 469.9254.

Characteristic data for staffane 39-S and H-atom abstraction product 3g-H:

1H NMR (400 MHz, CDCls) § 2.12 (6H, s, 3g-S), 1.93 (6H, s, 3g-H), 1.80 (6H, s, 3g-S).
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4-(3-lodobicyclo[1.1.1]pentan-1-yl)isothiazolidine 1,1-dioxide, 3q1

028
HN— 1

Alkyl iodide 2g1 (95 mg of a 57 % pure sample, 0.17 mmol) was subjected to the above
conditions. Purification by column chromatography (SiO,, EtOAc/pentane, 1:4) gave BCP

iodide 3g1 (32 mg, 0.10 mmol, 61%) as a white crystalline solid.

Rr0.12 (EtOAc/pentane, 3:7).

m.p. 116 °C.

IR Vmax/cm ™~ (film) 3276 (br.), 2914, 1400, 1335, 1182, 1029, 981, 843, 800.

1H NMR (500 MHz, CDCls) & 4.74 (1H, dddd, J = 9.1, 8.2, 6.2, 3.9 Hz, H2), 4.49 (1H, br. s,
NH), 3.72 (1H, dt, J = 12.0, 6.2 Hz, H1), 3.32 (1H, dt, J = 12.0, 8.2 Hz, H1), 2.31 (6H, s, H5),
2.15 (1H, dd, J = 15.0, 9.1 Hz, H3), 1.91 (1H, dd, J = 15.0, 3.9 Hz, H3).

13C NMR (126 MHz, CDCls) 6 82.4, 60.9, 48.6, 44.7,36.1, 5.7.

HRMS (ESI*, APCI) Not found.

N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)cyclopropanesulfonamide, 3r

8
7 5
>—5s0
\ 2
N
//2 3

1

a-lodoaziridine 2r (43 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl; (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO», Et,O/pentane, 1:4 >

3:7) gave BCPA iodide 3r (35 mg, 0.10 mmol, 66%) as a white solid.
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R:0.52 (Et,0/pentane, 3:7).

m.p. 76 = 78 °C.

IR vmax/cm~1 (film) 2919, 1310, 1307, 1195, 1148, 1040, 876, 833, 703.

1H NMR (400 MHz, CDCl3) 6 5.85 (1H, ddt, J = 17.2, 10.2, 5.8 Hz, H2), 5.26 (1H, app. dq, / =
17.1, 1.5 Hz, H1), 5.19 (1H, app. dg, /= 10.2, 1.4 Hz, H1), 3.87 (2H, app. dt, J = 5.8, 1.6 Hz,
H3), 2.54 (6H, s, H5), 2.33 — 2.26 (1H, m, H7), 1.20 — 1.14 (2H, m, H8), 1.02 — 0.96 (2H, m,
H8).

13C NMR (101 MHz, CDCls) 6 134.8,118.0, 62.7, 56.1, 50.5, 31.1, 5.9, — 0.4.

HRMS (ESI*) [M + Na]* C11H1602NINaS, requires 375.9839; found 375.9839.

Characteristic data for staffane 3r-S and H-atom abstraction product 3r-H:

1H NMR (400 MHz, CDCl3) & 2.18 (6H, s, 3r-S), 2.10 (6H, s, 3r-H), 1.95 (6H, s, 3r-S).

N-Allyl-N-(6-iodobicyclo[1.1.1]pentan-4-yl)methanesulfonamide, 3s

5
7 —S80
\2
N |

J

1

a-lodoaziridine 2s (39 mg, 0.15 mmol), [1.1.1]propellane 1 (1.00 M in Et,0, 0.24 mL, 0.24
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl> (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO», Et,O/pentane, 1:9 -

1:4) gave BCPA iodide 3s (26 mg, 0.080 mmol, 53%) as a white solid.

R 0.13 (Et20/pentane, 1:4).
m.p. 66 — 68 °C.
IR Vmax/cm ~1 (film) 1338, 1253, 1196, 1151, 876, 830.
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IH NMR (400 MHz, CDCl3) 6 5.82 (1H, ddt, J = 17.1, 10.2, 5.9 Hz, H2), 5.28 (1H, app. dq, J =
17.1, 1.5 Hz, H1), 5.22 (1H, app. dq, J = 10.3, 1.3 Hz, H1), 3.84 (2H, app. dt, J = 5.9, 1.5 Hz,
H3), 2.55 (6H, s, H5), 2.87 (3H, s, H7).

13C NMR (126 MHz, CDCls)  134.1, 118.5, 62.3, 56.0, 50.2, 41.1, — 0.8.

HRMS (ESI*/-, APCI) Not found.

Characteristic data for staffane 3s-S and H-atom abstraction product 3s-H:

1H NMR (400 MHz, CDCls) § 2.19 (6H, s, 3s-S), 2.11 (6H, s, 3s-H), 1.97 (6H, s, 3s-S).

Benzyl 4-(N-allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)sulfamoyl)piperidine — 1-carboxylate,

3t

13 125 >_ \/:>730

15 / 2 3
a-lodoaziridine 2t (70 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et;0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 puL, 10 mol%) in CH2Cl; (0.15 mL) was subjected to

general procedure 1. Purification by column chromatography (SiO,, EtOAc/pentane, 1:9 -

1:4) gave BCPA iodide 3t (30 mg, 0.056 mmol, 37%) as a colourless oil.

R: 0.58 (EtOAc/pentane, 1:4).

IR vmax/cm ~1 (film) 2920, 1695, 1433, 1331, 1279, 1260, 1215, 1196, 1145, 1119, 877, 732,
613.

'H NMR (400 MHz, CDCls) 6 7.42 — 7.28 (5H, m, ArH), 5.82 (1H, ddt, J=17.1, 10.2, 5.9 Hz,

H2), 5.24 (1H, app. dq, J = 17.1, 1.4 Hz, H1), 5.20 (1H, app. dg, J = 10.2, 1.2 Hz, H1), 5.13
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(2H, s, H11), 4.33 (2H, br. s, H9), 3.83 (2H, d, J = 5.9 Hz, H3), 2.94 (1H, tt, J = 11.7, 3.6 Hz,
H7), 2.78 (2H, br. s, H9), 2.53 (6H, s, H5), 2.04 — 1.93 (2H, m, H8), 1.81 — 1.65 (2H, m, H8).
13C NMR (101 MHz, CDCls) & 155.1, 136.6, 135.0, 128.7, 128.3, 128.2, 118.3, 67.6, 62.6,
60.6, 56.3, 51.0, 43.0, 26.0, —0.8.

HRMS (ESI*) [M + Na]* C1H2704N2INaS, requires 553.0628; found 553.0628.

Characteristic data for staffane 3t-S and H-atom abstraction product 3t-H:

1H NMR (400 MHz, CDCls) & 2.18 (6H, s, 3t-S), 2.08 (6H, s, 3t-H), 1.94 (6H, s, 3t-S).

N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)morpholine-4-sulfonamide, 3u
8 7
/\ 5
o) N—SO,
— A
/2 3
1
a-lodoaziridine 2u (50 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et;0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH2Cl; (0.15 mL) was subjected to

general procedure 1. Purification by column chromatography (SiO;, Et;O/pentane, 1:4 >

1:3) gave BCPA iodide 3u (36 mg, 0.092 mmol, 61%) as a colourless oil.

R:0.17 (Et20/pentane, 1:4).

IR vmax/cm ™1 (film) 2919, 2858, 1342, 1260, 1195, 1154, 1115, 935, 877.

1H NMR (400 MHz, CDCls) & 5.84 (1H, ddt, J = 17.2, 10.3, 5.9 Hz, H2), 5.24 (1H, app. dt, J =
17.3, 1.6 Hz, H1), 5.20 (1H, app. dg, J = 10.1, 1.3 Hz, H1), 3.83 (2H, app. dt, J = 5.9, 1.5 Hz,
H3), 3.75- 3.68 (4H, m, H8), 3.17 — 3.11 (4H, m, H7), 2.52 (6H, s, H5).

13C NMR (101 MHz, CDCl3) & 134.6, 118.1, 66.4, 62.3, 56.3, 51.2, 46.1, —-0.4.
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HRMS (ESI*) [M + H]* C12H2003N3IS, requires 399.0234; found 399.0233.

Characteristic data for staffane 3u-S and H-atom abstraction product 3u-H:

1H NMR (400 MHz, CDCl3) 6 2.18 (6H, s, 3u-S), 2.08 (6H, s, 3u-H), 1.93 (6H, s, 3u-S).

N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)pyrrolidine-1-sulfonamide, 3v

7

ety

1

a-lodoaziridine 2v (28 mg, 0.09 mmol), [1.1.1]propellane 1 (0.80 M in Et;0, 0.14 mL, 0.11
mmol), Et3B (1.0 M in hexanes, 9 uL, 10 mol%) in CH,Cl> (0.1 mL) was subjected to general
procedure 1. Purification by column chromatography (SiOz, Et,0/pentane, 1:9 = 1:4) gave

BCPA iodide 3v (7 mg, 0.02 mmol, 22%) as a colourless oil.

Rf 0.56 (Et2O/pentane, 3:7).

IR vmax/cm~1 (film) 2977, 1330, 1193, 1150, 1010, 876, 826, 617.

1H NMR (400 MHz, CDCl) § 5.84 (1H, ddt, J = 17.1, 10.2, 5.9 Hz, H2), 5.23 (1H, app. dq, J =
17.1, 1.5 Hz, H1), 5.16 (1H, app. dg, J = 10.2, 1.4 Hz, H1), 3.82 (2H, dt, J = 5.9, 1.5 Hz, H3),
3.28=3.20 (4H, m, H7), 2.51 (6H, s, H5), 1.94 — 1.86 (4H, m, HS).

13C NMR (101 MHz, CDCls) & 135.0, 117.6, 62.2, 56.4, 50.8, 47.9, 25.8, 0.1.

HRMS (ESI*) [M + H]* C12H2002N2IS, requires 383.0285; found 383.0285.

Characteristic data for staffane 3v-S and H-atom abstraction product 3v-H:

IH NMR (400 MHz, CDCl3) 6 2.18 (6H, s, 3v-S), 2.06 (6H, s, 3v-S), 2.01 (6H, s, 3v-H).
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N-(3-lodobicyclo[1.1.1]pentan-1-yl)-4-methyl-N-(2-methylallyl)benzenesulfonamide, 3w

a-lodoaziridine 2w (53 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO2, Et,O/pentane, 2:98 -

1:9) gave BCPA iodide 3w (46 mg, 0.11 mmol, 73%) as a white solid.

R 0.58 (Et20/pentane, 1:4).

m.p 72 =74 °C.

IR Vmax/cm ™~ (film) 2919, 1345, 1195, 1159, 1093, 877, 668.

IH NMR (500 MHz, CDCls) § 7.70 — 7.62 (2H, m, H9), 7.33 — 7.26 (2H, m, H10), 4.97- 4.88
(2H, m, H1), 3.82 (2H, br. s, H3), 2.43 (3H, s, H12), 2.38 (6H, s, H6), 1.77 (3H, s, H4).
13CNMR (126 MHz, CDCls) 6 143.7,141.7,138.0, 129.9,127.2,113.3,62.1, 56.1, 54.0, 21.7,
19.8,-0.3

HRMS (ESI*) [M + H]* C16H2102NIS, requires 418.0332; found 418.0332.

Characteristic data for staffane 3w-S and H-atom abstraction product 3w-H:

1H NMR (400 MHz, CDCl) § 2.12 (6H, s, 3w-S), 1.94 (6H, s, 3w-H), 1.80 (6H, s, 3w-S).
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N-(3-lodobicyclo[1.1.1]pentan-1-yl)-4-methyl-N-(3-methylbut-2-en-1-

yl)benzenesulfonamide, 3x

a-lodoaziridine 2x (55 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO,, Et,O/pentane, 1:9)

gave BCPA iodide 3x (40 mg, 0.093 mmol, 62%) as a white solid.

Rr0.46 (Et20/pentane, 1:4).

m.p. 58 °C.

IR vmax/cm~1 (film) 2919, 2360, 1345, 1193, 1158, 1091, 878, 667.

IH NMR (500 MHz, CDCl3) & 7.70 — 7.62 (2H, m, H9), 7.32 — 7.25 (2H, m, H10), 5.09 (1H,
app. tquin., J = 6.6, 1.4 Hz, H3), 3.91 — 3.84 (2H, m, H4), 2.43 (3H, s, H12), 2.38 (6H, s, H6),
1.68 (3H, d, J = 1.4 Hz, H1), 1.64 (3H, d, J = 1.4 Hz, H1).

13CNMR (126 MHz, CDCl3) 6 143.6,138.1, 135.4,129.8, 127.3,121.1,62.3,55.9, 46.1, 25.9,
21.7,18.0, 0.1.

HRMS (ESI*) [M + Na]* C17H2202NINaS, requires 454.0308; found 454.0305.

Characteristic data for staffane 3x-S and H-atom abstraction product 3x-H:

1H NMR (400 MHz, CDCls)  2.14 (6H, s, 3x-S), 1.95 (6H, s, 3x-H), 1.80 (6H, s, 3%-S).
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N-(Cyclohex-2-en-1-yl)-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-4-methylbenzenesulfonamide,

3y

a-lodoaziridine 2y (57 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl, (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO,, Et,O/pentane, 1:9)

gave BCPA iodide 3y (23 mg, 0.051 mmol, 34%) as a colourless oil.

Rf0.37 (Et20/pentane, 1:9).

IR vmax/cm ™~ (film) 2922, 2360, 1327, 1191, 1159, 1093, 992, 666.

IH NMR (500 MHz, CDCls) & 7.71 —7.65 (2H, m, H11), 7.29 (2H, br. d, J = 8.1 Hz, H12), 5.73
(1H, app. dt, J = 10.2, 3.5 Hz, H5), 5.35 (1H, app. dp, J = 10.2, 2.1 Hz, H4), 4.68 (1H, app.
ddp, J = 11.3, 5.9, 3.0 Hz, H6), 2.53 (6H, s, H8), 2.43 (3H, s, H14), 2.01 — 1.91 (3H, m, H3,
H1), 1.87 — 1.78 (1H, m, H2), 1.78 = 1.66 (1H, m, H1), 1.67 — 1.54 (1H, m, H2).

13CNMR (126 MHz, CDCls) 6 143.5,138.9,130.8, 129.8,129.0, 127.2,64.2, 56.6, 54.7, 29.5,
24.5,22.6,21.7,0.5.

HRMS (ESI*) [M + Na]* CigsH2202NINaS, requires 466.0308; found 466.0310.

Characteristic data for staffane 3y-S and H-atom abstraction product 3y-H:

1H NMR (400 MHz, CDCls) & 2.14 (6H, s, 3y-S), 2.10 (6H, s, 3y-H), 2.04 (6H, s, 3y-S).
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N-(3-lodobicyclo[1.1.1]pentan-1-yl)-4-methyl-N-(2-methylenecyclopentyl)-

benzenesulfonamide, 3z

a-lodoaziridine 2z (57 mg, 0.15 mmol), [1.1.1]propellane 1 (0.73 M in Et;0, 0.33 mL, 0.24
mmol), EtsB (1.0 M in Hexanes, 15 pL, 10 mol%) in CH,Cl, (0.20 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO,, Et,O/pentane, 1:9)
gave BCPA iodide 3z (20 mg, 0.045 mmol, 30%) as a colourless oil. The product was isolated
as an inseparable mixture of 3z:3z-S:3z-H, 1:0.04:0.06 as determined by H NMR

spectroscopy.

Rr 0.58 (Et,0/pentane, 1:4)

IR vmax/cm ™~ (film) 2971, 1337, 1304, 1189, 1163, 1092, 814, 665.

IH NMR (500 MHz, CDCls) 6 7.73 — 7.68 (2H, m, H11), 7.32 — 7.27 (2H, m, H12), 5.00 (1H,
app. g,/ =2.6 Hz, H1), 4.85 (1H, app. g, / = 2.6 Hz, H1), 4.78 (1H, app. ddq, J = 10.9, 8.4,
2.9 Hz, H6), 2.52 (6H, s, H8), 2.43 (3H, s, H14), 2.40 — 2.34 (1H, m, H3), 2.33 = 2.23 (1H, m,
H3), 1.94 — 1.87 (1H, m, H5), 1.81 — 1.75 (1H, m, H4), 1.72 — 1.65 (1H, m, H5), 1.53 — 1.39
(1H, m, H4).

13CNMR (126 MHz, CDCl3) 6 149.1, 143.6, 138.6, 129.8, 127.3, 108.6, 64.2, 62.3, 55.0, 31.3,
31.2,22.7,21.7,0.8.

HRMS (ESI*) [M + Na]* C1gH2202NINaS, requires 466.0308; found 466.0310.

Characteristic data for staffane 3z-S and H-atom abstraction product 3z-H:
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1H NMR (400 MHz, CDCls) 6 2.13 (6H, s, 32-S), 2.08 (6H, s, 3z-H), 1.94 (6H, s, 32-S).

N-(Hex-1-en-3-yl)-N-(3-iodobicyclo[1.1.1] pentan-1-yl)-4-methylbenzenesulfonamide, 3aa

a-lodoaziridine 2aa (57 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et,0, 0.24 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl> (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO», Et,O/pentane, 1:9 -
1:4) gave BCPA iodide 3aa (26 mg, 0.05 mmol, 39%) as a colourless oil. The product was
isolated as an inseparable mixture of 3aa:3aa-S:3aa-H, 1:0.06:0.03 as determined by 'H

NMR spectroscopy.

Rf0.71 (Et,0/pentane, 15:75).

IR vmax/cm~1 (film) 2959, 1342, 1196, 1179, 1092, 908, 731, 665.

1H NMR (500 MHz, CDCl3) & 7.71 = 7.65 (2H, m, H11), 7.31 = 7.25 (2H, m, H12), 5.84 - 5.75
(1H, m, H2), 5.17 = 5.10 (2H, m, H1), 4.51 (1H, dddt, J = 8.7, 7.4, 5.9, 1.7 Hz, H3), 2.50 —
2.44 (6H, m, H8), 2.43 (3H, s, H14), 1.74 — 1.56 (2H, m, H4), 1.43 — 1.32 (2H, m, H5), 0.93
(3H, t,J = 7.4 Hz, H6).

13CNMR (126 MHz, CDCls) 6 143.5,139.0,138.1, 129.7,127.4,117.5,63.9,61.0, 54.8, 35.3,
21.7,20.0, 14.0, 0.4.

HRMS (ESI) [M + Na]* C1gH2402NINaS, requires 468.0465; found 468.0464.

Characteristic data for staffane 3aa-S and H-atom abstraction product 3aa-H:
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1H NMR (400 MHz, CDCls) § 2.12 (6H, s, 3aa-S), 2.05 — 2.03 (6H, m, 3aa-H), 1.92 — 1.86 (6H,

s, 3aa-S).

N-(3-lodobicyclo[1.1.1]pentan-1-yl) — 4-methyl-N-(2-methylbut-3-en-2-

yl)benzenesulfonamide, 3ab

F@QV

a-lodoaziridine 2ab (55 mg, 0.15 mmol), [1.1.1]propellane 1 (0.80 M in Et20, 0.24 mL, 0.20
mmol), EtsB (1.0 M in Hexanes, 15 uL, 10 mol%) in CHxCl, (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO;, Et,O/pentane, 0:1 =

1:9) gave BCPA iodide 3ab (3 mg, 0.007 mmol, 4%) as a colourless oil.

R:0.61 (Et20/pentane, 1:4)

IR vmax/cm ™~ (film) 2981, 2361, 2342, 1738, 1380, 1231, 1161, 954, 665.

1H NMR (500 MHz, CDCls) § 7.69 — 7.64 (2H, m, H9), 7.30 — 7.25 (2H, obsc. m, H10), 5.99
(1H, dd, J = 17.6, 10.7 Hz, H2), 5.06 (1H, d, J = 17.6 Hz, H1), 4.99 (1H, d, J = 10.7 Hz, H1),
2.68 (6H, s, H6), 2.42 (3H, s, H12), 1.49 (6H, s, H4).

13CNMR (126 MHz, CDCl5) 6 146.5,143.2,141.5,129.7,126.8,111.8,65.8,64.7,57.8, 28.2,
21.6, 1.0.

HRMS (ESI*) [M + Na]* C17H2202NINaS, requires 454.0308; found 454.0308.

Characteristic data for staffane product 3ab-S:

1H NMR (400 MHz, CDCls) 6 2.29 (6H, s, 3ab-S), 2.21 (6H, s, 3ab-S).
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N-Allyl-N-(3-iodobicyclo[1.1.1]pentan-1-yl)-4-(5-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazol-1-

yl)benzenesulfonamide, 3ac

a-lodoaziridine 2ac (82 mg, 0.15 mmol), [1.1.1]propellane 1 (0.73 M in Et,0, 0.27 mL, 0.20
mmol), EtsB (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl; (0.15 mL) was subjected to
general procedure 1. Purification by column chromatography (SiO,, Et.O/pentane, 1:19 =
1:9) gave BCPA iodide 3ac (64 mg, 0.11 mmol, 70%) as a white solid.

R 0.42 (Et,0/pentane, 1:4).

m.p. 103 °C.

IR vmax/cm ™1 (film) 2361, 1472, 1352, 1237, 1161, 1136, 1096, 976, 827, 760.

1H NMR (500 MHz, CDCl3) 7.85 — 7.69 (2H, m, H8), 7.50 — 7.43 (2H, m, H9), 7.18 (2H, d, J =
8.2 Hz, 16), 7.09 (2H, d, J = 8.2 Hz, H17), 6.75 (1H, s, H12), 5.76 (1H, app. ddt, J = 17.2, 10.2,
5.8 Hz, H2), 5.24 (1H, app. dg, J = 17.2, 1.4 Hz, H1), 5.18 (1H, app. dg, J = 10.2, 1.3 Hz, H1),
3.89 (2H, app. dt, J = 5.8, 1.6 Hz, H3), 2.39 (6H, s, H5), 1.55 (3H, s, H19).

13C NMR (126 MHz, CDCl3) 6 145.5, 144.4 (q, %Jcrs = 38.6 Hz), 142.7, 140.4, 140.1, 134.2,
129.9, 128.9, 128.3, 125.8, 125.8, 121.2 (q, Yers = 269.4 Hz), 118.3, 106.5 (q, 3Jerz = 2.1
Hz), 62.2, 55.9, 50.6, 21.5, -0.8.

19F NMR (377 MHz, CDCl3) § —62.4.

HRMS (ESI*) [M + H]* CasH2402N3F31S, requires 614.0581; found 614.0576.

Characteristic data for staffane 3ac-S and H-atom abstraction product 3ac-H:

1H NMR (400 MHz, CDCls) 6 2.13 (6H, s, 3ac-S), 1.96 (6H, s, 3ac-H), 1.82 (6H, s, 3ac-S).
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S2.3 a-lodoaziridines

2-(lodomethyl)-3-tosylaziridine, 2a

NaH (247 mg, 6.18 mmol), N-allyl sulfonamide 5a (1.30 g, 6.13 mmol) and iodine (4.66 g,
18.4 mmol) in Et,0 (31 mL) were subjected to the conditions of general procedure 5 for 4
h. Purification by column chromatography (SiO2, EtOAc/pentane, 1:9) gave a-iodoaziridine
2a (1.71 g, 5.09 mmol, 83%) as a pale-yellow oil. Slow recrystallization (Et,0O/pentane at —

5 °C) gave 2a as colourless crystals.

Rr 0.46 (EtOAc/pentane, 1:4) [UV, KMnOQO4].

m.p. 45 °C (Et,0) [lit.1? 45 — 47 °C].

1H NMR (400 MHz, CDCls) 6 7.87 — 7.82 (2H, m, H5), 7.39 — 7.32 (2H, m, H6), 3.13 — 3.01
(2H, m, H1, H2), 2.84 —2.82 (1H, m, H3), 2.45 — 2.45 (3H, m, H8), 2.17 — 2.16 (1H, m, H3).
13C NMR (101 MHz, CDCls) 6 145.1, 134.7, 129.9, 128.4, 41.2,36.3, 21.8, 2.4.

Data in agreement with that reported previously.*

2-(lodomethyl)-3-((p-methoxyphenyl)sulfonyl)aziridine, 2b
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NaH (280 mg, 7.00 mmol), N-allyl sulfonamide 5b (1.32 g, 5.83 mmol) and iodine (4.43 g,
17.5 mmol) in Et,0 (29 mL) were subjected to the conditions of general procedure 5 for 20
h. Purification by column chromatography (SiO», EtOAc/pentane, 3:7) gave a-iodoaziridine

2b (645 mg, 2.66 mmol, 38%) as a colourless oil.

R: 0.65 (EtOAc/pentane, 3:7) [UV, KMnOQO4].

IR vmax/cm ~1 (film) 1595, 1498, 1325, 1259, 1151, 1091, 834, 805, 721, 696.

'H NMR (400 MHz, CDCl3) § 7.93 — 7.85 (2H, m, H5), 7.06 — 6.97 (2H, m, H6), 3.89 (3H, s,
H8), 3.10 —3.02 (3H, m, H1, H2), 2.84 —2.81 (1H, m, H3), 2.17 — 2.15 (1H, m, H3).

13C NMR (101 MHz, CDCls) 6 164.1, 130.7, 129.2, 114.5, 55.9, 41.2, 36.2, 2.5.

HRMS (ESI*) [M + H]* C1oH1303NIS requires 353.9655; found 353.9659.

Data in agreement with that reported previously.?

2-(lodomethyl)-1-(o-tolylsulfonyl)aziridine, 2¢c

Chloramine-T.3H,0 (565 mg, 2.0 mmol), N-allyl sulfonamide 5¢ (930 mg, 2.0 mmol) and
iodine (504 mg, 2.0 mmol) in MeCN (12 mL) were submitted to General Procedure 4 for 16
h. Purification by column chromatography (SiO2, Et.O/pentane, 1:9 = 3:17) gave a-

iodoaziridine 2c (466 mg, 1.38 mmol, 69%) as an off white solid.

R: 0.57 (Et20/pentane, 3:7) [UV, KMnOa].

m.p. 38 — 41 °C.
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IR Vmax/cm ~1 (film) 2981, 2360, 1320, 1160, 932, 871, 719, 607.

IH NMR (400 MHz, CDCls) § 7.93 (1H, dd, J = 7.9, 1.4 Hz, ArH), 7.52 (1H, td, J = 7.5, 1.4 Hz,
ArH), 7.40 — 7.29 (2H, m, ArH), 3.13 = 3.03 (3H, m, H1, H2), 2.95 — 2.89 (1H, m, H3), 2.81
(3H, s, H10), 2.20 (1H, dd, J = 3.0, 1.0 Hz, H3).

13C NMR (101 MHz, CDCls) 6 139.8, 136.3, 134.1, 132.9, 129.8, 126.3, 41.1, 36.4, 21.0, 2.6.

HRMS (ESI*) [M + H]* C10H1302NIS, requires 337.9706; found 337.9707.

2-(lodomethyl)-3-(phenylsulfonyl)aziridine, 2d

Chloramine-T.3H,0 (1.35 g, 4.8 mmol), N-allyl sulfonamide 5d (790 mg, 4.0 mmol), iodine
(1.22 g, 4.8 mmol) in MeCN (20 mL) were subjected to General Procedure 4 for 16 h.
Purification by column chromatography (SiO,, Et.O/pentane, 3:7 - 1:1) gave a-
iodoaziridine 2d (600 mg, 1.86 mmol, 46%) as a white solid.

Rf 0.38 (EtOAc/pentane, 1:4) [UV, KMnOa].

m.p. 61— 62 °C [lit.12 60 — 68 °C].

IR vmax/cm ™~ 1 (film) 1446, 1318, 1159, 1104, 919, 878, 732, 685.

1H NMR (400 MHz, CDCls) 6 8.02 — 7.94 (2H, m, H5), 7.70 — 7.63 (1H, m, H7), 7.61 — 7.53
(2H, m, H6), 3.17 — 3.01 (3H, m, H2, H1), 2.92 — 2.84 (1H, m, H3),2.21 —2.19 (1H, m, H3).
13C NMR (101 MHz, CDCls) § 137.8, 134.0, 129.3, 128.4, 41.3, 36.4, 2.2.

HRMS (ESI*) [M + Na]* CoH1oINO2SNa requires 345.9369; found 345.9370.

Data in agreement with that reported previously.?
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N-((p-Bromophenyl)sulfonyl)-2-(iodomethyl)aziridine, 2e

NaH (435 mg, 10.8 mmol), N-allyl sulfonamide 5e (2.45 g, 8.90 mmol) and iodine (6.84 g,
26.9 mmol) in Et20 (45 mL) were subjected to the conditions of general procedure 5 for 19
h. Purification by column chromatography (SiO,, EtOAc/pentane, 1:9 = 1:4), and then
recrystallisation (E2O at =5 °C) gave a-iodoaziridine 2e (1.44 g, 4.32 mmol, 40%) as orange

crystals.

Rr0.75 (EtOAc/pentane, 3:7) [UV, KMnOQO4].

m.p. 85 — 87 °C (Et,0) [lit.1? 84 — 86 °C].

IR Vmax/cm ~ 1 (film) 1574, 1325, 1157, 1089, 1068, 868, 749.

'H NMR (400 MHz, CDCl5) 6 7.85 — 7.81 (2H, m, H5), 7.73 — 7.69 (2H, m, H6), 3.16 — 3.02
(3H, m, H1, H2), 2.88 (1H, d, J = 6.8 Hz, H3), 2.22 (1H, d, J = 3.9 Hz, H3).

13C NMR (101 MHz, CDCl3) §136.9, 132.6, 130.0, 129.3, 41.6, 36.5, 2.1.

HRMS (ESI*) [M + H]* CoH1002N"°BrIS requires 401.8655; found 401.8656.

Data in agreement with that reported previously.?

1-(4-((2-(lodomethyl)aziridine-1-yl)sulfonyl)phenyl)ethan-1-one, 2f
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Chloramine-T.3H,0 (1.16 mg, 4.12 mmol), N-allyl sulfonamide 5f (820 mg, 3.43 mmol) and
iodine (1.05 g, 4.12 mmol) in MeCN (17 mL) were submitted to General Procedure 4 for 16
h. Purification by column chromatography (SiO,, EtOAc/pentane, 1:4 - 3:7) gave a-

iodoaziridine 2f (217 mg, 0.59 mmol, 17%) as a white solid.

R: 0.33 (EtOAc/pentane, 3:7) [UV, KMnOQO4].

m.p. 68 — 69 °C.

IR vmax/cm ~1 (film) 1689, 1398, 1328, 1296, 1161, 1092, 691, 643.

'H NMR (400 MHz, CDCl3) 6 8.15 — 8.02 (4H, m, H5, H6), 3.26 — 2.99 (3H, m, H1, H2), 2.92
(1H, d, J=6.6 Hz, H2), 2.66 (3H, s, H9), 2.24 (1H, d, / = 4.2 Hz, H3).

13CNMR (101 MHz, CDCls) 6 196.8, 141.6, 141.1, 129.3, 129.0, 128.8, 127.6, 41.7, 36.6,
27.1,10.3, 2.0.

HRMS (ESI*) Not found.

4-((2-(lodomethyl)aziridine-1-yl)sulfonyl)benzonitrile, 2g

Chloramine-T.3H20 (533 mg, 1.89 mmol), N-allyl sulfonamide 5g (424 mg, 1.89 mmol),
iodine (480 mg, 1.89 mmol) in MeCN (11 mL) were subjected to General Procedure 4 for
17 h. Purification by column chromatography (SiO2, Et,O/pentane, 1:4 = 3:7) gave a-

iodoaziridine 2g (449 mg, 1.29 mmol, 68%) as a white solid.

Rf 0.40 (Et20/pentane, 2:3) [UV, KMnQO4].
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m.p. 75— 77 °C [lit.12 59 — 60 °C].

IH NMR (400 MHz, CDCls) & 8.14 — 8.08 (2H, m, H5), 7.90 — 7.84 (2H, m, H6), 3.22 — 3.11
(2H, m, H1, H2), 3.06 — 2.94 (2H, m, H1, H3), 2.32 = 2.25 (1H, m, H3).

13C NMR (101 MHz, CDCls) § 142.1, 133.0, 129.2, 117.8, 117.3, 42.1, 36.8, 1.8.

Data in agreement with that reported previously.?

1-((3,5-Bis(trifluoromethyl) phenyl)sulfonyl)-2-(iodomethyl)aziridine, 2h

Chloramine-T.3H,0 (1.35 g, 4.8 mmol), N-allyl sulfonamide 5h (1.33 g, 4.0 mmol) and
iodine (1.22 g, 4.8 mmol) in MeCN (20 mL) were submitted to General Procedure 4 for 16
h. Purification by column chromatography (SiO2, Et.O/pentane, 1:9) gave a-iodoaziridine
2h (1.20 g, 2.61 mmol, 65%) as a colourless oil. Product was isolated as 90 % pure, as

determined by 'H NMR spectroscopy.

R¢0.50 (Et20/pentane, 3:7) [UV, KMnOa].

m.p. 37 -38 °C.

IR vmax/cm ~1 (film) 1361, 1344, 1318, 1162, 1137, 1111, 697, 681.

1H NMR (500 MHz, CDCl3) 6 8.45 (2H, dg, J = 1.7, 0.6 Hz, H5), 8.15 (1H, app. tp, /= 1.5, 0.7
Hz, H7), 3.29 = 3.21 (1H, m, H2), 3.17 = 3.23 (1H, m, H1), 3.04 (1H, d, J = 7.1 Hz, H3), 2.98

(1H, dd, J = 10.4, 7.9 Hz, H1), 2.35 (1H, dd, J = 4.2, 0.7 Hz, H3).
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13C NMR (126 MHz, CDCl3) § 140.8, 133.2 (q, Zcrs = 34.7 Hz), 128.9 (q, ¥/ crs = 3.8 Hz), 127.6
(hept., 3/ crs = 3.6 Hz), 122.5 (q, Yers = 273.4 Hz), 42.7,37.1, 1.5.
19F NMR (377 MHz, CDCls) § — 63.0.

HRMS (ESI*) [M + H]* C11H9O2NFelS requires 459.9297; found 459.9296.

1-((3,5-Difluorophenyl)sulfonyl)-2-(iodomethyl)aziridine, 2i

Chloramine-T.3H,0 (1.35 g, 4.8 mmol), N-allyl sulfonamide 5i (930 mg, 4.0 mmol) and
iodine (1.22 g, 4.8 mmol) in MeCN (20 mL) were submitted to General Procedure 4 for 4 h.
Purification by column chromatography (SiO,, Et.O/pentane 1:9) gave a-iodoaziridine 2i

(800 mg, 2.23 mmol, 56%) as an off white solid.

R: 0.40 (Et,0/pentane, 3:7).

m.p. 100 - 103 °C.

IR vmax/cm 1 (film) 3090, 2361, 1605, 1443, 1336, 1301, 1158, 1128, 990, 866, 700, 624.
H NMR (400 MHz, CDCl3) & 7.58 — 7.47 (2H, m, H5), 7.11 (1H, tt, J = 8.4, 2.3 Hz, H7), 3.22
—3.09 (2H, m, H1, H2), 3.10 — 3.00 (1H, m, H1), 2.93 (1H, d, J = 6.7 Hz, H3), 2.27 (1H, d, J =
4.0 Hz, H3).

13C NMR (101 MHz, CDCls) & 162.9 (dd, “3Jcr = 255.1, 11.5 Hz), 141.0, 112.2 (dd, >“Jcr =
20.0, 8.6 Hz), 109.7 (t, Jer = 25.0 Hz), 42.0, 36.8, 1.7.

19F NMR (377 MHz, CDCls) 6 —105.2.

HRMS (ESI*) [M + H]* CaHoO,NFIS requires 359.9361; found 359.9363.
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2-(lodomethyl)-1-((2-nitrophenyl)sulfonyl)aziridine, 2j

Chloramine-T.3H20 (510 mg, 1.81 mmol), N-allyl sulfonamide 5j (437 mg, 1.81 mmol,
iodine (459 mg, 1.81 mmol) in MeCN (11 mL) were submitted to General Procedure 4 for
20 h. Purification by column chromatography (SiO2, Et;O/pentane 3:7) gave a-
iodoaziridine 2j (91 mg, 0.24 mmol, 14%) as an off white solid. Product was isolated as 90

% pure, as determined by *H NMR spectroscopy.

R 0.31 (Et20/pentane, 3:2) [UV, KMnOa].

'H NMR (400 MHz, CDCl3) 6 8.24 (ddd, /= 6.8, 3.0, 1.7 Hz, H8), 7.84 — 7.73 (3H, m, H7, H6,
H5), 3.43-3.31 (2H, m, H2, H1), 3.12 —=3.06 (1H, m, H3), 3.08 = 2.97 (1H, m, H1), 2.39 (1H,
d, J = 3.3 Hz, H3).

13C NMR (101 MHz, CDCls) 6 148.8, 134.8, 132.4, 132.0, 131.6, 124.7, 42.9, 38.2, 2.2.

Data in agreement with that reported previously.*?

2-(lodomethyl)-1-((4-nitrophenyl)sulfonyl)aziridine, 2k

6

5 7_NO,
i©/
0,8

'\/zgs
1
t-BuOCl (0.39 mL, 3.48 mmol), Nal (534 mg, 3.56 mmol) and N-allyl sulfonamide 5k (701

mg, 2.90 mmol) in MeCN (18 mL) were subjected to General Procedure 5 for 19 h.

Purification by column chromatography (SiO,, EtOAc/pentane, 1:9) gave a-iodoaziridine 2k
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(803 mg, 2.18 mmol, 75%) as an off white solid. Product was isolated as 85 % pure, as

determined by *H NMR spectroscopy.

R 0.47 (EtOAc/pentane, 1:4) [UV, KMnOQO4].

m.p. 94 °C.

IR vmax/cm ~1 (film) 1530, 1350, 1311, 1164, 1090, 856, 752, 742, 694.

'H NMR (400 MHz, CDCls) 6 8.45 — 8.38 (2H, m, H6), 8.23 — 8.15 (2H, m, H5), 3.27 — 3.11
(2H, m, H1, H2), 3.07 = 2.96 (2H, m, H2, H3), 2.30 (1H, d, / = 4.2 Hz, H3).

13C NMR (101 MHz, CDCls) 6 143.6,129.9, 129.7, 124.5, 42.3, 36.9, 1.8.

HRMS (ESI*) [M + H]* CoHgO4N:IS requires 368.9408; found 368.9402.

1-((5-Bromothiophen-2-yl)sulfonyl)-2-(iodomethyl)aziridine, 2I

Chloramine-T.3H,0 (1.28 g, 4.56 mmol), N-allyl sulfonamide 5! (1.28 g, 4.56 mmol) and
iodine (1.16 g, 4.56 mmol) in MeCN (27 mL) were subjected to General Procedure 4 for 8
h. Purification by column chromatography (SiO,, Et,O/pentane 5:17) gave a-iodoaziridine
21 (1.41 g, 3.46 mmol, 76%) as a yellow solid.

Rf 0.24 (Et,0/pentane, 1:4) [UV, KMnQOgy].

m.p. 45 °C.

IR vmax/cm ™1 (film) 1400, 1330, 1155, 970, 914, 745, 702.

IH NMR (400 MHz, CDCls) & 7.50 (1H, d, J = 4.0 Hz, H5/6), 7.12 (1H, d, J = 4.0 Hz, H5/6),

3.18 —3.07 (3H, m, H1, H2), 2.92 — 2.85 (1H, m, H3), 2.27 (1H, d, J = 3.0 Hz, H3).
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13C NMR (101 MHz, CDCls) 6 138.4, 134.8, 130.7, 122.5,42.1, 37.0, 1.8.

HRMS (ESI*) [M + H]* C;HsO2N"°BrlS,, requires 407.8219; found 407.8220.

3-(5-((2-(lodomethyl)aziridine-1-yl)sulfonyl)thiophen-2-yl)-5-(trifluoromethyl)isoxazole, 2m

5 9 1"

6
CF

7
0,874 °S N—©O
U
N

NPZa
Chloramine-T.3H,0 (368 mg, 1.31 mmol), N-allyl sulfonamide 5m (444 mg, 1.31 mmol) and
iodine (332 mg, 1.31 mmol) in MeCN (9 mL) were subjected to General Procedure 4 for 20
h. Purification by column chromatography (SiO,, EtOAc/pentane, 1:9 = 1:4) gave a-

iodoaziridine 2m (291 mg, 0.63 mmol, 48%) as a white solid.

Rr 0.68 (EtOAc/pentane, 1:4) [UV, KMnOQO4].

m.p. 91 °C.

IR Vimax/cm ~ 1 (film) 1552, 1335, 1315, 1187, 1157, 708, 619.

'H NMR (500 MHz, CDCl3) & 7.78 (1H, d, J = 4.0 Hz, H5/6), 7.51 (1H, d, J = 4.0 Hz, H5/6),
6.99 (1H, q, Jcrs = 1.0 Hz, H9), 3.23 —3.16 (1H, m, H2), 3.15—3.10 (2H, m, H1), 2.98 — 2.94
(1H, m, H3), 2.33 (1H, dd, J = 4.2, 0.8 Hz, H3).

13C NMR (126 MHz, CDCl3) 6 160.3 (q, Zcrs = 43.2 Hz), 156.8, 140.5, 136.7, 134.7, 128.2,
117.6 (q, Yers = 270.8 Hz), 103.7 (q, 3Jerz = 2.2 Hz), 42.4,37.1, 1.7.

19F NMR (377 MHz, CDCls) § —64.15.

HRMS (ESI*) [M + H]* C11H9O3N,F3lS; requires 464.9046; found 464.9047.

4-((2-(lodomethyl)aziridine-1-yl)sulfonyl)-3,5-dimethylisoxazole, 2n
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Chloramine-T.3H,0 (2.12 mg, 7.5 mmol), N-allyl sulfonamide 5n (1.63 g, 7.5 mmol) and
iodine (1.89 g, 7.5 mmol) in MeCN (9 mL) were subjected to General Procedure 4 for 16 h.
Purification by column chromatography (SiO2, Et,O/pentane 1:9) gave a-iodoaziridine 2n

(1.21 g, 3.54 mmol, 47%) as a white solid.

Rr0.33 (Et20/pentane, 2:3) [UV].

m.p. 45 —-46 °C.

IR vmax/cm 1 (film) 3658, 2981, 2888, 1594, 1406, 1373, 1328, 1186, 1121, 914, 745, 708,
647.

1H NMR (400 MHz, CDCls) 6 3.23 (1H, dd, J = 10.2, 4.8 Hz, H1), 3.10 — 3.00 (1H, m, H2), 2.97
(1H, d, J = 10.2 Hz, H1), 2.97 = 2.92 (1H, m, H3), 2.67 (3H, s, H7), 2.50 (3H, s, H8), 2.29 (1H,
d, J = 4.1 Hz, H3).

13C NMR (101 MHz, CDCls) 6 174.5, 158.5, 115.0, 41.6, 36.2, 13.0, 11.1, 2.1.

HRMS (ESI*) [M + H]* CgH1203N3IS, requires 342.9608; found 342.9609.

4-((2-(lodomethyl)aziridine-1-yl)sulfonyl)-1-methyl-1H-pyrazole, 30

Chloramine-T.3H,0 (664 mg, 2.35 mmol), N-allyl sulfonamide 50 (473 mg, 2.35 mmol) and

iodine (592 mg, 2.35 mmol) in MeCN (14 mL) were subjected to General Procedure 4 for
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19 h. Purification by column chromatography (SiO,, EtOAc/pentane 3:7) gave a-

iodoaziridine 20 (647 mg, 1.98 mmol, 84%) as a colourless oil.

Rr0.33 (EtOAc/pentane, 1:1) [UV, KMnQ4].

IR Vmax/cm ™~ (film) 1524, 1319, 1156, 1119, 869, 713, 621.

'H NMR (500 MHz, CDCl3) § 7.91 (1H, s, H5), 7.86 (1H, s, H6), 3.97 (3H, s, H7), 3.14 — 3.07
(2H, m, H1), 3.10 — 2.99 (1H, m, H2), 2.81 (1H, d, J = 6.5 Hz, H3), 2.20 (1H, d, J = 4.1 Hz,
H3).

13CNMR (126 MHz, CDCls) 6 139.8, 133.1, 119.7, 41.4, 39.9, 36.3, 2.4.

HRMS (ESI*) [M + Na]* C7H1002N3INaS, requires 349.9431; found 349.9432.

1-(Benzo[b]thiophen-2-ylsulfonyl)-2-(iodomethyl)aziridine, 2p

Chloramine-T.3H,0 (282 mg, 1.00 mmol), N-allyl sulfonamide 5p (253 mg, 1.00 mmol),
iodine (253 mg, 1.00 mmol) in MeCN (6 mL) were subjected to General Procedure 4 for 16
h. Purification by column chromatography (SiO,, Et.O/pentane 1:9) gave a-iodoaziridine
4p (297 mg, 0.78 mmol, 78%) as a white solid. Product was isolated as 90 % pure, as

determined by *H NMR spectroscopy.

R: 0.73 (Et20/pentane, 4:6) [UV, KMnOQa]
m.p. 79 - 81 °C.
IR vmax/cm ~1 (film) 2360, 2342, 1504, 1332, 1152, 1022, 1000, 869, 700.
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1H NMR (400 MHz, CDCl3) 6 8.02 (1H, s, H5), 7.97 — 7.87 (2H, m, H7, H10), 7.58 — 7.44 (2H,
m, H8, H9), 3.26 — 3.14 (2H, m, H1, H2), 3.11 —3.01 (1H, m, H1), 2.99 — 2.90 (1H, m, H3),
2.33-2.22 (1H, m, H3).

13C NMR (101 MHz, CDCls) & 142.8, 137.7, 137.5, 131.8, 128.0, 126.2, 125.8, 122.9, 42.0,
36.9, 1.9.

HRMS (ESI) [M + Na]* C11H1002INNaS$, requires 401.9095; found 401.9090.

6-Chloro-5-((2-(iodomethyl)aziridine-1-yl)sulfonyl)imidazo[2,1-b]thiazole, 2q

Chloramine-T.3H20 (432 mg, 1.53 mmol), N-allyl sulfonamide 5q (424 mg, 1.53 mmol),
iodine (385 mg, 1.53 mmol) in MeCN (10 mL) were subjected to General Procedure 4 for
24 h. Purification by column chromatography (SiO,, EtOAc/pentane 1:9 - 1:4) gave a-
iodoaziridine 2g (125 mg, 0.31 mmol, 20%) as a pale yellow oil. Product was isolated as
43% pure by 'H NMR spectroscopy, where the impurity was identified as 4-(iodomethyl)-

1,2-thiazetidine 1,1-dioxide 2q1.

R 0.51 (EtOAc/pentane, 2:3) [UV, KMnOa4].

IR vmax/cm 1 (film) 3265, 3119, 2361, 1455, 1438, 1343,1274,1257, 1184, 1144, 731, 636.
1H NMR (500 MHz, CDCls) & 7.95 (1H, d, J = 4.5 Hz, H7/8), 7.13 (1H, d, J = 4.5 Hz, H7/8),
3.21-3.12 (2H, m, H1, H2), 3.09 — 3.03 (1H, m, H3), 3.01 — 2.90 (1H, m, H1), 2.34 (1H, dd,
J=4.2,0.8 Hz, H3).

13C NMR (126 MHz, CDCl3) 6 151.1, 140.4, 120.6, 116.7, 114.9, 41.6, 37.1, 1.9.
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HRMS (ESI*) [M + H]* CsHsO2NsClIS,, requires 403.8786; found 403.8787.

4-(iodomethyl) — 1,2-thiazetidine 1,1-dioxide, 2q1

0,

IH NMR (500 MHz, CDCls) & 4.87 (1H, app. dtd, J = 8.9, 6.5, 4.4 Hz, H2), 4.62 (1H, br. s, NH),
3.92 (1H, ddd, J = 12.4, 7.8, 6.5 Hz, H3), 3.51 (1H, dd, J = 10.4, 4.4 Hz, H1), 3.51 — 3.41 (1H,
m, H3), 3.35 (1H, dd, J = 10.4, 8.9 Hz, H1).

13C NMR (126 MHz, CDCls) & 81.1, 49.0, 2.9.

HRMS (ESI*) Not found.

1-(Cyclopropylsulfonyl)-2-(iodomethyl)aziridine, 2r

Chloramine-T.3H,0 (1.35 g, 4.8 mmol), N-allyl sulfonamide 5r (647 mg, 4.0 mmol), iodine
(1.22 g, 4.8 mmol) in MeCN (20 mL) were subjected to General Procedure 4 for 19 h.
Purification by column chromatography (SiO,, Et,O/pentane 1:9 = 1:4) gave a-

iodoaziridine 2r (550 mg, 1.92 mmol, 48%) as a white solid.

R: 0.60 (Et20/pentane, 3:7) [KMnO4].
m.p. 74 - 76°C.

IR vmax/cm ~1 (film) 2360, 2342, 1342, 1310, 1196, 1149, 877, 834.
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IH NMR (400 MHz, CDCls) & 3.21 (1H, dd, J = 10.4, 6.0 Hz, H1), 3.14 (1H, dd, J = 10.4, 7.4
Hz, H1), 3.07 — 2.96 (1H, m, H2), 2.80 (1H, d, J = 6.7 Hz, H3), 2.65 (1H, tt, J = 8.1, 4.8 Hz,
H4),2.22 (1H, d, J = 4.1 Hz, H3), 1.34 — 1.23 (2H, m, H5), 1.19 — 1.07 (2H, m, H5).

13C NMR (101 MHz, CDCls) & 40.8, 35.7, 29.5, 6.3, 5.8, 3.0.

HRMS (ESI) [M + Na]* CeH1002NINaS, requires 309.9369; found 309.9370.

2-(lodomethyl)-3-(methylsulfonyl)aziridine, 2s

NaH (207 mg, 5.17 mmol), N-allyl sulfonamide 5s (5.12 g, 3.79 mmol), iodine (3.90 g, 15.4
mmol) in Et,0 (26 mL) were subjected to General Procedure 3 for 4 h. Purification by
column chromatography (SiO2, EtOAc/pentane 1:4) gave a-iodoaziridine 2s (984 mg, 3.83

mmol, 74%) as an orange solid.

Rr 0.45 (EtOAc/pentane, 3:7) [KMNnOa4].

m.p.51°C.

1H NMR (400 MHz, CDCls) & 3.29 —3.21 (1H, m, H1), 3.18 (3H, s, H4), 3.13 — 3.05 (2H, m,
H1, H2), 2.87 — 2.84 (1H, m, H3), 2.25 — 2.23 (1H, m, H3).

13C NMR (101 MHz, CDCls) 6 41.4, 40.3, 35.8, 2.8.

Data in agreement with that reported previously.**

Benzyl 4-((2-(iodomethyl)aziridin-1-yl)sulfonyl)piperidine-1-carboxylate, 2t
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Chloramine-T.3H,0 (282 mg, 1.00 mmol), N-allyl sulfonamide 5t (338 mg, 1.00 mmol),
iodine (253 mg, 1.00. mmol) in MeCN (6 mL) were subjected to General Procedure 4 for 19
h. Purification by column chromatography (SiO,, EtOAc/pentane 3:7) gave a-iodoaziridine

2t (133 mg, 0.29 mmol, 29%) as a colourless oil.

Rr0.23 (EtOAc/pentane, 2:3) [UV, PMA].

IR vmax/cm ™~ (film) 2980, 2360, 2342, 1697, 1431, 1318, 1279, 1217, 1119, 699.

1H NMR (400 MHz, CDCl3) 6 7.42 —7.29 (5H, m, H10 — 12), 5.14 (2H, s, H8), 4.36 (2H, br. s,
H6),3.33 (1H, tt, J = 11.9, 3.7 Hz, H4), 3.23 —3.10 (2H, m, H1), 3.12 —3.01 (1H, m, H2), 2.85
(1H, d, J = 6.6 Hz, H3), 2.85 (2H, obsc. br. s, H6), 2.33 (1H, br. d, J = 13.3 Hz, H5), 2.23 (1H,
d, J = 4.2 Hz, H3), 2.23 (1H, obsc. m, H5), 1.96 — 1.78 (2H, m, H5).

13C NMR (101 MHz, CDCl3) 6 155.1, 136.6, 128.7, 128.3, 128.2, 67.6, 59.4, 43.0, 42.8, 40.5,
36.1, 26.2, 25.2, 3.0.

HRMS (ESI*) [M + Na]* C16H2104N2INaS requires 487.0159; found 487.0158.

4-((2-(lodomethyl)aziridin-1-yl)sulfonyl)morpholine, 2u

Chloramine-T.3H,0 (564 mg, 2.0 mmol), N-allyl sulfonamide 5u (659 mg, 2.0 mmol), iodine

(505 mg, 2.0 mmol) in MeCN (12 mL) were subjected to General Procedure 4 for 19 h.
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Purification by column chromatography (SiO,, Et,O/pentane 4:6 - 9:11) gave a-

iodoaziridine 2u (135 mg, 0.41 mmol, 20%) as a colourless oil.

R:0.51 (Et20/pentane, 6:4) [KMnO4].

IR vmax/cm ™~ (film) 2981, 2889, 1382, 1348, 1262, 1162, 1113, 319, 744.

'H NMR (400 MHz, CDCl3) 3.44 — 3.33 (4H, m, H4, H5), 3.22 (1H, dd, J = 10.4, 6.5 Hz, H1),
3.10 (1H, dd, J=10.4, 6.7 Hz, H1), 2.97 (1H, app. qd, J = 6.7, 4.1 Hz, H2), 2.72 (1H,d, /= 6.7
Hz, H3), 2.18 (1H, d, J = 4.2 Hz, H3).

13C NMR (101 MHz, CDCls) 6 66.3, 46.9, 40.2, 36.7, 2.9.

HRMS (ESI*) [M + H]* C7H1403N3IS requires 332.9764; found 332.9765.

1-((2-(lodomethyl)aziridin-1-yl)sulfonyl)pyrrolidine, 2v

t-BuOCI (0.47 mL, 4.16 mmol), Nal (624 mg, 4.16 mmol) and N-allyl sulfonamide 5v (659
mg, 3.47 mmol) in MeCN (20 mL) were subjected to General Procedure 5 for 24 h.
Purification by column chromatography (SiO2, Et,O/pentane 1:9 - 3:7) gave a-

iodoaziridine 2v (31 mg, 0.10 mmol, 3%) as a pale-yellow oil.

R: 0.43 (Et20/pentane, 3:7) [KMnO4].

IR vmax/cm ~1 (film) 2981, 2888, 1382, 1344, 1251, 1239, 1156, 1078, 946.
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IH NMR (400 MHz, CDCls) & 3.56 — 3.43 (4H, m, H4), 3.20 — 3.09 (2H, m, H1, H2), 3.02 —
2.95 (1H, m, H1), 2.73 (1H, d, J = 6.7 Hz, H3), 2.14 (1H, d, J = 4.0 Hz, H3), 2.04 — 1.93 (4H,
m, H5).

13C NMR (101 MHz, CDCls) & 48.9, 40.2, 36.3, 25.9, 3.7.

HRMS (ESI*) [M + H]* C7H1402N,IS requires 316.9815; found 316.9815.

2-(lodomethyl)-2-methyl-1-tosylaziridine, 2w

Chloramine-T.3H,0 (1.35 g, 4.80 mmol), N-allyl sulfonamide 5w (1.13 g, 4.00 mmol), iodine
(1.22 g, 4.80 mmol) in anhydrous MeCN (20 mL) were subjected to General Procedure 4
for 19 h. Purification by column chromatography (SiO», Et,0/pentane 1:9 = 1:4) gave a-

iodoaziridine 2w (1.20 g, 3.42 mmol, 85%) as an off white solid.

R 0.61 (Et20/pentane, 3:7) [UV, KMnQO4].

m.p. 73 — 74 °C [lit.** 76 °C]

1H NMR (400 MHz, CDCl3) & 7.83 (2H, d, J = 8.2 Hz, H6), 7.33 (2H, d, J = 8.2 Hz, H7), 3.36 —
3.29 (2H, m, H1), 2.77 (1H, d, J = 0.9 Hz, H3), 2.44 (3H, s, H9), 2.40 (1H, s, H3), 1.82 (3H, s,
H4).

13C NMR (101 MHz, CDCls) 6 144.4,137.4,129.7,127.7,49.8, 43.0, 21.8, 18.6, 12.1.

Data in agreement with that reported previously.**
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2-(2-lodopropan-2-yl)-1-tosylaziridine, 2x

According to a modified literature procedure.** t-BuOK (672 mg, 6.00 mmol) was added to
a solution of N-allyl sulfonamide 5x (957 mg, 4.00 mmol) in anhydrous toluene (20 mL).
The reaction was stirred for 30 min at room temperature and then iodine (3.05 g, 12.0
mmol) was added and stirring was continued for 15 min. The reaction mixture was
quenched by addition of Na;S,0s3 (sat. aq., 10 mL) and extracted with Et,0 (40 mL x 3). The
combined organic phases were dried (Mg.S0a4), filtered and concentrated in vacuo.
Purification by column chromatography (SiO,, Et.O/pentane, 1:9) gave a-iodoaziridine 2x

(920 mg, 2.56 mmol, 64%) as a white solid.

Rf 0.48 (Et2,0/pentane, 1:3) [UV].

m.p. 61 —62 °C [lit.1* 63 °C].

1H NMR (400 MHz, CDCls) & 7.87 — 7.79 (2H, m, H6), 7.38 — 7.31 (2H, m, H7), 3.22 (1H, dd,
J=7.0, 4.5 Hz, H3), 2.71 (1H, dd, J = 7.0, 0.9 Hz, H4), 2.44 (3H, s, H9), 2.33 (1H, dd, J = 4.5,
0.9 Hz, H4), 1.76 (3H, s, H1), 1.70 (3H, s, H1).

13C NMR (101 MHz, CDCls) 6 145.1, 134.7, 130.0, 128.6, 51.4, 40.6, 35.5, 32.9, 31.7, 21.9.

Data in agreement with that reported previously.*
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Trans-2-lodo-7-tosyl-7-azabicyclo[4.1.0]heptane, 2y
S oM

s 1
7
0,8

According to a modified literature procedure.** t-BuOK (336 mg, 3.00 mmol) was added to
a solution of N-allyl sulfonamide 5y (502 mg, 2.00 mmol) in anhydrous toluene (10 mL).
The reaction was stirred for 30 min at room temperature and then iodine (1.52 g, 6.00
mmol) was added and stirring was continued for 1 h. The reaction mixture was quenched
by addition of NaS;03 (sat. ag., 10 mL) and extracted with Et,0 (20 mL x 3). The combined
organic phases were dried (Mg,S0a), filtered and concentrated in vacuo. Purification by
column chromatography (SiO,, Et,O/pentane, 1:4) gave a-iodoaziridine 2y (500 mg, 1.30

mmol, 66%) as a white solid.

R¢0.50 (Et,0/pentane, 3:7) [UV, KMnQa4].

m.p. 58 — 60 °C [lit.1* 63 °C].

IH NMR (400 MHz, CDCls) & 7.82 — 7.77 (2H, m, H8), 7.38 — 7.33 (2H, m, H9), 4.45 (1H, td,
J=4.4,1.6Hz, H2), 3.46 (1H, ddd, J = 6.8, 1.6, 0.8 Hz, H1), 3.09 (1H, ddd, J = 6.8, 5.7, 1.1
Hz, H6), 2.45 (3H, s, H11), 2.04 — 1.89 (1H, m, H5), 1.88 — 1.76 (2H, m, H3, H5), 1.76 — 1.66
(1H, m, H3), 1.64 — 1.50 (1H, m, H4), 1.46 — 1.34 (1H, m, H4).

13C NMR (101 MHz, CDCls) 6 144.7, 135.2, 129.9, 127.9, 46.2, 40.2, 29.9, 24.9, 21.8, 21.5,

17.7.

Data in agreement with that reported previously.'*
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1-(lodomethyl)-6-tosyl-6-azabicyclo[3.1.0]hexane, 2z

(6-Tosyl-6-azabicyclo[3.1.0]hexan-1-yl)methanol, 2z1, Steps 1 & 2:

MeO,C HO HO
LiAIH, Chloramine T, PTAB N
— A > 1 6
Et,0 MeCN
3 5

LiAlH4 (4.0 M in Et,0, 2.0 mL, 7.90 mmol) was added dropwise to a solution of methyl

cyclopent-1-ene-1-carboxylate (1.00 g, 7.90 mmol) in anhydrous Et,0 (20 mL) at 0 °C. The
reaction mixture was stirred for 3 h at 0 °C then quenched by addition of H,O (0.3 mL),
NaOH (15% aq., 0.3 mL), and then H;O (0.9 mL). The phases were separated and the
aqueous phase was extracted with Et;0 (30 mL x 2). The combined organic phases were
dried (MgS0a), filtered and concentrated in vacuo. The crude product was used directly

in the next step.

According to a modified literature procedure.'® The crude allylic alcohol (7.90 mmol) was
diluted in anhydrous MeCN (40 mL) at room temperature. Chloramine-T.3H,0 (1.98 g, 8.70
mmol) and trimethylphenylammonium tribromide (PTAB) (300 mg, 0.80 mmol) were
added sequentially and the reaction mixture was stirred for 16 h at room temperature.
The mixture was poured onto H,O (50 mL) and extracted with EtOAc (50 mL x 3), the
combined organic phases were dried (Mg,S0.), filtered and concentrated in vacuo.
Purification by column chromatography (SiOz, EtOAc/pentane, 1:4 = 1:1) gave a-aziridinyl

alcohol 2z1 (950 mg, 3.60 mmol, 45%, 2 steps) as a colourless oil.

R¢0.15 (EtOAc/pentane, 3:7).
1H NMR (400 MHz, CDCl3) 6 7.84 — 7.77 (2H, m, ArH), 7.36 — 7.28 (2H, m, ArH), 4.95 (1H,

br.s, OH), 4.38 (1H, dd, /= 13.5, 4.3 Hz, H1), 4.16 (1H, dd, / = 13.5, 10.4 Hz, H1), 3.51 (1H,
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d, J = 2.2 Hz, H6), 3.05 (1H, dd, J = 10.4, 4.3 Hz, OH), 2.43 (3H, s, CH3), 2.37 (1H, dd, J =
13.3, 7.9 Hz, CH,), 1.86 — 1.77 (1H, m, CH3), 1.72 — 1.56 (3H, m, CH,), 1.44 — 1.31 (1H, m,

CH»).

1-(lodomethyl)-6-tosyl-6-azabicyclo[3.1.0]hexane, 2z, Step 3:

DIAD (0.84 mL, 4.00 mmol), PPhsz (1.05 g, 4.00 mmol), Mel (0.26 mL, 4.00 mmol) and a-
aziridinyl alcohol 2z1 (900 mg, 3.37 mmol) in toluene (40 mL) were submitted to General
Procedure 6 for 16 h. Purification by column chromatography (SiO,, Et,0/pentane, 1:4)
gave a-iodoaziridine 2z (1.50 g, 5.90 mmol, 66%) as an off white solid.

Rr0.21 (EtOAc/pentane, 1:19) [UV].

m.p. 98 — 100 °C.

IR Vmax/cm ™1 (film) 2957, 2925, 2361, 2341, 1598, 1319, 1155.

1H NMR (400 MHz, CDCls) & 7.81 (2H, d, J = 8.3 Hz, H8), 7.30 (2H, d, J = 8.3 Hz, H9), 4.18
(1H, d, J = 10.6 Hz, H1), 3.84 (1H, d, J = 10.6, Hz, H1), 3.41 (1H, d, J = 2.2 Hz, H6), 2.43 (3H,
s, H11), 2.16 —2.03 (2H, m, H3), 1.83 — 1.58 (3H, m, H4, H5), 1.52 — 1.40 (1H, m, H4).

13C NMR (101 MHz, CDCls) 6 144.1, 138.0, 129.7, 127.3, 61.2, 54.5, 32.2, 28.1, 21.8, 20.5,
2.3.

HRMS (ESI*) [M + H]* C13H1702NIS, requires 378.0019; found 378.0021.
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trans-2-(lodomethyl)-3-propyl-1-tosylaziridine, 2aa

trans-3-Propyl-1-tosylaziridin-2-yl)methanol, 2aal Step 1:

According to a modified literature procedure.*® Chloramine-T.3H,0 (2.25 g, 9.90 mmol) was
added to a solution of trans-2-hexanol (1.1 mL, 9.00 mmol) in anhydrous MeCN (45 mL) in
a flame dried flask at room temperature. PTAB (339 mg, 0.90 mmol) was added and the
reaction mixture was stirred for 16 h at room temperature. The reaction mixture was
poured into H,0O (40 mL) and extracted with EtOAc (50 mL x 3). The combined organic
phases were dried (Mg,S0a), filtered and concentrated in vacuo. Purification by column
chromatography (SiO,, Et,O/pentane, 1:1 = 7:3) gave a-aziridinyl alcohol 2aal (1.60 g,

5.90 mmol, 66%) as a colourless oil.

Rf 0.33 (Et20/pentane, 1:1).

1H NMR (400 MHz, CDCls) § 7.92 — 7.78 (2H, m, H8), 7.40 — 7.25 (2H, m, H9), 4.10 (1H, ddd,
J=13.2,9.3,2.6 Hz, H1), 3.98 — 3.80 (1H, m, H1), 3.02 — 2.88 (2H, m, H2, H3), 2.65 (1H, dd,
J=9.3,5.1Hz, OH), 2.45 (3H, s, H11), 1.69 — 1.48 (2H, m, H4), 1.29 (2H, app. dq, J = 14.5,
7.5 Hz, H5), 0.87 (t, J = 7.2 Hz, H6).

13C NMR (101 MHz, CDCls) 6 144.4, 137.4,129.8, 127.5, 61.1, 51.9, 46.4, 32.4, 21.8, 20.5,
13.7.

Data in agreement with that reported previously.'®
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Trans-2-(lodomethyl)-3-propyl-1-tosylaziridine, 2aa, step 2:

%5\
I\\\“2
1

> e
DIAD (0.76 mL, 3.60 mmol), PPhs3 (943 mg, 3.60 mmol), Mel (0.23 mL, 3.60 mmol) and a-
aziridinyl alcohol 2aal (807 mg, 3.00 mmol) in anhydrous toluene (40 mL) were submitted
to General Procedure 6 for 16 h. Purification by column chromatography (SiOa,
Et,O/pentane, 1:19 = 1:9) gave a-iodoaziridine 2aa (800 mg, 2.11 mmol, 70%) as a yellow

oil.

Rr0.33 (Et20/pentane, 1:17).

m.p. 42 °C.

IR vmax/cm ~1 (film) 2960, 2929, 2872, 2360, 2341, 1597, 1457, 1430, 1321, 1156, 920, 694.
IH NMR (400 MHz, CDCls) & 7.85 — 7.82 (2H, m, H9), 7.34 — 7.30 (2H, m, H8), 3.46 — 3.35
(2H, m, H1), 3.04 (1H, ddd, J = 9.0, 5.5, 4.3 Hz, H2), 2.74 (1H, ddd, J = 7.3, 6.0, 4.3 Hz, H3),
2.44 (3H, s, H11), 1.79 — 1.60 (2H, m, H4), 1.45 — 1.34 (2H, m, H5), 0.92 (3H, t, J = 7.4 Hz,
H6).

13C NMR (101 MHz, CDCls) 6 144.4,137.5,129.7,127.7,51.6, 49.8,31.9, 21.8, 20.8, 13.9,
1.8.

HRMS (ESI) [M - H] C13H1702NIS requires 378.0019; found 378.0021.
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3-(lodomethyl)-2,2-dimethyl-1-tosylaziridine, 2ab

(3,3-Dimethyl-1-tosylaziridin-2-yl)methanol, 2ab1, Step 1:

According to a modified literature procedure.*® Chloramine-T.3H,0 (2.25 g, 9.90 mmol) was
added to a solution of 3-methylbut — 2-en — 1-ol (1.1 mL, 9.00 mmol) in anhydrous MeCN
(45 mL) in a flame dried flask at room temperature. PTAB (339 mg, 0.90 mmol) was added
and the reaction mixture was stirred for 16 h at room temperature. The reaction mixture
was poured into H0 (30 mL) and extracted with EtOAc (50 mL x 3). The combined organic
phases were dried (Mg,S04), filtered and concentrated in vacuo. Purification by column
chromatography (SiO2, Et.O/pentane, 1:1) gave a-aziridinyl alcohol 2abl (1.50 g, 5.90

mmol, 66%) as a white solid.

R 0.22 (EtOAc/pentane, 1:1).

m.p. 60 — 65 °C [lit.*® 63 — 64 °C].

1H NMR (400 MHz, CDCls) § 8.00— 7.74 (2H, m, H7), 7.39— 7.25 (2H, m, H8), 3.74 (1H, ddd,
J=11.9,7.6,5.1 Hz, H1), 3.51 (1H, ddd, J = 11.9, 7.3, 4.8 Hz, H1), 3.13 (1H, dd, J= 7.3, 5.1
Hz, H2), 2.43 (3H, s, H10), 1.73 (3H, s, H4/5), 1.33 (3H, s, H4/5).

13C NMR (101 MHz, CDCls) 6 144.1, 138.0, 129.8, 127.5, 60.5, 52.5,52.1, 21.7, 21.5, 21.3.

Data in agreement with that reported previously.'®
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3-(lodomethyl)-2,2-dimethyl-1-tosylaziridine, 2ab, Step 2:

DIAD (0.76 mL, 3.60 mmol), PPhsz (943 mg, 3.60 mmol), Mel (0.23 mL, 3.60 mmol) and a-
aziridinyl alcohol 2ab1 (766 mg, 3.00 mmol) in toluene (40 mL) were submitted to General
Procedure 6 for 16 h. Purification by column chromatography (SiO,, Et,0/pentane, 1:19)

gave a-iodoaziridine 2ab (750 mg, 2.05 mmol, 68%) as a white solid.

R: 0.38 (EtOAc/pentane, 1:9).

m.p. 86 — 88 °C.

IR vmax/cm ~1 (film) 2967, 2926, 2359, 2343, 1558, 1458, 1322, 1156.

'H NMR (400 MHz, CDCl3) 6§ 7.87 — 7.80 (2H, m, H7), 7.34 — 7.27 (2H, m, H8), 3.28 (1H, dd,
J=28.0, 6.6 Hz, H1), 3.09 (1H, dd, / = 10.3, 6.6 Hz, H1), 2.95 (1H, dd, J = 10.3, 8.0 Hz, H2),
2.43 (3H, s, H10), 1.73 (3H, s, H4/5), 1.32 (3H, s, H4/5).

13C NMR (101 MHz, CDCls) 6 144.1, 138.2, 129.6, 127.8,54.1,52.7,21.7, 21.2, 20.4, 0.1.

HRMS (ESI*) [M + H]* C12H1702NIS requires 366.0019; found 366.0020.
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1-(4-((2-(lodomethyl)aziridine-1-yl)sulfonyl)phenyl)-5-(p-tolyl)-3-(trifluoromethyl)-1H-

pyrazole, 2ac

=
9
5 7 s/
4 12 4,
0,8
|
N 14
NG 1
3

Chloramine-T.3H,0 (107 mg, 0.38 mmol), N-allyl sulfonamide 5ac (135 mg, 0.32 mmol),
iodine (97 mg, 0.38 mmol) in MeCN (2.5 mL) were subjected to General Procedure 4 for 19
h. Purification by column chromatography (SiO;, Et,O/pentane, 1:4 - 1:3) gave a-

iodoaziridine 4ac (125 mg, 0.23 mmol, 72%) as a white solid.

Rr0.40 (Et20/pentane, 3:7).

m.p. 92 °C.

IR vmax/cm ™1 (film) 1498, 1333, 1237, 1162, 1135, 1096, 975, 746, 636.

IH NMR (400 MHz, CDCl3) § 7.98 — 7.93 (2H, m, H5), 7.55 — 7.50 (2H, m, H6), 7.21 — 7.16
(2H, m, H14), 7.14 = 7.09 (2H, m, H13), 6.74 (1H, q, 3Jcrs = 0.5 Hz, H9), 3.16 — 3.08 (2H, m,
H1),3.06 = 2.99 (1H, m, H2), 2.93 — 2.89 (1H, m, H3), 2.39 (3H, s, H16), 2.28 — 2.22 (1H, m,
H3).

13C NMR (126 MHz, CDCls) & 145.5, 144.4 (q, 2Jcrs = 38.6 Hz), 143.7, 140.0, 137.0, 123.0,
129.6, 129.0, 125.9, 125.5, 121.2 (q, Ycrs = 269.3 Hz), 106.7 (q, 3Jcrs = 2.0 Hz), 41.9, 36.5,
21.5, 2.1.

1SF NMR (377 MHz, CDCl3) § —62.5.

HRMS (ESI*) [M + H]* C20H1802N3lS requires 548.0111; found 548.0111.
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2-(lodomethyl)-1-((2,4,6-triisopropylphenyl)sulfonyl)aziridine, 2ad

Chloramine-T.3H,0 (1.13 g, 4.00 mmol), N-allyl sulfonamide 5ad (1.29 g, 4.00 mmol),
iodine (1.01 g, 4.00 mmol) in MeCN (24 mL) were subjected to General Procedure 4 for 19
h. Purification by column chromatography (SiO,, Et;O/pentane 1:19 - 1:9) gave a-

iodoaziridine 2ad (939 mg, 2.09 mmol, 52%) as an off white solid.

Rr0.44 (Et,0/pentane, 1:9).

m.p. 55-57 °C.

IR vmax/cm ™~ (film) 2960, 2361, 1600, 1460, 1320, 1162, 1154, 939, 697.

IH NMR (400 MHz, CDCls) & 7.19 (2H, s, H6), 4.32 (2H, hept., J = 6.8 Hz, H8), 3.13 — 3.04
(3H, m, H1, H2), 2.97 — 2.85 (2H, m, H3, H10), 2.17 (1H, dd, J = 2.5, 1.2 Hz, H3), 1.28 (6H,
d, )= 6.8 Hz, H9), 1.28 (6H, d, J = 6.7 Hz, H9), 1.25 (6H, d, J = 6.9 Hz, H11).

13C NMR (101 MHz, CDCls) 6 153.9, 151.4, 131.2, 124.0, 40.7, 35.7, 34.4, 29.9, 25.1, 25.0,
23.7,2.8.

HRMS (ESI*) [M + H]* C1gH2002NIS requires 450.0958; found 450.0955.
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2-(Bromomethyl)-1-tosylaziridine, 2ae

According to a modified literature procedure.'’ A solution of bromine (0.10 mL, 2.00 mmol)
in CHCl3 (2 mL) was added dropwise to a solution of N-allyl-sulfonamide 5a (422 mg, 2.00
mmol) in CHCl3 (4 mL) at 0 °C. The mixture was stirred for 10 min and then left to stand at
0 °C for 1 h and then concentrated in vacuo at room temperature. The residue was re-
diluted in EtOH (5 mL) and NaOH (0.1 N in EtOH, 25 mL, 2.50 mmol) was added at room
temperature and the mixture was stirred for 15 min. The mixture was poured into Na2S;03
(sat. ag., 10 mL) and extracted with CH,Cl; (10 mL x 3), washed with brine (20 mL), dried
(Mg»S0a), filtered and concentrated in vacuo. Purification by column chromatography
(SiO, Et,0/pentane, 1:9) gave a-bromoaziridine 2ae (237 g, 1.04 mmol, 52%) as a pale

orange oil.

Rr0.29 (Et20/pentane, 1:9) [UV, PMA].

1H NMR (400 MHz, CDCls) § 7.84 (2H, d, J = 8.4 Hz, H5), 7.35 (2H, d, J = 8.0 Hz, H6), 3.33 —
3.23 (2H, m, H1), 3.13- 3.05 (1H, m, H2), 2.81 (1H, d, J = 6.8 Hz, H3), 2.45 (3H, s, H8), 2.23
(1H, d, J = 4.2 Hz, H3).

13CNMR (101 MHz, CDCl3) 6 145.1, 134.6, 129.9, 128.4, 40.0, 34.4, 30.7, 21.8.

Data in agreement with that reported previously.'®
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S2.4 N-Allyl Sulfonamides

N-Allyl-N-methylbenzenesulfonamide, 5a

NEts (2.8 mL, 20.0 mmol), N-allyl amine (1.1 mL, 15.0 mmol) and 4-methylbenzenesulfonyl
chloride (1.91 g, 10.0 mmol) in CH,Cl, (50 mL) were subjected to the conditions of general
procedure 9A for 90 min. N-Allyl-sulfonamide 5a (2.20 g, 10.4 mmol, quant.) was obtained

as a white solid.

Rr 0.63 (EtOAc/pentane, 3:7) [UV, KMnOQO4].

m.p. 59 — 60 °C [lit.8 63 °C].

1H NMR (400 MHz, CDCl3) § 7.77 — 7.74 (2H, m, H5), 7.34 — 7.29 (2H, m, H6), 5.72 (1H, ddt,
J=17.1,10.2, 5.8 Hz, H2), 5.17 (1H, dtd, J = 17.1, 1.7, 1.1 Hz, H1), 5.10 (1H, app. dqg, J =
10.2, 1.3 Hz, H1), 4.44 (1H, br. s, NH), 3.61 —3.57 (2H, m, H3), 2.43 (3H, s, H8).

13C NMR (101 MHz, CDCls) 6 143.7,137.2, 133.2,129.9, 127.3, 117.9, 45.9, 21.7.

Data in agreement with that reported previously.®

N-Allyl-N-methoxybenzenesulfonamide, 5b

6
5 7.0
2 H 4 8
. g
3 0,

NEts (1.40 mlL, 10.00 mmol), N-allyl amine (0.56 mL, 7.50 mmol) and 4-

methoxybenzenesulfonyl chloride (1.03 g, 5.00 mmol) in CH2Cl; (25 mL) were subjected to
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the conditions of general procedure 9A for 2 h. N-Allyl-sulfonamide 5b (966 mg, 4.38 mmaol,

88%) was obtained as a pale-yellow oil.

Rr 0.49 (EtOAc/pentane, 3:7) [UV, KMnOQ4].

'H NMR (400 MHz, CDCl3) 6 7.85 —7.76 (2H, m, H5), 7.02 — 6.94 (2H, m, H6), 5.72 (1H, ddt,
J=17.1,10.2, 5.8 Hz, H2), 5.16 (1H, app. dq, J = 17.1, 1.5 Hz, H1), 5.10 (1H, app. dg, J =
10.3, 1.3 Hz, H1), 4.44 (1H, br. t, /= 6.1 Hz, NH), 3.87 (3H, s, H8), 3.58 (2H, app. tt, / = 6.0,
1.5 Hz, H3).

13C NMR (101 MHz, CDCls) 6 163.1, 133.2, 131.7,129.4, 117.8, 114.4, 55.8, 45.9.

Data in agreement with that reported previously.*

N-Allyl-2-methylbenzenesulfonamide, 5¢

NEts (0. 56 mL, 4.00 mmol), N-allyl amine (0.23 mL, 3.00 mmol) and o-tosyl chloride (0.29
mL, 2.00 mmol, 97% purity) in CH,Cl; (10.0 mL) were subjected to the conditions of general
procedure 9A for 2 h. N-Allyl-sulfonamide 5c¢ (534 mg, 2.52 mmol, quant.) was obtained as

a colourless oil.

R: 0.32 (Et20/pentane, 3:7) [UV, KMnOa].

'H NMR (400 MHz, CDCl3) 6 7.98 (1H, dd, J = 8.2, 1.4 Hz, H5), 7.47 (1H, td, J = 7.5, 1.4 Hz,
H7), 7.35—=7.29 (2H, m, H8, H6), 5.72 (1H, ddt, /= 17.1, 10.3, 6.0 Hz, H2), 5.17 (1H, app.
dqg,J=17.1, 1.5 Hz, H1), 5.11 (1H, app. dqg, / = 10.3, 1.3 Hz, H1), 4.45 (1H, br. s, NH), 3.59

(2H, tt, /= 6.0, 1.5 Hz, H3), 2.66 (3H, s, H10).
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13C NMR (101 MHz, CDCl3) & 138.0, 137.2, 133.2, 133.0, 132.7, 129.7, 126.3, 118.0, 45.8,
20.5.

Data in agreement with that reported previously.?°

N-Allylbenzenesulfonamide, 5d

NEts (2.8 mL, 20.0 mmol), N-allyl amine (1.4 mL, 15.0 mmol) and 2-benzenesulfonyl
chloride (1.3 mL, 10.0 mmol) in CH2Cl; (50 mL) were subjected to the conditions of general
procedure 9A for 10 min. N-Allyl-sulfonamide 5d (2.20 g, 11.2 mmol, quant.) was obtained

as a colourless oil.

R¢ 0.30 (Et20/pentane, 1:1) [UV, KMnQOa4].

1H NMR (400 MHz, CDCls) & 7.90 — 7.86 (2H, m, H5), 7.60 — 7.56 (1H, m, H7), 7.54 — 7.49
(2H, m, H6), 5.71 (1H, ddt, J = 17.1, 10.2, 5.8 Hz, H2), 5.15 (1H, app. dqg, / = 17.1, 1.6 Hz,
H1), 5.08 (1H, app. dg, J = 10.2, 1.3 Hz, H1), 4.84 (1H, br. t, J = 6.4 Hz, NH), 3.59 (1H, app.
tt, /= 6.0, 1.5 Hz, H3).

13C NMR (101 MHz, CDCls) 6 140.1, 133.0, 132.8, 129.2, 127.2, 117.8, 45.9.

Data in agreement with that reported previously.?

N-Allyl-N-bromobenzenesulfonamide, 5e
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NEts; (1.38 mL, 9.90 mmol), N-allyl amine (0.74 mL, 9.90 mmol) and 4-
bromobenzenesulfonyl chloride (2.30 g, 9.00 mmol) in CH,Cl, (36 mL) were subjected to
the conditions of general procedure 9B for 18 h. N-Allyl-sulfonamide 5e (2.45 g, 8.91 mmol,

99%) as an off white solid.

R¢ 0.55 (EtOAc/pentane, 3:7) [UV, KMnQ4].

m.p. 57— 58 °C [lit>3 58 — 60 °C].

'H NMR (400 MHz, CDCl3) 6 7.78 — 7.70 (2H, m, H6), 7.70 — 7.62 (2H, m, H5), 5.72 (1H, ddt,
J=17.1,10.2, 5.8 Hz, H2), 5.17 (1H, app. dqg, / = 17.2, 1.5 Hz, H1), 5.12 (1H, app. dqg, J =
10.2, 1.3 Hz, H1), 4.60 (1H, br. s, NH), 3.62 (2H, d, / = 5.8 Hz, H3).

13C NMR (101 MHz, CDCls) & 139.3,132.9, 132.6, 128.8, 127.8, 118.2, 45.9.

Data in agreement with that reported previously.?*

4-Acetyl-N-allylbenzenesulfonamide, 5f

NEts (1.40 mL, 10.0 mmol), N-allyl amine (0.57 mL, 7.50 mmol) and 4-
acetylbenzenesulfonyl chloride (1.10 g, 5.00 mmol) in CH2Cl; (25 mL) were subjected to
the conditions of general procedure 9A for 90 min. N-Allyl-sulfonamide 5f (820 mg, 3.43

mmol, 67%) was obtained as a white solid.

R¢0.22 (EtOAc/pentane, 3:7) [UV, KMnO4].
m.p. 102 °C

IR vmax/cm ~1 (film) 3272, 1687, 1398, 1359, 1158, 1111, 940, 643.
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IH NMR (400 MHz, CDCl3) & 8.12 — 8.04 (2H, m, H), 8.00 — 7.93 (2H, m, H), 5.71 (1H, ddt, J
=17.1,10.2, 5.8 Hz, H2), 5.17 (1H, app. dq, J = 17.1, 1.5 Hz, H1), 5.13 — 5.09 (1H, m, H1),
4.69 (1H, br. s, NH), 3.64 (2H, app. tt, J = 6.0, 1.6 Hz, H3), 2.66 (3H, s, H9).

13C NMR (101 MHz, CDCl3) 6 196.9, 144.2, 140.2, 132.8, 129.1, 127.5, 118.2, 46.0, 27.0.

HRMS (ESI*) [M + Na]* C11H1303NNaS requires 262.0508; found 262.0510.

N-Allyl-4-cyanobenzenesulfonamide, 5g

NEtz (0.56 mL, 4.00 mmol), N-allyl amine (0.23 mL, 3.00 mmol) and 4-
cyanobenzenesulfonyl chloride (403 mg, 2.00 mmol) in CH,Cl; (10 mL) were subjected to
the conditions of general procedure 9A for 2 h. N-Allyl-sulfonamide 5g (424 mg, 1.80 mmol,

95%) was obtained as a white solid.

R:0.10 (Et20/pentane, 3:7) [UV, KMnOa].

m.p. 83 °C [lit.> 81.5 - 82 °C].

1H NMR (400 MHz, CDCl3) & 8.06 — 7.94 (2H, m, H5), 7.88 — 7.78 (2H, m, H6), 5.71 (1H, ddt,
J=17.1,10.2, 5.9 Hz, H2), 5.23 = 5.10 (2H, m, H1), 4.58 (1H, t, / = 6.5 Hz, NH), 3.67 (2H,
app. tt, J = 6.0, 1.5 Hz, H3)

13C NMR (101 MHz, CDCls) & 144.7,133.1, 132.6, 127.9, 118.5, 117.4, 116.7, 46.0.

Data in agreement with that reported previously.?>
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N-Allyl-3,5-bis(trifluoromethyl)benzenesulfonamide, Sh

NEts (2.8 mL, 20.0 mmol), N-allyl amine (1.4 mL, 15.0 mmol) and 3,5-bis(trifluoromethyl)-
benzenesulfonyl chloride (3.13 g, 10.0 mmol) in CH2Cl; (50 mL) were subjected to the
conditions of general procedure 9A for 1 h. N-Allyl-sulfonamide 5h (3.30 g, 10.0 mmol,

100%) was obtained as a white solid.

R¢ 0.50 (Et20/pentane, 3:7) [UV, KMnQOa4].

m.p. 77 °C.

14 NMR (400 MHz, CDCls) & 8.32 (2H, app. dp, J = 1.7, 0.6 Hz, H5), 8.08 (1H, tq, /= 1.6, 0.8
Hz, H7), 5.71 (1H, ddt, J=17.1, 10.2, 6.0 Hz, H2), 5.25 = 5.11 (2H, m, H1), 4.76 (1H, br. t, J
=6.2 Hz, NH), 3.72 (2H, app. tt, / = 6.0, 1.5 Hz, H3).

13C NMR (101 MHz, CDCls) 6 143.4, 133.1 (q, %Jcrs = 34.3 Hz), 132.4, 127.6 (q, *Jcr3 = 4.0
Hz), 126.4 (hept., 3Jcr3 = 3.7 Hz), 122.6 (q, Yers = 273.4 Hz), 118.7, 46.0.

15F NMR (377 MHz, CDCls) § —62.98.

Data in agreement with that reported previously.?®

N-Allyl-3,5-difluorobenzenesulfonamide, 5i

NEts (2.8 mL, 20.0 mmol), N-allyl amine (1.4 mL 150 mmol) and 3,5-

difluorobenzenesulfonyl chloride (2.13 g, 10.0 mmol) in CH,Cl, (50 mL) were subjected to
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the conditions of general procedure 9A for 4 h. N-Allyl-sulfonamide 5i (2.30 g, 9.96 mmaol,

99%) was obtained as an off-white solid.

R:0.32 (Et20/pentane, 3:7) [UV, KMnOa].

m.p. 66 °C.

IR vmax/cm~1* (film) 1606, 1439, 1326, 1311, 1300, 1151, 1128, 987, 669.

'H NMR (400 MHz, CDCls) 6 7.46 — 7.35 (2H, m, H5), 7.03 (1H, tt, /= 8.4, 2.3 Hz, H7), 5.74
(1H, ddt, /= 17.2, 10.3, 5.8 Hz, H2), 5.25 = 5.11 (2H, m, H1), 4.64 (1H, br. s, NH), 3.67 (2H,
tt, /= 6.0, 1.5 Hz, H3).

13C NMR (101 MHz, CDCls) 6 163.0 (dd, “3Jcr = 254.7, 11.5 Hz), 132.6, 118.4, 110.8 (d, 2*/cr
=19.8, 8.4 Hz), 110.8 (d, 3Jcr = 11.4 Hz), 108.5 (t, Ycr = 25.1 Hz), 46.0.

15F NMR (377 MHz, CDCl3) § —105.53.

HRMS (ESI*) [M + H]* CoHsO2NF3S requires 232.0249; found 232.0243.

N-Allyl-N-(o-nitrobenzene)sulfonamide, 5j

NEt3 (0.38 mL, 2.73 mmol), N-allyl amine (0.23 mL, 3.00 mmol) and 2-nitrobenzenesulfonyl
chloride (605 mg, 2.73 mmol) in CHyCl, (2.3 mL) were subjected to the conditions of
general procedure 9B for 90 min. N-Allyl sulfonamide 5j (590 mg, 2.43 mmol, 89%) was

obtained as an off white solid.

Rf 0.43 (EtOAc/pentane, 3:7) [UV, KMnOa4].

m.p. 64 — 65 °C. [lit.27 74 — 75 °C]
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H NMR (400 MHz, CDCl3) 6 8.18 — 8.09 (1H, m, ArH), 7.89 — 7.86 (1H, m, ArH), 7.79 — 7.70
(2H, m, ArH), 5.74 (1H, ddt, J = 17.1, 10.2, 5.8 Hz, H2), 5.38 (1H, br. t, J = 5.0 Hz, NH), 5.21
(1H, dtd, J = 17.1, 1.6, 1.0 Hz, H1), 5.11 (1H, app. dq, J = 10.2, 1.3 Hz, H1), 3.77 (2H, app.
tt, J = 6.0, 1.5 Hz, H3).

13C NMR (101 MHz, CDCls) 6 148.2, 134.2, 133.7, 133.0, 132.6, 131.2, 125.5, 118.3, 46.4.

Data in agreement with that reported previously.?®

N-Allyl-N-(p-nitrobenzene)sulfonamide, 5k

According to a modified literature procedure.*> N-Allyl amine (0.80 mL, 10.4 mmol) was
added dropwise to a solution of 4-nitrobenzenesulfonyl chloride (2.21 g, 10.0 mmol) and
KoCOs3 (1.41 g, 10.1 mmol) in CHxCl; (12.0 mL). The mixture was stirred at room
temperature for 2.5 h and then H,0 (5 mL) was added. The biphasic mixture was poured
into NaHCOs (sat. ag. 10 mL) and extracted with CH,Cl> (10 mL x 3). The organic phases
were combined, washed with brine (50 mL), dried (Mg2S0a), filtered and concentrated in
vacuo. Recrystallisation by dissolving the crude residue in a minimal amount of hot EtOAc,
followed by slow addition of pentane, gave N-allyl sulfonamide 5k (1.68 g, 6.30 mmol, 63%)

as pale-yellow crystals.

R: 0.58 (EtOAc/pentane, 3:7) [UV, KMnOQO4].

m.p. 104 - 106 °C.
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'H NMR (400 MHz, CDCl3) & 8.39 — 8.35 (2H, m, H5), 8.08 — 8.04 (2H, m, H6), 5.72 (1H, ddt,
J=17.1,10.2,5.8 Hz, H2), 5.21 = 5.13 (2H, m, H1), 4.61 (1H, br. t, /= 5.7 Hz, NH), 3.70 (1H,
app. tt, /= 6.0, 1.5 Hz, H3).

13C NMR (101 MHz, CDCls) & 150.3, 146.3, 132.5, 128.5, 124.6, 118.6, 46.0.

Data in agreement with that reported previously.*

N-Allyl-5-bromothiophene-2-sulfonamide, 5|

NEts (1.4 mL, 10.0 mmol), N-allyl amine (0.56 mL, 7.50 mmol) and 5-bromothiophene-2-
sulfonyl chloride (1.31 g, 5.00 mmol) in CH,Cl> (25 mL) were subjected to the conditions of
general procedure 9A for 1 h. N-Allyl-sulfonamide 51 (1.33 g, 4.70 mmol, 95%) was obtained

as an orange solid.

R:0.46 (Et,0/pentane, 2:3) [UV, KMnQO4].

m.p. 45 - 46 °C.

1H NMR (400 MHz, CDCl3) & 7.37 (1H, d, J = 4.0 Hz, H5/6), 7.07 (1H, d, J = 3.9 Hz, H5/6),
5.77 (1H, ddt, J = 17.1, 10.2, 5.8 Hz, H2), 5.23 (1H, app. dq, J = 17.2, 1.5 Hz, H1), 5.17 (1H,
app. dq,/=10.2, 1.3 Hz, H1), 4.63 (1H, br. t, /= 5.9 Hz, NH), 3.69 (2H, app. tt, /= 6.0, 1.5
Hz, H3).

13C NMR (101 MHz, CDCls) 6 141.9, 132.6, 132.5, 130.5, 120.1, 118.4, 46.1.

Data in agreement with that reported previously.??
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N-Allyl-5-(5-(trifluoromethyl)isoxazole-3-yl)thiophene-2-sulfonamide, 5m

5 9 1

6
CF.
N
/\3/\8487 N’O
2

NEts (0.44 mL, 3.14 mmol), N-allyl amine (0.18 mL, 2.40 mmol) and 5-(5-
(trifluoromethyl)isoxazole-3-yl)thiophene-2-sulfonyl chloride (500 mg, 1.57 mmol) in
CH,Cl, (8 mL) were subjected to the conditions of general procedure 9A for 90 min. N-Allyl-

sulfonamide 5m (436 mg, 1.29 mmol, 82%) was obtained as an off white solid.

R:0.56 (EtOAc/pentane, 3:7).

m.p. 114 — 115 °C [lit.3° 124 — 127 °C].

IH NMR (400 MHz, CDCls) & 7.63 (1H, d, J = 3.9 Hz, H5/6), 7.46 (1H, d, J = 3.9 Hz, H5/6),
6.97 (1H, g,/ =0.9 Hz, H9), 5.79 (1H, ddt, J=17.1, 10.2, 5.9 Hz, H2), 5.24 (1H, dtd, /= 17.1,
1.6, 1.0 Hz, H1), 5.17 (1H, app. dqg, J = 10.2, 1.3 Hz, H1), 4.66 (1H, t, J = 6.1 Hz, NH), 3.75
(2H, app. tt, J = 5.9, 1.6 Hz, H3).

13C NMR (126 MHz, CDCls) & 160.14 (q, 2Jcrs = 43.0 Hz), 156.9, 144.2, 134.7, 132.5, 132.4,
128.3,118.5, 117.6 (q, Ycrs = 270.7 Hz), 103.6 (q, ¥Jcrs = 2.0 Hz), 46.2.

19F NMR (377 MHz, CDCls) 6 —64.20.

Data in agreement with that reported previously.>°

N-Allyl-3,5-dimethylisoxazole-4-sulfonamide, 5n

NEts (2.10 mL, 15.0 mmol), N-allyl amine (0.84 mL, 22.5 mmol) and 3,5-dimethylisoxazole-

4-sulfonyl chloride (1.47g, 7.50 mmol) in CH,Cl, (38 mL) were subjected to the conditions
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of general procedure 9a for 1 h. N-Allyl-sulfonamide 5n (1.64 g, 7.50 mmol, 100%) was

obtained as a colourless oil.

R:0.28 (Et20/pentane, 2:3) [PMA].

'H NMR (400 MHz, CDCl3) 6 5.75 (1H, ddt, /= 17.2, 10.2, 5.9 Hz, H2), 5.21 (1H, app. dq, J =
17.2,1.5Hz, H1),5.18 = 5.12 (1H, m, H1), 4.76 (1H, br. s, NH), 3.63 (2H, app. tt, /=6.0, 1.5
Hz, H3), 2.63 (3H, s, H7), 2.41 (3H, s, H8).

13C NMR (101 MHz, CDCls) 6 173.3,157.7, 132.7, 118.4, 116.3, 45.5, 12.8, 11.0.

Data in agreement with that reported previously.°

N-Allyl-1-methyl-1H-pyrazole-4-sulfonamide, 50

s 0, ¢
NEts (0.77 mL, 5.54 mmol), N-allyl amine (0.31 mL, 4.16 mmol) and 1-methyl-1H-pyrazole-
4-sulfonyl chloride (500 mg, 2.77 mmol) in CH,Cl, (14 mL) were subjected to the conditions
of general procedure 9A for 75 min. N-Allyl-sulfonamide 50 (473 mg, 2.35 mmol, 85%) was

obtained as an off-white solid.

Rr0.17 (EtOAc/pentane, 1:1) [UV, KMnOQO4].

m.p. 81 -85 °C.

IR vmax/cm ~1 (film) 3275, 3128, 1525, 1321, 1155, 1120, 706, 659.

1H NMR (400 MHz, CDCls) & 7.82 — 7.77 (1H, s, H6), 7.76 (1H, d, J = 0.7 Hz, H5), 5.79 (1H,
ddt,/=17.1, 10.3, 5.8 Hz, H2), 5.22 (1H, app. dg, /=17.1, 1.5 Hz, H1), 5.16 (1H, app. dq, J

=10.2, 1.3 Hz, H1), 4.44 (1H, br. s, NH), 3.95 (3H, s, H7), 3.64 (2H, s, H3).
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13C NMR (101 MHz, CDCls) 6 138.7, 133.1, 132.0, 122.6, 118.1, 45.9, 39.7.

HRMS (ESI*) [M +H]* C;H120,N3S, requires 202.0645; found 202.0648.

N-Allylbenzo[b]thiophene-2-sulfonamide, 5p

NEts (0.56 mL, 4.00 mmol), N-allyl amine (0.23 mL, 3.00 mmol) and benzo[b]thiophene —
2-sulfonyl chloride (464 mg, 2.00 mmol) in CH2Cl, (10 mL) were subjected to the conditions
of general procedure 9A for 1 h. N-Allyl-sulfonamide 5p (503 mg, 1.99 mmol, 99%) was

obtained as an off white solid.

R:0.39 (Et,0/pentane, 2:3) [UV, KMnOQO4].

m.p. 64 — 66 °C.

IR vmax/cm ™1 (film) 3286, 1505, 1425, 1328, 1152, 1070, 1022, 997, 750, 624.

1H NMR (400 MHz, CDCls) 6 7.92 — 7.84 (3H, m, ArH), 7.54 — 7.42 (2H, m, ArH), 5.79 (1H,
ddt, J=17.1, 10.2, 5.9 Hz, H2), 5.28 = 5.18 (1H, m, H1), 5.14 (1H, app. dq, J = 10.2, 1.3 Hz,
H1), 4.59 (1H, br.t, NH), 3.74 (2H, app. tt, J = 6.0, 1.5 Hz, H3).

13C NMR (101 MHz, CDCls) 6 141.9, 141.0, 137.8, 132.7,129.6, 127.5, 125.8, 125.7, 122.9,
118.3, 46.2.

HRMS (ESI*) [M + H]* C11H1202NS; requires 254.0304; found 254.0305.
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N-Allyl-6-chloroimidazo[2,1-b]thiazole-5-sulfonamide, 5q

NEts (0.54 mL, 3.88 mmol), N-allyl amine (0.22 mL, 2.91 mmol) and 6-chloroimidazo([2,1-
b]thiazole — 5-sulfonyl chloride (500 mg, 1.94 mmol) in CH,Cl> (10 mL) were subjected to
the conditions of general procedure 9A for 1.5 h. N-Allyl-sulfonamide 5q (430 mg, 1.55

mmol, 82%) was obtained as a colourless oil.

R:0.53 (EtOAc/pentane, 3:7) [UV, KMnOQOa4].

IR vmax/cm ~ 1 (film) 3287, 3122, 2360, 1458, 1437, 1345, 1272, 1249, 1272, 1249, 1178,
1141, 620.

1H NMR (400 MHz, CDCl3) & 7.92 (1H, d, J = 4.5 Hz, H5/6), 7.06 (1H, d, J = 4.5 Hz, H5/6),
5.74 (1H, ddt, J = 17.1, 10.2, 6.0 Hz, H2), 5.23- 5.13 (1H, app. dq, / = 17.1, 1.2 Hz, H1), 5.10
(1H, app. dg, / = 10.2, 1.3 Hz, H1), 5.00 (1H, br. t, J = 5.7 Hz, NH), 3.69 (2H, app. tt, J = 6.0,
1.5 Hz, H3).

13C NMR (126 MHz, CDCls) 6 149.7,137.2, 132.5, 120.5, 119.3, 118.5, 114.5, 46.0.

HRMS (ESI") [M - H]" CsH702N3CIS,, requires 275.9674; found 275.9672.

N-Allylcyclopropanesulfonamide, 5r

NEts (2.8 mL, 20.0 mmol), N-allyl amine (1.4 mL, 15.0 mmol) and cyclopropanesulfonyl

chloride (1.0 mL, 10.0 mmol) in CH2Cl, (50 mL) were subjected to the conditions of general
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procedure 9A for 3 h. N-Allyl-sulfonamide 5r (1.80 g, 11.2 mmol, quant.) was obtained as

a yellow ail.

R:0.17 (EtOAc/pentane, 1:4) [KMnOQOa4].

IR vmax/cm ~ 1 (film) 3282, 1422, 1323, 1302, 1143, 1067, 923, 704.

'H NMR (400 MHz, CDCl3) 6 5.96 — 5.85 (1H, m, H2), 5.35 - 5.27 (1H, m, H1), 5.21 (1H, d, J
=10.3 Hz, H1), 4.29 (1H, br. s, NH), 3.80 (2H, br. t, /= 6.1, Hz, H3), 2.48 —2.37 (1H, m, H4),
1.23-1.12 (2H, m, H5), 1.04-0.97 (2H, m, H5).

13C NMR (101 MHz, CDCls) 6 134.0, 117.6, 46.0, 30.6, 5.6.

HRMS (ESI*) [M +H]* CeH1202NS, requires 162.0583; found 162.0583.

N-Allylmethanesulfonamide, 5s

NEts (0.85 mL, 6.12 mmol), N-allyl amine (0.59 mL, 6.73 mmol) and methanesulfonyl
chloride (0.47 mL, 6.12 mmol) in CHxCl, (60 mL) were subjected to the conditions of
general procedure 9B for 90 min. N-Allyl-sulfonamide 5s (691 mg, 5.14 mmol, 84%) was

obtained as a pale-orange oil.

Rf0.21 (EtOAc/pentane, 3:7) [KMnOa4].

14 NMR (400 MHz, CDCls) 6 5.87 (1H, ddt, J = 17.1, 10.2, 5.8 Hz, H2), 5.31 (1H, app. dq, J =
17.1, 1.5 Hz, H1), 5.24 — 5.20 (1H, m, H1), 4.51 (1H, br. s, NH), 3.80 — 3.75 (2H, m, H3), 2.97
(3H, s, H4).

13C NMR (101 MHz, CDCls) 6 133.6, 118.0, 45.8, 41.2.
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Data in agreement with that reported previously.3?

Benzyl 4-(N-allylsulfamoyl)piperidine-1-carboxylate, 5t

6 o 8 10
) ’ iO“JJ\O/\g©“
1/\/’\‘\8 4 12
3 0,
NEts (0.43 mL, 3.08 mmol), N-allyl amine (0.17 mL, 2.31 mmol) and benzyl 4-
(chlorosulfonyl)piperidine-1-carboxylate (489 mg, 1.54 mmol) in CHCl, (7.8 mL) were

subjected to the conditions of general procedure 9A for 2 h. N-Allyl-sulfonamide 5t (359

mg, 1.06 mmol, 69%) was obtained as a colourless oil.

R:0.18 (Et.0/pentane, 7:13) [UV, KMnQO4].

IR Vmax/cm~1 (film) 3265 (br.), 1684, 1473, 1433,1317,1279, 1217, 1138, 1080, 1016, 699.
'H NMR (400 MHz, CDCl3) 6 7.42 — 7.28 (5H, m, ArH), 5.86 (1H, ddt, /= 17.2, 10.2, 5.8 Hz,
H2), 5.28 (1H, app. dq, /= 17.2, 1.6 Hz, H1), 5.20 (1H, app. dqg, / = 10.2, 1.3 Hz, H1), 5.13
(2H, s, H8), 4.34 (2H, br. s, H6), 4.21 (1H, t, /= 6.2 Hz, NH), 3.75 (2H, app. tt, /= 6.0, 1.5 Hz,
H3),3.02 (1H, tt, /= 11.9, 3.7 Hz, H4), 2.80 (2H, br. s, H6), 2.12 (2H, br. d, J = 12.9 Hz, H5),
1.73 (2H, app. qd, / = 12.4, 4.6 Hz, H5).

13C NMR (101 MHz, CDCl3) & 155.1, 136.6, 134.0, 128.7, 128.3, 128.1, 117.9, 67.5, 60.0,
46.3, 43.0, 26.0.

HRMS (ESI*) [M + H]* C13H3302NS, requires 361.1197; found 361.1193.

N-Allylmorpholine-4-sulfonamide, 5u



NEts (2.79 mL, 20.0 mmol), N-allyl amine (1.13 mL, 15.0 mmol) and morpholine — 4-sulfonyl
chloride (1.85 g, 10.0 mmol) in CH,Cl, (50 mL) were subjected to the conditions of general
procedure 9A for 20 h. N-Allyl-sulfonamide 5u (1.39 g, 6.70 mmol, 67%) was obtained as a

white solid.

R 0.14 (Et20/pentane, 2:3) [KMnO4].

m.p 28 °C.

IR vmax/cm ~* (film) 3290 (br.), 2860, 1454, 1325, 1295, 1262, 1152, 1112, 1072, 938, 845,
723.

14 NMR (400 MHz, CDCl3) § 5.95—5.79 (1H, m, H2), 5.28 (1H, app. dq, J = 17.1, 1.5 Hz, H1),
5.21 (1H, app. dqg, /= 10.2, 1.3 Hz, H1), 4.22 (1H, br. s, NH), 3.77 —3.73 (4H, m, H4), 3.75 —
3.66 (2H, m, H3), 3.23 —3.18 (4H, m, H5).

13C NMR (101 MHz, CDCls) & 133.7,117.9, 66.4, 46.4, 46.3.

HRMS (ESI*) [M + H]* C7H1503N5,S, requires 207.0798; found 207.0800.

N-Allylpyrrolidine-1-sulfonamide, 5v

NEts3 (3.36 mL, 24.0 mmol), N-allyl amine (1.34 mL, 18.0 mmol) and pyrrolidine — 1-sulfonyl
chloride (2.04 g, 12.0 mmol) in CHCl, (60 mL) were subjected to the conditions of general
procedure 9A for 2 h. N-Allyl-sulfonamide 5v (2.68 g, 14.0 mmol, 78%) was obtained as a

yellow oil.

R: 0.28 (EtOAc/pentane, 3:7) [KMnQOa4].
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IR Vmax/cm ~1 (film) 3289, 2978, 2879, 1428, 1315, 1144, 1064, 1005, 920.

IH NMR (400 MHz, CDCl3) 6 5.87 (1H, ddt, J = 17.1, 10.2, 5.8 Hz, H2), 5.26 (1H, app. dq, J =
17.1, 1.6 Hz, H1), 5.17 (1H, app. da, / = 10.2, 1.3 Hz, H1), 4.32 (1H, br. s, NH), 3.68 (2H, d,
J=5.8Hz, H3), 3.33 —3.26 (4H, m, H4), 1.96 — 1.87 (4H, m, H5).

13C NMR (101 MHz, CDCls) § 134.0, 117.4, 48.2, 46.2, 25.7.

HRMS (ESI*) [M +H]* C7H1502N,S, requires 191.0849; found 191.0850.

4-Methyl-N-(2-methylallyl)benzenesulfonamide, 5w

p-Toluenesulfonamide (7.0 g, 40 mmol), Nal (300 mg, 2.0 mmol), K,CO3 (6.0 g, 40 mmol)
and 3-chloro — 2-methyl propene (2.0 mL, 20 mmol) in acetone (20 mL) were subjected to
general procedure 10 for 32 h. Purification by column chromatography (SiO,,
EtOAc/pentane, 1:9 = 3:7) gave N-allyl sulfonamide 5w (3.0 g, 13 mmol, 67%) as a yellow

oil.

R 0.42 (Et20/pentane, 1:4) [KMnO4].

1H NMR (400 MHz, CDCl3) 6 7.78 = 7.71 (2H, m, H6), 7.30 (2H, d, J = 7.8 Hz, H7), 4.89 —
4.86 (1H, m, H1), 4.86 — 4.82 (1H, m, H1), 4.58 (1H, s, NH), 3.48 (2H, d, J = 6.4 Hz, H3),
2.43 (3H, s, H9), 1.68 (3H, s, H4).

13C NMR (101 MHz, CDCls) & 143.6, 140.6, 137.1, 129.8, 127.3, 112.9, 49.2, 21.7, 20.2.

Data in agreement with that reported previously.3?
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4-Methyl-N-(3-methylbut-2-en-1-yl)benzenesulfonamide, 5x

p-Toluenesulfonamide (3.80 g, 22.0 mmol), K2CO3 (3.10 g, 22.0 mmol) and prenyl bromide
(2.3 mL, 20.0 mmol) in acetone (20 mL) were subjected to the conditions of general
procedure 10 for 32 h. Purification by column chromatography (SiO,, EtOAc/pentane, 1:9

— 3:7) gave N-allyl sulfonamide 5x (2.50 g, 10.4 mmol, 52%) as a white solid.

Rr0.42 (EtOAc/pentane, 3:7) [KMNnOQOa4].

m.p. 52 °C [lit.33 54 — 55 °C].

1H NMR (400 MHz, CDCls) & 7.79 — 7.71 (2H, m, H6), 7.35 — 7.27 (2H, m, H7), 5.08 — 5.01
(1H, m, H3), 4.25 (1H, br. s, NH), 3.53 (2H, t, J = 6.4 Hz, H4), 2.43 (3H, s, H9), 1.63 (3H, s,
H1), 1.54 (3H, s, H1).

13CNMR (101 MHz, CDCl5) 6 143.5,137.8,137.2,129.8,127.3,119.0,41.2, 25.7,21.7, 17.9.

Data in agreement with that reported previously.>3

N-(Cyclohex-4-en-6-yl)-p-methylbenzenesulfonamide, 5y

Bromocyclohexene (1.30 mL, 11.0 mmol) and TBAI (734 mg, 2.0 mmol) were added to a
mixture of p-toluenesulfonamide (1.70 g, 10.0 mmol) and K,CO3 (2.07 g, 15.0 mmol) in
acetone (50 mL) at room temperature under air. The mixture was heated to reflux for 20

h, then cooled to room temperature and poured onto H;O (10 mL). The agueous phase
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was extracted with EtOAc (10 mL x 3), the combined organic layers were dried (Mg,S0a4),
filtered and concentrated in vacuo. Purification by column chromatography (SiO,
EtOAc/pentane, 1:9 - 1:4) gave N-allyl sulfonamide 5y (1.80 g, 7.20 mmol, 72%) as a white

solid.

R: 0.30 (EtOAc/pentane, 1:4) [KMNnOQOa4].

m.p. 100 — 103 °C [lit.34 102 — 104 °C].

14 NMR (400 MHz, CDCl3) 6 7.79 — 7.75 (2H, m, H8), 7.31 — 7.27 (2H, m, H9), 5.77 — 5.71
(1H, m, H4), 5.33 (1H, app. ddt, J = 10.0, 4.0, 2.2 Hz, H5), 4.71 (1H, br. s, NH), 3.79 (1H, m,
H6), 2.42 —2.41 (3H, m, H11), 1.95-1.87 (2H, m, H3), 1.78 = 1.69 (1H, m, H1), 1.64 — 1.48
(3H, m, H1, H2).

13CNMR (101 MHz, CDCls) 6 143.3,138.4,131.6,129.8,127.1,127.1,49.1, 30.3, 24.6, 21.6,
19.4.

Data in agreement with that reported previously.>*

N-Allyl-4-(5-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzenesulfonamide, 5ac

Celecoxib (250 mg, 0.66 mmol), K2CO3 (91 mg, 1.31 mmol), KI (11 mg, 0.066 mmol) and
allyl bromide (60 pL, 0.66 mmol) in MeCN (2.19 mL) were subjected to the conditions of
General Procedure 8 for 45 h. Purification by flash column chromatography (SiOa,
Et,O/pentane, 1:9 - 1:1) gave N-allyl sulfonamide 5ac (133 mg, 0.32 mmol, 48%) as a

white solid.
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R: 0.46 (Et20/pentane, 3:7).

m.p. 142 °C.

IR vmax/cm~1 (film) 2981, 2360, 1472, 1237, 1161, 1138, 1097, 733.

IH NMR (500 MHz, CDCls) § 7.87 — 7.82 (2H, m, H5), 7.49 — 7.45 (2H, m, H6), 7.20 — 7.15
(2H, m, H14), 7.12 — 7.07 (2H, m, H13), 6.75 (1H, s, H9), 5.71 (1H, ddt, J = 17.1, 10.2, 5.8
Hz, H2), 5.17 (1H, app. dg, J = 17.1, 1.5 Hz, H1), 5.12 (1H, app. dg, / = 10.2, 1.3 Hz, H1),
4.43 (1H,t,J= 6.2 Hz, NH), 3.62 (2H, tt, J = 6.1, 1.5 Hz, H3), 2.38 (3H, s, H16).

13C NMR (126 MHz, CDCl3) & 145.4, 144.3 (q, %Jcrs = 38.8 Hz), 142.7, 140.0, 139.7, 132.8,
129.9, 128.9, 128.3, 125.8, 125.8, 121.2 (q, Ycrs = 269 Hz), 118.3, 106.5 (q, 3Jers = 2.1 Hz),
46.0, 21.5.

19F NMR (377 MHz, CDCl3) 6 —=62.5.

HRMS (ESI*) [M + H]* C20H1702N3F3S, requires 420.0999, found 420.0986.

Compound is known but no data previously reported.?>

N-Allyl-2,4,6-triisopropylbenzenesulfonamide, 5ad

NEts (2.79 mL, 20.0 mmol), N-allyl amine (1.13 mL, 15.0 mmol) and 2,4,6-
triisopropylbenzenesulfonyl chloride (3.03 g, 10.0 mmol) in CH,Cl, (50 mL) were subjected
to the conditions of general procedure 9A for 1 h. Purification by silica plug (Et,O/pentane,

1:9) gave N-allyl sulfonamide 5ad (3.15 g, 9.73 mmol, 97%) as a white solid.
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R¢ 0.39 (Et,0/pentane, 1:4).

m.p. 108 °C.

IR vmax/cm~1 (film) 2981, 2887, 2363, 1384, 1253, 1151, 1072, 955.

1H NMR (400 MHz, CDCl3) 6 7.17 (2H, s, H6), 5.77 (1H, ddt, J = 17.2, 10.3, 6.0 Hz, H2), 5.19
(1H, app. dg, /= 17.1, 1.5 Hz, H1), 5.12 (1H, app. dg, J = 10.2, 1.3 Hz, H1), 4.34 (1H, br.t, J
= 6.1 Hz, NH), 4.15 (2H, hept., J = 6.8 Hz, H10), 3.60 (2H, tt, /= 6.1, 1.5 Hz, H3), 2.90 (1H,
hept., /=6.9 Hz, H8), 1.27 (12H, d, J = 6.8 Hz, H11), 1.26 (6H, d, / = 6.9 Hz, H9).

13CNMR (101 MHz, CDCls) 6 153.0, 150.5, 133.4,132.3, 124.0, 118.0, 45.7,34.3, 29.8, 25.0,
23.7.

HRMS (ESI*) [M + H]* C18H3002NS, requires 324.1992; found 324.1992.
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S2.5 Miscellaneous

5-((3-lodobicyclo[1.1.1]pentan-1-yl)methyl)-2-phenyl-4,5-dihydrooxazole, 3af

lodomethyl oxazoline 2af? (43 mg, 0.15 mmol), [1.1.1]propellane 1 (0.71 M in Et;0, 0.27
mL, 0.20 mmol), Et3B (1.0 M in hexanes, 15 pL, 10 mol%) in CH,Cl; (0.15 mL) was subjected
to general procedure 1. Purification by column chromatography (SiO2, Et,O/pentane, 1:4

— 7:13) gave BCP iodide 3af (47 mg, 0.14 mmol, 91%) as a colourless oail.

R 0.18 (Et.0/pentane, 2:3).

IR vmax/cm ~1 (film) 2989, 2913, 1649, 1449, 1352, 1314, 1176, 1063, 839, 694.

1H NMR (400 MHz, CDCl3) 6 7.93 — 7.88 (2H, m, H9), 7.51 — 7.45 (1H, m, H11), 7.44 — 7.38
(2H, m, H10), 4.68 (1H, dddd, J = 9.6, 8.5, 7.4, 4.5 Hz, H5), 4.12 (1H, dd, J = 14.6, 9.6 Hz,
H6), 3.61 (1H, dd, J = 14.6, 7.4 Hz, H6), 2.35 (6H, s, H2), 1.98 (1H, dd, J = 14.6, 8.5 Hz, H4),
1.85 (1H, dd, J = 14.6, 4.5 Hz, H4).

13C NMR (101 MHz, CDCl3) 6 163.9, 131.5, 128.5, 128.2, 127.9, 78.0, 61.3, 60.3, 45.8, 37.8,
7.0.

HRMS (ESI*) [M + H]* C15H170NI, requires 354.0349; found 354.0349.
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S3.

Chapter 3 Experimental Data

S3.1 General Experimental Procedures

General Procedure 9 — Photoredox catalysed Giese reaction, Conditions A

[If] (2.5 mol%),

(TMS)3SiOH, Na,COs3,
R4 | + Acceptor - R4 R,
CH,Cly,

(3.0 equiv.) Blue LEDs, 24 h

A flame dried vial was charged with BCP(A) iodide (1.0 equiv.), radical acceptor (if solid, 3.0
equiv.), Ir[dF(CF)sppy]2(dtbbpy)PFe (2.5 mol%), anhydrous Na,COs (2.0 equiv.) and
(Me3Si)3SiOH (2.0 equiv.). The vial was then fitted with a PTFE septum, evacuated, and
placed under an Ar atmosphere. The solids were dissolved in CH,Cl; (0.15 M) and then the
radical acceptor (if liquid, 3.0 equiv.) was added. The vial was degassed by freeze-pump-
thaw cycles (x 3), sonicated for 10 seconds, and then irradiated with blue LEDs for 24 h
with rapid stirring (set-up 1). The reaction mixture was poured onto H,O and extracted

with CHxCl; (x 3). The combined organic phases were dried (Mg;S0.), filtered and
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concentrated in vacuo. Purification by column chromatography in the specified eluent

system gave the desired Giese addition product.

Note: Silane by-products could be removed by either a slow, or second, purification by
column chromatography. EtOAc often gave better results than Et>O when used as the more

polar solvent in the eluent system.

General Procedure 10 — Photoredox catalysed Giese reaction, Conditions A
[I] (2.5 mol%),

(TMS)3SiH, Na,COs3,
R4 | + Acceptor > R4 R,
MeOH/H,0 (9:1)

(6.0 equiv.) Blue LEDs, 24 h

A flame dried vial was charged with BCP(A) iodide (1.0 equiv.), radical acceptor (if solid, 6.0
equiv.), Ir[dF(CF)sppylz(dtbbpy)PFe (2.5 mol%) and anhydrous Na,;COs (2.0 equiv.). The vial
was then fitted with a PTFE septum, evacuated, and placed under an Ar atmosphere. The
solids were dissolved in MeOH/H,0 (9:1, 0.15 M), then (MesSi)3SiH (2.0 equiv.) and the
radical acceptor (if liquid, 6.0 equiv.) were added. The vial was then degassed by freeze-
pump-thaw cycles (x 3), sonicated for 10 seconds, and then irradiated with Blue LEDs for
24 h with rapid stirring (set-up 1). The reaction mixture was poured onto H,O and extracted
with CH3Cly (x 3). The combined organic phases were dried (Mg,S0a), filtered and
concentrated in vacuo. Purification by column chromatography in the specified eluent

system gave the desired Giese addition product.
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S3.2 Giese Addition Products

N-Allyl-p-methyl-N-(6-(7-(phenylsulfonyl)allyl)bicyclo[1.1.1]pentan-4-

yl)benzenesulfonamide, 4a

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6a (145 mg, 0.45 mmol),
Ir[dF(CF)sppy]2(dtbbpy)PFe (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)3SiOH
(79 mg, 0.3 mmol) in CH,Cl, (1.0 mL) was subjected to General Procedure 9. Purification by
column chromatography (SiO,, Et.O/pentane, 3:7 = 1:1) gave the title compound 4a (41

mg, 0.090 mmol, 60%) as a clear oil.

Rr 0.18 (Et20/pentane, 2:3) [UV, Vanillin].

IR vmax/cm ~1 (film) 2981, 2884, 1736, 1598, 1382, 1347, 1246, 1158, 1091, 954, 814.

14 NMR (400 MHz, CDCl3) & 7.85 — 7.81 (2H, m, ArH), 7.68 — 7.60 (4H, m, ArH), 7.57 — 7.50
(3H, m, ArH), 7.29 — 7.26 (2H, m, ArH), 6.39 (1H, d, J = 0.6 Hz, H9), 5.76 (1H, ddt, J = 17.2,
10.2, 5.7 Hz, H2), 5.73 = 5.67 (1H, m, H9), 5.19 (1H, app. dg, J = 17.1, 1.6 Hz, H1), 5.11 (1H,
app. dq,J=10.3, 1.4 Hz, H1), 3.85 (2H, app. dt, /= 5.6, 1.6 Hz, H3), 2.47 (2H, s, H7), 2.43
(3H, s, H18), 1.75 (6H, s, H5).

13C NMR (101 MHz, CDCls) & 147.9, 143.3,138.8, 138.5, 135.1, 133.7, 129.7, 129.3,
128.6,127.2,125.5,117.2,53.6, 50.9, 50.1, 35.2, 29.9, 21.7.

HRMS (ESI*) [M + Na]* C4H»7,04NNaS; requires 480.1273; found 480.1274.

267



Methyl 7-(6-((N-allyl-p-methylphenyl)sulfonamido)bicyclo[1.1.1]pentan-4-yl)propanoate,

4b

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6b (81 pL, 0.90 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 L, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO2, Et.O/pentane, 3:7 = 2:3) gave the title
compound 4b (32 mg, 0.09 mmol, 60%) as a colourless oil. Over addition product 4b1 (18
mg, 0.04 mmol, 27%) was also isolated as a colourless oil.

1.0 mmol scale: BCPA iodide 3a (183 mg, 1.00 mmol), radical acceptor 6b (0.54 mL, 6.00
mmol), Ir[dF(CF)sppy]2(dtbbpy)PFs (28 mg, 2.5 mol%), Na.COs (213 mg, 2.00 mmol),
(MesSi)sSiH (0.62 mL, 2.00 mmol) in MeOH/H,0 (9:1, 6.67 mL) was subjected to General
Procedure 10 using a 21 mL vial and Blue LED set-up 1 with Kessil lamp. Purification by
column chromatography (SiO,, Et,0/pentane, 3:7 — 2:3) gave the title compound 4b (183
mg, 0.50 mmol, 50%) as a clear oil. Over addition product 4b1 (105 mg, 0.23 mmol, 23%)
was also isolated as a colourless oil.

Telescope: a-lodoaziridine 2a (51 mg, 0.15 mmol), Ir[dF(CF)sppy]l2(dtbbpy)PFe (2.5 mg, 2.5
mol%), Na;COs (32 mg, 0.30 mmol) were added to a flame dried vial with PTFE septa. The
solids were dissolved in anhydrous CH,Cl; (1.5 mL) and then methyl acrylate 6b (81 uL,
0.90 mmol) and [1.1.1]propellane 1 (0.75 M in Et,0, 0.40 mL, 0.30 mmol) were added. The
vial was degassed by freeze-pump-thaw (x 3, vacuum only applied while frozen due to

volatility of 1 and 6b) and then the reaction mixture was irradiated with Blue LEDs, set-up
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1, for 16 h. (MesSi)sSiH (93 uL, 0.30 mmol) was then added and the mixture was irradiated
for a further 24 h. The reaction mixture was filtered and concentrated in vacuo to give 4b

(*H NMR yield, 31%).

R:0.38 (Et20/pentane, 1:1) [UV, vanillin].

IR vmax/cm ~ 1 (film) 2980, 2915, 1737, 1437, 1346, 1245, 1159, 1092, 838.

'H NMR (400 MHz, CDCl3) 6 7.70 — 7.67 (2H, m, H12), 7.31 — 7.27 (2H, m, H13), 5.81 (1H,
ddt, J=17.2,10.3, 5.6 Hz, H2), 5.24 (1H, app. dq, J = 17.2, 1.6 Hz, H1), 5.14 (1H, app. dq, J
= 10.3, 1.5 Hz, H1), 3.91 (2H, dt, / = 5.6, 1.6 Hz, H3), 3.64 (3H, s, H10), 2.42 (3H, s, H15),
2.26 (2H,t,J=7.2 Hz, H8), 1.81 (2H, t, J = 7.1 Hz, H7), 1.80 (6H, s, H5).

13C NMR (101 MHz, CDCls) & 173.8, 143.2, 138.7, 135.3, 129.6, 127.3, 117.2, 53.1, 51.7,
50.7,50.1, 36.0, 31.6, 25.2, 21.7.

HRMS (ESI*) [M + Na]* C19H2504NNaS, requires 386.1396; found 386.1395.

Dimethyl-2-((3-((N-allyl-4-methylphenyl)sulfonamido)bicyclo[1.1.1]pentan-1-

yl)methyl)pentanedioate, 4b1

R¢0.63 (EtOAc/pentane, 2:3) [UV, vanillin].
IR Vmax/cm ~1 (film) 2952, 1734, 1437, 1345, 1244, 1158, 1092, 837.
1H NMR (400 MHz, CDCl3) & 7.70 — 7.64 (2H, m, H16), 7.30— 7.22 (2H, m, H17), 5.87 = 5.72

(1H, m, H2), 5.27 = 5.16 (1H, m, H1), 5.12 (1H, app. dg, J = 10.3, 1.5 Hz, H1), 3.88 (2H, app.
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dt, J = 5.6, 1.4 Hz, H3), 3.65 (3H, s, OMe), 3.63 (3H, m, OMe), 2.42 (3H, s, H19), 2.34 (1H,
dg, /= 8.9, 4.6 Hz, H8), 2.31 —2.22 (2H, m, H12), 1.95 — 1.83 (2H, m, H7, H11), 1.87 - 1.73
(7H, m, H5, H11), 1.60 (1H, dd, J = 14.4, 4.5 Hz, H7).

13C NMR (101 MHz, CDCls) 6 175.8, 173.3, 143.2, 138.6, 135.3, 129.6, 127.3, 117.2, 53.6,
52.8,51.8,50.7,50.1, 43.0, 35.3, 32.5, 31.6, 27.9, 21.6.

HRMS (ESI*) [M + Na]* C23H310sNNaS, requires 472.1788; found 472.1764.

Methyl 3-(3-((N-allyl-4-methylphenyl)sulfonamido)bicyclo[1.1.1]pentan-1-yl)propanoate —

2-d, di-4b

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6b (81 uL, 0.90 mmol),
Ir[dF(CF)sppyl2(dtbbpy)PFes (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (Me3Si)sSiD
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO2, Et.O/pentane, 3:7 = 2:3) gave the title

compound d1-4b (17 mg, 0.047 mmol, 30%) as a colourless oil.

IR Vmax/cm ~1 (film) 2914, 1736, 1346, 1244, 1182, 1159, 1092, 838, 661.

IH NMR (400 MHz, CDCls) § 7.72 — 7.64 (2H, m, H12), 7.30 — 7.24 (2H, m, H13), 5.81 (1H,
ddt, J = 17.2, 10.3, 5.6 Hz, H2), 5.23 (1H, app. dq, J = 17.2, 1.6 Hz, H1), 5.13 (1H, app. dq, J
= 10.3, 1.5 Hz, H1), 3.90 (2H, app. dt, J = 5.6, 1.7 Hz, H3), 3.64 (3H, s, H10), 2.42 (3H, s,

H15), 2.20 (0.88H, ddt, J = 7.5, 4.4, 2.6 Hz, H8), 1.84 — 1.77 (2H, m, H7), 1.80 (6H, s, H5).
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13C NMR (101 MHz, CDCl3) & 171.8, 143.2, 138.7, 135.3, 129.6, 127.3, 117.2, 53.1, 51.7,
50.7,50.1, 35.9, 31.3, 25.2, 21.7.

HRMS (ESI*) [M + Na]* C19H24D0O4NNaS, requires 387.1459; found 387.1459.

Ethyl-2-((3-((N-allyl-4-methylphenyl)sulfonamido)bicyclo[1.1.1]pentan-1-

yl)methyl)acrylate, 4c

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6¢ (142 mg, 0.45 mmol),
Ir[dF(CF)sppy]2(dtbbpy)PFe (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)3SiOH
(79 mg, 0.30 mmol) in CH,Cl> (1.0 mL) was subjected to General Procedure 9. Purification
by column chromatography (SiO», Et,O/pentane, 1:19 = 1:4) gave the title compound 4c

(25 mg, 0.064 mmol, 43%) as a colourless oil.

R 0.37 (EtOAc/pentane, 1:9).

IR vmax/cm ~ 1 (film) 2982, 1716, 1276, 1261, 1158, 764, 750.

1H NMR (400 MHz, CDCls) § 7.71 — 7.63 (2H, m, H14), 7.30 — 7.22 (2H, m, H15), 6.13 (1H,
d,J=1.6 Hz, H9), 5.80 (1H, ddt, J = 17.2, 10.3, 5.6 Hz, H2), 5.44 (1H, dt, J = 1.6, 0.9 Hz, H9),
5.21 (1H, app. dg, J = 17.2, 1.6 Hz, H1), 5.11 (1H, app. dqg, J = 10.3, 1.6 Hz, H1), 4.16 (2H, q,
J=7.1Hz, H11), 3.88 (2H, dt, J = 5.6, 1.6 Hz, H3), 2.50 (2H, d, J = 0.9 Hz, H7), 2.41 (3H, s,
H17), 1.79 (6H, s, H5), 1.27 (3H, t, J = 7.1 Hz, H12).

13C NMR (101 MHz, CDCls) 6 167.1, 143.2, 138.7, 138.1, 135.3, 129.6, 127.3, 126.4, 117.1,

60.8, 53.5, 50.9, 50.1, 35.8, 32.9, 21.6, 14.3.
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HRMS (ESI*) [M + Na]* C21H2704NNaS, requires 412.1550; found 412.1558.

N-Allyl-N-(3-(2-bromoallyl)bicyclo[1.1.1]pentan-1-yl)-4-methylbenzenesulfonamide, 4d

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6d (118 mg, 0.45 mmol),
Ir[dF(CF)sppy]2(dtbbpy)PFe (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)3SiOH
(79 mg, 0.30 mmol) in CH,Cl> (1.0 mL) was subjected to General Procedure 9. Purification
by column chromatography (SiO2, EtOAc/pentane, 3:97) gave the title compound 4d (17

mg, 0.043 mmol, 28%) as a colourless oil.

R 0.61 (EtOAc/pentane, 1:9) [UV, Vanillin].

IR vmax/cm ~ 1 (film) 2981, 1629, 1345, 1244, 1183, 1158, 1092, 912, 733, 661.

1H NMR (400 MHz, CDCls) § 7.73 = 7.66 (2H, m, H11), 7.32 = 7.24 (2H, m, H12), 5.82 (1H,
ddt, J=17.1, 10.3, 5.6 Hz, H2), 5.49 (1H, dt, J = 1.7, 0.9 Hz, H9), 5.40 (1H, d, J = 1.7 Hz, H9)
5.24 (1H, app. dq, / =17.1, 1.6 Hz, H1), 5.14 (1H, app. dg, / = 10.3, 1.5 Hz, H1), 3.91 (2H,
app. dt, /= 5.6, 1.6 Hz, H3), 2.64 (2H, d, J = 0.9 Hz, H7), 2.42 (3H, s, H14), 1.94 (6H, s, H5).
13C NMR (101 MHz, CDCl3) & 143.2, 138.7, 135.3, 130.5, 129.7, 127.3, 118.4, 117.2, 53.9,
51.1,50.1,42.3,35.1, 21.7.

HRMS (ESI*) [M + H]* C1gH2302N"°BrS, requires 396.0627; found 396.0628.
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N-Allyl-N-(3-(benzo[d]thiazol-2-yl)bicyclo[1.1.1]pentan-1-yl)-4-methylbenzenesulfonamide,

de
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BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6e (124 mg, 0.45 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFe (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiOH
(79 mg, 0.30 mmol) in CH,Cl> (1.0 mL) was subjected to General Procedure 9. Purification
by column chromatography (SiO2, EtOAc/pentane, 1:19 = 1:4) gave the title compound
4e (15 mg, 0.037 mmol, 24%) as a colourless oil.

Rr 0.44 (EtOAc/pentane, 1:4) [UV, KMnQO4].

IR vmax/cm ~ 1 (film) 2981, 1438, 1345, 1246, 1159, 1091, 844, 761, 661.

IH NMR (400 MHz, CDCl3) & 7.97 (1H, ddd, J = 8.3, 1.3, 0.7 Hz, H9/12), 7.82 (1H, ddd, J =
8.0, 1.3, 0.7 Hz, H9/12), 7.76 — 7.72 (2H, m, H15), 7.45 (1H, ddd, J = 8.3, 7.2, 1.3 Hz,
H10/11), 7.35 (1H, ddd, J = 8.0, 7.2, 1.3 Hz, H10/11), 7.33 — 7.29 (2H, m, H16), 5.87 (1H,
ddt, J=17.2,10.2, 5.7 Hz, H2), 5.30 (1H, app. dg, J = 17.2, 1.6 Hz, H1), 5.20 (1H, app. dg, J
=10.2, 1.4 Hz, H1), 4.01 (2H, app. dt, J=5.7, 1.6 Hz, H3), 2.48 (6H, s, H5), 2.43 (3H, s, H18).
13C NMR (101 MHz, CDCls) 6 167.8, 153.6, 143.6, 138.4, 135.5, 135.0, 129.9, 127.4, 126.4,
125.3,123.1,121.7,117.8, 56.6, 51.2, 50.3, 37.0, 21.7.

HRMS (ESI*) [M + H]* C22H2302N5S,, requires 411.1195; found 411.1189.
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N-Allyl-4-methyl-N-(3-(phenylthio)bicyclo[1.1.1] pentan-1-yl)benzenesulfonamide, 4f

9 10
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a

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6f (115 mg, 0.45 mmol),

1

Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na2COs (32 mg, 0.30 mmol), (MesSi)3SiOH
(79 mg, 0.30 mmol) in CH,Cl> (1.0 mL) was subjected to General Procedure 9. Purification
by column chromatography (SiO, EtOAc/pentane, 1:9 = 1:98) gave the title compound 4f

(18 mg, 0.047 mmol, 32%) as a colourless oil.

Rr0.36 (EtOAc/pentane, 1:19).

IR vmax/cm 1 (film) 2917, 1345, 1207, 1181, 1159, 1091, 909, 731.

H NMR (400 MHz, CDCl3) & 7.68 — 7.63 (2H, m, H12), 7.41 — 7.37 (2H, m, ArH), 7.31 = 7.27
(5H, m, ArH, H13), 5.77 (1H, ddt, J=17.2, 10.2, 5.6 Hz, H2), 5.21 (1H, app. dq, /=17.2, 1.6
Hz, H1), 5.12 (1H, app. dq, / = 10.2, 1.4 Hz, H1), 3.87 (2H, app. dt, /= 5.6, 1.6 Hz, H3), 2.42
(3H, s, H15), 2.07 (6H, s, H5).

13C NMR (101 MHz, CDCls) 6 143.5, 138.2, 134.9, 133.9, 133.3,129.8, 129.1, 128.1, 127.3,
1175, 56.8, 51.8, 50.3, 39.5, 21.7.

HRMS (ESI*) [M + Na]* C21H2302NNaS;, requires 408.1062; found 408.1063.
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N-Allyl-N-(3-(2-(phenylsulfonyl)allyl)bicyclo[1.1.1]pentan-1-yl)-4-(5-(p-tolyl)-3-

(trifluoromethyl)-1H-pyrazol-1-yl)benzenesulfonamide, 4g
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BCPA iodide 3ad (75 mg, 0.12 mmol), radical acceptor 6a (118 mg, 0.37 mmol),
Ir[dF(CF)sppyl2(dtbbpy)PFs (3.4 mg, 2.5 mol%), Na,COs (26 mg, 0.24 mmol), (MesSi)3SiOH
(64 mg, 0.24 mmol) in CH,Cl> (0.81 mL) was subjected to General Procedure 9. Purification
by column chromatography (SiO,, EtOAc/pentane, 3:17 = 3:7) gave the title compound

4g (43 mg, 0.064 mmol, 53%) as a colourless oil.

R¢0.32 (EtOAc/pentane, 2:3) [UV, Vanillin].

IR vmax/cm ~1 (film) 2916, 1472, 1305, 1237, 1160, 1141, 1097, 976, 838, 732.

'H NMR (500 MHz, CDCl3) 6 7.86 — 7.80 (2H, m, H11), 7.78 — 7.71 (2H, m, H15), 7.66 — 7.58
(1H, m, H13), 7.57 — 7.49 (2H, m, H12), 7.47 — 7.41 (2H, m, H16), 7.20 — 7.14 (2H, m, H24),
7.12 - 7.06 (2H, m, H23), 6.75 (1H, d, J = 0.6 Hz, H19), 6.39 (1H, d, J = 0.7 Hz, H9), 5.79 —
5.68 (1H, m, H2), 5.69 (1H, app. q, J = 1.1 Hz, H9), 5.18 (1H, app. dg, J = 17.1, 1.5 Hz, H1),
5.12 (1H, app. dqg, /= 10.1, 1.3 Hz, H1), 3.85 (2H, app. dt, J = 5.6, 1.6 Hz, H3), 2.47 (2H, d, )
= 1.1 Hz, H7), 2.38 (3H, s, H26), 1.74 (6H, s, H5).

13C NMR (126 MHz, CDCls) & 147.8, 145.4, 144.2 (q, 2Jcrs = 38.6 Hz), 142.4, 140.9, 140.0,
138.7, 134.6, 133.8, 129.9, 129.4, 128.9, 128.6, 128.2, 125.8, 125.6, 125.5, 121.2 (q, YJcr3
= 269.0 Hz), 117.7, 106.4 (q, 3Jcrs = 2.3 Hz), 53.6, 50.8, 50.2, 35.3, 29.9, 21.5.

9F NMR (377 MHz, CDCl3) § —62.4.
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HRMS (ESI*) [M + H]* C34H33F3N204S; requires 668.1859; found 668.1855.

N-Allyl-N-(3-(2-(phenylsulfonyl)allyl)bicyclo[1.1.1] pentan-1-yl)cyclopropanesulfonamide, 4h

BCPA iodide 3s (41 mg, 0.12 mmol), radical acceptor 6a (112 mg, 0.36 mmol),
Ir[dF(CF)sppy]2(dtbbpy)PFe (3.3 mg, 2.5 mol%), Na2,COs (25 mg, 0.24 mmol), (MesSi)3SiOH
(61 mg, 0.24 mmol) in CH,Cl, (0.78 mL) was subjected to General Procedure 9. Purification
by column chromatography (SiO,, EtOAc/pentane, 3:17 - 3:7) gave the product
containing acceptor 6a as a significant impurity, which could be partially triturated out as
a white solid with Et,O/pentane. The title compound 4h was therefore isolated as an
inseparable mixture of 4h:6a, 1.8:1 (total 34 mg, calculated 0.061 mmol, 50%) as

determined by *H NMR spectroscopy.

Rr 0.32 (EtOAc/pentane, 2:3) [UV, Vanillin].

IR vmax/cm ™1 (film) 2981, 1473, 1448, 1383, 1340, 1306, 1249, 1147, 1081, 955.

1H NMR (400 MHz, CDCl3) & 7.89 — 7.47 (SH, obsc. m, ArH), 6.42 (1H, d, J = 0.8 Hz, H9), 5.82
(1H, ddt, J=17.2,10.3, 5.7 Hz, H2), 5.75 (1H, d, /= 0.8 Hz, H9), 5.22 (1H, app. dqg, / = 17.2,
1.6 Hz, H1), 5.14 (1H, app. dg, / = 10.3, 1.5 Hz, H1), 3.84 (2H, dt, / = 5.6, 1.5 Hz, H3), 2.54
(2H, s, H7), 2.28 (1H, tt, J = 8.0, 4.9 Hz, H14), 1.89 (6H, s, H5), 1.17 — 1.11 (2H, m, H15),

0.97-0.91 (2H, m, H15).
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13C NMR (101 MHz, CDCls) 6 148.0, 138.8, 135.2, 133.8, 129.4, 128.6, 125.6, 117.4, 54.0,
50.9,50.1, 35.1, 31.1, 30.0, 5.7.

HRMS (ESI*) [M + H]* Co0H26NO4S; requires 408.1298; found 408.1296.

t-Butyl 4-(3-(2-(phenylsulfonyl)allyl)bicyclo[1.1.1]pentan-1-yl)piperidine-1-carboxylate, 4i

13

! 0,8

4 10
BCP iodide 4i1 (57 mg, 0.15 mmol), radical acceptor 6a (145 mg, 0.45 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na2COs (32 mg, 0.30 mmol), (MesSi)3SiOH
(79 mg, 0.30 mmol) in CH,Cl> (1.0 mL) was subjected to General Procedure 9. Purification

by column chromatography (SiO, Et,O/pentane, 1:19 = 1:4) gave the title compound 4i

(38 mg, 0.09 mmol, 59%) as a colourless oil.

R 0.23 (Et20/pentane, 1:4).

IR Vmax/cm ~ 1 (film) 2965, 1687, 1424, 1306, 1236, 1174, 1144, 912, 732.

1H NMR (400 MHz, CDCls) & 7.90 — 7.83 (2H, m, H14), 7.67 — 7.58 (1H, m, H16), 7.58 — 7.49
(2H, m, H15), 6.41 (1H, s, H12), 5.78 = 5.73 (1H, m, H12), 4.12 — 4.02 (2H, m, H4), 2.59 (2H,
td, J = 13.0, 2.7 Hz, H4), 2.46 (2H, d, J = 1.1 Hz, H10), 1.50 — 1.46 (1H, m, H6), 1.46 — 1.41
(2H, obsc. m, H5), 1.44 (9H, s, H1), 1.33 (6H, s, H8), 0.97 (2H, app. qd, /= 12.7, 4.4 Hz, H5).
13C NMR (101 MHz, CDCls) & 155.0, 148.3, 139.0, 133.6, 129.3, 128.7, 124.8, 79.4, 48.3,
43.9,42.9,37.3,36.5,31.8, 28.6, 28.5.

HRMS (ESI*) [M + Na]* C24H3304NNaS, requires 454.2023; found 454.2020.
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Ethyl 2,2-difluoro-2-(3-(2-(phenylsulfonyl)allyl)bicyclo[1.1.1]pentan-1-yl)acetate, 4j
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BCP iodide 4j1 (47 mg, 0.15 mmol), radical acceptor 6a (145 mg, 0.45 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na2COs (32 mg, 0.30 mmol), (MesSi)3SiOH
(79 mg, 0.30 mmol) in CH,Cl, (1.0 mL) was subjected to General Procedure 9. Purification
by column chromatography (SiO,, EtOAc/pentane, 1:9 - 3:17) gave the title compound 4j

(26 mg, 0.070 mmol, 47%) as a white solid.

R¢ 0.65 (EtOAc/pentane, 1:4) [UV, PMA].

m.p. 53 -54 °C.

IR vmax/cm ™1 (film) 2982, 1764, 1448, 1305, 1156, 1143, 1094, 1082, 750.

'H NMR (500 MHz, CDCl3) 6§ 7.90 — 7.83 (2H, m, H12), 7.69 — 7.60 (1H, m, H14), 7.59 — 7.52
(1H, m, H13), 6.43 (1H, d, J = 0.5 Hz, H10), 5.75 (1H, app. q, J = 1.0 Hz, H10), 4.30 (2H, q, J
= 7.2 Hz, H2), 2.52 (2H, d, J = 1.0 Hz, H8), 1.70 (6H, s, H6), 1.33 (3H, t, J = 7.2 Hz, H1).

13C NMR (126 MHz, CDCl3) 6 163.3 (t, %Jcr2 = 33.1 Hz), 147.5, 138.7, 133.8, 129.4, 128.6,
125.5, 111.9 (t, Yer2 = 249.7 Hz), 62.8, 49.0, 38.5 (t, 2Jcr2 = 31.4Hz), 38.2, 31.4, 14.3.

19F NMR (377 MHz, CDCl3) 6 —=111.4.

HRMS (ESI*) [M + Na]* C1gH2004F2NaS, requires 393.0943; found 393.0943.
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2-(3-(2-(Phenylsulfonyl)allyl)bicyclo[1.1.1]pentan-1-yl)pyridine, 4k
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BCP iodide 4kl (41 mg, 0.15 mmol), radical acceptor 6a (145 mg, 0.45 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na2COs (32 mg, 0.30 mmol), (MesSi)3SiOH
(79 mg, 0.30 mmol) in CH,Cl> (1.0 mL) was subjected to General Procedure 9. Purification
by column chromatography (SiO2, Et,0/pentane, 3:7 = 4:1) gave the title compound 4k

(20 mg, 0.06 mmol, 40%) as a colourless oil.

R¢ 0.20 (Et20/pentane, 3:2) [UV, KMnQOa4].

IR vmax/cm ~ 1 (film) 2969, 1589, 1475, 1447, 1304, 1141, 1080, 748, 691.

'H NMR (500 MHz, CDCl3) 6 8.52 (1H, ddd, J = 4.9, 1.8, 1.0 Hz, H1), 7.93 — 7.84 (2H, m,
H13), 7.66 — 7.59 (1H, m, H3), 7.61 — 7.49 (3H, m, H14, H15), 7.16 — 7.07 (2H, m, H2,H4),
6.47 (1H, d, J= 0.5 Hz, H11), 5.85 (1H, app. g, J = 1.1 Hz, H11), 2.59 (2H, d, J = 1.1 Hz, H9),
1.91 (6H, s, H7).

13C NMR (126 MHz, CDCls) & 159.3, 149.4, 148.0, 138.8, 136.3, 133.7, 129.3, 128.7, 125.0,
121.7,120.7,52.1,42.7,37.6, 31.4.

HRMS (ESI*) [M + H]* Ci9H2002NS, requires 326.1209; found 326.1208.

N-Allyl-N-(6-(8-cyanoethyl)bicyclo[1.1.1]pentan-4-yl)-p-methylbenzenesulfonamide, 4l
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BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6l (59 uL, 0.90 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)3SiH
(93 L, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.

Purification by column chromatography (SiOz, Et.0/pentane, 3:7) gave the title compound

4] (23 mg, 0.07 mmol, 46%) as an off white solid.

R:0.21 (Et20/pentane, 2:3) [UV, vanillin].

m.p. 104 °C.

IR vmax/cm ~ 1 (film) 2920, 2853, 2247, 1341, 1244, 1183, 1159, 1092, 839.

1H NMR (400 MHz, CDCls) § 7.70 — 7.67 (2H, m, H11), 7.31 — 7.27 (2H, m, H12), 5.81 (1H,
ddt, J = 17.2, 10.2, 5.6 Hz, H2), 5.24 (1H, app. dq, / = 17.1, 1.6 Hz, H1), 5.14 (1H, app. dg, J
=10.3, 1.5 Hz, H1), 3.91 (2H, app. dt, J = 5.6, 1.6 Hz, H3), 2.42 (3H, 5, H14), 2.26 (2H, t, J =
7.2 Hz, H8), 1.92 (6H, s, H5), 1.85 (2H, t, J = 7.1 Hz, H7).

13C NMR (101 MHz, CDCls) & 143.4, 138.5, 135.2, 129.7, 127.3, 119.5, 117.3, 53.3 50.8,
50.1, 35.5, 26.0, 21.7, 15.0.

HRMS (ESI) [M + Na]* C1gH2202N2NaS, requires 353.1294; found 353.1296.

Methyl 7-(6-((N-allyl-p-methylphenyl)sulfonamido)bicyclo[1.1.1]pentan-4-yl)butanoate, 4m

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6m (100 uL, 0.90 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH

(93 L, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
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Purification by column chromatography (SiO,, Et,O/pentane, 1:4 = 2:3) gave the title

compound 4m (28 mg, 0.07 mmol, 46%) as a colourless oil.

R: 0.46 (Et20/pentane, 1:1) [UV, vanillin].

IR vmax/cm ~ 1 (film) 2961, 2919, 1736, 1345, 1245, 1158, 1092, 837, 813, 661.

'H NMR (400 MHz, CDCl3) 6 7.72 — 7.65 (2H, m, H13), 7.31 — 7.24 (2H, obsc. m, H14), 5.82
(1H, ddt, /= 17.1, 10.3, 5.6 Hz, H2), 5.23 (1H, app. dq, J = 17.1, 1.6 Hz, H1), 5.13 (1H, app.
dg, /= 10.1, 1.4 Hz, H1), 3.91 (2H, app. dt, J = 5.6, 1.6 Hz, H3), 3.64 (3H, s, H10), 2.42 (3H,
s, H16), 2.22 (2H, obsc. dd, J = 14.5, 6.1 Hz, H8), 2.16 (1H, obsc. dt, J = 13.6, 6.5 Hz, H7),
2.01(1H, dd, J = 14.4, 7.7 Hz, H8), 1.77 (6H, s, H5), 0.84 (3H, dd, J = 6.8, 1.0 Hz, H11).

13C NMR (400 MHz, CDCls) & 173.4, 143.2, 138.7, 135.4, 129.6, 127.3, 117.2, 51.6, 51.3,
50.5, 50.1, 40.3, 38.8, 29.8, 21.7, 17.0.

HRMS (ESI*) [M + Na]* C,0H2704NNaS, requires 400.1553; found 400.1552.

Dimethyl 2-(3-((N-allyl-4-methylphenyl)sulfonamido)bicyclo[1.1.1]pentan-1-yl)succinate, 4n

15 14
16 13 5 g o 1
17 s0,
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BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6n (113 pL, 0.90 mmol),
Ir[dF(CF)sppy]l2(dtbbpy)PFes (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO2, EtOAc/pentane, 1:19 = 1:4) gave the title

compound 4n (34 mg, 0.09 mmol, 54%) as colourless oil.
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R 0.52 (Et,0/pentane, 1:4) [UV, Vanillin].

IR vmax/cm 1 (film) 2981, 2360, 1736, 1437, 1345, 1247, 1159, 1092.

1H NMR (400 MHz, CDCls) & 7.69 — 7.65 (2H, m, H14), 7.29 — 7.26 (2H, m, H15), 5.80 (1H,
ddt, J=17.2, 10.2, 5.6 Hz, H2), 5.22 (1H, app. dg, J = 17.2, 1.6 Hz, H1), 5.13 (1H, app. da, J
=10.2, 1.4 Hz, H1), 3.89 (2H, app. dt, / = 5.6, 1.6 Hz, H3), 3.67 (3H, s, OMe), 3.65 (3H, s,
OMe), 3.03 (1H, dd, /=9.8,5.0 Hz, H7), 2.67 (1H, dd, /= 16.9, 9.8 Hz, H8), 2.42 (3H, s, H17),
2.32 (1H,dd, J=16.9, 5.0 Hz, H8), 1.87 (6H, s, H5).

13C NMR (101 MHz, CDCl3) & 172.8, 172.1, 143.4, 138.5, 135.1, 129.7, 127.3, 117.4, 52.8,
52.0,52.0,50.5,50.1, 41.3, 36.4, 33.6, 21.7.

HRMS (ESI*) [M + H]* C21H2806NS, requires 422.1632; found 422.1629

3-(3-((N-Allyl-4-methylphenyl)sulfonamido)bicyclo[1.1.1]pentan-1-yl)-N,2-

diphenylpropanamide, 40

BCPA iodide 3a (61 mg, 0.15 mmol), N,2-diphenylacrylamide 60 (155 mg, 0.90 mmol),
Ir[dF(CF)sppy]lz(dtbbpy)PFes (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:9) gave the title

compound 40 (33 mg, 0.066 mmol, 44%) as a colourless oil.

Rf 0.28 (EtOAc/pentane, 1:4).
IR vmax/cm ~1 (film) 3344, 2980, 1665, 1599, 1538, 1441, 1242, 1155, 1091, 732, 696.
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1H NMR (400 MHz, CDCls) § 7.66 — 7.58 (2H, m, ArH), 7.42 — 7.35 (2H, m, ArH), 7.38 — 7.22
(6H, obsc. m, ArH), 7.24 — 7.17 (2H, m, ArH), 7.14 — 7.03 (2H, m, ArH), 5.76 (1H, ddt, J =
17.2,10.3, 5.6 Hz, H2), 5.17 (1H, app. dg, / = 17.1, 1.6 Hz, H1), 5.08 (1H, app. dq, J = 10.3,
1.4 Hz, H1), 3.84 (2H, app. dt, J = 5.6, 1.6 Hz, H3), 3.42 (1H, t, J = 7.5 Hz, NH), 2.52 (1H, dd,
J=14.5,7.5Hz, H8), 2.40 (3H, s, H22), 2.00 (1H, dd, /= 14.5, 7.5 Hz, H7), 1.81 — 1.66 (6H,
m, H5).

13C NMR (101 MHz, CDCls) 6§ 171.0, 143.2, 139.4, 138.5, 137.9, 135.2, 129.6, 129.2, 129.1,
128.0,127.9,127.3,124.5,119.9,117.2,53.7,52.7, 50.8, 50.1, 35.5, 33.2, 21.6.

HRMS (ESI*) [M + Na]* C3oH3203N2NaS requires 523.2026; found 523.2026.

N-Allyl-N-(3-(2,2-dicyano-1-phenylethyl)bicyclo[1.1.1]pentan-1-yl)-4-

methylbenzenesulfonamide, 4p

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6p (69 mg, 0.45 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFe (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)3SiOH
(79 mg, 0.30 mmol) in CH2Cl; (1.0 mL) was subjected to General Procedure 9. Purification
by column chromatography (SiO», Et,0/pentane, 1:9 = 7:13) gave the title compound 4p
(37 mg, 0.09 mmol, 57%) as a white solid. Recrystallisation from Et,O/pentane gave the

title compound as colourless crystals.

R: 0.25 (Et20/pentane, 2:3).

m.p. 138 °C.
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IR Vimax/cm =1 (film) 2981, 1663, 1342, 1342, 1248, 1184, 1158, 1092, 842, 707.

IH NMR (400 MHz, CDCl3) 6 7.69 — 7.62 (2H, m, H16), 7.42 — 7.34 (3H, m, ArH), 7.31 —7.24
(2H, m, H17), 7.24 = 7.17 (2H, m, ArH), 5.77 (1H, ddt, J = 17.2, 10.2, 5.6 Hz, H2), 5.21 (1H,
app. dg, J = 17.2, 1.6 Hz, H1), 5.13 (1H, app. dg, J = 10.2, 1.4 Hz, H1), 3.90 (1H, d, J = 7.0
Hz, H8), 3.88 (2H, dt, J = 5.6, 1.6 Hz, H3), 3.41 (1H, d, J = 7.0 Hz, H7), 2.42 (3H, s, H19), 2.12
—2.01 (6H, m, H5).

13C NMR (126 MHz, CDCls) 6 143.6, 138.2, 135.3, 134.9, 129.8, 129.4, 129.1, 127.8, 127.2,
117.6,112.2, 111.9, 53.5, 51.5, 50.1, 46.7, 38.1, 26.9, 21.7.

HRMS (ESI") [M - H]" CasH2402N3S, requires 430.1595; found 430.1588.

N-Allyl-4-methyl-N-(3-(2-(phenylsulfonyl)ethyl)bicyclo[1.1.1] pentan-1-

yl)benzenesulfonamide, 4q

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6q (151 mg, 0.90 mmol),
Ir[dF(CF)sppy]lz(dtbbpy)PFes (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:4 = 3:7) gave the title

compound 4q (30 mg, 0.07 mmol, 45%) as colourless oil.

Rf 0.47 (EtOAc/pentane, 1:4) [Vanillin].

IR Vmax/cm ~1 (film) 2916, 1342, 1307, 1290, 1245, 1148, 1088, 731.
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IH NMR (400 MHz, CDCl3) & 7.89 — 7.85 (2H, m, H10), 7.67 — 7.63 (3H, m, H14, H12), 7.60
—7.54 (2H, m, H11), 7.28 — 7.24 (2H, m, H15), 5.78 (1H, ddt, J = 17.1, 10.2, 5.6 Hz, H2),
5.20 (1H, app. dg, J = 17.1, 1.5 Hz, H1), 5.11 (1H, app. dg, J = 10.2, 1.4 Hz, H1), 3.88 (2H,
app. dt, J = 5.7, 1.6 Hz, H3), 2.97 — 2.89 (2H, m, H8), 2.41 (3H, s, H17), 1.96 — 1.86 (2H, m,
H7), 1.79 (6H, s, H5).

13C NMR (101 MHz, CDCls) 6 143.4, 139.1, 138.5, 135.2, 134.0, 129.7, 129.5, 128.2, 127.3,
117.3,54.0, 53.2, 50.9, 50.1, 34.8, 23.3, 21.6.

HRMS (ESI*) [M + Na]* C23H2704NNaS; requires 468.1274, found 468.1273.

N-Allyl-4-methyl-N-(3-(2-(pyridin — 2-yl)ethyl)bicyclo[1.1.1]pentan-1-

yl)benzenesulfonamide, 4r
16 15 N 13
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BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6r (98 uL, 0.90 mmol),
Ir[dF(CF)sppy]lz(dtbbpy)PFes (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.

Purification by column chromatography (SiO2, EtOAc/pentane, 3:7 = 7:13) gave the title

compound 4r (19 mg, 0.50 mmol, 34%) as colourless oil.

R: 0.38 (EtOAc/pentane, 1:4) [UV, KMnOQO4].
IR vmax/cm ~1 (film) 2957, 2361, 1245, 1161, 1067, 842.
1H NMR (400 MHz, CDCl3) 6 8.41 (1H, ddd, J = 4.9, 1.9, 1.1 Hz, H13), 7.63 — 7.58 (2H, m,

H15), 7.49 (1H, td, J = 7.7, 1.9 Hz, H11/12), 7.22 = 7.17 (2H, m, H16), 7.12 = 7.06 (2H, m,
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H10, H11/12), 5.74 (1H, ddt, J=17.2, 10.2, 5.6 Hz, H2), 5.15 (1H, app. dq, J = 17.2, 1.6 Hz,
H1), 5.05 (1H, app. dq, J = 10.1, 1.4 Hz, H1), 3.82 (2H, dt, J = 5.6, 1.6 Hz, H3), 2.65 — 2.57
(2H, m, H8), 2.35 (3H, s, H18), 1.89 — 1.80 (2H, m, H7), 1.72 (6H, s, H5).

13C NMR (101 MHz, CDCls) 6 161.6, 149.3, 143.2, 138.7, 136.5, 135.4, 129.6, 127.4, 122.8,
121.2,117.1, 53.3, 50.8, 50.1, 36.5, 35.8, 29.8, 21.6.

HRMS (ESI*/) not found.

N-Allyl-4-methyl-N-(3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)ethyl)bicyclo[1.1.1]pentan-1-yl)benzenesulfonamide, 4s
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BCPA iodide 3a (61 mg, 0.15 mmol), vinylboronic acid pinacol ester 6s (153 pL, 0.90 mmol),
Ir[dF(CF)sppy]l2(dtbbpy)PFes (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:19 = 1:9) gave the title

compound 4s (20 mg, 0.046 mmol, 31 %) as a colourless oil.

R 0.52 (EtOAc/pentane, 1:9).

IR vmax/cm ™1 (film) 1978, 1373, 1322, 1242, 1158, 1144, 1092, 837, 660.

1H NMR (400 MHz, CDCl3) 6 7.72 = 7.65 (2H, m, H12), 7.29 — 7.22 (2H, m, H13), 5.82 (1H,
ddt, J=17.1,10.2, 5.6 Hz, H2), 5.23 (1H, app. dg, J = 17.1, 1.5 Hz, H1), 5.12 (1H, app. dq, J
=10.2, 1.4 Hz, 1H), 3.91 (2H, dt, J = 5.7, 1.6 Hz, H3), 2.41 (3H, s, H15), 1.75 (6H, s, H5),

1.61—1.51 (2H, m, H7), 1.21 (12H, s, H10), 0.71-0.61 (2H, m, H8).

286



13C NMR (101 MHz, CDCls) 6 143.1, 135.5, 129.6, 127.4, 117.0, 83.2, 54.4, 52.7, 50.7,
50.1,42.1, 38.0, 25.0, 24.3, 21.6.

HRMS (ESI*) [M + Na]* C3H3404NBNaS requires 454.2196; found 454.2191.

N-Allyl-N-(3-(2-hydroxy-2-phenylethyl)bicyclo[1.1.1]pentan-1-yl)-4-

methylbenzenesulfonamide, 4t
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BCPA iodide 3a (61 mg, 0.15 mmol), 1-phenylvinylboronic acid pinacol ester 6t (183 L,

1

0.90 mmol), Ir[dF(CF)sppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol),
(MesSi)sSiH (93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General
Procedure 10. The crude reaction mixture was diluted in THF/Et,0 (1:1, 5 mL) and cooled
to 0 °C. NaOH (2 M ag., 6 mL) and H;0 (30% ag., 3 mL) were added dropwise and the
reaction mixture was stirred for 16 h, then diluted with H,O (10 mL) and EtOAc (10 mL).
The phases were separated and the aquesous phase was extracted with EtOAc (10 mL x
2). The combined organic phases were dried (Mg,S0a4), filtered and concentrated in vacuo.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:4 - 1:1) gave the title

compound 4t (17 mg, 0.043 mmol, 29%) as a colourless oil.

R 0.23 (EtOAc/pentane, 1:4).

IR Vimax/cm ~ 1 (film) 3516 (br.), 2913, 1339, 1241, 1156, 1092, 838, 813, 702, 661.

1H NMR (400 MHz, CDCls) & 7.67 (2H, d, J = 8.3 Hz, H14), 7.37 — 7.22 (7H, obsc. m, ArH),
5.80 (1H, ddt, J=17.2, 10.3, 5.6 Hz, H2), 5.21 (1H, app. dqg, /= 17.2, 1.6 Hz, H1), 5.11 (1H,
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dg,J=10.2, 1.4 Hz, H1), 4.61 (1H, dd, J = 8.2, 5.1 Hz, H8), 3.88 (2H, app. dt, J = 5.6, 1.6 Hz,
H3), 2.42 (3H, s, H17), 2.00 (1H, dd, J = 14.6, 8.2 Hz, H7), 1.90 (1H, dd, J = 14.6, 5.1 Hz, H7),
1.83 (6H, s, H5).

13C NMR (101 MHz, CDCls) § 144.5, 143.2, 138.7, 135.3, 129.6, 128.7, 127.9, 127.3, 126.0,
117.1,73.5,54.1,51.1, 50.1, 38.8, 34.5, 21.6.

HRMS (ESI*) Not found.

Methyl  3-(3-((N-allyl-4-methylphenyl)sulfonamido)bicyclo[1.1.1]pentan-1-yl)-2-(bis(tert-

butoxycarbonyl)amino)propanoate, 4u

BCPA iodide 3a (61 mg, 0.15 mmol), radical acceptor 6u (271 mg, 0.90 mmol),
Ir[dF(CF)sppy]lz(dtbbpy)PFes (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO, Et,O/pentane, 1:19 = 1:4) gave the title

compound 4u (45 mg, 0.08 mmol, 52%) as a colourless oil.

R¢ 0.55 (EtOAc/pentane, 1:4) [UV, Ninhydrin].

IR vmax/cm ~* (film) 2980, 1746, 1700, 1367, 1353, 1276, 1246, 1159, 1129, 842.

1H NMR (500 MHz, CDCls) § 7.70 — 7.64 (2H, m, H5), 7.29 — 7.23 (2H, m, H6), 5.80 (1H, ddt,
J=17.2,10.2, 5.5 Hz, H2), 5.22 (1H, app. dq, J = 17.2, 1.6 Hz, H1), 5.11 (1H, app. dg, J =

10.2, 1.5 Hz, H1), 4.81 (1H, dd, J = 9.7, 4.6 Hz, H13), 3.89 (1H, app. dt, / = 6.0, 1.7 Hz, H3),
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3.68 (3H, s, H15), 2.41 (3H, s, H8), 2.34 (1H, dd, J = 15.2, 4.6 Hz, H12), 2.09 (1H, dd, J =
15.2, 9.7 Hz, H12), 1.85 (6H, s, H10), 1.48 (18H, s, Boc).

13C NMR (126 MHz, CDCl3) §171.3, 152.1, 143.2, 138.7, 135.3, 129.6, 127.3, 117.1, 83.3,
56.7,53.9, 52.5, 50.8, 50.0, 34.5,30.1, 28.2, 21.7.

HRMS (ESI*) [M + Na]* C9H4208N2NaS, requires 601.2554; found 601.2552.

Methyl 3-(3-((N-allyl-4-cyanophenyl)sulfonamido)bicyclo[1.1.1]pentan-1-yl)-2-(bis(tert-

butoxycarbonyl)amino)propanoate, 4v

BCPA iodide 3g (62 mg, 0.15 mmol), radical acceptor 6u (271 mg, 0.90 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)3SiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:17) gave the title

compound 4v (48 mg, 0.81 mmol, 54%) as a colourless oil.

R¢ 0.30 (EtOAc/pentane, 1:4) [UV, Ninhydrin].

IR vmax/cm ~1 (film) 2980, 2360, 1745, 1700, 1367, 1242, 1161, 1130, 842.

1H NMR (500 MHz, CDCl3) 6 7.95 — 7.87 (2H, m, ArH), 7.82 — 7.74 (2H, m, ArH), 5.77 (1H,
ddt, J=17.2, 10.2, 5.6 Hz, H2), 5.22 (1H, app. dg, J = 17.2, 1.5 Hz, H1), 5.16 (1H, app. da, J
=10.2, 1.3 Hz, H1), 4.81 (1H, dd, /=9.5, 4.6 Hz, H13), 3.92 (2H, app. dt, J = 5.6, 1.6 Hz, H3),
3.69 (3H, s, H15), 2.37 (1H, dd, / = 15.3, 4.6 Hz, H12), 2.09 (1H, dd, J = 15.3, 9.5 Hz, H12),

1.88 (6H, s, H10), 1.48 (18H, s, Boc).
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13CNMR (126 MHz, CDCl3) 6 171.2, 152.1, 146.0, 134.4, 132.9, 127.9, 117.9, 117.5, 116.2,
83.4,56.5,54.0,52.5,50.8,50.2, 34.7, 30.0, 28.2.

HRMS (ESI*) [M + Na]* C9H3908N3NaS, requires 612.2350; found 612.2358.

Methyl-3-(3-((N-allyl-4-methoxyphenyl)sulfonamido)bicyclo[1.1.1] pentan-1-yl)-2-(bis(tert-
butoxycarbonyl)amino)propanoate, 4w
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BCPA iodide 3b (63 mg, 0.15 mmol), radical acceptor 6u (271 mg, 0.90 mmol),
Ir[dF(CF)sppy]lz(dtbbpy)PFes (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:9 = 1:3) gave the title

compound 4w (42 mg, 0.07 mmol, 47%) as a colourless oil.

Rr0.30 (EtOAc/pentane, 1:4) [Ninhydrin].

IR vmax/cm ™1 (film) 2980, 2360, 1746, 1700, 1367, 1351, 1258, 1155, 1130, 835.

1H NMR (500 MHz, CDCls) § 7.77 — 7.68 (2H, m, H), 6.97 — 6.89 (2H, m, H), 5.80 (1H, ddt, J
=17.1,10.2, 5.6 Hz, H2), 5.21 (1H, app. dg, J = 17.1, 1.6 Hz, H1), 5.11 (1H, app. dg, J = 10.2,
1.4 Hz, H1), 4.82 (1H, dd, J = 9.6, 4.7 Hz, H13), 3.88 (2H, app. dt, J = 5.5, 1.6 Hz, H3), 3.86
(3H, s, H8), 3.68 (3H, s, H15), 2.34 (1H, dd, J = 15.2, 4.7 Hz, H12), 2.09 (1H, dd, J = 15.2, 9.6
Hz, H12), 1.85 (6H, s, H10), 1.48 (18H, s, Boc).

13C NMR (126 MHz, CDCl3) & 171.3, 162.7, 152.1, 135.3, 133.3, 129.4, 117.1, 114.1, 83.3,

56.7,55.7,53.9,52.4,50.8, 50.0, 34.5, 30.1, 28.2.
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HRMS (ESI*) [M + Na]* Ca9H4209N2NaS, requires 617.2503; found 617.2495.

Methyl  3-(3-((N-allyl-3,5-dimethylisoxazole)-4-sulfonamido)bicyclo[1.1.1]pentan-1-yl)-2-

(bis(tert-butoxycarbonyl)amino)propanoate, 4x

Boc— N
§7 10 > <
N\ ¢ o— 15
/ 2
BCPA iodide 3n (61 mg, 0.15 mmol), radical acceptor 6u (271 mg, 0.90 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)3SiH
(93 L, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.

Purification by column chromatography (SiO2, EtOAc/pentane, 1:9 = 3:17) gave the title

compound 4x (34 mg, 0.058 mmol, 38%) as a colourless oil.

Rr 0.37 (EtOAc/pentane, 1:4) [Ninhydrin].

IR vmax/cm ~ 1 (film) 2980, 2360, 1747, 1700, 1596, 1368, 1341, 1243, 1341, 1243, 1177,
1129, 840.

IH NMR (500 MHz, CDCl3) 6 5.83 (1H, ddt, J = 17.1, 10.2, 5.6 Hz, H2), 5.24 (1H, app. dq, J =
17.1, 1.5 Hz, H1), 5.17 (1H, app. dq, J = 10.2, 1.4 Hz, H1), 4.84 (1H, dd, J = 9.7, 4.6 Hz, H13),
3.69 (3H, s, H15), 2.61 (3H, s, H7), 2.40 — 2.34 (1H, obsc. dd , J = 15.3, 4.6 Hz, H12), 2.33
(3H, s, H8), 2.12 (1H, dd, J = 15.3, 9.7 Hz, H12), 1.88 (6H, s, H10), 1.49 (18H, s, Boc).

13C NMR (126 MHz, CDCl5) & 173.1, 171.2, 157.6, 152.1, 134.8, 117.9, 117.7, 83.4, 56.6,
53.8,52.5,50.5, 50.0, 34.8, 29.9, 28.2, 12.9, 11.0.

HRMS (ESI*) [M + Na]* C7H2109N3NaS, requires 606.2456; found 606.2427.

291



Methyl-3-(3-(N-allylcyclopropanesulfonamido)bicyclo[1.1.1] pentan-1-yl)-2-(bis(tert-

butoxycarbonyl)amino)propanoate, 4y

BCPA iodide 3s (53 mg, 0.15 mmol), radical acceptor 6u (271 mg, 0.90 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO2, EtOAc/pentane, 1:9 = 3:17) gave the title

compound 4y (55 mg, 0.10 mmol, 69%) as a colourless oil.

Rr 0.33 (EtOAc/pentane, 1:4) [Ninhydrin].

IR vmax/cm 1 (film) 2980, 2360, 1746, 1699, 1367, 1343, 1247, 1235, 1148, 1129, 842.

'H NMR (500 MHz, CDCl3) § 5.85 (1H, ddt, J=17.1, 10.2, 5.7 Hz, H2), 5.24 (1H, app. dg, J =
17.1, 1.6 Hz, H1), 5.14 (1H, app. dq, /= 10.2, 1.4 Hz, H1), 4.89 (1H, dd, /= 9.6, 4.7 Hz, H10),
3.87 (2H, app. dt, J = 5.7, 1.6 Hz, H3), 3.70 (3H, s, H12), 2.41 (1H, dd, J = 15.2, 4.7 Hz, H9),
2.31 (1H, tt, J = 8.1, 4.9 Hz, H4), 2.15 (1H, dd, J = 15.2, 9.6 Hz, H9), 1.99 (6H, s, H7), 1.50
(18H, s, Boc), 1.20 — 1.13 (2H, m, H5), 0.98-0.90 (2H, m, H5).

13CNMR (126 MHz, CDCls) 6 171.3,152.2, 135.4, 117.2, 83.4, 56.7, 54.3, 52.5, 50.8, 50.1,
34.3,31.1,30.1, 28.2,5.7.

HRMS (ESI*) [M + Na]* C25H400sN2NaS, requires 551.2398; found 551.2394.

Methyl-2-(bis(tert-butoxycarbonyl)amino)-3-(3-(4-

(trifluoromethyl)benzyl)bicyclo[1.1.1]pentan-1-yl)propanoate, 4z
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BCP iodide 4z1 (53 mg, 0.15 mmol), radical acceptor 6u (271 mg, 0.90 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)3SiH
(93 L, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:19) gave the title

compound 4z (46 mg, 0.087 mmol, 58%) as a colourless oil.

Rr 0.58 (EtOAc/pentane, 1:9) [Ninhydrin].

IR vmax/cm ~ 1 (film) 2980, 2361, 1748, 1700, 1368, 1325, 1162, 1127, 1067.

1H NMR (500 MHz, CDCl3) 6 7.54 — 7.47 (2H, d, J = 7.9 Hz, H3), 7.16 (2H, d, J = 7.9 Hz, H4),
4.86 (1H, dd, J = 10.1, 4.5 Hz, H11), 3.67 (3H, s, H13), 2.77 (2H, s, H6), 2.25 (1H, dd, J =
15.1, 4.5 Hz, H10), 2.07 (1H, dd, J = 15.1, 10.1 Hz, H10), 1.47 (6H, s, H8), 1.42 (18H, s, Boc).
13C NMR (126 MHz, CDCls) 6 171.6, 152.0, 143.9, 129.3, 128.3 (q, 2Jcrs = 32.1 Hz), 125.2 (q,
3Jers = 3.8 Hz), 124.6 (q, Yers = 271.7 Hz), 83.1, 56.7, 52.4, 50.8, 40.0, 39.2, 38.4, 31.9, 28.1.
19F NMR (377 MHz, CDCls) 6 —62.3.

HRMS (ESI) [M + Na]* C27H3606NF3Na, requires 550.2387; found 550.2387.

Methyl-2-(bis(tert-butoxycarbonyl)amino)-3-(3-((1,3-dioxoisoindolin-2-

yl)methyl)bicyclo[1.1.1]pentan-1-yl)propanoate, 4aa
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BCPA iodide 4aal (53 mg, 0.15 mmol), radical acceptor 6u (271 mg, 0.90 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 L, 0.30 mmol) in MeOH/H20 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:19) gave the title

compound 4aa (35 mg, 0.066 mmol, 44%) as a colourless oil.

Rr0.45 (EtOAc/pentane, 1:4).

IR vmax/cm 1 (film) 2975, 1747, 1716, 1392, 1367, 1129, 724.

'H NMR (400 MHz, CDCI3) 6 7.83 (2H, dd, J = 5.5, 3.0 Hz, H2), 7.71 (2H, dd, J = 5.5, 3.0 Hz,
H1), 4.86 (1H, dd, J = 9.7, 4.6 Hz, H10), 3.76 (2H, s, H5), 3.67 (3H, s, H12), 2.27 (1H, dd, J =
15.1, 4.6 Hz, H9), 2.05 (1H, dd, J = 15.1, 9.8 Hz, H9), 1.60 (6H, br. s, H7), 1.43 (18H, s, Boc).
1BCNMR (126 MHz, CDCl5) 6§ 171.5, 168.2, 152.1,134.0, 132.3, 123.3, 83.1,56.6, 52.4, 50.8,
39.4,38.2,37.9,31.8, 28.1.

HRMS (ESI*) [M + Na]* CasH360sN2Na, requires 551.2364; found 551.2363.

Methyl-2-(bis(tert-butoxycarbonyl)amino)-3-(3-(2-((4-

methylphenyl)sulfonamido)ethyl)bicyclo[1.1.1]pentan-1-yl)propanoate, 4ab

/Boc
Boc—N 1 (0]

3 4 o 2
7 13
1 42©5—302 0— 14
\ 1
HN
6

BCP iodide 4abl (59 mg, 0.15 mmol), radical acceptor 6u (271 mg, 0.90 mmol),

Ir[dF(CF)sppy]l2(dtbbpy)PFes (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
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(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:9 = 1:4) gave the title

compound 4ab (37 mg, 0.065 mmol, 44%) as a colourless oil.

Rs (EtOAc/pentane, 1:4).

IR vmax/cm 1 (film) 2979, 1745, 1699, 1368, 1261, 1233, 1161, 1130, 1094.

'H NMR (400 MHz, CDCl3) 6§ 7.76 — 7.69 (2H, m, H4), 7.31 (2H, d, J = 8.2 Hz, H3), 4.86 (1H,
dd, )= 9.6, 4.7 Hz, H12), 4.18 (1H, br. s, NH), 3.69 (3H, s, H14), 2.90 (2H, td, /= 7.2, 6.2
Hz, H6), 2.43 (3H, s, H1), 2.27 (1H, dd, J = 15.1, 4.7 Hz, H11), 2.01 (1H, dd, /= 15.2, 9.6 Hz,
H11), 1.58 (2H, t, J = 7.4 Hz, H7), 1.50 (6H, obsc. s, H9), 1.49 (18H, obsc. s, Boc).

13CNMR (126 MHz, CDCl3) 6 71.6, 152.1, 143.6, 137.0, 129.9, 127.2, 83.2,56.6, 52.4, 51.2,
41.4,38.1,37.9,31.8,31.7,28.2,21.7.

HRMS (ESI") [M - H]" C2gH4108N:2S, requires 565.2589; found 565.2588.

2-(3-(2-(Bis(tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropyl)bicyclo[1.1.1]pentan-1-

yl)ethyl 6-(3-methoxyphenyl)-2-methylnicotinate, 4ac

Boc—N (0]
4 5 12 15 g 21
\_14 P 22
3 4 0— 23
68 11 16 20
2 o)
1 9 10
A

BCP iodide 4acl (62 mg, 0.13 mmol), radical acceptor 6u (236 mg, 0.78 mmol),
Ir[dF(CF)sppy]l2(dtbbpy)PFes (3.7 mg, 2.5 mol%), Na,COs (28 mg, 0.26 mmol), (MesSi)sSiH
(81 uL, 0.26 mmol) in MeOH/H,0 (9:1, 0.87 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:9 = 1:4) gave the title

compound 4ac (37 mg, 0.058 mmol, 45%) as a colourless oil.
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R 0.31 (EtOAc/pentane, 1:4).

IR vmax/cm 1 (film) 2972, 2361, 1747, 1721, 1585, 1381, 1368, 1258, 1155, 1130.

IH NMR (400 MHz, CDCls) & 8.23 (1H, d, J = 8.2 Hz, H9/10), 7.64 (1H, dd, J = 2.6, 1.5 Hz,
H1), 7.62 — 7.56 (2H, m, H5, H9/10), 7.38 (1H, t, / = 7.9 Hz, H4), 6.99 (1H, ddd, /= 8.2, 2.6,
1.0 Hz, H3), 4.90 (1H, dd, J = 9.8, 4.6 Hz, H21), 4.30 (2H, t, / = 6.7 Hz, H15), 3.89 (3H, s,
OMe), 3.69 (3H, s, OMe), 2.90 (3H, s, H13), 2.30 (1H, dd, J = 15.1, 4.6 Hz, H20), 2.07 (1H,
dd, J=15.1,9.8 Hz, H20), 1.92 (2H, t, J = 6.7 Hz, H16), 1.63 (6H, s, H18), 1.47 (18H, s, Boc).
13C NMR (101 MHz, CDCls) 6 171.6, 166.6, 160.2, 160.2, 159.0, 152.2, 140.0, 139.4, 129.9,
123.7,119.8,117.7,115.7,112.7, 83.1, 63.6, 56.6, 55.5, 52.3, 51.4, 38.2, 37.7, 31.8, 30.9,
28.2,25.4.

HRMS (ESI*) [M + H]* C35sH4709N;, requires 639.3276; found 639.3261.

Methyl-2-(3-(2-(bis(tert-butoxycarbonyl)amino)-3-methoxy-3-

oxopropyl)bicyclo[1.1.1]pentan-1-yl)-6-fluoro-3-methylquinoline-4-carboxylate, 4ad

BCP iodide 4adl (62 mg, 0.15 mmol), radical acceptor 6u (271 mg, 0.90 mmol),
Ir[dF(CF)3ppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%), Na,COs (32 mg, 0.30 mmol), (MesSi)sSiH
(93 uL, 0.30 mmol) in MeOH/H,0 (9:1, 1.0 mL) was subjected to General Procedure 10.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:9 = 1:4) gave the title

compound 4ad (47 mg, 0.081 mmol, 53%) as an off white solid.
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Rf 0.24 (EtOAc/pentane, 1:4).

m.p. 97 -99 °C.

IR vmax/cm 1 (film) 2981, 2360, 1736, 1382, 1369, 1224, 1162, 1129, 955.

1H NMR (400 MHz, CDCls) 6 8.08 — 7.99 (1H, m, H8), 7.39 (1H, ddd, /= 9.2, 8.1, 2.8 Hz, H7),
7.24 (1H,dd, J=9.6, 2.8 Hz, H5), 5.02 (1H, dd, J =9.7, 4.7 Hz, H17), 4.05 (3H, s, H12), 3.73
(3H, s, H19), 2.48 (3H, s, H10), 2.46 (1H, obsc. dd, J = 15.2, 4.7 Hz, H16), 2.23 (6H, s, H14),
2.21 (1H, obsc. dd, J =15.2, 9.7 Hz, H16), 1.52 (18H, s, Boc).

13C NMR (101 MHz, CDCl3) & 183.5, 171.6, 168.4, 160.9 (d, Ycr = 248.0 Hz), 157.6 (d, “Jcr =
2.7 Hz), 152.2, 143.4, 132.2 (d, 3Jcr = 10.0 Hz), 127.7, 124.1 (d, 3Jcr = 10.4 Hz), 119.1 (d, Ycr
=26.0 Hz), 107.8 (d, %Jcr = 23.4 Hz), 83.3,56.6, 53.3,52.8, 52.4, 44.6,38.7,31.8, 28.2, 17.3.
1F NMR (377 MHz, CDCls) 6 —112.44.

HRMS (ESI*) [M + H]* C31H400sN;F, requires 587.2763; found 587.2753.
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S3.3 BCP lodides and Radical Acceptors

C-Substituted BCP lodide Substrates
The following BCP lodides 4il, 4j1, 4k1, 4z1, 4aal, 4abl, 4acl and 4adl were prepared

according to work previously published by our group.3® 3’

4Kk1

O, e pcn G

MeO,C Me
4aa1 4ab1 4act 4ad1

Radical Acceptors
Radical acceptors 6b, 6f and 6l — 6t were obtained from commercial sources. Radical
acceptors 6a,%® 6¢,38 6d,%° 6e*° and 6u*! were prepared according to literature procedures,

which were modified where relevant.

O ; >
' PhO,S EtO,C
/\Cone N ary : \n/\SOzPh \n/\SOzPh
PhS '

o) .
6b 6f 6l | 6a 6c
Ph '
= ~CO,Me o , Br. (Boc),N CO,Me
SN come T S0,Ph
CO,Me .
NHPh Ph .
6m 6n 60 6p ' 6d 6u
N Ph
=z S
> s0,ph | Z > BPin) )\ oho.s—
= (Pin) 2 <
6q 6r 6s 6t 6e
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Unsuccessful Radical Acceptors
The following radical acceptors were either unsuccessful or gave <10% vyield. 6ae,*> 6af,**
6ag,** and 6ah* were prepared according to literature procedures. 6ai and 6aj were

obtained from commercial sources.

SO,Ph NTs SO,Ph
)j\ Ph \/\SOZPh / NFSI Selectfluor
NC H

Ph Ph
6ae 6af 6ag 6ah 6ai 6aj

(Prop-1-ene-2,3-diyldisulfonyl)dibenzene, 6a

Br PhSO,Na PhO,S
Br SO,Ph
MeOH, 65 °C

According to a modified literature procedure.?® Sodium benzenesulfinate (4.62 g, 28.1

mmol) was added to a solution of 2,3-dibromoprop-1-ene (1.83 mL, 18.7 mmol) in
anhydrous MeOH (38 mL) at room temperature. The reaction mixture was then heated to
65 °Cfor 2 h then left to cool and concentrated in vacuo. The reaction mixture was diluted
with EtOAc (200 mL), washed with H,O (100 mL), brine (100 mL) and then dried (Mg2S0a4),
filtered and concentrated in vacuo. Purification by column chromatography (SiOy,
EtOAc/pentane, 1:4) and re-crystallisation from EtOAc/hexanes (1:1) gave the title

compound (2.01 g, 8.23 mmol, 44%) as an off-white solid.

Rr0.19 (EtOAc/pentane, 3:7) [UV, KMnQO4].

m.p. 121 °C.

IH NMR (400 MHz, CDCls) 6 7.78 — 7.73 (4H, m, Ar), 7.69 — 7.61 (2H, m, Ar), 7.55 — 7.48
(4H, m, Ar), 6.68 (1H, d, J = 1.2 Hz, H1), 6.52 (1H, app. q, / = 1.2 Hz, H1), 4.06 (2H, d, J= 1.2

Hz, H3).
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13C NMR (101 MHz, CDCl3) 6 139.7, 138.0, 134.5, 134.2, 131.3, 129.6, 129.5, 128.7, 128.6,
54.3.

Data in agreement with literature values.*®
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S3.4 Catalyst and Silanes

Ir[dF(CF)3ppy]2(dtbbpy)PFs

2-(2,4-Difluorophenyl)-5-(trifluoromethyl)pyridine, Step 1:

CF4 B(OH);

SN F PA(OAC);, PPhs,
N

N PhMe / H,0 / EtOH,

reflux, 16 h

According to a modified literature procedure.** 2,4-difluorophenylboronic acid (3.68 g,
23.3 mmol), 2-bromo — 5-trifluoromethylpyridine (5.00 g, 22.1 mmol), potassium
carbonate (9.17 g, 66.4 mmol), palladium acetate (148 mg, 0.66 mmol) and
triphenylphosphine (349 mg, 1.33 mmol) were added to a three-necked 250 mL round
bottomed flask. The flask was equipped with a condenser then evacuated and refilled with
N2 (x 3). Toluene (29 mL), H2O (29 mL) and ethanol (6 mL) were then added and the
reaction mixture was heated to reflux for 16 h. The flask was then cooled to room
temperature and quenched with H,O (100 mL). The organic phase was separated and then
the agueous phase was extracted with Et20 (200 mL x 3). The combined organic phases
were washed with brine (200 mL), dried (Mg,S0a), filtered and concentrated in vacuo.
Purification by column chromatography (SiO,, EtOAc/pentane 1:99 = 4:96) gave the title

compound (4.89 g, 18.8 mmol, 85%) as a white solid.

R: 0.80 (EtOAc/pentane, 1:4).

m.p. 53 -58 °C.
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IH NMR (400 MHz, CDCls) & 8.96 (dq, J = 2.7, 0.9 Hz, H1), 8.10 (1H, app. td, J = 8.9, 6.6 Hz,
H6), 8.02 — 7.95 (1H, m, H2), 7.91 (1H, ddt, J = 8.4, 2.0, 0.8 Hz, H3), 7.09 — 7.00 (1H, m, H5),
6.95 (1H, ddd, J = 11.3, 8.7, 2.5 Hz, H4).

13C NMR (101 MHz, CDCl3) 6 164.1 (dd, Y3Jcr = 253.1, 12.4 Hz), 161.1 (dd, “3Jcr = 253.8,
11.8 Hz), 155.9, 146.7 (q, ¥Jcr3 = 4.1 Hz), 133.9 (q, 3Jers = 3.6 Hz), 132.6 (dd, 33 = 9.8, 4.1
Hz), 125.3 (q, 2ers = 33.3 Hz), 123.8 (app. d, J = 10.8 Hz), 123.7 (q, Ycrs = 272.3 Hz), 122.5
(dd, 24Jcr = 11.3, 3.8 Hz), 112.4 (dd, >“Jcr = 21.3, 3.6 Hz), 104.8 (dd, 22Jcr = 26.9, 25.4 Hz).
19F NMR (377 MHz, CDCl3) & —62.40, —107.17 (app. t, J = 8.0 Hz), ~112.06 (d, J = 9.3 Hz).

Data in agreement with literature values.**

[Ir(dF(CFs)ppy)2Cl],, Step 2:

CF3
X
_N
. Ethylene Glycol. H,O . "
F + IrCl3*XH,0 150G, 161 FyC _ N/ \CI/

— —2

According to a modified literature procedure.** Iridium(Ill) chloride hydrate (448 mg, 1.50
mmol) and 2-(2,4-difluorophenyl) — 5-(trifluoromethyl)pyridine (856 mg, 3.30 mmol) were
added to a three-necked 100 mL round bottomed flask with a condenser, and then
evacuated and refilled with N2 (x 3). A mixture of rigorously degassed ethylene glycol (18
mL) and H,0 (6 mL) was then added. The reaction mixture was heated 150 °C for 16 h. The
reaction mixture was then cooled to room temperature and the bright yellow precipitate
formed was filtered under a blanket of N2. The precipitate was washed with H,O (150 mL)
and then hexane (60 mL) and dried via high vacuum. The product was used immediately

without further purification.
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[Ir(dF(CF3)ppy)2(dtbpy)]PFs, Step 3:

tBu
X
| _N Ethylene Glycol,
150 °C, 16 h
+
Zax then KPFg, H,O
I
2
tBu
F F
L J PY F F

According to a modified literature procedure.** Crude [Ir(dF(CFs)ppy)2Cl]2 (600 mg, 0.41
mmol) and 4,4’-di-tert-butyl — 2,2’-dipyridyl (268 mg, 1.00 mmol) were added to a three-
necked 100 mL round bottomed flask equipped with a reflux condenser, and then
evacuated and refilled with N2 (x 3). Rigorously degassed ethylene glycol (28 mL) was then
added via syringe. The reaction mixture was then heated to 150 °C for 16 h. The reaction
mixture was then cooled to room temperature and then diluted with H,O (150 mL) and
hexane (150 mL). The aqueous phase was separated and then re-extracted with hexane
(150 mL x 2). The combined aqueous phases were decanted into a 500 mL conical flask
equipped with a stirrer bar. The flask was heated at 80 °C for 1 h to remove residual
hexane. The flask was allowed to return to room temperature, and an agueous solution of
potassium hexafluorophosphate (4.40 g in 44 mL H,O) was added with stirring, and a
vibrant yellow precipitate was formed. The mixture was then allowed to stand at 0 °C for
1 h, before the precipitate was collected via vacuum filtration and then washed with H,O
(100 mL) and hexane (100 mL). The powdery solid was recrystalised from acetone and
pentane to give the title compound (541 mg, 0.48 mmol, 32% over two steps) as a yellow

solid.
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m.p. >200 °C.

IH NMR (400 MHz, CDCls) 6 8.50 — 8.43 (4H, m), 8.03 (2H, d, J = 8.6 Hz), 7.87 (2H, d, J = 5.9
Hz), 7.60 (2H, dd, J = 5.9, 1.7 Hz), 7.41 (2H, s), 6.64 (2H, ddd, J = 12.4, 8.9, 2.3 Hz, H2), 5.63
(2H, dd, J = 8.1, 2.3 Hz, H1), 1.46 (18H, s, t-Bu).

13F NMR (377 MHz, CDCls) 6§ —63.04 (6F, s), —=72.27 (3F, s), —=74.17 (3F, s), —101.95 (2F, dt, J
=12.5, 8.5 Hz), -105.95 (2F, td, /= 12.5, 3.4 Hz).

'H NMR (500 MHz, de-Acetone) & 8.92 (2H, app. d, J = 2.0 Hz, H5), 8.61 (2H, app. dd, J =
8.8, 2.6 Hz, H4), 8.39 (2H, app. dd, J = 8.8, 2.1 Hz, H3), 8.17 (2H, d, J = 5.9 Hz, H6), 7.81 (2H,
dd,J=5.9,2.0 Hz, H7), 7.78 (2H, dt, J = 1.9, 0.9 Hz, H8), 6.85 (2H, ddd, J = 12.7, 9.3, 2.4 Hz,
H2), 5.95 (2H, dd, J = 8.4, 2.4 Hz, H1), 1.43 (18H, s, t-Bu).

13C NMR (126 MHz, de-Acetone) & 168.8, 168.7, 165.5 (dd, 3Jcr = 258.7, 12.7 Hz), 166.3,
163.3 (dd, “3Jcr = 261.8, 13.3 Hz), 156.9, 156.6, 156.6, 152.0, 146.6 (q, Jcrs = 4.7 Hz), 138.1
(g, 3Jers = 3.7 Hz), 127.7 (dd, 33Jcr = 4.6, 2.7 Hz), 127.0, 126.1 (q, 2Jcrs = 34.7 Hz), 124.8 (d,
2Jep=21.0 Hz), 123.5, 123.0 (9, Yers = 271.9 Hz), 115.3 (dd, 24Jcr = 17.9, 3.0 Hz), 100.1 (app.
t, 2Jcr = 27.0 Hz), 69.3, 36.6.

31p NMR (202 MHz, ds-Acetone) § —144.27 (hept., J = 707.6 Hz).

Data in agreement with literature values.*’

1,1,1,3,3,3-Hexamethyl-2-(trimethylsilyl)trisilan-2-ol, (MesSi)3SiOH, Supersilanol

SiMes SiMe3 SiMe3
iPrBr | NaOH (10% aq.)
MezSi—Si—H — Me;Si—Si—Br —————— > Me;Si—Si—OH
Et,0, Blue LEDs | Et,0
SiMej; SiMej; SiMe;

According to a literature procedure.*® 2-bromopropane (2.3 mL, 25.0 mmol) was added
dropwise to a solution of TMSsSiH (3.6 mL, 12.5 mmol) in Et,0 (4.0 mL) under air in a 40

mL reaction vial. The reaction vial was capped under air and irradiated with blue LEDs for
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12 hours. After irradiation, the reaction vial was slowly opened to allow for a slow gas
evolution. After the gas evolution was complete, the organic solution was poured into a
round-bottom flask containing NaOH (10% aqg., 11.0 mL). More Et,0 was used to ensure
complete transfer. This reaction mixture was stirred at room temperature under air for 24
h. Et,0 was then added and the organic layer was separated, dried and concentrated in
vacuo to vyield the crude silanol. Purification by column chromatography (SiOa,
Et,O/pentane, 1:9 - 1:4) gave (MesSi)3SiOH as a colourless oil which was stored in the

freezer.

(Me3Si)sSiH: IH NMR (400 MHz, CDCI3) & 2.15 (1H, s, SiH), 0.20 (27H, s, TMS).

(MesSi)sSiBr: TH NMR (400 MHz, CDCls) § 0.25 (27H, s, TMS).

IR Vmax/cm ~ 1 (film) 3420 (br.), 2950, 2925, 2854, 2360, 1244, 836.
IH NMR (400 MHz, CDCl3) 6 0.18 (27H, s, TMS).

IH NMR (400 MHz, CDsCN) 6 1.80 (1H, s, OH), 0.15 (27H, s, TMS).
13C NMR (101 MHz, CDsCN) § -0.21.

LRMS m/z (ESI*) [M - OH]* 247.0.

Data in agreement with that reported previously.*®

1,1,1,3,3,3-Hexamethyl-2-(trimethylsilyl)trisilane-2-d, di;-(MesSi)sSiD

2-Bromo-1,1,1,3,3,3-hexamethyl-2-(trimethylsilyl)trisilane, (MesSi)3SiBr, Step 1:

SiMe; SiMe;
iPrBr
Me3Si—Si—H ~ ———— > Me3Si—Si—Br
Et,0, Blue LEDs
SiMe; 18h SiMe;
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According to a modified literature procedure.*® 2-bromopropane (09 mL, 6.00 mmol) was
added dropwise to a solution of (MesSi)3SiH (1.54 mL, 5.00 mmol) in anhydrous Et,0 (1.60
mL) under air in a 20 mL reaction vial. The reaction vial was capped under air and irradiated
with blue LEDs for 24 hours. After irradiation, the reaction vial was slowly opened to allow
for a slow gas evolution. After the gas evolution was complete the mixture was
concentrated in vacuo to give (MesSi)sSiBr (1.60g, 4.90 mmol, 98%) as a white solid. The

product was of sufficient purity to use without further purification.

IR vimax/cm ~ 1 (film) 2981, 2888, 2361, 2341, 1387, 1251, 1152, 1073, 954.

1H NMR (400 MHz, CDCl3) 6 0.25 (27H, s, TMS).

1,1,1,3,3,3-Hexamethyl-2-(trimethylsilyl)trisilane-2-d, di-(MesSi)sSiD, Step 2:

SiMe3 SiMe3

LiAID,4 (0.30 equiv.)
Me38|—Si—Br E,0, 18h Me3S|—Si—D
SiMe3 SiMe3

According to a modified literature procedure.*® A solution of (trimethylsilyl) silane bromide
(1.60 g, 4.90 mmol) in anhydrous Et;0 (2.75 mL) was added dropwise to a solution of
lithium aluminium deuteride (63 mg, 1.5 mmol) in anhydrous ether (1.18 mL) under No.
The reaction mixture was stirred at room temperature overnight and then quenched with
dropwise addition of H,O (1 mL) then HCI (1 M ag., 1 mL) at O °C then left to stir at room
temperature for 15 min. The phases were separated and the agueous phase was extracted
with Et20 (5 mL x 2). The combined organic phases were dried (MgS0.), filtered and
concentrated in vacuo to give deuteride of tris (trimethylsilyl) silane (1.08 g, 4.35 mmol,
89%) as a colourless oil and was used without further purification.

99.7% d-incorporation based on *H NMR.
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92% purity (assuming (MesSi),SiD; as a by product).

Note: (MesSi)sSiBr was not reduced by NaBDa.

IR vmax/cm~1 (film) 2981, 2888, 2361, 1382, 1251, 1152, 1073, 954.

1H NMR (500 MHz, CDCl3) 6 0.19 (27H, s, TMS), satellites at (0.34, 0.04).
13C NMR (126 MHz, CDCls) 6 2.0, —0.6.

29G5i NMR (99 MHz, CDCl3) 6§ —12.3 (s), =22.6 (s).

(MesSi)sSiH: 22Si NMR (99 MHz, CDCls) & =11.28 (s), —11.47 (s).

Methyl 3-(1,1,1,3,3,3-hexamethyl-2-(trimethylsilyl)trisilan-2-yl)propanoate, 6b-Si
CO,Me
(Me3Si)3Si—/_
According to the procedure described for the synthesis 4b, the silane adduct 6b-Si could
be isolated by colulmn chromatography. *H NMR yield of 40% with respect to (MesSi)sSiH,

13% with respect to methyl acrylate 6b.

14 NMR (400 MHz, CDCls) & 3.65 (3H, s, OMe), 2.36 — 2.30 (2H, m, CH,), 1.12 — 1.16 (2H,
m, CH,), 0.16 (27H, s, MesSi).

Data in agreement with literature values.>°

1,1,1-Trimethyl-3-(2-(phenylsulfonyl)allyl)-3,3-bis(trimethylsilyl)disiloxane, 6a-Si

PhO,S

(Me3SiO)(Me3Si),Si
According to the procedure described for the synthesis 4a, the silane adduct 6a-Si could

be isolated by column chromatography.
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IH NMR (400 MHz, CDCls) & 7.92 — 7.84 (2H, m, ArH), 7.66 — 7.57 (2H, m, ArH), 7.54 (1H,
m, ArH), 6.20 (1H, s, C=CH>), 5.55 (1H, app. q, J = 1.2 Hz, C=CH5), 1.69 (2H, d, J = 1.3 Hz,

CH,), 0.18 (18 H, s, MesSi), 0.04 (9H, s, MesSiO).
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S3.5 Further Functionalisations

Methyl 3-(3-(allylamino)bicyclo[1.1.1]pentan-1-yl)propanoate, 7

(o)

5
H 8
\ 9
N 0— 10
2 7
// 3

1

Mg turnings (17 mg, 0.70 mmol) were added to a solution of BCPA iodide 3a (27 mg, 0.070
mmol) in MeOH (0.7 mL) and the reaction mixture was sonicated for 1 h. A second portion
of Mg turnings (17 mg, 0.70 mmol) were added and sonication was continued until all the
Mg had dissolved. The reaction mixture was quenched with NH4Cl (sat. ag., 1 mL) then
CH,Cl; (5 mL) was added and the layers separated. The aqueous phase was extracted with
CHCl; (5 mL x 2) and then the combined organic layers were dried (Mg,S0.), filtered and
concentrated in vacuo. Purification by column chromatography (SiO2, EtOAc/pentane, 4:1

— 1:0) gave the title compound 7 (9 mg, 0.045 mmol, 64%) as a pale-yellow oil.

R 0.19 (EtOAc/pentane, 4:1).

IR vmax/cm ™1 (film) 2965, 2910, 2868, 1738, 1672, 1437, 1249, 1194, 1175.

'H NMR (400 MHz, CDCl3) 6 5.91 (1H, ddt, J=17.2, 10.2, 5.9 Hz, H2), 5.16 (1H, app. dq, J =
17.2, 1.7 Hz, H1), 5.05 (1H, app. dg, / = 10.2, 1.5 Hz, H1), 3.66 (3H, s, H10), 3.21 (3H, dt, J
=5.9,1.5 Hz, H3), 2.28 (2H, t, J = 7.6 Hz, H8), 1.86 (2H, t, J = 7.6 Hz, H7), 1.62 (6H, s, 10H),
1.59 (1H, br. s, NH).

13C NMR (101 MHz, CDCls) 6 174.1, 137.3, 115.5, 52.7, 51.7, 50.9, 48.6, 34.9, 31.9, 26.0.

HRMS (ESI*) [M + H]* C12H2002N requires 210.1489, found 210.1490.
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(Z E)-4-Methyl-N-(3-methylcyclobut-2-en-1-ylidene)benzenesulfonamide, 8

3 4

7
1 42@57802
N# 10
6\ 8

9

Pd(dppf)(Cl)2 (3.8 mg, 10 mol%) and NaBH(OAc)s (16 mg, 0.080 mmol) were added
sequentially to a solution of BCPA iodide 3a (20 mg, 0.050 mmol) in anhydrous THF (0.4
mL) in a flame dried vial. The vial was capped and stirred at room temperature for 16 h,
then quenched with NH4Cl (sat. ag., 0.5 mL). The biphasic mixture was diluted with EtOAc
(10 mL), separated and then the aqueous phase was extracted with further portions of
EtOAc (10 mL x 2). The combined organic phases were dried (Mg,S0a), filtered and then
concentrated in vacuo. Purification by column chromatography (SiO,, EtOAc/pentane, 3:15

— 4:15) gave the title compound 8 (4 mg, 0.016 mmol, 32%, Z:E, 1.2:1) as a colourless oil.

Rr0.34 (EtOAc/pentane, 3:7).

IR vmax/cm ™1 (film) 2981, 2360, 1657, 1574, 1320, 1159, 1089, 842.

1H NMR (400 MHz, CDCl3) 6 7.85 (3.6H, dd, J = 8.4, 2.6 Hz, H4), 7.35 — 7.28 (3.6H, m, H3),
6.57 (0.8H, qt, J = 1.4, 0.7 Hz, H72), 6.00 (0.7H, app. dqg, J = 2.1, 0.8 Hz, H7¢), 3.59 — 3.50
(1.7H, m, H9¢), 3.21 — 3.12 (2H, m, H9y), 2.43 (5.9H, s, H1), 2.26 (3H, app. q, / = 1.2 Hz,
H10,), 2.24 (2.5H, app. g, J = 1.2 Hz, H10¢)

13C NMR (101 MHz, CDCl5) 6 133.1, 132.8, 129.8, 127.6, 46.5, 46.1, 21.7, 18.8, 18.8.

HRMS (ESI)* [M + H]* C12H1402NS requires 236.0740, found 236.0740.
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N-(3-lodobicyclo[1.1.1]pentan-1-yl)-4-methylbenzenesulfonamide, 9

According to a modified literature procedure.”* BCPA iodide 3a (40 mg, 0.10 mmol), 1,3-
dimethylbarbituric acid (47 mg, 0.30 mmol) and Pd(PPhs)s (35 mg, 0.030 mmol) were
added to a vial and evacuated and purged with N; (x 3). Anhydrous THF (1.4 mL) was added
and the vial was capped and stirred at 50 °C for 24 h. The reaction mixture was cooled to
room temperature then H,O (4 mL was added, and the biphasic mixture was extracted
with EtOAc (5 mL x 3). The combined organic layers were dried (Mg2S0a), filtered and
concentrated in vacuo. Purification by column chromatography (SiO,, EtOAc/pentane, 1:9
— 1:4) gave the title compound 9 (26 mg, 0.072 mmol, 72%). Recrystallisation

(CH2Cly/pentane) gave the product as off-white crystals.

Rf 0.29 (EtOAc/pentane, 1:4) [UV, Ninhydrin].

m.p. 134 °C.

IR Vimax/cm =1 (film) 3253 (br.), 2980, 2361, 2342, 1325, 1191, 1160, 1093, 992.

1H NMR (400 MHz, CDCl3) 6 7.78 — 7.66 (2H, m, H4), 7.36 — 7.28 (2H, m, H3), 5.10 (1H, s,
NH), 2.44 (3H, s, H1), 2.29 (6H, s, H7).

13C NMR (126 MHz, CDCls) & 144.2,137.7,130.0, 127.4, 61.9, 51.2, 21.7, —0.8.

HRMS (ESI) [M + Na]* C12H1402NINaS requires 385.9682; found 385.9682.
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N-Allyl-N-(bicyclo[1.1.1]pentan-4-yl)-p-methylbenzenesulfonamide, 3a-H

BCPA iodide 3a (74 mg, 0.18 mmol) and fac-Ir(ppy)s (3.0 mg, 2.5 mol%) were added to a
flame dried vial, the vial was then evacuated and put under an Ar atmosphere. tert-BuCN
(1.8 mL) and (MesSi)sSiH (72 pL, 0.23 mmol) were then added, and the solution was
degassed by freeze-pump-thaw cycles (x 3). The stirred mixture was irradiated with blue
LEDs for 1 h and then concentrated in vacuo. Purification by column chromatography (SiO»,
EtoO/pentane, 1:9) and slow recrystallization from pentane at =5 °C gave the title

compound 3a-H (28 mg, 0.10 mmol, 54%) as a white solid.

Rr0.30 (Et20/pentane, 1:9) [UV, vanillin].

IR Vmax/cm 1 (film) 2950, 1343, 1243, 1158, 1092, 834.

1H NMR (400 MHz, CDCls) § 7.74 — 7.66 (2H, m, H8), 7.29 — 7.27 (2H, m, H9), 5.82 (1H, ddt,
J=17.2,10.2, 5.6 Hz, H2), 5.24 (1H, app. dq, J = 17.2, 1.6 Hz, H1), 5.13 (1H, app. dg, J =
10.2, 1.5 Hz, H1), 3.91 (2H, app. dt, J = 5.6, 1.6 Hz, H3), 2.42 (3H, s, H11), 2.33 (1H, s, H6),
1.96 (6H, s, H5).

13CNMR (101 MHz, CDCls) 6 143.2,138.7,135.3,129.6,127.3,117.1,54.0,53.2,49.9, 23.8,
21.7.

HRMS (ESI)* [M + Na]* CisH1902NNaS, requires 300.1029; found 300.1030.
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Methyl  6-(4-((p-methyl-N-(oxiran-2-ylmethyl)phenyl)sulfonamido)bicyclo[1.1.1]pentan-1-

yl)propanoate, 10

According to a modified literature procedure.”® KBr (50 mg, 0.42 mmol) was added to a
solution of BCPA iodide 3a (49 mg, 0.14 mmol) in CH,Clz/H20 (9:1, 0.82 mL) at room
temperature. Then Oxone” (172 mg, 0.28 mmol) was added in one portion. The reaction
mixture was stirred at room temperature for 22 h and then Na,SOs (sat. ag., 3 mL) was
added to the mixture. The aqueous phase was extracted with EtOAc (5 mL x 3), the
combined organic phases were washed with brine (10 mL), dried (Mg2S0a), filtered and
concentrated in vacuo. Purification by column chromatography (SiO2, Et.0/pentane, 1:4)

gave epoxide 10 (37 mg, 0.10 mmol, 71%) as a colourless oil.

Rr0.28 (Et20/pentane, 1:4) [UV, vanillin].

IR vmax/cm ~1 (film) 3649, 2981, 2883, 1737, 1351, 1246, 1160, 1091, 812.

1H NMR (400 MHz, CDCls) § 7.74 — 7.67 (2H, m, H12), 7.35 — 7.28 (2H, m, H13), 4.49 (1H,
tt, = 7.0, 5.8 Hz, H2), 3.84 (2H, app. dd, J = 5.9, 2.1 Hz, H3), 3.81 (1H, dd, J = 15.1, 7.0 Hz,
H1), 3.44 (1H, dd, J = 15.1, 7.0 Hz, H1), 2.44 (3H, s, H15), 2.23 (2H, t, J = 7.5 Hz, H8), 1.86 —
1.77 (8H, m, H7, H5).

13C NMR (101 MHz, CDCl3) 6 173.6, 144.0, 137.2,129.9, 127.7,52.9, 52.7,51.8,51.1, 50.8,
35.7,35.1,31.5,25.1, 21.7.

HRMS (ESI, APCI) Not Found.
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N-(3-lodobicyclo[1.1.1]pentan-1-yl)-4-methyl-N-(2-oxoethyl)benzenesulfonamide, 11

A solution of BCPA iodide 3a (61 mg, 0.15 mmol) in anhydrous CH,Cl, (2.0 mL) was cooled
to —78 °C. A glass pipette Oz bubbler was submerged into the flask and the exit tube was
connected to a bubbler of NaSOs (sat. ag.). The reaction flask was purged with O, for 1 min,
then Os for 10 min. The solution turned very pale blue and then the flask was purged with
Oz for 1 min. Me3S (0.1 mL) was then added and the reaction stirred at room temperature
overnight. The reaction mixture was poured onto H>O (10 mL) and extracted with CH,Cl,
(5 mL x 3). The combined organic phases were washed with LiCl (5% aq., 5 mL x 3), dried
(Mg»S0a), filtered and concentrated in vacuo. Purification by a column chromotography
(SiO,, EtOAc/pentane, 0:1 — 1:4) gave aldehyde 11 (43 mg, 0.11 mmol, 71%) as a

colourless oil.

R¢ 0.30 (EtOAc/pentane, 1:4).

IR vmax/cm ~ 1 (film) 1734, 1349, 1199, 1159, 1094, 978, 885.

1H NMR (400 MHz, CDCl3) 6 9.61 (1H, t, J = 1.3 Hz, H1), 7.73 = 7.66 (2H, m, H7), 7.37 = 7.29
(2H, m, H8), 3.97 (2H, d, J = 1.3 Hz, H2), 2.45 (3H, s, H10), 2.35 (6H, s, H4).

13CNMR (101 MHz, CDCl3) § 197.8, 144.6, 136.9, 130.1, 127.6, 61.6, 56.2, 56.0, 21.8, —1.4.

HRMS (ESI)* [M + H]* C14H1703NIS requires 405.9965, found 405.9969.
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N-(3-lodobicyclo[1.1.1]pentan-1-yl)-N-tosylglycine, 12

According to a modified literature procedure.>® NalO4 (160 mg, 0.75 mmol) was added to a
solution of BCPA iodide 3a (60.5 mg, 0.15 mmol) in CCl4 (0.3 mL) and H,0 (0.45 mmol). A
solution of RuCls.3H,0 (2.0 mg, 0.0016 mmol) in MeCN (0.3 mL) was then added and the
reaction mixture was stirred at room temperature for 16 h. The reaction mixture was
diluted with CH2Cl; (5 mL) and H2O (5 mL) and separated. The aqueous phase was
extracted with CHxCl; (5 mL x 2) and the combined organic phases were dried (Mg,S0s),
filtered and concentrated in vacuo. Purification by column chromatography (SiOy,
CHCl,/MeOQH, 93:7) gave the N-tosylglycine BCPA iodide 12 (23 mg, 0.055 mmol, 37%) as

a white solid.

Rt 0.19 (CH,Clo/MeOH, 9:1).

m.p. 116 — 120 °C

IR Vimax/cm = (film) 3452 (br.), 2360, 2342, 1597, 1597, 1260, 1199, 1156, 1092, 882, 745.
IH NMR (400 MHz, d4-MeOD) & 7.76 (2H, br. d, J = 8.3 Hz, H7), 7.39 (2H, br. d, J = 8.3 Hz,
H8), 3.85 (2H, s, H2), 2.44 (3H, s, H710), 2.35 (6H, s, H4).

13C NMR (126 MHz, ds-MeOD) & 175.0, 145.3, 139.3, 130.8, 128.5, 62.9, 57.1, 50.8, 21.5,
0.3.

HRMS (ESI*) [M + H]* C14H1704NIS requires 421.9917; found 421.9918.
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Methyl (E)-4-((N-(3-iodobicyclo[1.1.1]pentan-1-yl)-4-methylphenyl)sulfonamido)but-2-

enoate, 13

13 S02
4 N |
1—0
e )
3

0
According to a modified literature procedure.>* Grubbs catalyst second generation (1.7 mg,
2 mol%) and BCPA iodide 3a (40 mg, 0.10 mmol) were added to a flame dried vial. The vial
was evacuated and refilled with Ar (x 3), then the solids were dissolved in degassed CHCl,
(1.0 mL) then methyl acrylate (45 uL, 0.50 mmol) was added. The vial was capped and
stirred at 45 °C for 24 h. An additional portion of Grubbs catalyst second generation (1.7
mg, 2 mol%) was added and then the mixture was stired at 45 °C for a further 48 h. The
reaction mixture was then cooled and concentrated in vacuo. Purification by column
chromatography (SiO2, EtOAc/pentane, 1:19 = 3:17) gave the title compound 13 (33 mg,

0.072 mmol, 72%) as a pale-yellow oil.

Rf 0.43 (EtOAc/pentane, 1:4).

IR vmax/cm ~ 1 (film) 2980, 1722, 1347, 1277, 1197, 1172, 1091, 881, 666.

1H NMR (400 MHz, CDCls) § 7.69 — 7.62 (2H, m, H10), 7.35 — 7.27 (2H, m, H11), 6.85 (1H,
dt, /=15.6, 5.1 Hz, H4), 6.01 (1H, dt, /= 15.6, 1.9 Hz, H3), 4.02 (2H, dd, J = 5.1, 1.9 Hz, H5),
3.74 (3H, s, H1), 2.43 (3H, s, H13), 2.37 (6H, s, H7).

13C NMR (101 MHz, CDCls) & 166.2, 144.2, 144.0, 137.5, 130.0, 127.3, 123.0, 62.0, 55.9,
53.0,48.4,21.7,-1.0.

HRMS (ESI*) [M + H]* C17H21NO4lS requires 462.0230; found 462.0231.
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Methyl-3-(3-((4-methyl-N-(3-(pyridine-2-

yl)propyl)phenyl)sulfonamido)bicyclo[1.1.1]pentan-1-yl)propanoate, 14

According to a modified literature procedure.> Vials of THF and DMF were degassed by
freeze-pump-thaw cycles (x 3). 9-BBN (0.5 M in THF, 0.3 mL, 0.15 mmol) was added to a
solution of 6b (36 mg, 0.10 mmol) in THF (0.17 mL) in a flame dried vial and stirred at room
temperature for 19 h. Consumption of starting material was monitored by TLC. In a
separate flame dried vial, Cs,COs (108 mg, 0.33 mmol), AsPhs (14 mg, 0.050 mmol),
Pd(dppf)(Clz) (34 mg, 0.050 mmol) were added. The vial was evacuated and filled with N3
(x 3). The solids were dissolved in DMF (1.0 mL), then 2-bromopyridine (14 uL, 0.15 mmol)
was added and the mixture was stirred at room temperature for 15 min. The solution of
hydroborated BCPA was then transferred with additional portions of DMF (0.1 mL x 2). The
vial was capped and heated to 80 °C for 48 h. The reaction mixture was cooled to room
temperature and diluted with EtOAc (5 mL) and LiCl (5% aq., 10 mL). The biphasic mixture
was separated and the organic phase was washed with further portions of LiCl (5% aqg., 10
mL x 2). The combined organic phases was dried (Mg,S0.), filtered and concentrated in
vacuo. Purification by column chromatography (SiOz, EtOAc/pentane, 3:7 - 3:2) gave the
title compound 14 (12 mg, 0.027 mmol, 28%) as a pale-yellow oil. Compound 15 (8.0 mg,

0.019 mmol, 20%) was also isolated on elution to EtOAc/pentane, 1:0.

R:0.14 (EtOAc/pentane, 2:3).

IR vmax/cm ~1 (film) 2972, 2914, 2873, 1736, 1592, 1343, 1249, 1158, 668.
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IH NMR (400 MHz, CDCl3) & 8.52 (1H, ddd, J = 4.9, 1.9, 0.9 Hz, H1), 7.69 — 7.61 (2H, m,
H10), 7.60 (1H, td, J = 7.6, 1.9 Hz, H3), 7.29 — 7.22 (2H, m, H11), 7.19 (1H, dt, J = 7.8, 1.2
Hz, H4), 7.11 (1H, ddd, J = 7.6, 4.9, 1.2 Hz, H2), 3.64 (3H, s, H20), 3.35 — 3.23 (2H, m, H8),
2.83 (2H,t,J = 7.6 Hz, H6), 2.41 (3H, s, H13), 2.21 (2H, dd, J = 8.0, 7.1 Hz, H18), 2.13 - 2.03
(2H, m, H7), 1.80 (2H, app. t, J = 7.6 Hz, H17), 1.75 (6H, s, H15).

13C NMR (101 MHz, CDCls) § 173.7, 161.3, 149.4, 143.1, 138.7, 136.5, 129.6, 127.3,
123.1,121.3,53.0, 51.8, 50.6, 47.4, 35.7, 35.5, 31.6, 30.6, 25.2, 21.6.

HRMS (ESI*) [M + H]* Ca3H29N204S requires 443.1999; found 443.2001.

N-(3-(3-Hydroxypropyl)bicyclo[1.1.1]pentan-1-yl)-4-methyl-N-(3-(pyridine-2-

yl)propyl)benzenesulfonamide, 15

According to a modified literature procedure.”® 9-BBN (0.5 M in THF, 0.49 mL, 2.46 mmol)
was added to a solution of BCPA 16 (42 mg, 1.23 mmol) in anhydrous THF (0.15 mL) in a
flame dried vial cooled to O °C. The vial was capped and heated to 50 °C for 2.5 h. The
reaction mixture was cooled to room temperature and then KsPO4 (3.0 M aqg., 0.11 mL,
3.20 mmol) was added and the reaction mixture was stirred at room temperature for 30
min. In a separate flame dried vial, 2-bromopyridine (26 pL, 2.80 mmol) was added to a
solution of Pd(PPhs)a (7 mg, 5 mol%) in anhydrous THF (0.11 mL) and stirred for 15 min.
The hydroborated BCPA was added and transferred with an additional portion of THF (0.1
mL x 3). The vial was capped and heated to 65 °C for 24 h. The reaction mixture was cooled

to room temperature and quenched with H202 (30% aqg., 0.2 mL) then diluted with EtOAc
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(5 mL) and H,0 (5 mL). The biphasic mixture was separated and the aqueous phase was
extracted with EtOAc (5 mL x 2). The combined organic phases were dried (Mg2S0a),
filtered and concentrated in vacuo. Purification by column chromatography (SiO»,
EtOAc/pentane, 7:3 = 9:1) gave the title compound 16 (15 mg, 0.036 mmol, 33%) as a
pale-yellow oil. The product was inseparable from remaining catalyst, which is reflected in

the aromatic region of the *H NMR.

R 0.35 (EtOAc) [UV, Vanillin].

IR vmax/cm ~ 1 (film) 3346 (br.), 2968, 2916, 2872, 1594, 1342, 1246, 1158, 699.

1H NMR (400 MHz, CDCl3) § 7.72 — 7.62 (8H, m, ArH), 7.57 — 7.52 (3H, m, ArH), 7.49 — 7.43
(6H, m, ArH), 7.28 (2H, d, J = 8.2 Hz, H11), 3.78 (2H, t, J = 5.6 Hz, H19), 3.59 (2H, t, J = 6.3
Hz, H8), 3.39 (2H, t, J = 6.3 Hz, H6), 2.66 (1H, s, OH), 2.42 (3H, s, H13), 1.80 (6H, s, H15),
1.79 —1.72 (2H, m, H7), 1.60 — 1.42 (4H, m, H17, H18).

13C NMR (151 MHz, CDCls) 6 143.4,138.1, 133.0, 132.3, 132.2,129.7, 128.7, 128.6, 127.2,
62.8,58.6,53.1, 50.5, 44.0, 36.3, 32.9, 30.2, 26.1, 21.6.

HRMS (ESI) [M + H]* C23H31N20sS requires 415.1977, found 415.2048.

N-Allyl-N-(3-(3-hydroxypropyl)bicyclo[1.1.1]pentan-1-yl)-4-methylbenzenesulfonamide, 16

BCPA 6b (63 mg, 0.17 mmol) was dissolved in anhydrous Et,0 (1.7 mL) and cooled to 0 °C
and then LiAlHs (4.0 M in THF, 0.03 mL, 0.13 mmol) was added dropwise. The reaction

mixture was stirred at room temperature for 30 min and then quenched via dropwise
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addition of Na;SO4 (sat. ag., 0.5 mL), then EtOAc (0.5 mL). The mixture was dried (Mg2SQ04),
filtered and concentrated in vacuo to give the title compound 15 (49 mg, 0.15 mmol, 88%).

No purification was required.

R 0.37 (EtOAc/pentane, 2:3) [UV, Vanillin].

IR vmax/cm 1 (film) 3657, 2981, 2889, 1382, 1251, 1155, 1073, 955.

'H NMR (400 MHz, CDCl3) 6 7.73 = 7.65 (2H, m, H5), 7.30 — 7.24 (2H, m, H6), 5.82 (1H, ddt,
J=17.2,10.2, 5.6 Hz, H2), 5.23 (1H, app. dq, J = 17.2, 1.6 Hz, H1), 5.13 (1H, app. dq, J =
10.2, 1.4 Hz, H1), 3.91 (2H, app. dt, J = 5.6, 1.6 Hz, H3), 3.59 (2H, t, J = 6.1 Hz, H14), 2.42
(3H, s, H8), 1.80 (6H, s, H10), 1.56 — 1.42 (4H, m, H12, H13).

13CNMR (101 MHz, CDCls) 6 143.2, 138.8,135.4,129.6,127.4,117.1,62.9, 53.3, 50.8, 50.1,
36.4,30.2, 26.1, 21.7.

HRMS (ESI*) [M + Na]* C1gH2503NNaS requires 358.1447; found 358.1449.
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S4.

Chapter 4 Experimental Data

S4.1 General Experimental Procedures

Strain Release Reagents

[1.1.1]Propellane 1 was prepared according to literature procedure (described in section
S4.1).>” TCH 30 was prepared by N. Frank>® and BCBs 31a — 31d were prepared by R.
McNamee.>?

2 g H CON(iPr), H SO,Ph H SO,tBu  Me CON(iPr),
1 30

31a 31b 31c 31d

General Procedure 11 — Sulfonyl BCP Halides from Sulfinate salts

o .
X" reagent o4l
d + T e 3 X
R” ONa 2 min, then 1 R/

1

All procedures were carried out under air, neither flame drying of glassware or use of

anhydrous solvents were necessary. Purification of sulfonyl BCP halides with a short pad
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of silica was usually sufficient unless otherwise stated. Sulfonyl BCP halides were re-
crystallised from CHCl, / pentane at —18 °C to afford crystals of suitable quality for X-ray

diffraction.

General Procedure 11.1 - Aryl Sulfonyl BCP lodides R = (Het)Aryl and X = |

X=1
(o]

o ) CH,Cl, [0.25 M],
Il . ﬁ DXH (1.0 equiv.) [eN] X _'5 °C, 2 min
7N 2 min, then 1, time 4
R ONa R X =Br
1 Et,0 [1.0 M], 1t, 18 h

(2.5 equiv.) (1.0 equiv.)
[1.0 M inH,0] [0.75 M in Et,0]

Diiodo-5,5-dimethylhydantoin (DIH) (78.4 mg, 0.20 mmol) was suspended in CH,Cl;
(0.80 mL) at =5 °C (ice / salt) in a 3 mL vial equipped with a stir bar and septum. A
solution of sodium sulfinate salt in H,O (0.50 mL, 0.50 mmol, 1.0 M) was added dropwise
to the DIH suspension and the slurry turned pale-yellow. The mixture was stirred vigorously
for 2 min. A solution of [1.1.1]propellane 1 (0.27 mL, 0.20 mmol of a 0.75 M solution in
Et,0) was added, a colour change from pale-yellow to white took place. The reaction
mixture was stirred at =5 °C for 2 min and then vial was sonicated (5 s to ensure complete
mixing). The reaction mixture was quenched at room temperature with Na;S,0s (sat. aq.,
0.50 mL). The biphasic mixture was poured onto H,0 (2 mL), extracted with CH»Cl, (3 x 2
mL), then the combined organic phases were concentrated in vacuo. The residue was
purified by silica plug (wash with pentane, followed by collection with EtOAc/pentane, 2:3)

to give the sulfonyl BCP iodide, unless stated otherwise.

General Procedure 11.2 - Modification at —40 ° C, R = electron-deficient and X = Br
A solution of sodium sulfinate salt in DMF (0.50 mL, 0.50 mmol, 1.0 M) was added dropwise

to the suspension of DIH (78.4 mg, 0.20 mmol) in CH,Cl, (0.80 mL) at =40 °C (MeCN / dry
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ice). The mixture was stirred vigorously for 2 min, then [1.1.1]propellane 1 (0.27 mL, 0.20
mmol of a 0.75 M solution in Et;0) was added and the mixture was stirred at this
temperature for 20 min. The reaction was sonicated (5 s) then stirred at 0 °C for 10 min.
The reaction was quenched at room temperature with Na;S,0s3 (sat. ag., 0.50 mL) and the
biphasic mixture was poured onto H,O (2 mL) and extracted with CH,Cl, (2 x 2 mL). The
combined organic phases were washed with LiCl (5% ag., 5 x 2 mL) and concentrated in
vacuo. The residue was purified by silica plug (wash with pentane, followed by collection

with EtOAc/pentane, 2:3) to give the sulfonyl BCP iodide, unless stated otherwise.

Note: Lower reaction temperatures were required if the mixture containing the in-situ
generated sulfonyl iodide turned dark orange/brown before addition of 1. High yielding

reactions typically remained pale yellow at this stage.

General Procedure 11.3 - Aryl Sulfonyl BCP Bromides, R = (Het)Aryl and X = Br

Dibromo-5,5-dimethylhydantoin (DBH) (57.1 mg, 0.20 mmol) was suspended in Et,0
(0.20 mL, 1.0 M) at room temperature (21 °C) in a 3 mL vial equipped with a stir
bar and septum. A solution of sodium sulfinate salt (0.50 mL, 0.50 mmol of a 1.0 M
solution in H,0) was added and the mixture was stirred for 2 min at room temperature. A
solution of [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et;0) was
added. The vial was capped, wrapped in parafilm and stirred at room temperature for 18 h.
The sulfonyl BCP bromide typically precipitated as a white solid overnight. The reaction
mixture was quenched with Na;S;0s3 (sat. aq., 0.3 mL), extracted with CH,Cl, (3 x 2 mL),
then the combined organic phases were concentrated in vacuo. The residue was purified

by silica plug (EtOAc/pentane, 2:3) to give the sulfonyl BCP bromide.
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Note: No colour changes were usually observed and a white precipitate (sulfonyl bromide)

may from before addition of 1.

General Procedure 11.4 - Alkyl Sulfonyl BCP lodides, R = Alkyl and X = |

X=1
0]

o BnNMesICl, (1.4
Il + ﬁ X* source ol X equiv.), 2 min
AR CH,Cl, [0.10 M], /
Alkyl ONa 2-2
Y 0°Ctort, Alkyl X =Br

1 Bry (1.8 equiv.), Et;B
(10 mol%), 2 h

(2.0 equiv.) (1.0 equiv.)
[1.0 M inH,0] [0.75 M in Et,0]

Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.14 mmol) was suspended in
CH2Cl; (0.10 mL) in a 3 mL vial equipped with a stir bar and septum at =5 °C. A
solution of sodium sulfinate salt (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0) was added
and the mixture was stirred for 2 min. A solution of [1.1.1]propellane 1 (0.15 mL, 0.10
mmol of a 0.70 M solution in Et;0) was added. The reaction mixture was stirred at =5 °C
for 2 min, then vial was sonicated (5 s) to ensure complete mixing. The reaction mixture
was quenched at room temperature with Na;S;03 (sat. aq., 0.50 mL). The biphasic mixture
was poured onto H,0 (1 mL), extracted with CH,Cl, (3 x 2 mL), then the combined organic
phases were concentrated in vacuo. The residue was purified by silica plug

(EtOAc/pentane, 2:3) to give the sulfonyl BCP iodide.

General Procedure 11.5 - Alkyl Sulfonyl BCP Bromides, R = Alkyl and X = Br

A solution of sodium sulfinate salt (0.10 mL, 0.10 mmol of a 1.0 M solution in H,0) was
added to a 3 mL vial equipped with a stir bar and septum cooled to =5 °C. CHCl;
(0.10 mL) was added. A solution of Br; (0.18 mL, 0.18 mmol of a 1.0 M solution in
CH,Cl) was added and the mixture was stirred for 2 min, until disappearance of

the bromine colour to a colourless solution. A solution of [1.1.1]propellane 1 (0.15
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mL, 0.10 mmol of a 0.70 M solution in Et;0) and then Et3B (10 plL, 0.01 mmol, 1.0 M in
hexanes) was added. The vial stirred at =5 °C for 2 min, then vial was sonicated (5 s) to
ensure complete mixing. The vial was quenched at room temperature with Na;S,0s3 (sat.
ag., 0.50 mL). The biphasic mixture was poured onto H,O (1 mL), extracted with CH,Cl> (3
x 2 mL), then the combined organic phases were concentrated in vacuo. The residue was

purified by silica plug (EtOAc/pentane, 2:3) to give the sulfonyl BCP iodide.

General Procedure 11.6 - Sulfonyl BCB lodides, R = Aryl and X = |

X=1
0o X" source, 2 min, BnNMe3ICly (1.4 eq.), 1 h
1] R, R4 then 31, Et3B (10 mol%) ><><R1 3ICI ( q.),
PN + >
R” “ONa M CH,Cly Ry X X Br
0 °Ctort, time
(2.5 equiv.) 31 Brz(1.8.eq.). 2h
[1.0 M in H,0] (1.0 equiv.)
[1.0 M in CH,Cl,]

Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.14 mmol) and CH2Cl, (0.10 mL) was
added to a 3 mL vial equipped with a stir bar and septum at =5 °C. A solution of
sodium sulfinate salt (0.25 mL, 0.25 mmol of a 1.0 M solution in H,0) was added and the
mixture stirred for 2 min. A solution of BCB (0.10 mL, 0.10 mmol of a 1.0 M solution in
Et,0) and then Et3B (10 uL, 0.01 mmol, 1.0 M in hexanes) was added. The vial was capped,
sonicated (5 s) and then stirred at room temperature for 1 h. The reaction mixture was
guenched with Na3S;03 (sat. ag., 0.50 mL). The biphasic mixture was poured onto H,0 (1
mL), extracted with CHCl, (3 x 2 mlL), then the combined organic phases were
concentrated in vacuo. The residue was purified by silica plug (EtOAc/pentane, 2:3) to give

the sulfonyl BCB iodide.
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General Procedure 11.7 - Sulfonyl BCB Bromides, R = Aryl and X = Br

A solution of sodium sulfinate salt (0.20 mL, 0.20 mmol of a 1.0 M solution in H20) was
added to a 3 mL vial equipped with a stir bar and septum at =5 °C. CH,Cl, (0.10 mL)
was added. A solution of Br, (0.18 mL, 0.18 mmol of a 1.0 M solution in CH,Cl;)
was added and the mixture was stirred for 2 min, until disappearance of the
bromine colour to a colourless solution. A solution of BCB (0.10 mL, 0.10 mmol of a
1.0 M solution in Et;0) and then Et3B (10 uL, 0.01 mmol, 1.0 M in hexanes) was added. The
vial was capped, sonicated (5 s), and then stirred at room temperature for 2 h. The vial was
guenched with Na3S;03 (sat. ag., 0.50 mL). The biphasic mixture was poured onto H,0 (1
mL), extracted with CHyCl, (3 x 2 mlL), then the combined organic phases were
concentrated in vacuo. The residue was purified by silica plug (EtOAc/pentane, 2:3) to give

the sulfonyl BCB bromide.

General Procedure 12 — Sulfinate salts from reduction of sulfonyl chlorides

AL Na,S03, NaHCO; 0
S —_——
R” al H,0, 80 °C, 3 h R~ on

According to a modified literature procedure.?® Sulfonyl chloride (5.00 mmol) was added
to a solution of sodium sulfite (1.26 g, 10.0 mmol) and sodium bicarbonate (840 mg, 10.0
mmol) in water (5.0 mL) and the suspension was heated at 80 °C for 4 h. After cooling to
room temperature, the water was removed in vacuo. The resultant solid was stirred in
EtOH (5 mL) for 30 min at 40 °C, then filtered and washed with EtOH (10 mL x 3). The

combined ethanol washes were concentrated in vacuo to yield the sulfinate salt.
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S4.2 Aryl Sulfonyl BCP Halides

1-lodo-3-tosylbicyclo[1.1.1]pentane, 18a-1

A stock solution of sulfinate salt 18a-S (213 mg, 1.20 mmol) in H,0 (1.20 mL) was prepared.
DIH (78.4 mg, 0.20 mmol), sulfinate salt 18a-S (0.50 mL, 0.50 mmol, 1.0 M in H,0),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in CH,Cl, (0.80 mL)
were subjected to the conditions of general procedure 11.1. BCP iodide 18a-1 (68.8 mg,

0.20 mmol, 99%) was obtained as a white solid.

R 0.74 (EtOAc/pentane, 1:9) [UV, Vanillin].

m.p. 188° C.

IR Vmax/cm ~ 1 (film) 1594, 1314, 1302, 1290, 1166, 1136, 859, 811, 665.

'H NMR (400 MHz, CDCl3) & 7.75 — 7.68 (2H, m, H5), 7.38 — 7.34 (2H, m, H6), 2.50 (6H, s,
H2), 2.46 (3H, s, H8).

13C NMR (101 MHz, CDCl3) 6 145.4, 133.7,130.2, 128.7,59.3, 57.9, 21.8, 2.6.

HRMS (ESI*) [M + Na]* C12H1302INaS requires 370.9573; found 370.9574.

1-Bromo-3-tosylbicyclo[1.1.1]pentane, 18a-Br
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A stock solution of sulfinate salt 18a-S (213 mg, 1.20 mmol) in H,0 (1.20 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 18a-S (0.50 mL, 0.50 mmol, 1.0 M in H,0),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et;0) in Et0 (0.20 mL)
were subjected to the conditions of general procedure 11.3. Purification by silica plug
(EtOAc/pentane, 1:4) gave the BCP bromide 18a-Br (60.4 mg, 0.20 mmol, 100%) as a white

crystalline solid.

R¢ 0.38 (EtOAc/pentane, 1:9) [UV, Vanillin].

m.p. 180 ° C.

IR vmax/cm ~ 1 (film) 2970, 1379, 1160, 1128, 951, 817.

'H NMR (400 MHz, CDCl3) 6 7.75 = 7.68 (2H, m, H6), 7.40 — 7.32 (2H, m, H5), 2.46 (3H, s,
H8), 2.44 (6H, s, 2H).

13C NMR (101 MHz, CDCls) & 145.4,133.9, 130.1, 128.6, 58.0, 52.6, 35.4, 21.8.

HRMS (ESI*) [M + Na]* C12H13028'BrNasS requires 324.9691; found 324.9691.

1-Chloro-3-tosylbicyclo[1.1.1]pentane, 18a-Cl

[1.1.1]propellane 1 (0.27 mL, 0.20 mmol of a 0.75 M solution in Et,0) was added to a
solution of 4-methylbenzenesulfonyl chloride (38.0 mg, 0.20 mmol) in MeCN (0.2 mL) in a
3 mL vial under air. The vial was capped and stirred at room temperature for 16 h.
Concentration in vacuo and purification by column chromatography (SiO,, EtOAc/pentane,

0:1 - 1:9) gave BCP chloride 18a-Cl (14.6 mg, 0.22 mmol, 29%) as a white crystalline solid.
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R:0.67 (EtOAc/pentane, 1:9).

IR vmax/cm 1 (film) 2981, 1596, 1311, 1293, 1188, 1143, 811, 672.

IH NMR (400 MHz, CDCls) & 7.76 — 7.69 (2H, m, H5), 7.41 — 7.33 (2H, m, H6), 2.46 (3H, s,
H8), 2.38 (6H, s, H2).

13C NMR (101 MHz, CDCls) 6 145.4, 134.0, 130.1, 128.7,57.2, 49.9, 48.6, 21.8.

HRMS (ESI*) [M + Na]* C12H13023>CINaS requires 279.0217; found 279.0218.

Characteristic 'H NMR data for Staffane of 18a-Cl (separable)

1H NMR (400 MHz, CDCls) 6 1.99 (6H, s), 1.91 (6H, s).

1-lodo-3-((4-methoxyphenyl)sulfonyl)bicyclo[1.1.1]pentane, 18b-I

A stock solution of sulfinate salt 18b-S (126 mg, 0.60 mmol, contained 8% impurity) in H20
(0.60 mL) was prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 18b-S (0.50 mL, 0.50
mmol, 1.0 M in H,0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et;0)
in CH,Cl> (0.80 mL) were subjected to the conditions of general procedure 11.1. BCP iodide

18b-I (73.6 mg, 2.02 mmol, 101%) was obtained as a white solid.

R:0.20 (EtOAc/pentane, 1:9).

m.p. 164 — 169 °C.

IR Vmax/cm ~1 (film) 2981, 1593, 1492 1258, 1163, 1132, 803, 769, 669.
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1H NMR (400 MHz, CDCl3) § 7.80 = 7.72 (2H, m, H5), 7.06 — 6.98 (2H, d, J = 8.9 Hz, H6), 3.89
(3H, s, H8), 2.50 (6H, s, H2).
13C NMR (101 MHz, CDCls) & 164.2, 130.8, 128.1, 114.7, 59.3, 58.1, 55.9, 2.7.

HRMS (ESI*) [M + Na]* C12H1303INaS requires 386.9522; found 386.9521.

1-Bromo-3-((4-methoxyphenyl)sulfonyl)bicyclo[1.1.1]pentane, 18b-Br

A stock solution of sulfinate salt 18b-S (126 mg, 0.60 mmol, contained 8% impurity) in H20
(0.60 mL) was prepared. DBH (57.1 mg, 0.20 mmol), sulfinate salt 18b-S (0.50 mL, 0.50
mmol, 1.0 M in H,0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0)
in Et20 (0.20 mL) were subjected to the conditions of general procedure 11.3. BCP bromide

18b-Br (64.2 mg, 0.202 mmol, 101%) was obtained as a white solid.

R¢ 0.20 (EtOAc/pentane, 1:9).

m.p. 149 °C.

IR Vmax/cm ~ 1 (film) 1595, 1495, 1307, 1259, 1177, 1138, 672.

1H NMR (600 MHz, CDCls) & 7.83 — 7.75 (2H, m, H5), 7.09 — 7.01 (2H, m, H6), 3.90 (3H, s,
H8), 2.45 (6H, s, H2).

13C NMR (151 MHz, CDCls) & 164.3, 130.8, 128.3, 114.7, 58.0, 55.9, 52.8, 35.5.

HRMS (ESI*) [M + H]* C12H14037°BrS requires 316.9842; found 316.9841.
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N-(4-((3-lodobicyclo[1.1.1]pentan-1-yl)sulfonyl)phenyl)acetamide, 18c-I

A stock solution of sulfinate salt 18¢-S (133 mg, 0.60 mmol) in DMF (0.60 mL) was prepared.
DIH (78.4 mg, 0.20 mmol), sulfinate salt 18¢c-S (0.50 mL, 0.50 mmol, 1.0 M in DMF),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in CH,Cl, (0.80 mL)
were subjected to the conditions of general procedure 11.2 (—40 °C). BCP iodide 18c-1(33.4

mg, 0.0854 mmol, 43%) was obtained as an off-white solid.

m.p. 136 °C.

IR Vmax/cm ~1 (film) 1675, 1591, 1532, 1402, 1322, 1309, 1169, 1134, 730.

'H NMR (600 MHz, CDCl3) & 7.80 — 7.77 (2H, m, H5), 7.76 — 7.68 (2H, m, H6), 7.41 (1H, s,
NH), 2.50 (6H, s, H2), 2.24 (3H, s, H9).

13C NMR (151 MHz, CDCl3) 6 168.6, 143.3,131.3, 130.1, 119.5, 59.3, 58.0, 25.0, 2.4.

HRMS (ESI*) [M + H]* C13H1503INS requires 391.9808; found 391.9811.

N-(4-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)phenyl)acetamide, 18c-Br

A stock solution of sulfinate salt 18¢-S (133 mg, 0.60 mmol) in H,0 (0.60 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 18¢-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et;0) in Et,0 (0.20 mL)
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were subjected to the conditions of general procedure 11.3. BCP bromide 18¢c-Br (31.5 mg,

0.0915 mmol, 46%) was obtained as a white solid.

m.p. 217 °C.

IR vmax/cm ~ 1 (film) 1680, 1591, 1531, 1322, 1184, 1140, 732.

H NMR (600 MHz, CDCl3) 6 7.81 —7.78 (2H, m, H5), 7.76 — 7.70 (2H, m, H6), 7.38 (1H, s,
NH), 2.45 (6H, s, H2), 2.25 (3H, s, H9).

13C NMR (151 MHz, CDCls) 6 168.6, 143.3,131.5, 130.1, 119.5, 58.1, 52.7, 35.4, 25.0.

HRMS (APCI*) [M + H]* C13H15037°BrNS* requires 343.9951; found 343.9953.

1-lodo-3-(o-tolylsulfonyl)bicyclo[1.1.1]pentane, 18d-I

A stock solution of sulfinate salt 18d-S (107 mg, 0.601 mmol) in H,O (0.60 mL) was
prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 18d-S (0.50 mL, 0.50 mmol, 1.0 M in
H,0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in CH,Cl, (0.80
mL) were subjected to the conditions of general procedure 11.1. BCP iodide 18d-1 (61.0

mg, 0.175 mmol, 88%) was obtained as a yellow solid.

R: 0.53 (EtOAc/pentane, 1:9).

m.p. 130 °C.

IR vmax/cm ~1 (film) 1303, 1292, 1203, 1162, 1139, 1122, 856, 689, 615.
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IH NMR (400 MHz, CDCl3) § 7.91 (1H, dd, J = 7.9, 1.4 Hz, H5), 7.53 (1H, app. td, J= 7.5, 1.5
Hz, H7), 7.38 (1H, app. ddt, J = 7.9, 1.2, 0.6 Hz, H6), 7.36 — 7.32 (1H, m, H8), 2.64 (3H, s,
H10), 2.54 (6H, s, H2).

13C NMR (101 MHz, CDCls) § 139.2, 135.0, 134.3, 133.0, 131.1, 127.0, 59.5, 58.3, 21.0,
2.3.

HRMS (ESI*) [M + H]* C12H14021S requires 348.9754; found 348.9754.

1-Bromo-3-(o-tolylsulfonyl)bicyclo[1.1.1]pentane, 18d-Br

A stock solution of sulfinate salt 18d-S (126 mg, 0.707 mmol) in H,O (0.60 mL) was
prepared. DBH (57.1 mg, 0.20 mmol), sulfinate salt 18d-S (0.50 mL, 0.50 mmol, 1.0 M in
H,0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et;0) in Et;0 (0.20
mL) were subjected to the conditions of general procedure 11.3. Purification by column
chromatography (SiO,, EtOAc/pentane, 1:9 = 1:4) gave BCP bromide 18d-Br (19.6 mg,

0.0651 mmol, 33%) as a white solid.

Rr0.29 (EtOAc/pentane, 1:4)[UV].

m.p. 105 ° C.

IR Vmax/cm 1 (film) 1473, 1305, 1181, 1168, 1147, 652.

'H NMR (400 MHz, CDCl3) 6 7.92 (1H, dd, J = 8.0, 1.4 Hz, H5), 7.54 (1H, td, J = 7.6, 1.4 Hz,
H7), 7.38 (1H, ddg, J=8.0, 1.2, 0.6 Hz, H8), 7.34 (1H, ddt, /= 7.6, 1.4, 0.6 Hz, H6), 2.65 (3H,

s, H10), 2.49 (6H, s, H2)
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13C NMR (101 MHz, CDCls) 6 139.2, 135.0, 134.3, 133.0, 131.1, 127.0, 59.5, 58.3, 21.0,
2.3.

HRMS (ESI*/, EI) Not found.

1-lodo-3-(mesitylsulfonyl)bicyclo[1.1.1]pentane, 18e-I

A stock solution of sulfinate salt 18e-S (124 mg, 0.601 mmol) in DMF (0.60 mL) was
prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 18e-S (0.50 mL, 0.50 mmol, 1.0 M in
DMF), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et20) in CH,Cl, (0.80
mL) were subjected to the conditions of general procedure 11.2 (—40 °C). BCP iodide 18e-I

(49.7 mg, 0.132 mmol, 66%) was obtained as an off-white solid.

Rr0.35 (EtOAc/pentane, 1:19).

m.p. 180 - 182 °C.

IR vmax/cm ™1 (film) 2976, 1602, 1310, 1193, 1165, 1132, 861, 658.

1H NMR (400 MHz, CDCl3) 6 6.96 (2H, h, J = 0.7 Hz, H6), 2.59 — 2.58 (6H, m, H8), 2.57 (6H,
s, H2), 2.31 = 2.30 (3H, m, H9).

13C NMR (101 MHz, CDCls) & 144.0, 141.0, 132.4, 130.7, 59.4, 58.6, 23.4,21.2, 2.5.

HRMS (ESI*) [M + H]* C14H1802IS* requires 377.0067; found 377.0067.
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1-Bromo-3-(mesitylsulfonyl)bicyclo[1.1.1]pentane, 18e-Br

A stock solution of sulfinate salt 18e-S (124 mg, 0.6 mmol) in H,0 (0.60 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 18e-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
[1.1.1]propellane 1 (0.34 mL, 0.20 mmol of a 0.59 M solution in Et;0) in Et20 (0.20 mL)
were subjected to the conditions of general procedure 11.3. BCP bromide 18e-Br (53.6 mg,

0.163 mmol, 82%) was obtained as a white solid.

Rr0.35 (EtOAc/pentane, 1:19).

m.p. 82 °C.

IR Vmax/cm 1 (film) 1357, 1311, 1167, 1139, 660.

1H NMR (400 MHz, CDCls) & 6.99 — 6.96 (2H, m, H6), 2.59 (6H, s, H8), 2.51 (6H, s, H2), 2.31
(3H, s, HI).

13C NMR (101 MHz, CDCls) 6 144.0, 141.0, 132.5, 130.8, 58.0, 53.2, 35.1, 23.4, 21.2.

HRMS (ESI*) [M + Na]* C14H170,81BrNaS requires 353.0004; found 353.0005.

1-lodo-3-(phenylsulfonyl)bicyclo[1.1.1]pentane, 18f-|

A stock solution of sulfinate salt 18f-S (98.4 mg, 0.599 mmol) in H,O (0.60 mL) was
prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 18f-S (0.50 mL, 0.50 mmol, 1.0 M in

H20), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in CH,Cl, (0.80
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mL) were subjected to the conditions of general procedure 11.1. BCP iodide 18f-1 (64.4 mg,

0.193 mmol, 96%) was obtained as an off-white solid.

Note: The reaction at 20 °C in Et;0 (0.20 mL) afforded BCP iodide 18f-1 in lower yield (56.6

mg, 0.169 mmol, 85%).

R 0.32 (EtOAc/pentane, 1:9).

m.p. 186° C.

IR vmax/cm ~ 1 (film) 2972, 1450, 1305, 1291, 1201, 1168, 1140, 864, 721, 691, 610.

14 NMR (600 MHz, CDCl3) & 7.88 — 7.81 (2H, m, H5), 7.73 — 7.64 (1H, m, H7), 7.63 — 7.54
(2H, m, H6), 2.51 (6H, s, H2).

13C NMR (151 MHz, CDCls) & 136.8, 134.3, 129.5, 128.7,59.3, 57.9, 2.4.

HRMS (ESI*-, APCI) Not Found.

1-Bromo-3-(phenylsulfonyl)bicyclo[1.1.1]pentane, 18f-Br

A stock solution of sulfinate salt 18f-S (196.8 mg, 1.20 mmol) in H,O (1.20 mL) was
prepared. DBH (57.1 mg, 0.20 mmol), sulfinate salt 18f-S (0.50 mL, 0.50 mmol, 1.0 M in
H,0), [1.1.1]propellane 1 (0.34 mL, 0.20 mmol of a 0.59 M solution in Et,0) in Et,0 (0.20
mL) were subjected to the conditions of general procedure 11.3. BCP bromide 18f-Br (57.9

mg, 0.202 mmol, 100%) was obtained as a white solid.
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R 0.31 (EtOAc/pentane, 1:9).

m.p. 149 °C.

IR vmax/cm 1 (film) 1449, 1307, 1291, 1205, 1180, 1147, 723, 616.

1H NMR (600 MHz, CDCl3) & 7.88 — 7.83 (2H, m, H5), 7.72 = 7.66 (1H, m, H7), 7.61 — 7.57
(2H, m, H6), 2.46 (6H, s, H2).

13C NMR (151 MHz, CDCls) 6 136.9, 134.3, 129.5, 128.7, 58.1, 52.6, 35.4.

HRMS (ESI+) Not found.

1-((4-Fluorophenyl)sulfonyl)-3-iodobicyclo[1.1.1]pentane, 18g-I

A stock solution of sulfinate salt 18g-S (109 mg, 0.598 mmol) in DMF (0.60 mL) was
prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 18g-S (0.50 mL, 0.50 mmol, 1.0 M in
DMF), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in CH,Cl, (0.80
mL) were subjected to the conditions of general procedure 11.2 (—40 °C). BCP iodide 18g-I

(35.4 mg, 0.101 mmol, 50%) was obtained as a white solid.

R¢ 0.25 (EtOAc/pentane, 1:19).

m.p. 168 =170 °C.

IR Vmax/cm 1 (film) 1593, 1314, 1293, 1170, 1137, 820.

'H NMR (600 MHz, CDCl3) 6 7.89 — 7.83 (2H, m, H5), 7.29 — 7.23 (2H, m, H6), 2.51 (6H, s,

H2).
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13C NMR (151 MHz, CDCls) § 166.3 (d, Ycr = 257.3 Hz), 132.8 (d, “Jcr = 3.3 Hz), 131.6 (d,
3Jer = 9.7 Hz), 117.0 (d, 2Jcr = 22.5 Hz), 59.3, 58.0, 2.1.
19F NMR (377 MHz, CDCls) § —102.4

HRMS (ESI*/) Not found.

1-Bromo-3-((4-fluorophenyl)sulfonyl)bicyclo[1.1.1]pentane, 18g-Br

A stock solution of sulfinate salt 18g-S (109 mg, 0.6 mmol) in H,0 (0.60 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 18g-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et;0) in Et,0 (0.20 mL)
were subjected to the conditions of general procedure 11.3. BCP bromide 18g-Br (62.3 mg,

0.204 mmol, 102%) was obtained as a white solid.

Rf 0.45 (EtOAc/pentane, 1:9).

m.p. 218 =220 ° C.

IR vmax/cm ~ 1 (film) 2981, 1590, 1493, 1382, 1310, 1292, 1236, 1178, 1144, 1138, 870, 672.
1H NMR (600 MHz, CDCl3) 6 7.90 — 7.84 (2H, m, H5), 7.31 — 7.23 (2H, m, H6), 2.46 (6H, s,
H2).

13C NMR (151 MHz, CDCls) § 166.3 (d, YUcr = 257.7 Hz), 133.0 (d, 3Jcr = 3.2 Hz), 131.5 (d, Ycr
=9.6 Hz), 117.0 (d, 2Jcr = 22.8 Hz), 58.0, 52.7, 35.2.

19F NMR (377 MHz, CDCls) § —=102.3.

HRMS (ESI*) Not found.
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1-((4-Bromophenyl)sulfonyl)—3-iodobicyclo[1.1.1]pentane, 18h-I

A stock solution of sulfinate salt 18h-S (290 mg, 1.20 mmol) in H,0 (1.20 mL) was prepared,
a drop of DMF was added to aid solubility of the sulfinate salt. DIH (78.4 mg, 0.20 mmol),
sulfinate salt 18h-S (0.50 mL, 0.50 mmol, 1.0 M in H,0), [1.1.1]propellane 1 (0.29 mL, 0.20
mmol of a 0.69 M solution in Et,0) in CH2Cl; (0.80 mL) were subjected to the conditions of
general procedure 11.1. BCP iodide 18h-I (81.4 mg, 1.97 mmol, 99%) was obtained as a

white solid.

R 0.32 (EtOAc/pentane, 1:17).

m.p. 230 ° C.

IR vmax/cm ™1 (film) 1574, 1311, 1278, 1202, 1168, 1136, 777.

1H NMR (600 MHz, CDCl3) § 7.74 — 7.71 (2H, m, H5), 7.71 = 7.68 (2H, m, H6), 2.51 (6H, s,
H2).

13C NMR (151 MHz, CDCls) 6 135.8,132.9, 130.2, 129.9, 59.3, 57.9, 2.0.

HRMS (ESI*/) Not Found.

1-Bromo-3-((4-bromophenyl)sulfonyl)bicyclo[1.1.1]pentane, 18h-Br

n=0

o
~J
-
:w
@

7 6
Br

A stock solution of sulfinate salt 18h-S (145 mg, 0.597 mmol) in H,O (0.60 mL) was
prepared, a drop of DMF was added to aid solubility of the sulfinate salt. DBH (57.1 mg,
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0.20 mmol), sulfinate salt 18h-S (0.50 mL, 0.50 mmol, 1.0 M in H,0), [1.1.1]propellane 1
(0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in Et,0 (0.20 mL) were subjected to the
conditions of general procedure 11.3. BCP iodide 18h-Br (69.4 mg, 0.190 mmol, 95%) was

obtained as a pale-yellow solid.

R: 0.40 (EtOAc/pentane, 1:9).

m.p. 222 ° C.

IR vmax/cm ~ 1 (film) 1574, 1387, 1312, 1180, 1141, 755, 644.

1H NMR (400 MHz, CDCls) § 7.77 — 7.67 (4H, m, H5, H6), 2.47 (6H, s, H2).
13C NMR (101 MHz, CDCls) 6 135.9, 132.9, 130.1, 129.9, 58.0, 52.6, 35.2.

HRMS (ESI*/) Not Found.

4-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)benzonitrile, 18i-I

A stock solution of sulfinate salt 18i-S (113mg, 0.597 mmol) in H,0 (0.60 mL) was prepared.
DIH (78.4 mg, 0.20 mmol), sulfinate salt 18i-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
[1.1.1]propellane 1 (0.34 mL, 0.20 mmol of a 0.59 M solution in Et,0) in CH,Cl; (0.80 mL)
were subjected to the conditions of general procedure 11.1. BCP iodide 18i-I (40.6 mg,

0.113 mmol, 57%) was obtained as a white solid.

Rf0.17 (EtOAc/pentane, 1:17).

m.p. 234 ° C.
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IR Vimax/cm ~ 1 (film) 1311, 1293, 1201, 1168, 1135, 844.

IH NMR (600 MHz, CDCl3) 6 8.02 —7.94 (2H, m, H5), 7.93 — 7.85 (2H, m, H6), 2.53 (6H, s,
H2).

13C NMR (151 MHz, CDCls) § 141.1, 133.3, 129.4, 118.2, 117.0, 59.3, 57.7, 1.4.

HRMS (ESI*/) Not found.

4-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)benzonitrile, 18i-Br

A stock solution of sulfinate salt 18i-S (113 mg, 0.60 mmol) in H,0 (0.60 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 18i-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in Et,0 (0.20 mL)
were subjected to the conditions of general procedure 11.3. BCP bromide 18i-Br (38.5 mg,

0.123 mmol, 62%) was obtained as a white solid.

R¢0.10 (EtOAc/pentane, 1:17).

IR vmax/cm ~1 (film) 2981, 1583, 1465, 1311, 1275, 1204, 1184, 1141, 881.

1H NMR (600 MHz, CDCl3) 6 8.01 — 7.97 (2H, m, H5), 7.92 — 7.87 (2H, m, H6), 2.48 (6H, s,
H2).

13C NMR (151 MHz, CDCls) 6 141.2,133.3, 129.4, 118.3, 117.0, 58.1, 52.5, 34.9.

HRMS (ESI*) Not found.
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1-lodo-3-((4-nitrophenyl)sulfonyl)bicyclo[1.1.1]pentane, 18j-I

A stock solution of sulfinate salt 18j-S (140 mg, 0.60 mmol) in DMF (0.60 mL) was prepared.
DIH (78.4 mg, 0.20 mmol), sulfinate salt 18j-S (0.50 mL, 0.50 mmol, 1.0 M in DMF),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in CH,Cl, (0.80 mL)
were subjected to the conditions of general procedure 11.2 (—40 °C). Purification by column
chromatography (SiO,, EtOAc/pentane, 0:1->1:9) gave BCP iodide 18j-I (40.8 mg, 0.108

mmol, 54%) as an off-white solid.

Rs0.57 (EtOAc/pentane, 1:9).

m.p. 240 °C.

IR Vmax/cm 1 (film) 1385, 1166, 1151, 6609.

1H NMR (600 MHz, CDCls) & 8.44 — 8.41 (2H, m, H6), 8.07 — 8.04 (2H, m, H5), 2.54 (6H, s,
H2).

13C NMR (151 MHz, CDCls) 6 151.3, 142.6, 130.2, 124.7,59.3, 57.7, 1.3.

HRMS (ESI*/, EI) Not found.

1-Bromo-3-((4-nitrophenyl)sulfonyl)bicyclo[1.1.1]pentane, 18j-Br

A stock solution of sulfinate salt 18j-S (140 mg, 0.60 mmol) in H,0 (0.60 mL) was prepared.

DBH (57.1 mg, 0.20 mmol), sulfinate salt 18j-S (0.50 mL, 0.50 mmol, 1.0 M in H>0),
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[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et;0) in Et;0 (0.20 mL)
were subjected to the conditions of general procedure 11.3. BCP bromide 18j-Br (59.3 mg,

0.179 mmol, 90%) was obtained as a white solid.

R: 0.57 (EtOAc/pentane, 1:9).

m.p. 221 °C.

IR vmax/cm 1 (film) 1759, 1538, 1352, 1308, 1205, 1181, 1143, 736, 669.

'H NMR (600 MHz, CDCl3) 6 8.48 — 8.40 (2H, m, H6), 8.11 — 8.03 (2H, m, H5), 2.50 (6H, s,
H2).

13C NMR (151 MHz, CDCl3) 6 151.3, 142.6, 130.2, 124.7, 58.1, 52.6, 34.9.

HRMS (ESI*-, APCI, El) Not Found.

1-((3,5-Difluorophenyl)sulfonyl)-3-iodobicyclo[1.1.1]pentane, 18k-I

O\\g 3;:1 |
4

A stock solution of sulfinate salt 18k-S (120 mg, 0.600 mmol) in DMF (0.60 mL) was
prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 18k-S (0.50 mL, 0.50 mmol, 1.0 M in
DMF), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in CH,Cl, (0.80
mL) were subjected to the conditions of general procedure 11.2 (—40 °C). Purification by
column chromatography (SiO», Et;0/pentane, 2:98) gave BCP iodide 18k-1 (51.2 mg, 0.138

mmol, 69%) as a white solid.

R: 0.45 (Et20/pentane, 2:98).
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m.p. 180 ° C.

IR Vmax/cm ~1 (film) 1592, 1534, 1403, 1371, 1362, 1191, 1171, 989, 781.

'H NMR (600 MHz, CDCl3) 6 7.42 — 7.37 (2H, m, H5), 7.14 (1H, tt, J = 8.4, 2.4 Hz, H7), 2.55
(6H, s, H2).

13CNMR (151 MHz, CDCls) § 163.1 (dd, *3Jcr = 256.7, 11.4 Hz), 140.2 (t, 3Jcr = 7.9 Hz), 112.3
(dd, 2*Jcr = 21.5, 6.5 Hz), 110.1 (t, %Jcr = 25.0 Hz), 59.3, 57.6, 1.4.

19F NMR (377 MHz, CDCl3) 6 —104.3.

HRMS (ESI* / APCI) Not found.

1-Bromo-3-((3,5-difluorophenyl)sulfonyl)bicyclo[1.1.1]pentane, 18k-Br

A stock solution of sulfinate salt 18k-S (120 mg, 0.60 mmol) in H,O (0.60 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 18k-S (0.50 mL, 0.50 mmol, 1.0 M in H,0),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in Et20 (0.20 mL)
were subjected to the conditions of general procedure 11.3. BCP bromide 18k-Br (64.9 mg,

0.202 mmol, 101%) was obtained as a white solid.

R 0.73 (EtOAc/pentane, 1:9).

m.p. 163 °C.

IR vmax/cm ™1 (film) 1604, 1441, 1318, 1305, 1201, 1182, 1128, 986, 870, 676.

IH NMR (600 MHz, CDCl3) § 7.45 — 7.35 (2H, m, H5), 7.15 (1H, tt, J = 8.4, 2.3 Hz, H7), 2.50

(6H, s, H2).
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13C NMR (151 MHz, CDCls) & 163.1 (dd, *3Jf = 256.7, 11.4 Hz), 140.3 (t, 3Jf = 8.0 Hz), 112.3
(dd, >%JF = 21.8, 6.5 Hz), 110.1 (t, Jr = 24.9 Hz), 58.1, 52.4, 34.9.
19F NMR (376 MHz, CDCl3) & —104.3.

HRMS (ESI*/ APCI) Not found.

1-((3,5-Bis(trifluoromethyl) phenyl)sulfonyl)-3-iodobicyclo[1.1.1]pentane, 18I-I

8 F3C 5

A stock solution of sulfinate salt 18I-S (205 mg, 0.60 mmol, contained 14% impurity) in DMF
(0.60 mL) was prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 18I-S (0.50 mL, 0.50
mmol, 1.0 M in DMF), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0)
in CH,Cl> (0.80 mL) were subjected to the conditions of general procedure 11.2 (—41 °C).
Purification by column chromatography (SiO,, pentane) gave BCP iodide 18I-1 (64.5 mg,

0.137 mmol, 69%) as an off-white solid.

Rt 0.75 (pentane).

m.p. 125-130° C.

IR vmax/cm ~ 1 (film) 2981, 1362, 1334, 1280, 1174, 1136, 1105, 647.

IH NMR (600 MHz, CDCls) & 8.30 (2H, app. dp, / = 1.7, 0.6 Hz, H5), 8.19 (1H, app. tp, J = 1.4,
0.7 Hz, H7), 2.56 (6H, s, H2).

13C NMR (151 MHz, CDCls) 6 139.9, 133.7 (q, 2cr3 = 34.9 Hz), 129.0 (q, ¥Jcr3 = 3.7 Hz), 128.0
(p, 3Jers = 3.7 Hz), 122.4 (g, Yers = 273.6 Hz), 59.2, 57.7, 1.0.

1%F NMR (377 MHz, CDCl3) 6 —62.9.
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HRMS (ESI*/) Not found.

1-((3,5-Difluorophenyl)sulfonyl)-3-iodobicyclo[1.1.1]pentane, 18I-Br

F3C 5

A stock solution of sulfinate salt 18I-S (205 mg, 0.60 mmol, contained 14% impurity) in H20
(0.60 mL) was prepared. DBH (57.1 mg, 0.20 mmol), sulfinate salt 18I-S (0.50 mL, 0.50
mmol, 1.0 M in H,0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0)
in Et20 (0.20 mL) were subjected to the conditions of general procedure 11.3. BCP bromide

18I-Br (77.8 mg, 0.184 mmol, 92%) was obtained as a white solid.

R: 0.93 (EtOAc/pentane, 1:9).

m.p. 119 -210 °C.

IR vmax/cm ~1 (film) 2981, 1279, 1267, 1282, 1138, 1107.

1H NMR (400 MHz, CDCl3) 6 8.31-8.30 (2H, m, H5), 8.20 (1H, tt, J = 1.5, 0.8 Hz, H7), 2.52
(6H, s, H2).

13C NMR (151 MHz, CDCls) & 140.0, 133.7 (q, YJcrs = 34.9 Hz), 129.6-128.7 (m), 128.0 (p,
3Jcrs = 3.6 Hz), 122.4 (g, Yers = 273.6 Hz), 58.1, 52.6, 34.7, 25.5.

19F NMR (377 MHz, CDCl3) § —62.9.

HRMS (ESI*/-, APCI) Not found.
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1,3-Bis((3-bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)benzene, 18m-I

o, 0 o, 0
\// 7 \// 2
S S3
4 1
| 5 |
6

A stock solution of sulfinate salt 18m-S (75.0 mg, 0.300 mmol) in DMF/H,0 (0.60 mL, 1:1)
was prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 18m-S (0.50 mL, 0.25 mmol, 0.50
M in DMF/H;0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et20) in
CHCl, (0.80 mL) were subjected to the conditions of general procedure 11.2 (—40 °C).
Purification by column chromatography (SiO,, EtOAc/pentane, 1:19) gave BCP iodide 18m-

1 (15.3 mg, 0.0259 mmol, 26%) as a yellow solid.

Rr 0.60 (EtOAc/pentane, 2:3).

m.p. 246 °C.

IR vmax/cm ™1 (film) 1537, 1384, 1353, 1308, 1169, 1149, 1137, 649.

'H NMR (600 MHz, CDCl3) 6§ 8.31 (1H, dt, /= 1.8, 0.9 Hz, H7), 8.15 (2H, dd, /= 7.8, 1.8 Hz,
H5), 7.83 (1H, td, J = 7.8, 0.5 Hz, H6), 2.53 (12H, s, H2).

13C NMR (151 MHz, CDCls) 6 139.1, 133.9, 130.9, 128.9, 59.3, 57.8, 1.3.

HRMS (ESI*/, El) Not found.

1,3-Bis((3-bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)benzene, 18m-Br

o, 0 o, 0
\// 7 \// 2
S S.3
4 1
Br 5 Br
6

A stock solution of sulfinate salt 18m-S (150 mg, 0.60 mmol) in H,O (0.60 mL) was
prepared. DBH (57.1 mg, 0.20 mmol), sulfinate salt 18m-S (0.25 mL, 0.25 mmol, 1.0 M in

H.0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in Et,0 (0.20
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mL) were subjected to the conditions of general procedure 11.3. Purification by silica plug
(EtOAc/pentane, 1:4) gave BCP bromide 18m-Br (45.6 mg, 0.0919 mmol, 92%) as a white

solid.

R: 0.63 (EtOAc/pentane, 2:3).

m.p. 250 - 260 ° C.

IR vmax/cm 1 (film) 1321, 1203, 1181, 1132, 800, 688, 637.

'H NMR (400 MHz, CDCl3) 6 8.33 (1H, td, /= 1.8, 0.5 Hz, H7), 8.17 (2H, dd, /= 8.0, 1.8 Hz,
H5), 7.85 (1H, td, /= 8.0 0.5 Hz, H6), 2.49 (12H, s, H2).

13C NMR (101 MHz, CDCls) 6 139.2,133.9, 131.0, 128.8, 58.1, 52.6, 34.9.

HRMS (ESI*) Not found.
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S4.3 Heteroaryl Sulfonyl BCP Halides

2-((3-lodobicyclo[1.1.1]pentan-1-yl)sulfonyl)thiophene, 23a-|

A stock solution of sulfinate salt 23a-S (102 mg, 0.599 mmol) in H,O (0.60 mL) was
prepared. DIH (39.2 mg, 0.10 mmol), sulfinate salt 23a-S (0.25 mL, 0.25 mmol, 1.0 M in
H,0), [1.1.1]propellane 1 (0.15 mL, 0.10 mmol of a 0.59 M solution in Et,0) in CH,Cl, (0.40
mL) were subjected to the conditions of general procedure 11.1. BCP iodide 23a-1 (27.9 mg,

0.0820 mmol, 82%) was obtained as a white solid.

R¢0.20 (EtOAc/pentane, 1:17).

m.p. 182 ° C.

IR vmax/cm ~ 1 (film) 1400, 1305, 1199, 1167, 1128, 1017, 868, 856, 741, 616.

'H NMR (400 MHz, CDCls) 6 7.77 (1H, dd, J = 5.0, 1.3 Hz, H7), 7.65 (1H, dd, /= 3.8, 1.3 Hz,
HS5), 7.19 (1H, dd, J = 5.0, 3.8 Hz, H6), 2.56 (6H, s, H2).

13C NMR (101 MHz, CDCl3) 6 137.5, 135.1, 135.0, 128.4, 59.4, 58.5, 1.8.

HRMS (ESI*) [M + H]* CoH10021S2* requires 340.9161; found 340.9161.

2-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)thiophene, 23a-Br
\II 3;2

A stock solution of sulfinate salt 23a-S (204 mg, 1.20 mmol) in H,0 (1.20 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 23a-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
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[1.1.1]propellane 1 (0.34 mL, 0.20 mmol of a 0.59 M solution in Et,0) in Et,0 (0.20 mL)
were subjected to the conditions of general procedure 11.3. BCP Bromide 23a-Br (53.4 mg,

0.182 mmol, 91%) was obtained as an off-white solid.

R:0.20 (EtOAc/pentane, 1:17).

m.p. 160 °C.

IR vmax/cm 1 (film) 1401, 1344, 1202, 1181, 1133, 880, 742, 671, 618.

'H NMR (400 MHz, CDCl3) 6 7.77 (1H, dd, J=5.0, 1.3 Hz, H7), 7.67 (1H, dd, /= 3.8, 1.3 Hz,
H5), 7.20 (1H, dd, J = 5.0, 3.8 Hz, H6), 2.51 (6H, s, H2).

13C NMR (151 MHz, CDCls) 6 137.7,135.1, 135.0, 128.4, 58.2, 53.3, 35.0.

HRMS (ESI*-) Not found.

2-Bromo-5-((3-iodobicyclo[1.1.1]pentan-1-yl)sulfonyl)thiophene, 23b-I
o 2
Oall 3 1
ﬁsi ifl
, S
Br/g\j5

A stock solution of sulfinate salt 23b-S (376 mg, 1.20 mmol, contained 21% impurity) in
H>O (1.20 mL) was prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 23b-S (0.50 mL,
0.50 mmol, 1.0 M in H,0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in
Et,0) in CH,Cl> (0.80 mL) were subjected to the conditions of general procedure 11.1. BCP

iodide 23b-1 (82.8 mg, 0.198 mmol, 99%) was obtained as a pale-yellow solid.

Rf 0.29 (EtOAc/pentane, 1:17).
m.p. 169 °C.

IR Vmax/cm ~1 (film) 1399, 1316, 1201, 1164, 1129, 858, 678, 625.
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H NMR (600 MHz, CDCl3) 6 7.41 (1H, d, J = 4.0 Hz, H5), 7.16 (1H, d, J = 4.0 Hz, H6), 2.57
(6H, s, H2).
13C NMR (151 MHz, CDCls) § 138.3, 135.3, 131.5, 123.4, 59.4, 58.4, 1.4.

HRMS (ESI*) Not Found.

2-Bromo-5-((3-bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)thiophene, 23b-Br

A stock solution of sulfinate salt 23b-S (376 mg, 1.20 mmol, contained 21% impurity) in
H>O (1.20 mL) was prepared. DBH (57.1 mg, 0.20 mmol), sulfinate salt 23b-S (0.50 mL,
0.50 mmol, 1.0 M in H20), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in
Et20) in Et20 (0.20 mL) were subjected to the conditions of general procedure 11.3. BCP

iodide 23b-Br (74.7 mg, 0.201 mmol, 100%) was obtained as a pale-yellow solid.

Rr0.28 (EtOAc/pentane, 1:17).

m.p. 174 ° C.

IR vmax/cm ~1 (film) 1399, 1316, 1204, 1177, 1136, 870, 679, 628.

IH NMR (600 MHz, CDCl3) 6§ 7.42 (1H, d, J = 4.0 Hz, H5), 7.17 (1H, d, J = 4.0 Hz, H6), 2.53
(6H, s, H2).

13C NMR (151 MHz, CDCls) 6 138.4, 135.3, 131.5, 123.4, 58.2, 53.3, 34.8.

HRMS (ESI*) Not Found.
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3-((3-lodobicyclo[1.1.1]pentan-1-yl)sulfonyl)-1-methyl-1H-pyrazole, 23c-I
O\II 3 ;: 1
7 /N\j

A stock solution of sulfinate salt 23¢-S (131 mg, 0.545 mmol, contained 30% impurity) in
H,0 (0.60 mL) was prepared. DIH (39.2 mg, 0.103 mmol), sulfinate salt 23¢c-S (0.25 mL,
0.25 mmol, 1.0 M in H0), [1.1.1]propellane 1 (0.15 mL, 0.10 mmol of a 0.70 M solution in
Et,0) in CH,Cl; (0.40 mL) were subjected to the conditions of general procedure 11.1. BCP

iodide 23c-1 (32.8 mg, 0.970 mmol, 92%) was obtained as a pale-yellow solid.

R 0.31(EtOAc/pentane, 2:3) [UV, PMA].

m.p. 182° C.

IR vmax/cm ™1 (film) 1521, 1308, 1201, 1169, 1141, 1111, 861, 706, 662.

1H NMR (400 MHz, CDCls) 6 7.80 (1H, m, H6), 7.75 (1H, d, J = 0.7 Hz, H5), 3.98 (3H, d, J =
0.4 Hz, H7), 2.55 (6H, s, H2).

13C NMR (151 MHz, CDCls) 6 139.9, 133.2, 119.3, 59.1, 58.5, 40.0, 2.3.

HRMS (ESI*) [M + H]* CgH1202N21S,* requires 338.9659; found 338.9659.

3-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)-1-methyl-1H-pyrazole, 23c-Br
O\II 3 ;; 1
7 /N\j

A stock solution of sulfinate salt 23¢-S (131 mg, 0.545 mmol, contained 30% impurity) in
H>0 (0.60 mL) was prepared. DBH (28.6 mg, 0.100 mmol), sulfinate salt 23¢-S (0.25 mL,

0.25 mmol, 1.0 M in H20), [1.1.1]propellane 1 (0.15 mL, 0.10 mmol of a 0.70 M solution in
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Et,0) in Et,0 (0.10 mL) were subjected to the conditions of general procedure 11.3.
Purification by silica plug (EtOAc/pentane 1:9 - 1:1) gave BCP Bromide 23c-Br (31.2 mg,

0.107 mmol, 102%) was obtained as a white solid.

R 0.31(EtOAc/pentane, 2:3)[UV, PMA].

m.p. 145° C.

IR Vmax/cm ! (film) 1522, 1388, 1310, 1175, 1113, 875, 667.

'H NMR (400 MHz, CDCl3) 6§ 7.81 (1H, m, H6), 7.76 (1H, d, /= 0.7 Hz, H5), 3.98 (3H, d,
J=0.4 Hz, H3), 2.50 (6H, s, H2).

13C NMR (151 MHz, CDCls) 6§ 139.9, 133.2,119.5, 57.9, 53.2, 40.0, 35.3.

HRMS (ESI*) [M + H]* CoH1202N,27°BrS,* requires 290.9797; found 290.9797.

4-((3-lodobicyclo[1.1.1]pentan-1-yl)sulfonyl)-3,5-dimethylisoxazole, 23d-I

A stock solution of sulfinate salt 23d-S (220 mg, 1.201 mmol) in H,O (1.20 mL) was
prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 23d-S (0.50 mL, 0.50 mmol, 1.0 M in
H.0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in CH,Cl, (0.80
mL) were subjected to the conditions of general procedure 11.1. BCP iodide 23d-1 (23.6 mg,

0.0668 mmol, 33%) was obtained as a white solid.

R:0.65 (EtOAc/pentane, 1:9).
m.p. 144 ° C.

IR vmax/cm ~1 (film) 2342, 1586, 1408, 1315, 1271, 1183, 1101, 860, 669, 645.
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1H NMR (600 MHz, CDCls) 6 2.63 (3H, s, H8), 2.58 (6H, s, H2), 2.39 (3H, s, H7).
13C NMR (151 MHz, CDCls) 6 175.8, 158.4, 113.3, 58.9, 12.8, 11.0, 1.3.

HRMS (ESI*/) Not Found.

4-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)-3,5-dimethylisoxazole, 23d-Br

A stock solution of sulfinate salt 23d-S (220 mg, 1.20 mmol) in H,0 (1.20 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 23d-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et;0) in Et;0 (0.20 mL)
were subjected to the conditions of general procedure 11.3. Purification by column
chromatography (SiO,, EtOAc/pentane, 1:9) gave BCP bromide 23d-Br (40.8 mg, 0.133

mmol, 67%) as a white solid.

Rr 0.63 (EtOAc/pentane, 1:9).

m.p. 138 =140 ° C.

IR Vmax/cm ~ 1 (film) 2981, 1576, 1407, 1379, 1317, 1271, 1191, 1183, 1166, 1103, 873, 689,
645.

1H NMR (600 MHz, CDCl3) 6 2.63 (3H, s, H7/8), 2.53 (6H, s, H2), 2.39 (3H, s, H7/8).

13C NMR (151 MHz, CDCls) 6 175.8, 158.4, 113.5, 57.7, 53.5, 34.7, 12.8, 11.0.

HRMS (ESI*/) Not found.
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3-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)pyridine, 23e-Br

A stock solution of sulfinate salt 23e-S (99.0 mg, 0.599 mmol) in H,O (0.60 mL) was
prepared. DBH (57.1 mg, 0.20 mmol), sulfinate salt 23e-S (0.50 mL, 0.50 mmol, 1.0 M in
H,0), [1.1.1]propellane 1 [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.70 M solution in
Et,0) in Et,0 (0.20 mL) were subjected to the conditions of general procedure 11.3.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:4) gave BCP bromide 23e-

S (13.8 mg, 0.0479 mmol, 24%) was obtained as a white solid.

Rr0.26 (EtOAc/pentane, 1:4).

m.p. 150 C.

IR Vmax/cm ™1 (film) 1576, 1568, 1416, 1312, 1184, 1150, 703.

1H NMR (600 MHz, CDCl3) 6 9.07 (1H, d, J = 2.4 Hz, H8), 8.92 (1H, dd, J = 4.9, 1.7 Hz, H7),
8.15 (1H, ddd, J = 8.1, 2.4, 1.7 Hz, H5), 7.55 (1H, app. ddd, J = 8.1, 4.9, 0.9 Hz, H6), 2.50
(6H, s, H2).

13C NMR (151 MHz, CDCls) 6 154.9, 149.7, 136.4, 133.6, 124.1, 58.0, 52.9, 35.1.

HRMS (ESI*) [M + H]* C10H1102N81BrS requires 289.9667; found 289.9668.

Note: Attempts to prepare corresponding iodide 23e-I under general procedure 11.3 were

unsuccessful.
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S4.4 Pharmaceutical and Agrochemical BCP Halides

N,N-Diethyl-3-((3-iodobicyclo[1.1.1]pentan-1-yl)sulfonyl)-4H-1,2,4-triazole-4-carboxamide,

24a-|
N\ L o
s_/N——G(N ?\\g : . [
7 5<\’:§ ﬁ%

A stock solution of sulfinate salt 24a-S (124 mg, 0.60 mmol) in DMF (0.60 mL) was
prepared. DIH (78.4 mg, 0.20 mmol), sulfinate salt 24a-S (0.50 mL, 0.50 mmol, 1.0 M in
DMF), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et20) in CH,Cl, (0.80
mL) were subjected to the conditions of general procedure 11.2 (=40 °C). Purification by
column chromatography (SiO2, EtOAc/pentane 1:9 - 1:4) gave BCP iodide 24a-1 (46.7 mg,

0.110 mmol, 55%) as a colourless oil.

R 0.67 (EtOAc/pentane, 3:7).

IR Vmax/cm ~1 (film) 1718, 1387, 1337, 1201.

'H NMR (600 MHz, CDCl3) & 8.90 (1H, s, H5), 3.68 —3.50 (4H, m, H7), 2.70 (6H, s, H2), 1.31
(6H, t, /= 7.1 Hz, H8).

13C NMR (151 MHz, CDCls) 6 160.6, 148.3, 147.6, 59.8, 57.1, 44.3, 14.2, 12.5, 1.6.

HRMS (ESI*) [M + Na]* C12H1703N4INaS requires 446.9958; found 446.9959.
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3-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)-N,N-diethyl-4H-1,2,4-triazole-4-

carboxamide, 24a-Br

i

A stock solution of sulfinate salt 24a-S (139 mg, 0.55 mmol) in H,0 (0.55 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 24a-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
[1.1.1]propellane 1 (0.34 mL, 0.20 mmol of a 0.59 M solution in Et,0) in Et20 (0.20 mL)
were subjected to the conditions of general procedure 11.3. Purification by column
chromatography (SiO2, EtOAc/pentane 1:9 = 1:4) gave BCP bromide 24a-Br (44.7 mg,

0.119 mmol, 59%) as a white solid.

Rr0.28 (EtOAc/pentane, 1:4).

m.p. 111° C.

IR Vmax/cm ~* (film) 2981, 1713, 1338, 1203, 1183, 1138.

'H NMR (600 MHz, CDCl3) & 8.91 (1H, s, H5), 3.74 — 3.48 (4H, br. m, H7), 2.66 (6H, s, H2),
1.32 (6H, t, J = 7.1 Hz, H3).

13C NMR (151 MHz, CDCls) 6 160.7, 148.3, 147.7, 58.6, 51.9, 44.3, 34.9, 14.2, 12.5.

HRMS (ESI*) [M + Na]* C12H1703N4BrNaS requires 399.0097; found 399.0099.
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5-(2-Ethoxy-5-((3-iodobicyclo[1.1.1]pentan-1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1,6-

dihydro—7H-pyrazolo[4,3-d]pyrimidin—7-one, 24b-I|

A stock solution of sulfinate salt 24b-S (548 mg, 1.10 mmol) in H,0 (1.10 mL) was prepared.
DIH (78.4 mg, 0.20 mmol), sulfinate salt 24b-S (0.50 mL, 0.50 mmol, 1.0 M in DMF),
[1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in Et,0) in CH,Cl, (0.80 mL)
were subjected to the conditions of general procedure 11.2 (—40 °C). Purification by column
chromatography (SiO,, EtOAc/pentane 3:7 = 4:1) gave BCP iodide 24b-l (95.5 mg, 0.168

mmol, 84%) as a white solid.

Rr0.43 (EtOAc/pentane, 1:1).

m.p. 220 °C.

IR vimax/cm ~ 1 (film) 3322, 2960, 2361, 1698, 1320, 1170, 1140, 1030, 732, 619.

'H NMR (600 MHz, CDCl3) & 10.75 (1H, s, NH), 8.90 (1H, d, J = 2.4 Hz, H15), 7.92 (1H, dd, J
= 8.8, 2.4 Hz, H13), 7.19 (1H, d, J = 8.8 Hz, H12), 4.40 (2H, q, J = 7.0 Hz, H16), 4.28 (3H, s,
H6), 2.94 (2H, t, J = 7.6 Hz, H7), 2.57 (6H, s, H19), 1.87 (2H, app. sxt., J = 7.4 Hz, H8), 1.66
(3H,t,J=7.0 Hz, H17), 1.04 (3H, t, J = 7.4 Hz, HO).

13C NMR (151 MHz, CDCls) 6 160.4, 153.7, 147.3, 146.2, 138.5, 132.4, 132.3, 130.0, 124.7,
121.7,113.5,66.5,59.4,58.0,38.4,27.9,22.4,14.7,14.2, 2.3.

HRMS (ESI*) [M + H]* C22H2604IN4S requires 569.0713; found 569.0711.
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5-(5-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)-2-ethoxyphenyl)-1-methyl-3-propyl- 1,6-

dihydro—7H-pyrazolo[4,3-d]pyrimidin—7-one, 24b-Br

A stock solution of sulfinate salt 24b-S (548 mg, 1.10 mmol) in H,0 (1.10 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 24b-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
[1.1.1]propellane 1 (0.34 mL, 0.20 mmol of a 0.59 M solution in Et;0) in Et,0 (0.20 mL)
were subjected to the conditions of general procedure 11.3. Purification by column
chromatography (SiO2, EtOAc/pentane 1:9 = 1:4) gave BCP bromide 24b-Br (78.9 mg,

0.152 mmol, 76%) as a white solid.

Rr0.40 (EtOAc/pentane, 1:1).

m.p. 166 °C.

IR Vmax/cm ~ 1 (film) 1774, 1724, 1701, 1180, 1145, 773.

'H NMR (600 MHz, CDCl3) & 10.78 (1H, s, NH), 8.89 (1H, d, J = 2.4 Hz, H15), 7.93 (1H, dd, J
= 8.7, 2.5 Hz, H13), 7.19 (1H, d, J = 8.8 Hz, H12), 4.40 (2H, q, J = 7.0 Hz, H16), 4.28 (3H, s,
H6), 2.94 (2H, t, J = 7.6 Hz, H7), 2.52 (6H, s, H19), 1.87 (2H, app. sxt., J = 7.4 Hz, H8), 1.66
(3H,t,J=7.0 Hz, H17), 1.04 (3H, t, J = 7.4 Hz, HO).

13C NMR (151 MHz, CDCl5) 6 160.4, 153.7, 147.3, 146.2, 138.5, 132.4, 132.3, 130.1, 124.7,
121.8,113.5,66.4,58.1,52.8,38.4,35.4,27.9,22.4,14.7, 14.2.

HRMS (APCI*) [M + H]* C22H2604BrN4S requires 521.0853; found 521.0852.
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S4.5 Alkyl Sulfonyl BCP Halides

1-lodo-3-(methylsulfonyl)bicyclo[1.1.1]pentane, 25a-I

A stock solution of sulfinate salt 25a-S (245 mg, 2.40 mmol) in H,0 (2.40 mL) was prepared.
Benzyltrimethylammonium dichloroiodate (101 mg, 0.290 mmol), sulfinate salt 25a-S (0.40
mL, 0.40 mmol of a 1.0 M solution in H,0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a
0.70 M solution in Et20) in CH2Cl; (0.20 mL) were subjected to the conditions of general
procedure 11.4. BCP iodide 25a-l (54.7 mg, 0.201 mmol, 99%) was obtained as a white

solid.

R¢ 0.30 (EtOAc/pentane, 3:7).

m.p. 182° C.

IR Vmax/cm ~ 1 (film) 1296, 1188, 1167, 860, 838.

1H NMR (400 MHz, CDCl3) 6 2.84 (3H, s, H4), 2.69 (6H, s, H2).
13C NMR (101 MHz, CDCl3) 6 59.4, 57.2, 38.2, 1.2.

HRMS (ESI*-) Not Found.

1-Bromo-3-(methylsulfonyl)bicyclo[1.1.1]pentane, 25a-Br

oul
1 3
/

4

A stock solution of sulfinate salt 25a-S (245 mg, 2.40 mmol) in H,0 (2.40 mL) was prepared.
Sulfinate salt 25a-S (0.40 mL, 0.40 mmol of a 1.0 M solution in H,0), Br, (0.36 mL, 0.36

mmol of a 1.0 M solution in CH,Cly), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.70
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M solution in Et;0) and Et3B (20 uL, 0.02 mmol, 1.0 M in hexanes) in CH»Cl; (0.20 mL) were
subjected to the conditions of general procedure 11.5. BCP iodide 25a-Br (44.6 mg, 0.198

mmol, 98%) was obtained as a white solid.

R:0.39 (EtOAc/pentane, 3:7).

m.p. 125° C.

IR vmax/cm ~* (film) 1359, 1308, 1178, 1162, 1133, 910, 876, 733.
1H NMR (400 MHz, CDCls) 6 2.87 (3H, s, H4), 2.64 (6H, s, H2).

13C NMR (101 MHz, CDCls) 6 58.2, 51.9, 38.6, 34.3.

HRMS (ESI*) Not Found.

1-(Butylsulfonyl)-3-iodobicyclo[1.1.1]pentane, 25b-I

A stock solution of lithium sulfinate 25b-S (25.6 mg, 0.209 mmol) in H20 (0.20 mL) was
prepared. Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.145 mmol), lithium
sulfinate 25a-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), [1.1.1]propellane 1 (0.15
mL, 0.10 mmol of a 0.70 M solution in Et;0) in CHCl; (0.10 mL) were subjected to the
conditions of general procedure 11.4. Purification by silica plug (pentane wash, followed
by elution with EtOAc/pentane, 1:4) gave BCP iodide 25a-1 (20.0 mg, 0.0637 mmol, 64%)

as a white solid.

Rf 0.55 (EtOAc / Pentane, 1:4) [goofy].
m.p. 110 ° C.
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IR Vimax/cm =1 (film) 2980, 1318, 1290, 1269, 1203, 1165, 1119, 1100, 865, 623.

IH NMR (600 MHz, CDCls) & 2.96 — 2.88 (2H, m, H4), 2.64 (6H, s, H2), 1.88 — 1.77 (2H, m,
H5), 1.47 (2H, sxt., J = 7.4 Hz, H6), 0.96 (3H, t, J = 7.4 Hz, H7).

13C NMR (151 MHz, CDCls) & 59.8, 56.8, 50.8, 23.5, 22.0, 13.7, 1.7.

HRMS (ESI*/*) Not found.

1-Bromo-3-(butylsulfonyl)bicyclo[1.1.1]pentane, 25b-Br

A stock solution of lithium sulfinate 25b-S (25.6 mg, 0.20 mmol) in H,O (0.20 mL) was
prepared. Lithium sulfinate 25b-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H20), Br»
(0.18 mL, 0.18 mmol of a 1.0 M solution in CH,Cl,), [1.1.1]propellane 1 (0.15 mL, 0.10
mmol of a 0.70 M solution in Et,0) and Et3B (10 uL, 0.01 mmol, 1.0 M in hexanes) in CH2Cl,
(0.10 mL) were subjected to the conditions of general procedure 11.5. BCP iodide 25b-Br

(17.0 mg, 0.0636 mmol, 64%) was obtained as a white solid.

Rr 0.60 (EtOAc/pentane, 1:4) [goofy].

m.p. 97 ° C.

IR Vimax/cm 1 (film) 1319, 1173, 1100, 668.

1H NMR (600 MHz, CDCls) § 2.99 — 2.90 (2H, m, H4), 2.64 (6H, s, H2), 1.85 — 1.79 (2H, m,
H5), 1.48 (2H, sxt, J = 7.4 Hz, H6), 0.97 (3H, t, J = 7.4 Hz, H7).

13C NMR (151 MHz, CDCls) 6 58.5, 51.4, 51.1, 34.6, 23.6, 22.0, 13.7.

HRMS (ESI*/) Not found.
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1-lodo-3-(phenethylsulfonyl)bicyclo[1.1.1]pentane, 25¢-|

A stock solution of sulfinate salt 25¢-S (38.4 mg, 0.200 mmol) in H,O (0.20 mL) was
prepared. Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.145 mmol), sulfinate salt
25¢-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), [1.1.1]propellane 1 (0.15 mL, 0.10
mmol of a 0.70 M solution in Et20) in CH,Cl, (0.10 mL) were subjected to the conditions of
general procedure 11.4. Purification by silica plug (pentane wash, followed by elution with

EtOAc/pentane, 1:4) gave BCP iodide 25¢-I (35.6 mg, 0.983 mmol, 98%) as a white solid.

Rr0.70 (EtOAc/pentane, 1:4).

m.p. 151 ° C.

IR Vmax/cm ~1 (film) 2981, 1303, 1291, 1262, 1164, 1151, 1115.

'H NMR (600 MHz, CDCl3) 6 7.36 — 7.32 (2H, m, H8), 7.29 — 7.27 (1H, m, H9), 7.23 — 7.20
(2H, m, H7), 3.20-3.16 (2H, m, H4), 3.15-3.11 (2H, m, H5), 2.66 (6H, s, H2).

13C NMR (151 MHz, CDCl3) 6 137.6, 129.2, 128.6, 127.4,59.7, 56.9, 52.5, 27.5, 1.4.

HRMS (ESI*) [M + Na]* C13H1502INaS requires 384.9730; found 384.9730.

Note: Attempts to prepare corresponding bromide 25c-Br under general procedure 11.5

were unsuccessful.
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1-lodo-3-(isopropylsulfonyl)bicyclo[1.1.1]pentane, 25d-|

o 2
Ooall 3 1
A stock solution of sulfinate salt 25d-S (32.5 mg, 0.250 mmol) in H;O (0.25 mL) was
prepared. Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.145 mmol), sulfinate salt
25d-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), [1.1.1]propellane 1 (0.15 mL, 0.10
mmol of a 0.70 M solution in Et20) in CH,Cl, (0.10 mL) were subjected to the conditions of

general procedure 11.4. Purification by silica plug (pentane wash, followed by elution with

EtOAc/pentane, 1:4) gave BCP iodide 25d-1 (21.3 mg, 0.71 mmol, 71%) as a white solid.

R:0.43 (EtOAc/pentane, 1:4).

m.p. 110 ° C.

IR vmax/cm ~ 1 (film) 2979, 1300, 1288, 1204, 1161, 1116, 857, 686.

1H NMR (600 MHz, CDCl3) 6 3.14 (1H, hept., J = 6.9 Hz, H4), 2.72 (6H, s, H2), 1.39 (6H, d, J
= 6.9 Hz, H5).

13C NMR (151 MHz, CDCls) & 60.5, 56.0, 52.8, 15.8, 1.9.

HRMS (ESI*/) Not found.

1-Bromo-3-(isopropylsulfonyl)bicyclo[1.1.1]pentane, 25d-Br

A stock solution of sulfinate salt 25d-S (32.5 mg, 0.25 mmol) in H,O (0.25 mL) was
prepared. Sulfinate salt 25d-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), Br, (0.18

mL, 0.18 mmol of a 1.0 M solution in CH,Cl,), [1.1.1]propellane 1 (0.15 mL, 0.10 mmol
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of a 0.70 M solution in Et;0) and Et3B (10 pL, 0.01 mmol, 1.0 M in hexanes) in CH,Cl; (0.10
mL) were subjected to the conditions of general procedure 11.5. BCP iodide 25d-Br (17.0

mg, 0.0672 mmol, 67%) was obtained as a white solid.

Rs 0.57 (EtOAc/pentane, 1:4) [goofy].

m.p. 105 ° C.

IR vmax/cm ~1 (film) 1283, 1210, 1173, 1160, 1108, 867.

1H NMR (600 MHz, CDCls) 6 3.16 (1H, hept., J = 6.9 Hz, H4), 2.67 (6H, s, H2), 1.40 (6H, d, J
= 6.9 Hz, H5).

13C NMR (151 MHz, CDCls) 6 59.2, 53.0, 50.6, 34.7, 15.8.

HRMS (ESI*/, APCI and El) Not Found.

1-(Cyclopropylsulfonyl)-3-iodobicyclo[1.1.1]pentane, 25e-I

o 2
oall 3 1
<4\rs~ﬁ &I
A stock solution of sulfinate salt 25e-S (25.6 mg, 0.200 mmol) in H;O (0.20 mL) was
prepared. Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.145 mmol), sulfinate salt
25e-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), [1.1.1]propellane 1 (0.15 mL, 0.10
mmol of a 0.70 M solution in Et20) in CH,Cl, (0.10 mL) were subjected to the conditions of

general procedure 11.4. BCP iodide 25e-I (37.1 mg, 0.125 mmol, 118%, 100% NMR vyield)

was obtained as a white solid.

Rf 0.33 (EtOAc/pentane, 1:4).

m.p. 145 ° C.
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IR Vimax/cm ~ 1 (film) 2980, 1315, 1292, 1167, 1143, 1123, 701, 610.

IH NMR (600 MHz, CDCls) & 2.70 (6H, s, H2), 2.30 (1H, tt, J = 7.9, 4.8 Hz, H4), 1.26 — 1.17
(2H, m, H5), 1.10 — 1.00 (2H, m, H5).

13C NMR (151 MHz, CDCls) & 59.8, 56.9, 27.2, 4.5, 2.2.

HRMS (ESI*/*) Not found.

1-Bromo-3-(cyclopropylsulfonyl)bicyclo[1.1.1]pentane, 25e-Br

o 2

O&ll 3 1

<4\rs~ﬁ &Br
A stock solution of sulfinate salt 25e-S (25.6 mg, 0.20 mmol) in H20 (0.20 mL) was prepared.
Sulfinate salt 25e-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H20), Br, (0.18 mL, 0.18
mmol of a 1.0 M solution in CH2Cly), [1.1.1]propellane 1 (0.15 mL, 0.10 mmol of a 0.70
M solution in Et;0) and Et3B (10 pL, 0.01 mmol, 1.0 M in hexanes) in CH,Cl, (0.10 mL) were
subjected to the conditions of general procedure 11.5. Purification by column

chromatography (SiO,, EtOAc/Pentane, 1:9 - 2:3) gave BCP Bromide 25e-Br (19.8 mg,

0.788 mmol, 79%) as a white solid.

R:0.39 (EtOAc / Pentane, 1:4) [goofy].

m.p. 140 — 144° C.

IR Vimax/cm ~ 1 (film) 1315, 1289, 1206, 1178, 1126, 891.

1H NMR (600 MHz, CDCls) § 2.65 (6H, s, H2), 2.32 (1H, tt, J = 8.0, 4.8 Hz, H4), 1.25-1.20
(2H, m, H5), 1.08—=1.04 (2H, m, H5).

13C NMR (151 MHz, CDCls) 6 58.5, 51.4, 34.9, 27.5, 4.6.

HRMS (ESI*-, APCI and El) Not Found.
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1-((4,4-Difluorocyclohexyl)sulfonyl)-3-iodobicyclo[1.1.1]pentane, 25f-|

A stock solution of sulfinate salt 25f-S (41.2 mg, 0.200 mmol) in H,O (0.20 mL) was
prepared. Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.145 mmol), sulfinate salt
25f-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H0), [1.1.1]propellane 1 (0.15 mL, 0.10
mmol of a 0.70 M solution in Et20) in CH,Cl> (0.10 mL) were subjected to the conditions of
general procedure 11.4. Purification by silica plug (pentane wash, followed by elution with

EtOAc/pentane, 1:4) gave BCP iodide 25f-1 (31.4 mg, 0.0835 mmol, 84%) as a white solid.

Rr0.46 (EtOAc/pentane, 1:4) [UV].

m.p. 165° C.

IR Vmax/cm ™~ (film) 1301, 1205, 1162, 1100, 969, 741, 645.

'H NMR (600 MHz, CDCl3) § 2.98-2.90 (1H, m, H4), 2.73 (6H, s, H2), 2.34-2.25 (2H, m,
H6), 2.24-2.18 (2H, m, H5), 2.03-1.93 (2H, m, H5), 1.86-1.72 (2H, m, H#6).

13C NMR (151 MHz, CDCl3) 6 121.6 (dd, Yer = 242.8, 240.6 Hz), 60.4, 57.9 (d, “Jcr = 1.1 Hz),
56.3, 32.3 (dd,%Jcr = 25.9, 24.7 Hz), 22.4 (dd, 3Jcr = 9.0, 1.4 Hz), 1.4.

1°F NMR (377 MHz, CDCl3) 6 —101.6 (d, J = 242.4 Hz), —94.7 (d, J = 242.5 Hz).

HRMS (ESI*, APCl and El) Not Found.
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1-Bromo-3-((4,4-difluorocyclohexyl)sulfonyl)bicyclo[1.1.1]pentane, 25f-Br

A stock solution of sulfinate salt 25f-S (41.2 mg, 0.200 mmol) in H,O (0.20 mL) was
prepared. Sulfinate salt 25f-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), Br, (0.18
mL, 0.18 mmol of a 1.0 M solution in CH2Cl,), [1.1.1]propellane 1 (0.15 mL, 0.10 mmol
of a 0.70 M solution in Et,0) and Et3B (10 pL, 0.01 mmol, 1.0 M in hexanes) in CH,Cl, (0.10
mL) were subjected to the conditions of general procedure 11.5. BCP iodide 25f-Br (35.4

mg, 0.108 mmol, 108%) was obtained as a white solid.

R:0.50 (EtOAc/pentane, 1:4).

m.p. 163 —164° C.

IR vmax/cm ~1 (film) 2981, 1379, 1301, 1171, 1102, 969, 879, 742.

1H NMR (600 MHz, CDCl3) 6 3.00 — 2.92 (1H, m, H4), 2.68 (6H, s, H2), 2.35 — 2.25 (2H, m,
H6), 2.25 - 2.18 (2H, m, H5), 2.04 — 1.94 (2H, m, H5), 1.86 — 1.73 (2H, m, H6).

13C NMR (151 MHz, CDCl3) & 121.6 (dd, Yerz = 242.8, 240.6 Hz), 59.1, 58.2, 50.9, 34.4,
32.5-32.1(m), 22.4 (dd, 3Jcr2 = 9.1, 1.5 Hz).

19F NMR (377 MHz, CDCl3) § —=101.60 (d, J = 242.8 Hz), —94.70 (d, J = 242.1 Hz).

HRMS (ESI*/-, APCI) Not Found.

3-((3-lodobicyclo[1.1.1]pentan-1-yl)sulfonyl)tetrahydrofuran, 25g-I

2
(]
OQQ 3 1 |
5 4 ZQS

7
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A stock solution of sulfinate salt 25g-S (31.6 mg, 0.200 mmol) in H,O (0.20 mL) was
prepared. Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.145 mmol), sulfinate salt
25g-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), [1.1.1]propellane 1 (0.15 mL, 0.10
mmol of a 0.70 M solution in Et20) in CH,Cl, (0.10 mL) were subjected to the conditions of
general procedure 11.4. Purification by silica plug (pentane wash, followed by elution with

EtOAc/pentane, 1:4) gave BCP iodide 25g-I (23.4 mg, 0.0713 mmol, 71%) as a white solid.

Rr 0.13 (EtOAc/pentane, 1:4)[UV, goofy].

m.p. 139 -142 ° C.

IR vmax/cm ~ 1 (film) 1292, 1272, 1206, 1165, 1117, 1083, 920, 870.

'H NMR (600 MHz, CDCls) 6 4.16 (1H, dd, J = 10.1, 5.4 Hz, H7), 4.03 (1H, dd, /= 10.1, 8.1
Hz, H7), 3.97 (1H, td, /= 8.2, 5.9 Hz, H6), 3.82 (1H, dt, J = 8.7, 6.8 Hz, H6), 3.65 (1H, ddt, J
=9.8,8.1, 5.4 Hz, H4), 2.74-2.67 (6H, m, H2), 2.36 (1H, ddt, /= 13.4, 7.6, 6.0 Hz, H5), 2.26
(1H, dddd, J=13.4,9.8, 7.3, 5.9 Hz, H5).

13C NMR (151 MHz, CDCls) 6 68.5, 67.2, 60.0, 59.9, 56.1, 27.4, 1.6.

HRMS (ESI*, APCI and EI) Not Found.

3-((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)tetrahydrofuran, 25g-Br

A stock solution of sulfinate salt 25g-S (31.6 mg, 1.20 mmol) in H,0 (0.20 mL) was prepared.
Sulfinate salt 25g-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), Br, (0.18 mL, 0.18
mmol of a 1.0 M solution in CH,Cl,), [1.1.1]propellane 1 (0.15 mL, 0.10 mmol of a 0.70

M solution in Et,0) and Et3B (10 L, 0.01 mmol, 1.0 M in hexanes) in CH,Cl; (0.10 mL) were
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subjected to the conditions of general procedure 11.5. BCP bromide 25g-Br (26.9 mg,

0.0957 mmol, 96%) was obtained as a white solid.

Rr 0.13 (EtOAc/pentane, 1:4) [goofy].

m.p. 115-118 °C.

IR Vmax/cm 1 (film) 2981, 1382, 1312, 1174, 1081, 876, 668.

'H NMR (600 MHz, CDCls) 6 4.17 (1H, dd, J = 10.2, 5.5 Hz, H7), 4.04 (1H, dd, /= 10.2, 8.1
Hz, H7), 3.97 (1H, ddd, J = 8.8, 7.8, 6.0 Hz, H6), 3.83 (1H, dt, J = 8.8, 6.9 Hz, H6), 3.67 (1H,
ddt, J = 9.8, 8.1, 5.5 Hz, H4), 2.68 — 2.63 (6H, m, H2), 2.37 (1H, ddt, J = 13.4, 7.6, 6.0 Hz,
H5), 2.27 (1H, dddd, /=13.4,9.8, 7.3, 6.0 Hz, H5).

13C NMR (151 MHz, CDCls) 6 68.5, 67.2, 60.3, 58.6, 50.7, 34.7, 27.5.

HRMS (ESI*, APCI) Not found.

3-(((3-lodobicyclo[1.1.1]pentan-1-yl)sulfonyl)methyl)-3-methyloxetane, 25h-I

o)
[eN

ﬁinr

A stock solution of sulfinate salt 25a-S (17.2 mg, 0.100 mmol) in H,O (0.10 mL) was
prepared. Benzyltrimethylammonium dichloroiodate (25.3 mg, 0.0727 mmol), sulfinate
salt 25a-S (0.10 mL, 0.10 mmol of a 1.0 M solution in H20), [1.1.1]propellane 1 (0.08 mL,
50 umol of a 0.70 M solution in Et,0) in CH,Cl; (0.10 mL) were subjected to the conditions
of general procedure 11.4. BCP iodide 25a-1 (17.3 mg, 0.0506 mmol, 101%) was obtained

as a white solid.

R:0.21 (EtOAc/pentane, 2:3).
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m.p. 158 ° C.

IR Vmax/cm ~1 (film) 1292, 1272, 1206, 1165, 1117, 1083, 920, 870.

'H NMR (600 MHz, CDCl3) 6 4.64 (2H, d, J = 6.4 Hz, H6), 4.46 (2H, d, J = 6.4 Hz, H6), 3.31
(2H, s, H4), 2.69 (6H, s, H2), 1.65 (3H, s, H7).

13C NMR (151 MHz, CDCl3) 6 82.4, 59.4, 57.9,57.1, 37.8, 23.5, 1.2.

HRMS (EI*) [M]* C10H1503IS requires 341.9787; found 341.0202.

3-(((3-Bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)methyl)-3-methyloxetane, 25h-Br

o
7OI

ﬁj%

A stock solution of sulfinate salt 25h-S (34.4 mg, 0.20 mmol) in DMF:H,0 (1:2, 0.30 mL)

was prepared. Sulfinate salt 25h-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), Br
(0.18 mL, 0.18 mmol of a 1.0 M solution in CH2Cl,), [1.1.1]propellane 1 (0.15 mL, 0.10
mmol of a 0.70 M solution in Et,0) and Et3B (10 pL, 0.01 mmol, 1.0 M in hexanes) in CH,Cl,
(0.10 mL) were subjected to the conditions of general procedure 11.5. BCP iodide 25h-Br

(14.7 mg, 0.0498 mmol, 50%) was obtained as a white solid.

Rf 0.27 (EtOAc/pentane, 1:4).

m.p. 125 - 128 °C.

IR Vmax/cm ~1 (film) 2957, 1303, 1284, 1177, 1122, 978.

'H NMR (600 MHz, CDCls) & 4.64 (2H, d, J = 6.4 Hz, H6), 4.47 (2H, d, J = 6.4 Hz, H6), 3.33
(2H, s, H4), 2.64 (6H, s, H2), 1.66 (3H, s, H7).

13C NMR (151 MHz, CDCls) & 82.4, 58.1, 57.4, 52.6, 37.8, 34.5, 23.5.

HRMS (ESI*) [M + H]* C10H16037°BrS requires 294.9998; found 294.9997.
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Methyl 3-((3-iodobicyclo[1.1.1]pentan-1-yl)sulfonyl)propanoate, 25i-I

2
0]
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A stock solution of sulfinate salt 25i-S (34.8 mg, 0.200 mmol) in H,O (0.20 mL) was
prepared. Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.145 mmol), sulfinate salt
25i-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), [1.1.1]propellane 1 (0.15 mL, 0.10
mmol of a 0.70 M solution in Et20) in CH,Cl, (0.10 mL) were subjected to the conditions of
general procedure 11.4. BCP iodide 25i-1 (13.3 mg, 0.0386 mmol, 39%) was obtained as a

white solid.

R¢ 0.30 (EtOAc/pentane, 1:4)[vanilin].

m.p. 115 °C.

IR vmax/cm ~* (film) 1738, 1311, 1203, 1167, 1120, 669.

1H NMR (600 MHz, CDCl3) § 3.74 (3H, s, H7), 3.26 (2H, t, J = 7.7 Hz, H4), 2.85 (2H, t, J = 7.7
Hz, H5), 2.70 (6H, s, H2).

13C NMR (151 MHz, CDCls) 6 170.8, 59.6, 56.8, 52.7, 31.1, 26.2, 1.2.

HRMS (ESI*) [M + Na]* CoH1304INaS requires 366.9471; found 366.9472.

Methyl 3-((3-bromobicyclo[1.1.1]pentan-1-yl)sulfonyl)propanoate, 25i-Br

2
ol
3 1
5
4

/O
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A stock solution of sulfinate salt 25i-S (34.8 mg, 0.20 mmol) in H,0 (0.20 mL) was prepared.

Sulfinate salt 25b-S (0.20 mL, 0.20 mmol of a 1.0 M solution in H,0), Br; (0.18 mL, 0.18
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mmol of a 1.0 M solution in CH,Cl;), [1.1.1]propellane 1 (0.15 mL, 0.10 mmol of a 0.70
M solution in Et;0) and Et3B (10 uL, 0.01 mmol, 1.0 M in hexanes) in CH,Cl; (0.10 mL) were
subjected to the conditions of general procedure 11.4. BCP iodide 25b-Br (21.5 mg, 0.0724

mmol, 73%) was obtained as a white solid.

Rs 0.36 (EtOAc/pentane, 3:7) [Goofy].

IR vmax/cm 1 (film) 2981, 1727, 1373, 1310, 1257, 1179, 1122.

'H NMR (600 MHz, CDCl3) 6 3.75 (3H, s, H7), 3.30 (2H, t, /= 7.7 Hz, H4), 2.86 (2H, t, /= 7.7
Hz, H5), 2.65 (6H, s, H2).

13C NMR (151 MHz, CDCls) § 170.8, 58.4,52.7, 51.5, 46.5, 34.4, 26.2.

HRMS (ESI*) [M + H]* CoH14047°BrS requires 296.9791; found 296.9788.
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S4.6 Sulfonyl BCHep Halides

1-lodo-5-tosylbicyclo[3.1.1]heptane, 30a-I

T
A stock solution of sulfinate salt 18a-S (534 mg, 3.00 mmol) in H,0 (3.0 mL) was prepared.
DIH (78.4 mg, 0.20 mmol), sulfinate salt 18a-S (0.50 mL, 0.50 mmol, 1.0 M in H;0),
[3.1.1]propellane 30 (0.87 mL, 0.20 mmol of a 0.23 M solution in Et0) in CH,Cl, (0.80 mL)
were subjected to the conditions of general procedure 11.1. Purification by silica plug

(EtOAc/pentane, 1:4) gave sulfonyl BCHep iodide 30a-I (65.4 mg, 0.174 mmol, 87%) as a

white solid which could be recrystalised from CH,Cl,/pentane.

R¢ 0.30 (EtOAc/pentane, 1:9).

m.p. 134 — 140 °C.

IR Vmax/cm ~ 1 (film) 2954, 1596, 1310, 1300, 1290, 1150, 1108, 1079, 857, 816, 671.

H NMR (400 MHz, CDCl3) 6 7.69 — 7.62 (2H, m, H8), 7.38 — 7.31 (2H, m, H9), 3.23 (2H, dt,
J=7.6,3.8 Hz, H6), 2.52 — 2.44 (2H, m, H), 2.45 (3H, s, H11), 2.35 — 2.25 (2H, m, H6), 1.91
—1.82 (4H, m, H).

13C NMR (101 MHz, CDCls) 6 145.1, 132.6, 130.0, 129.3, 65.4, 46.2, 42.5, 26.7, 25.9, 21.8,
19.3.

HRMS (ESI*) [M + Na]* C14H1702INaS requires 398.9886; found 398.9886.
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1-Bromo-5-tosylbicyclo[3.1.1]heptane, 30a-Br

A stock solution of sulfinate salt 18a-S (534 mg, 3.00 mmol) in H,0 (3.0 mL) was prepared.
DBH (57.1 mg, 0.20 mmol), sulfinate salt 18a-S (0.50 mL, 0.50 mmol, 1.0 M in H,0),
[3.1.1]propellane 30 (0.87 mL, 0.20 mmol of a 0.23 M solution in Et;0) in Et;0 (0.20 mL)
were subjected to the conditions of general procedure 11.3. BCP bromide 30a-Br (81.7,

0.25 mmol, 125%, 100% NMR vyield) was obtained as a white solid.

Rr0.32 (EtOAc/pentane, 1:19).

m.p. 93 ° C.

IR vmax/cm~1 (film) 1311, 1301, 1291, 1151, 1113, 1080, 671, 613.

1H NMR (400 MHz, CDCls) & 7.71 — 7.64 (2H, m, H8), 7.39 — 7.31 (2H, m, H9), 3.14 — 3.04
(2H, m, H6), 2.45 (3H, s, H11), 2.34 — 2.29 (2H, m, H4), 2.26 — 2.17 (2H, m, H6), 1.94 — 1.86
(2H, m, H3), 1.86 — 1.81 (2H, m, H2).

13C NMR (101 MHz, CDCls) 6 145.1, 132.8, 130.0, 129.4, 62.4,52.3, 44.5, 39.3, 26.0, 21.8,
18.7.

HRMS (ESI*) [M + Na]* C14H17027°BrNaS requires 351.0025; found 351.0027.
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S4.7 Sulfonyl BCB Halides

1-lodo-N,N-diisopropyl-3-tosylcyclobutane-1-carboxamide, 31a-I

1
0, O o
4 N\t | 10
\ LoON
5\
LTS

NOSEY

major diasterisomer
A stock solution of sulfinate salt 18a-S (890 mg, 1.20 mmol) in H,0 (3.00 mL) was prepared.
Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.12 mmol), sulfinate salt 18a-S (0.20
mL, 0.20 mmol of a 1.0 M solution in H,0), BCB 31a (0.15 mL, 0.10 mmol of a 0.10 M
solution in Et,0) in CH,Cl, (0.10 mL) were subjected to the conditions of general procedure

1.6. BCP iodide 31a-1 (36.8 mg, 0.159 mmol, 80%, 2.5:1 dr) was obtained as a white solid.

Rs 0.40 (EtOAc/pentane, 1:4) [UV].

IR vmax/cm ~ 1 (film) 2971, 1633, 1441, 1371, 1329, 1148, 1087, 732, 680.

1H NMR (600 MHz, CDCl3) § 7.78 — 7.69 (2.4 H, m, H4, H4'), 7.39 — 7.32 (2.4H, m, H3, H3'),
411 (1H, tt, J = 9.5, 7.6 Hz, H6), 3.88 (0.4H, hept., J = 6.5 Hz, H12'), 3.77 (1H, hept., J = 6.6
Hz, H12), 3.70 (0.4H, pent., J = 8.6 Hz, HE'), 3.38 — 3.24 (1.4H, m, H10, H10'), 3.28 — 3.14
(2.8H, m, H7b, H72', 7b'), 2.56 (2H, br. s, H7a), 2.44 (4.2H, s, H1, H1’), 1.38 (6H, d, J = 6.8
Hz, H11), 1.35 (2.4H, d, J = 6.7 Hz, H11'), 1.26 — 1.20 (8.4, m, H13, H13').

13C NMR (151 MHz, CDCl3) 6 169.1, , 145.3, 134.6, ,130.2, 128.5, , ,
51.6,51.0,50.0, 46.9, 46.7, 40.8 (br.), 29.1, 21.9, 21.8, 19.9 (br.).

HRMS (ESI*) [M + H]* C1sH270sNIS requires 464.0751; found 464.0748.

Numbers denoted with a prime in blue correspond to the minor diastereisomer.

Diastereisomer ratio calculated from the analysis of the *H NMR of the crude sample.
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Recrystallisation from CH,Cly/pentane at =20 °C gave a pure sample of the major

diastereoisomer:

IH NMR (600 MHz, CDCls) & 7.75 (2H, br. d, J = 8.2 Hz, H4), 7.36 (2H, br. d, J = 8.5 Hz, H3),
4.12 (1H, tt,J = 9.3, 7.6 Hz, H6), 3.78 (1H, hept., J = 6.7 Hz, H12), 3.32 (1H, hept., J = 6.9 Hz,
H10), 3.21 (2H, br. s, H7b), 2.56 (2H, br. s, H7a), 2.45 (3H, s, H1), 1.39 (6H, d, J = 6.9 Hz,
H11), 1.24 (6H, d, J = 6.7 Hz, H13).

13C NMR (151 MHz, CDCls) 6 169.1, 145.3, 134.7, 130.2, 128.5, 51.7, 50.0, 46.7, 40.9, 29.1,

21.8,19.9.

1-Bromo-N, N-diisopropyl-3-tosylcyclobutane-1-carboxamide, 31a-Br

major diasterisomer
(tentative assignment)

A stock solution of sulfinate salt 18a-S (890 mg, 1.20 mmol) in H,0 (3.00 mL) was prepared.
Sulfinate salt 18a-S (0.25 mL, 0.25 mmol of a 1.0 M solution in H,0), Br, (0.18 mL, 0.18
mmol of a 1.0 M solution in CH2Cl,), BCB 31a (18.1 mg, 0.2 mL, 0.10 mmol of a 0.50 M
solution in CHCly) and Et3B (10 pL, 0.01 mmol, 1.0 M in hexanes) were subjected to the
conditions of general procedure 1.7. Purification by column chromatography (SiO,, EtOAc/
pentane 1:19 - 1:4) gave bromide 31a-Br (29.8 mg, 0.0718 mmol, 72%, 2.3:1 dr) as a

white solid.
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R:0.39 (EtOAc/pentane, 1:4)[UV, ninhydrin].

m.p. 145 ° C.

IR Vmax/cm 1 (film) 1632, 1593, 1339, 1149, 1076, 651.

1H NMR (600 MHz, CDCls) & 7.78 — 7.72 (2.5H, m, H4, H4’), 7.39 — 7.33 (2.5H, m, H3, H3'),

4.07 (1H, pent., J = 8.5 Hz, H6), 3.95 (0.25H, hept., /= 6.6 Hz, H10’), 3.84 (1H, hept., /= 6.6

Hz, H12), 3.57 (0.25H, pent., /= 8.6 Hz, H6"), 3.39 — 3.30 (3.5H, m, H10, H12’, H7b), 3.29 —

3.22 (0.50H, m, H7b’), 3.17 (0.50H, dd, J = 13.3, 9.0 Hz, H/2a’), 2.63 (2H, br. s, H7a), 2.45

(3.8H, s, H1), 1.39 (6H, d, J = 6.8 Hz, H11), 1.36 (1.5H, obsc. d, J = 6.6 Hz, H11"), 1.22 (7.5H,

d,J=6.6 Hz, H13, H13").

13CNMR (151 MHz, CDCl5) 6 167.3, ,145.3,134.6,130.2,128.5,77.2,53.1, ,51.5,
,49.5, , ,46.7, 38.6, ,21.8,20.2,20.1, ,

HRMS (ESI*/) Not found.

Numbers denoted with a prime in blue correspond to the minor diastereisomer.
Diastereisomer ratio calculated from the analysis of the 'H NMR of the crude sample.
Assignment of the major diastereisomer was assigned based on comparison of 1H NMR to

31a-l.

1-((3-lodo-3-(phenylsulfonyl)cyclobutyl)sulfonyl)-4-methylbenzene, 31b-|

major diasterisomer
(tentative assignment)

A stock solution of sulfinate salt 18a-S (890 mg, 1.20 mmol) in H,0 (3.00 mL) was prepared.

Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.14 mmol), sulfinate salt 18a-S (0.25
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mL, 0.25 mmol of a 1.0 M solution in H,0), BCB 31b (19.4 mg, 0.20 mL, 0.10 mmol of a
0.50 M solution in CH2CI2), Et3B (10 uL, 0.10 mmol of a 1.0 M solution in hexane) in CH,Cl,
(0.10 mL) were subjected to the conditions of general procedure 1.6. Purification by
column chromatography (SiO2, EtOAc/ pentane 1:9 - 1:4) gave iodide 31b-1 (31.3 mg, 0.66

mmol, 66%, 2.1:1 dr) as a white solid.

Rs 0.19 (EtOAc/pentane, 1:4)[UV].

m.p. 137 ° C.

IR vmax/cm ~ 1 (film) 1384, 1317, 1148, 1085, 914, 687, 647.

IH NMR (600 MHz, CDCls) & 8.05 — 8.01 (0.6H, m, H10'), 8.00 — 7.96 (2H, m, H10), 7.77 —
7.70 (4.8H, m, H4, H4', H12, H12'), 7.65 — 7.57 (2.6H, m, H11, H11'), 7.41 - 7.36 (2.6H, m,
H3, H3'), 4.26 (0.6H, pent., J = 8.7 Hz, H6'), 4.09 (1H, tt, J = 9.6, 7.7 Hz, H6), 3.61 — 3.53 (2H,
m, H7b), 3.49 — 3.42 (1.2H, m, H72"), 3.41 — 3.34 (1.2H, m, H7b"), 2.57 — 2.50 (2H, m, H7a),
2.47 (3.6H, s, H1, H1').

13C NMR (151 MHz, CDCls) 6 145.7, 145.7, 135.1, 135.0, 134.2, 133.5, 131.6, 131.0, 130.4,
130.4, 129.4,129.1, 128.6, 128.6, 55.7, 50.9, 42.4, 39.0, 39.0, 37.9, 21.9, 21.9.

HRMS (ESI*) [M + H]* C17H1804IS; requires 476.9686; found 476.9686.

Numbers denoted with a prime in blue correspond to the minor diastereisomer.
Diastereisomer ratio calculated from the analysis of the *H NMR of the crude sample.
Assignment of the major diastereisomer was based on comparison of 'H NMR data with

31la-l.
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1-((3-(t-Butylsulfonyl)-3-iodocyclobutyl)sulfonyl)-4-methylbenzene, 31c-I

4 Q&AP 7 (%/O

4
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NOSEY

A NOSEY to o T2 and 75
A stock solution of sulfinate salt 18a-S (890 mg, 1.20 mmol) in H,0 (3.00 mL) was prepared.
Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.14 mmol), sulfinate salt 18a-S (0.25
mL, 0.25 mmol of a 1.0 M solution in H,0), BCB 31c (17.4 mg, 0.20 mL, 0.10 mmol of a 0.50
M solution in CHxCly), EtsB (10 pL, 0.10 mmol of a 1.0 M solution in hexane) in CH,Cl, (0.10
mL) were subjected to the conditions of general procedure 1.6. The dr of the crude
reaction mixture was 10:1. Purification by column chromatography (SiO, EtOAc/pentane,

1:9 - 1:4) gave iodide 31c-I (12.7 mg, 0.0279 mmol, 28%, 20:1 dr) as a white solid.

R:0.13 (EtOAc/pentane, 1:4).

m.p. 171 - 180 °C.

IR vmax/cm ~1 (film) 1596, 1320, 1395, 1148, 1114, 1086, 712, 695.

1H NMR (600 MHz, CDCl3) 6 7.76 (2H, d, J = 8.3 Hz, H4), 7.38 (2H, d, J = 8.0 Hz, H5), 4.21
(1H, tt, J = 9.7, 7.6 Hz, H6), 3.83 — 3.75 (2H, m, H7b), 2.61 (2H, ddt, J = 10.9, 7.6, 2.6 Hz,
H7a), 2.46 (3H, s, H1), 1.62 (9H, s, H10).

13C NMR (151 MHz, CDCls) 6 145.6, 134.3, 130.4, 128.6, 65.6, 52.1, 41.1, 36.1, 26.4, 21.9.

HRMS (ESI*) [M + Na]* C15H2104INaS,* requires 478.9818; found 478.9817.

Diastereisomer ratio calculated from the analysis of the 'H NMR of the crude sample.
Assignment of the major diastereisomer was based on comparison of *H NMR data with
31a-l.
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1-((3-lodo-3-(phenylsulfonyl)cyclobutyl)sulfonyl)-4-methylbenzene, 31d-|

11
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NOSEY NQSEY

major diasteriosomer minor diasteriosomer
(tentative assinment)

A stock solution of sulfinate salt 18a-S (890 mg, 1.20 mmol) in H,0 (3.00 mL) was prepared.
Benzyltrimethylammonium dichloroiodate (50.5 mg, 0.14 mmol), sulfinate salt 18a-S (0.25
mL, 0.25 mmol of a 1.0 M solution in H,0), BCB 31d (19.5 mg, 0.20 mL, 0.10 mmol of a
0.50 M solution in CH,Cl,), EtsB (10 pL, 0.10 mmol of a 1.0 M solution in hexane) in CH,Cl,
(0.10 mL) were subjected to the conditions of general procedure 1.6. Purification by
column chromatography (SiO,, EtOAc/pentane, 1:9 = 1:4) gave iodide 31d-I (44.9 mg, 0.94

mmol, 94%, in 3.3:1 dr) as a white solid.

Rr0.31 (EtOAc/pentane, 1:4).
m.p. 144 —146° C.
IR vmax/cm ™1 (film) 1634, 1596, 1416, 1372, 1329, 1301, 1138, 1081, 732, 647.
1H NMR (600 MHz, CDCl3) & 7.85 (0.7H, d, J = 8.4 Hz, H4'), 7.74 (2H, d, J = 8.6 Hz, H4), 7.43
(0.7H, d, J = 7.9 Hz, H3'), 7.34 (2H, d, J = 7.9 Hz, H3), 4.01 (1H, br. m, H7b), 3.87 (0.7H,
hept., /= 6.5 Hz, H12"), 3.75 (1H, hept., J = 6.6 Hz, H12), 3.69 — 3.37 (2.3H, br. m, H7b,

), 3.33 (0.7H, hept. J = 6.9 Hz, H10), 3.29 (1H, hept., J = 6.8 Hz, H10), 2.56 (2.3H, br. m,
H7a, 7b'), 2.46 (2H, s, H1’), 2.43 (3H, s, H1), 1.90 (3H, s, H14), 1.37 (10.2H, d, J = 6.8 Hz,

H11), 1.28 (2H, s, H14'), 1.25 (10.2H, d, J = 6.7 Hz, H13).
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13C NMR (151 MHz, CDCls) 6§ 169.6, 169.5, 145.3, 145.2, 132.0, 131.8, 131.7, 130.6, 130.2,
129.9, 59.8,57.2, 51.0, 50.2, 46.9, 46.7, 46.6 (br.), 45.4 (br.), 23.5,22.6, 21.8,21.8, 21.1,
20.9,20.2 (br.), 19.5 (br.).

HRMS (ESI*) [M + H]* C19H2903NIS* requires 478.0907; found 478.0907.

Numbers denoted with a prime in blue correspond to the minor diastereisomer.
Diastereisomer ratio calculated from the analysis of the 'H NMR of the crude sample.
Tentative diastereoisomer assignment based on NOSEY correlations and comparison of *H

NMR spectra of 31a-l.
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S4.8 Functionalisation Products

Methyl-2-(bis(tert-butoxycarbonyl)amino)-3-(3-tosylbicyclo[1.1.1]pentan-1-yl)propanoate,

34

According to a literature procedure.”” A flame dried vial was charged with BCP iodide 18a-
1 (52.1 mg, 0.15 mmol), methyl 2-(bis(tert-butoxycarbonyl)amino)acrylate (271 mg, 0.90
mmol), Ir[dF(CF)sppy]2(dtbbpy)PFs (4.2 mg, 2.5 mol%) and anhydrous Na>COs (32 mg, 0.30
mmol). The vial was then fitted with a PTFE septum, evacuated, and placed under an Ar
atmosphere. The solids were dissolved in MeOH/H,O (9:1, 1.0 mL, 0.15 M), then
(MesSi)3SiH (93 L, 0.30 mmol) was added. The vial was then degassed by freeze-pump-
thaw cycles (x 3), sonicated for 10 seconds, and then irradiated with Blue LEDs for 24 h
with rapid stirring. The reaction mixture was poured onto H;O and extracted with CH,Cl;
(x 3). The combined organic phases were dried (Mg,S0.), filtered and concentrated in
vacuo. Purification by column chromatography (SiO,, EtOAc/pentane, 1:19 = 1:4) gave the

compound 34 (59.6 mg, 0.114 mmol, 76%) as a white foam.

R:0.25 (EtOAc/pentane, 1:9).

IR vmax/cm ™1 (film) 2981, 1747, 1700, 1368, 1312, 1149, 1128, 732, 667.

'H NMR (600 MHz, CDCls) 6 7.70 (2H, d, J = 8.1 Hz, H4), 7.32 (2H, d, J = 8.1 Hz, H3), 4.82
(1H, dd, J=9.7, 4.7 Hz, H10), 3.67 (3H, s, H12), 2.43 (3H, s, H1), 2.35 (1H, dd, J = 15.3, 4.7

Hz, H9), 2.12 (1H, dd, J = 15.3, 9.7 Hz, H9), 1.95 — 1.88 (6H, m, H7), 1.43 (18H, s, Boc).
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13CNMR (151 MHz, CDCl3) § 170.9, 152.0, 144.6, 134.1, 129.8, 128.8, 83.6, 56.0, 52.5, 51.6,
51.1,37.5,31.1, 28.1, 21.7.

HRMS (ESI*) [M + Na]* Ca6H370s8NNaS requires 546.2132; found 546.2127.

N,N-Diisopropyl-1-methoxy-3-tosylcyclobutane-1-carboxamide, 32
(0]
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NaOMe (0.20 mL, 0.40 mmol, 0.5 M in MeOH) was added dropwise to a solution of 8a-I
(19.0 mg, 0.05 mmol) in anhydrous MeOH (0.5 mL) cooled to O °C. The reaction mixture
was stirred for 1 h at 0 °C, then concentrated in vacuo. The residue was diluted with CH,Cl,
(5 mL) and washed with water (5 mL x 2), the organic phase was dried (MgS0a), filtered
and concentrated in vacuo to give 32 (17.1 mg, 0.466 mmol, 93%, >20:1 dr) as a white

solid.

IH NMR (600 MHz, CDCl3) & 7.79 (2H, d, J = 8.2 Hz, H4), 7.35 (2H, d, J = 8.2 Hz, H3), 4.41
(1H, t,J = 7.2 Hz, H6), 3.97 (1H, pent., J = 6.7 Hz, H12), 3.61 — 3.41 (2H, m, H7, H10), 3.38
(3H, s, OMe), 2.96 (1H, td, J = 9.7, 7.4 Hz, H7), 2.44 (3H, s, H1), 2.37 — 2.16 (1H, m, H7),
2.14 —1.95 (1H, m, H7), 1.37 (6H, dd, J = 6.8, 2.8 Hz, H11), 1.14 (6H, dd, J = 6.8, 2.6 Hz,
H13).

Awaiting additional NOSEY data for full assignment.
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Sodium 3-bromobicyclo[1.1.1]pentane-1-sulfinate, 36

According to a modified literature procedure. ®* NaOMe (13 pL of a solution in MeOH) was
added to a solution of sulfonyl BCP bromide 25i-Br (14.8 mg, 0.05 mmol) in THF (0.5 mL).
The reaction was stirred for 20 min at roomtemperature then concentrated in vacuo to

give bromo-BCP sulfinate 36 (9.3 mg, 0.040 mmol, 80%) as a white solid.

H NMR (400 MHz, MeOD) & 2.67 (6H, s, H2).

HRMS (ESI*) Not found.

Further reaction of 36 will be carried out to confirm its isolation.
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S4.9 Sulfinate Salts

Sodium 4-methoxybenzenesulfinate, 18b-S

4-Methoxybenzenesulfonyl chloride (3.13 g, 10.0 mmol), sodium sulfite (2.52 g, 20.0
mmol) and sodium bicarbonate (1.68 g, 20.0 mmol) in water (10.0 mL, 1.0 M) were
subjected to the conditions of general procedure 12 to give the sulfinate salt 18b-S (2.53
g, 8.45 mmol, 84%) as a white solid. The product contained an 8% impurity by 'H NMR

(ArSOsH).

IR Vimax/cm ~ 1 (film) 2522, 1593, 1493, 1248, 1084, 1012, 981.

IH NMR (400 MHz, MeOD) 6 7.62 — 7.53 (2H, m, H2), 7.00 — 6.92 (2H, m, H3), 3.81 (3H, s,
H5).

13C NMR (101 MHz, MeOD) & 162.2, 149.3, 126.7, 114.7, 55.8.

HRMS (ESI") [M - Na]- C7H703S requires 171.0121; found 171.0112.

Sodium 4-acetamidobenzenesulfinate, 18¢-S
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N-Acetylsulfinailyl chloride (1.17 g, 5.00 mmol), sodium sulfite (1.26 g, 10.0 mmol) and
sodium bicarbonate (840 mg, 10.0 mmol) in water (5.0 mL, 1.0 M) were subjected to the
conditions of general procedure 12 to give the sulfinate salt 18¢-S (1.49 g, 6.74 mmol,

quant.) as a white solid.
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IR Vimax/cm =1 (film) 1654, 1600, 1394, 1190, 1134, 1051, 650.
1H NMR (400 MHz, MeOD) & 7.66 — 7.55 (4H, m, ArH), 2.13 (3H, s, H6).
13C NMR (101 MHz, MeOD) & 171.7, 152.6, 141.1, 125.9, 120.6, 23.9.

HRMS (ESI") [M - Na] CgHgO3NS requires 198.0230; found 198.0220.

Sodium 4-bromobenzenesulfinate, 18h-S
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4-Bromobenzenesulfonyl chloride (1.28 g, 5.00 mmol), sodium sulfite (1.26 g, 10.0 mmol)
and sodium bicarbonate (840 mg, 10.0 mmol) in water (5.0 mL, 1.0 M) were subjected to
the conditions of general procedure 12 to give the sulfinate salt 18h-S (1.23 g, 5.08 mmol,

100%) as a white solid.

IR vimax/cm ~ 1 (film) 2437, 1569, 1469, 1048, 997, 975, 825, 725.
1H NMR (400 MHz, MeOD) & 7.56 (4H, app. d, J = 1.2 Hz, ArH).
13C NMR (101 MHz, MeOD) & 137.8, 132.5, 127.3, 122.9

HRMS (ESI") [M - Na] CeH4027°BrS requires 218.9121; found 218.9115.

Sodium 4-nitrobenzenesulfinate, 18;j-S
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4-Nitrobenzenesulfonyl chloride (5.20 g, 23.5 mmol), sodium sulfite (6.00 g, 47.0 mmol)

and sodium bicarbonate (4.00 mg, 47.0 mmol) in water (50 mL, 0.5 M) were subjected to
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the conditions of general procedure 12 to give the sulfinate salt 18j-S (4.70 g, 22.6 mmol,

96%) as an orange solid. The product contained a 12% impurity by *H NMR (ArSOsH).

IR vmax/cm ~1 (film) 2361, 1517, 1354, 1040, 976, 853.
'H NMR (400 MHz, MeOD) 6 8.34 —8.25 (2H, m, H3), 7.89 — 7.83 (2H, m, H2).
13C NMR (101 MHz, MeOD) & 164.1, 128.4, 126.6, 124.7.

HRMS (ESI") [M - Na] CeéHaO4NS requires 185.9867; found 185.9858.

Sodium 3,5-difluorobenzenesulfinate, 18k-S
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3,5-Difluorobenzenesulfonyl chloride (5.00 g, 23.5 mmol), sodium sulfite (6.00 g, 47.0
mmol) and sodium bicarbonate (4.00 mg, 47.0 mmol) in water (50 mL, 0.5 M) were
subjected to the conditions of general procedure 12 to give the sulfinate salt 18k-S (4.70

g, 23.5 mmol, 100%) as a white solid.

IR Vimax/cm ~* (film) 1604, 1432, 1283, 1124, 1003, 977, 677.

IH NMR (400 MHz, MeOD) & 7.25 — 7.18 (2H, m, H2), 6.93 (1H, tt, 3Jur = 8.9, 2.4 Hz, H4).
13C NMR (101 MHz, MeOD) & 164.37 (dd, “3Jce = 251.7, 10.9 Hz), 162.59 (t, Jcr = 4.1 Hz),
108.40 — 107.97 (m), 105.25 (t, 2 = 26.3 Hz).

19F NMR (377 MHz, MeOD) 6 —110.8.

HRMS (ESI") [M - Na]” CeH302F»S requires 176.9827; found 176.9818.
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Sodium 3,5-bis(trifluoromethyl)benzenesulfinate, 18I-S
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3,5-Bis(trifluoromethyl)benzenesulfonyl chloride (3.13 g, 10.0 mmol), sodium sulfite (2.52
g, 20.0 mmol) and sodium bicarbonate (1.68 g, 20.0 mmol) in water (10.0 mL, 1.0 M) were
subjected to the conditions of general procedure 12 to give the sulfinate salt 18I-S (2.53 g,
8.45 mmol, 84%) as a white solid. The product contained a 14% impurity by 'H NMR

(ArSOsH).

IR Vimax/cm ~ 1 (film) 2361, 2339, 1278, 1106.

IH NMR (600 MHz, MeOD) & 8.19 (2H, qd, J = 1.1, 0.6 Hz, H2), 7.96 (1H, app. tp, /= 1.5, 0.7
Hz, H4).

13C NMR (151 MHz, MeOD) & 161.3, 132.8 (q, 2crs = 33.3 Hz), 126.3 (q, 3/ cr3 = 3.9 Hz),
124.8 (g, Ycra = 272.1 Hz), 123.8 (s, 3Jcrs = 3.8 Hz).

19F NMR (377 MHz, MeOD) & —64.3.

HRMS (ESI") [M - Na]” CgH302F6S requires 276.9763; found 276.9760.

Sodium benzene-1,3-disulfinate, 18m-S

1
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Benzene-1,3-disulfonyl dichloride (1.00 g, 3.65 mmol), sodium sulfite (1.84 g, 14.6 mmol)

and sodium bicarbonate (1.23 g, 14.6 mmol) in H,0 (7.2 mL, 0.5 M) were subjected to the
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conditions of general procedure 12 to give the sulfinate salt 18m-S (1.00 g, 4.00 mmol,

quant.) as a white solid.

'H NMR (400 MHz, MeOD) 6 7.98 (1H, td, J = 1.7, 0.6 Hz, H1), 7.70 (2H, dd, J = 7.6, 1.7 Hz,
H3), 7.51 (1H, app. ddd, J = 7.8, 7.2, 0.6 Hz, H4).
13C NMR (101 MHz, MeOD) § 157.7, 129.7, 126.1, 121.6.

HRMS (ESI*/) Not found.

Sodium 2-nitrobenzenesulfinate, 18n-S

2-Nitrobenzenesulfonyl chloride (1.11 g, 5.00 mmol), sodium sulfite (1.26 g, 10.0 mmol)
and sodium bicarbonate (840 mg, 10.0 mmol) in water (5.0 mL, 1.0 M) were subjected to
the conditions of general procedure 12 to give the sulfinate salt 18n-S (447 mg, 2.14 mmaol,

43%) as an orange solid.

IR Vimax/cm 1 (film) 2550, 2361, 1537, 1372, 1206 (br.), 1143, 1027, 615.
1H NMR (400 MHz, MeOD) & 8.07 — 8.04 (1H, m, H3), 7.67 — 7.57 (3H, m, H4 — 6).
13C NMR (101 MHz, MeOD) & 158.6, 132.4, 130.5, 128.5, 124.4.

HRMS (ESI+/-) Not found.
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Sodium 2,4,6-triisopropylbenzenesulfinate, 180-S

2,4,6-Triisopropylbenzenesulfonyl chloride (1.50 g, 5.00 mmol), sodium sulfite (1.26 g,
10.0 mmol) and sodium bicarbonate (840 mg, 10.0 mmol) in water (5.0 mL, 1.0 M) were
subjected to the conditions of general procedure 12 to give the sulfinate salt 180-S (890
mg, 2.96 mmol, 59%) as a white solid. The product contained a 45% impurity by *H NMR

(ArsOsH).

IR Vmax/cm ~ 2 (film) 2960, 2159, 1210, 1188, 1089, 1051, 1019, 977, 684, 640.

IH NMR (600 MHz, MeOD) & 7.09 (2H, s, H3), 4.49 (2H, hept, J = 6.8 Hz, H5), 2.90 — 2.80
(1H, m, H7), 1.26 (6H, d, J = 6.9 Hz, H8), 1.23 (12H, obsc. d, J = 6.9 Hz, H6).

13C NMR (151 MHz, MeOD) 6 150.9, 149.4, 139.9, 123.5, 35.3, 30.4, 25.2, 24.2.

HRMS (ESI") [M - Na] C15H230251 requires 267.1424; found 267.1422.

Sodium 5-bromothiophene-2-Sulfinate, 23b-S

S._1_SO,Na

Br\4<\J2/

5-Bromothiophene-2-sulfonyl chloride (1.31 g, 5.00 mmol), sodium sulfite (1.26 g, 10.0
mmol) and sodium bicarbonate (840 mg, 10.0 mmol) in H,0 (5.0 mL, 1.0 M) were subjected
to the conditions of general procedure 12 to give the sulfinate salt 23b-S (1.37 g, 5.53
mmol, 111%) as a pale-yellow solid. The product contained a 21% impurity by 'H NMR

(ArSOsH) (87% calculated yield).
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IR Vimax/cm ~ 1 (film) 1404, 1199, 1062, 1049, 985, 956, 804, 656, 607.
1H NMR (400 MHz, MeOD) & 7.02 (1H, d, J = 3.8 Hz, H3), 7.00 (1H, d, J = 3.8 Hz, H2).
13C NMR (151 MHz, MeOD) & 165.0, 131.4, 126.6, 115.1.

HRMS (ESI") [M - Na] CaH2027°BrS, requires 224.8685; found 224.8681.

Sodium 1-methyl-1H-pyrazole-3-Sulfinate, 23c-S

1-Methyl-1H-pyrazole-3-sulfonyl chloride (661 mg, 3.66 mmol), sodium sulfite (920 mg,
7.32 mmol) and sodium bicarbonate (613 mg, 7.32 mmol) in H,O (5.0 mL, 0.7 M) were
subjected to the conditions of general procedure 12 to give the sulfinate salt 23¢-S (510 g,
3.04 mmol, 83%) as a white solid. The product contained a 25% impurity by *H NMR

(AI’SO3H).

IR vimax/cm ~ 1 (film) 3391, 1510, 1230, 1113, 996, 968, 656, 638.

H NMR (400 MHz, MeOD) § 7.64 (1H, br. s, H), 7.55 (1H, br. s, H), 3.88 (3H, s, H4).

13C NMR (101 MHz, MeOD) & 139.8, 137.4, 130.4, 38.9.

HRMS (ESI7*) Not found.

Sodium 3,5-dimethylisoxazole-4-Sulfinate, 23d-S
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3,5-Dimethylisoxazole-4-sulfonyl chloride (978 mg, 5.00 mmol), sodium sulfite (1.26 g,
10.0 mmol) and sodium bicarbonate (840 mg, 10.0 mmol) in H20 (5.0 mL, 1.0 M) were
subjected to the conditions of general procedure 12 to give the sulfinate salt 23d-S (868

mg, 4.74 mmol, 94%) as a white solid.

IR vmax/cm ~ 1 (film) 3378, 1601, 1407, 1357, 1248, 1036, 1018, 973, 682.
'H NMR (400 MHz, MeOD) 6 2.50 (3H, s, H4/5), 2.38 (3H, s, H4/5).
13C NMR (101 MHz, MeOD) & 168.6, 159.3, 128.3, 11.4, 10.7.

HRMS (ESI") [M - Na] CsHsO3NS requires 160.0063; found 160.0065.

Sodium pyridine-3-Sulfinate, 23e-S

Pyridine-3-sulfonyl chloride (1.77 g, 10.0 mmol), sodium sulfite (2.52 g, 10.0 mmol) and
sodium bicarbonate (1.68 g, 10.0 mmol) in water (10.0 mL, 1.0 M) were subjected to the
conditions of general procedure 12 to give the sulfinate salt 23e-S (1.76 g, 10.7 mmol,

quant.) as pale pink solid. The product contained a 5% impurity by 'H NMR.

IR Vimax/cm ~* (film) 3281, 1696, 1412, 1049, 982, 706.

IH NMR (400 MHz, MeOD) & 8.76 (1H, dd, J = 2.1, 0.9 Hz, H2), 8.54 (1H, dd, J = 4.9, 1.6 Hz,
H3), 8.10 —8.04 (1H, m, H5), 7.50 (1H, ddd, J = 7.8, 4.9, 0.9 Hz, H4).

13C NMR (101 MHz, MeOD) & 153.4, 150.6, 147.1, 134.4, 125.3.

HRMS (ESI*/) Not found.
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Sodium 6-chloroimidazo[2,1-b]thiazole-5-Sulfinate, 23f-S

5 , SO:zNa

4 N

6-Chloroimidazo[2,1-b]thiazole-5-sulfonyl chloride (500 mg, 1.95 mmol), sodium sulfite
(492 mg, 3.91 mmol) and sodium bicarbonate (328 mg, 3.91 mmol) in H,O (5.0 mL, 0.40

M) were subjected to the conditions of general procedure 12 to give the sulfinate salt 23f-

S (409 mg, 1.68 mmol, 86%) as a white solid.

IR vimax/cm ~ 1 (film) 1454, 1235, 1210, 1165, 1011, 959, 657.
H NMR (400 MHz, MeQOD) § 7.64 (1H, s, H5), 7.55 (1H, s, H4).
13C NMR (101 MHz, MeOD) & 139.9, 138.4, 137.4, 131.5, 130.4, 49.0.

HRMS (ESI*) Not found.

Sodium benzo[d]isothiazole-6-Sulfinate, 23g-S

Benzo[d]isothiazole-6-sulfonyl chloride (1.00 g, 4.28 mmol), sodium sulfite (1.08 g, 8.56
mmol) and sodium bicarbonate (719 mg, 8.56 mmol) in H,0 (4.3 mL, 1.0 M) were subjected
to the conditions of general procedure 12 to give the sulfinate salt 23g-S (475 mg, 2.15

mmol, 50%) as a white solid.

IR vmax/cm ~1 (film) 2160, 1220, 1195, 1144, 1128, 1056, 886, 814, 687, 663.
'H NMR (600 MHz, MeOD) 6 9.35 (1H, s, H5), 8.54 (1H, dd, J = 1.7, 0.6 Hz, H7), 8.12 (1H,

dd, J=8.6, 0.6 Hz, H3), 8.01 (1H, dd, J = 8.6, 1.7 Hz, H2).
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13CNMR (151 MHz, MeOD) & 159.2, 155.0, 144.2, 134.7, 125.6, 123.7, 121.3.

HRMS (ESI*/) Not Found.

Sodium Benzo[d]thiazole-2-Sulfinate, 23h-S

0 (0]
NS 4 NaOH g
\7? Br2 NG 2 N\j/ “ONa
S - >
MeOH / CH,Cl, s THF/H,0 s
23h-8, 23h-s

Step 1: Methyl benzo[d]thiazole-2-sulfinate, 23h-S1

o
l 8

S
3 2 Nﬁ{ \o/
4 S
7

5 6

According to a modified literature procedure.®? Sulfide (3.00 g, 18.0 mmol) was dissolved
in dry CH,Cl> (75 mL) and MeOH (75 mL) in a 500 ml conical flask. Bromine (2.31 mL, 45.0
mmol) was added dropwise and the reaction was stirred for 10 min. The reaction was
guenched with sat. ag. NaHCO3 (75 mL) and then extracted with CH2Cl; (3 x 100 mL). The
combined organic layers were washed with sat. ag. Na25,0s3, dried over MgSQ,, filtered
and concentrated in vacuo. The residue was purified by column chromatography (SiO»,
EtOAc/ pentane, 1:9) to give the methyl sulfinate 23h-S1 (3.26 g, 14.5 mmol, 81%) as an

orange solid.

R: 0.56 (EtOAc/pentane, 1:9).
1H NMR (400 MHz, CDCl3) 6 8.18 (1H, ddd, /= 8.1, 1.4, 0.7 Hz, H3/6), 8.01 (1H, ddd, J = 7.1,
1.4, 0.7 Hz, H3/6), 7.64 — 7.50 (2H, m, H4, H5), 3.74 (3H, s, H8).

13C NMR (101 MHz, CDCl3) 6 175.0, 153.8, 136.2, 127.3, 127.3,125.1, 122.5, 51.5.
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Step 2: Sodium benzo[d]thiazole-2-sulfinate, 23h-S

3 2 NY
1
L
7
5 6

Methyl sulfinate 23h-S; was dissolved in THF (9.0 mL) and a solution of NaOH (2.0 M aq.,

=0

EN

ONa

9.0 mL, 18.0 mmol) was added slowly at room temperature. The mixture was stirred for
10 min and checked for conversion of methyl ester by TLC. Addition of an additional
portion of NaOH (2.0 M aqg., 1.50 mL, 3 mmol) was added for complete conversion. The
mixture was concentrated in vacuo and remaining H,O was azeotroped with EtOH. The
resulting pale-yellow solid was washed with Et,0 then dried under high vacuum overnight

to give 23h-S (3.42 g, 15.5 mmol, 86%, 2 steps).

'H NMR (400 MHz, MeOD) 6 8.05 — 7.96 (2H, m, H3, H6), 7.52 (1H, ddd, /= 8.1, 7.2, 1.3 Hz,
H4/5), 7.45 (1H, ddd, J = 7.9, 7.2, 1.3 Hz, H4/5).

13C NMR (101 MHz, MeOD) & 191.0, 154.7, 136.7, 127.4, 127.0, 124.2, 123.6.

Sodium 6-phenoxypyridine-3-Sulfinate, 23i-S

(o]
8 2 1]

9 T3 Ny, S\ONa
©\ | =5
6 074 >N
6-Phenoxypyridine-3-sulfonyl chloride (1.00 g, 3.71 mmol), sodium sulfite (934 mg, 7.42
mmol) and sodium bicarbonate (623 mg, 7.42 mmol) in H,0 (3.7 mL, 1.0 M) were subjected
to the conditions of general procedure 12 to give the sulfinate salt 23h-S (465 mg, 1.81
mmol, 49%) as a pale pink solid.

IR Vmax/cm ~1 (film) 2981, 1583, 1492, 1465, 1366, 1276, 1214, 1199, 1050, 691, 629.
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IH NMR (600 MHz, MeOD) & 8.53 (1H, dd, J = 2.5, 0.7 Hz, H5), 8.16 (1H, dd, J = 8.6, 2.5 Hz,
H2), 7.46 — 7.40 (2H, m, H8), 7.24 (1H, tt, J = 7.2, 1.1 Hz, H9), 7.15 — 7.11 (2H, m, H7), 6.96
(1H, dd, J = 8.6, 0.7 Hz, H3).

13C NMR (151 MHz, MeOD) & 165.8, 155.3, 146.4, 139.4, 138.0, 130.9, 126.2, 122.3, 111.9.

HRMS (ESI*/) Not found.

Sodium 4-(diethylcarbamoyl)-4H-1,2,4-triazole-3-Sulfinate, 24a-S

o

N
K,COs (2 eq.), PR No AN
N 7 N (
(/ N BnBr (1.6) (/ \/N cl NEt, ) NCS ' /
/ > > N AcOH/H,0
HN .[ DMF, 12 hr, rt HN K2CO3, DMF, ELN SBn 76 h ﬁ * EN < SO,CI
'SH SBn 80 min RT 2 ’
5 o]
24a-S; 24a-S, 24a-S,

NaHCOj3;, Na,SO3
H,0, 80 °C, 16 h

N
-
iy
N
EtZN_< SO,Na

o
24a-S

Step 1&2: 3-(Benzylthio)-N,N-diethyl-4H-1,2,4-triazole-4-carboxamide, 24a-S>

7 /N\N

- _{N’iﬁs b

w—/"" 0 2
According to a modified literature procedure.®® K,COs3 (2.76 g, 20.0 mmol) then benzyl
bromide (1.43 mL, 12.0 mmol) was added to a solution of 2,4-dihydro-18H-,2,4-triazole-3-
thione (1.01 g, 10.0 mmol) in anhydrous DMF (10 mL). The reaction mixture was stirred at
room temperature for 48 h. A further portion of K,CO3 (1.38 g, 10.0 mmol) was added,
followed by diethylcarbamic chloride (1.89 mL, 15.0 mmol). The reaction mixture was
stirred for 1 h, and then poured onto H,0 (20 mL) and extracted with EtOAc (15 mL x 2).

The combined organic phases were washed with 10% aq. LiCl (10 mL x 3), dried (MgSQa),
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filtered and concentrated in vacuo. Purification by column chromatography (SiO», pentane

— EtOAc/pentane 1:9) gave 24a-S; (2.27 g, 7.83 mmol, 78%) as a white solid.

Note: The product contained di-benzylated impurity, a stepwise approach is recommended

for ease of purification. Data for 3-(benzylthio)-4H-1,2,4-triazole-methane, 24a-53.5*

R:0.39 (EtOAc/pentane, 1:4).

IR vmax/cm ~ 1 (film) 2361, 1693, 1429, 1269, 1252, 1207, 913, 862, 745.

H NMR (400 MHz, CDCl3) & 8.75 (1H, s, H7), 7.42 — 7.38 (1H, m, ArH), 7.33 = 7.25 (4H, m,
ArH), 4.38 (2H, s, H5), 3.56 (4H, br. s, H9), 1.25 (6H, t, J = 7.1 Hz, H10).

13CNMR (101 MHz, CDCls) 6 162.5, 147.5, 137.0, 128.9, 128.7, 127.6, 43.7, 36.2, 13.6.

HRMS (ESI*) [M + Na]* C14H1s0ONaNaS requires 313.1094; found 313.1093.

Step 3: 4-(Diethylcarbamoyl)-4H-1,2,4-triazole-3-sulfonyl chloride, 24a-S1

\N

— S

5_/N—<o S0,CI
According to a modified literature procedure. NCS (5.34 g, 40.0 mmol) was added to a
solution of 3-(benzylthio)-1-isopropyl-1H-1,2,4-triazole (2.27 g, 7.83 mmol) in AcOH (40
mL) and water (20 mL). The mixture was stirred for 2 h, then partitioned between EtOAc
(200 mL) and water (200 mL). The organic layer was washed with sat. ag. NaHCO3 (100
mL), brine (50 mL), dried (MgSQa), filtered and evaporated. TBME (20 mL) was added to
the residue, the solid filtered off and the filtrate evaporated. Purification by column
chromatography (SiO,, EtOAc/pentane, 1:9) gave the sulfonyl chloride 24a-S;1 (738 mg,
2.77 mmol, 35%) as a colourless oil.
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R¢0.33 (EtOAc/pentane, 1:4).

IR vmax/cm ™1 (film) 1723, 1678, 1399, 1265, 1167, 743, 611.

1H NMR (400 MHz, CDCl3) 6 8.97 (1H, s, H2), 3.70 —3.33 (4H, m, H4), 1.34 (6H, br. s, H5).
13C NMR (101 MHz, CDCls) 6 148.5, 128.7, 128.4, 44.5, 12.4.

HRMS (ESI*/) Not found.

Step 4: Sodium 4-(diethylcarbamoyl)-4H- 1,2,4-triazole-3-sulfinate, 24a-S

N
2</\IN

N
N 3< ' Ys0,Na
5—{ (6]

4-(Diethylcarbamoyl)-4H-1,2,4-triazole-3-sulfonyl chloride 24a-S1 (738 mg, 2.77 mmol),
sodium sulfite (700 mg, 5.54 mmol) and sodium bicarbonate (467 mg, 5.54 mmol) in water
(5.0 mL, 0.55 M) were subjected to the conditions of general procedure 12 at room

temperature to give the sulfinate salt 24a-S (470 mg, 1.85 mmol, 67%) as white solid.

IR Vmax/cm ~1 (film) 1703, 1435, 1273, 1056, 985.

IH NMR (400 MHz, MeOD) & 8.89 — 8.86 (1H, m, H2), 3.61 (4H, br. s, H4), 1.28 (6H, t, J =
7.1 Hz, H5).

13C NMR (151 MHz, MeOD) & 175.4, 150.7, 148.2, 44.8 (br.), 14.2 (br.).

HRMS (ESI*/) Not found.
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Sodium 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-

yl)benzenesulfinate, 24b-S

o o / o) /
/ Bn N Bn_
N \ N \
HN \ | N NaS,03, | N
o I CISOH  ClOsS S~ NaHCO; _ NaOsS Nt
_ —_—
N then NaOH, H,0 propyl propyl
propyl reflux OEt OEt
OEt
5b-s,
5b-s, 5b-s

CISO3zH
then NaOH,H,0

reflux

.
HN | N\N
HO;S X /
N
propyl
OEt

5b-s3
Step 1: 4-Ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-

yl)benzenesulfonyl chloride, 24b-S;

15 5
ClIO,S 14 N
10 N
1"
13 0

12
9
16

17

According to a modified literature procedure.®> % 5-(2-ethoxyphenyl)-1-methyl-3-propyl-
1H pyrazolo[4,3-d]pyrimidin-7(6H)-one 24b-S; (1.00 g, 3.20 mmol) was added portionwise
to neat chlorosulphonic acid (3.0 mL, 45.1 mmol) at O °C. The reaction mixture was stirred
at room temperature for 4 h. The reaction mixture was then cooled to 0 °C and CHClz (2
mL) was added slowly to the reaction mixture. The reaction mixture was then added slowly
to a stirred conical flask containing ice-water (5 mL). The phases were separated and the
aqueous phase was extracted with CHCl3:MeOH (9:1, 3 x 10 mL). The combined organic
phases were washed with brine (30 mL), dried (MgS0.), filtered and concentrated in vacuo

to give sulfonyl chloride 24b-S; (1.12 g, 2.90 mmol, 91%) as a white solid.
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Rt 0.55 (EtOAC).

m.p. 145 — 148 °C [lit. 179 — 181 °C].%¢

IR Vimax/cm ~ 1 (film) 1683, 1596, 1376, 1177, 1155, 732.

IH NMR (600 MHz, CDCls) & 10.71 (1H, br. s, NH), 9.12 (1H, d, J = 2.6 Hz, H15), 8.11 (1H,
dd,J=9.0, 2.6 Hz, H13), 7.23 (1H, d,J = 9.0 Hz, H12), 4.44 (2H, g, J = 7.0 Hz, H16), 4.28 (3H,
s, H6), 2.95 (2H, t, J = 7.6 Hz, H7), 1.87 (2H, app. sxt., J = 7.4 Hz, H8), 1.67 (3H, 1, J = 7.0 Hz,
H17), 1.04 (3H, t, J = 7.4 Hz, H9).

13C NMR (151 MHz, CDCls) 6 161.0, 153.6, 147.4, 145.8, 138.3, 137.8, 131.2, 131.1, 124.7,
121.9, 113.7, 66.8, 38.4, 27.8, 22.5, 14.6, 14.2.

HRMS (ESI*) not found.

Step  2: Sodium  4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-

d]pyrimidin — 5-yl)benzenesulfinate, 24b-S

Sulfonyl chloride 24b-S; (1.11 g, 3.20 mmol), sodium sulfite (808 mg, 6.41 mmol) and
sodium bicarbonate (538 mg, 6.41 mmol) in water (6.4 mL, 0.5 M) were subjected to the
conditions of general procedure 12 to give the sulfinate salt 24b-S (1.03 g, 2.59 mmol, 81%)

as a white solid. The product contained a 25% impurity by *H NMR (ArSOsH).

IR Vmax/cm ~1 (film) 3414 (br.), 3285, 1705, 1581, 1537, 1206, 977, 776.
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IH NMR (600 MHz, MeOD) 6 8.37 (1H, d, J = 2.3 Hz, H15), 7.95 (1H, dd, J = 8.8, 2.3 Hz,
H12/13),7.21 (1H, d, J = 8.8 Hz, H12/13), 4.26 (2H, app. pentet, J = 7.0 Hz, H16), 4.23 (3H,
s, H6), 2.88 (2H, t, J = 7.5 Hz, H7), 1.82 (2H, sxt., J = 7.4 Hz, H8), 1.47 (3H, app. td, J = 7.0,
2.8 Hz, H17), 1.00 (3H, t, J = 7.5 Hz, HO).

13C NMR (151 MHz, MeOD) & 159.3, 155.7, 150.6, 147.5, 139.7, 139.2, 131.2, 129.8, 125.8,
122.8,113.4, 66.3, 38.4, 28.4, 23.5, 14.9, 14.2.

HRMS (ESI*) [M + Na]* C17H2004N4NaS requires 399.1097; found 399.1098.

4-Ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-

yl)benzenesulfonic acid, 24b-S3

A solution sulfonyl chloride 24b-S; (1.19 g, 2.90 mmol) in H2O:EtOH (1:1, 20 mL) was heated
to 100 °C for 18 h. The reaction mixture was then cooled to room temperature and
concentrated in vacuo to give sulfonic acid 24b-S3 (1.23 g, 3.15 mmol, 108%) as a white
solid.

Note: Compound was not required for the synthesis of 24b-S.

m.p. 235 °C [lit. 179 — 181 °C].%®
IR Vmax/cm ~1 (film) 3366 (br.), 1735, 1638, 1199, 1185, 1158, 1144, 1035
'H NMR (400 MHz, DMSO-d¢) 6 7.86 (1H, d, J = 2.2 Hz, H15), 7.70 (1H, dd, J = 8.6, 2.2 Hz,

H13), 7.11 (1H, d, J = 8.6 Hz, H12), 5.83 (1H, br. s, OH), 4.16 (3H, s, H6), 4.13 (2H, q, /= 7.0
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Hz, H16), 2.79 (2H, t, J = 7.4 Hz, H7), 1.73 (2H, sxt., J = 7.4 Hz, H8), 1.32 (3H, t, J = 7.0 Hz,
H17),0.93 (3H, t, J = 7.4 Hz, H9).

13C NMR (101 MHz, DMSO-ds) 6 156.5, 153.5, 150.0, 144.3, 140.6, 136.4, 129.5, 128.1,
124.4,120.6,111.9, 64.3,37.9,27.2,21.9, 14.5, 13.8.

HRMS (ESI*) [M + H]* C17H2105N4S requires 393.1227; found 393.1227.

Sodium morpholine-4-Sulfinate, 26a-S

Morpholine-4-sulfonyl chloride (928 mg, 5.00 mmol), sodium sulfite (1.26 g, 10.0 mmol)
and sodium bicarbonate (840 mg, 10.0 mmol) in H,0 (5.0 mL, 1.0 M) were subjected to
the conditions of general procedure 12 to give the sulfinate salt 26a-S (411.4 mg, 2.38

mmol, 48%) as a white solid. The product contained a 13% impurity by *H NMR.

IR vimax/cm ~ 1 (film) 3403, 2962, 2724, 1102, 1080, 871.
'H NMR (400 MHz, MeOD) 6 3.93 — 3.86 (4H, m, H), 3.26 —3.18 (4H, m, H).
13C NMR (101 MHz, MeOD) 6 67.4, 65.0, 47.8, 44.7.

HRMS (ESI*/) Not found.

Sodium pyrrolidine-1-Sulfinate, 26b-S

Pyrrolidine-1-sulfonyl chloride (848 mg, 5.00 mmol), sodium sulfite (1.26 g, 10.0 mmol)

and sodium bicarbonate (840 mg, 10.0 mmol) in H,0 (5.0 mL, 1.0 M) were subjected to
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the conditions of general procedure 12 to give the sulfinate salt 26b-S (517 mg, 3.29 mmaol,

66%) as a colourless solid. The product contained an 18% impurity by *H NMR.

IR Vimax/cm ~* (film) 3395, 1458, 1037, 669.
1H NMR (400 MHz, MeOD) & 3.30 — 3.22 (4H, m, H1), 2.04 — 1.97 (4H, m, H2).
13C NMR (101 MHz, MeOD) & 46.6, 25.1.

HRMS (ESI*/) Not found.
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S4.10 Miscellaneous

1,3-Diiodobicyclo[1.1.1]pentane, 20

BCP di-iodide 20 was observed during reaction optimisation and *H NMR data is included

here for reference.

14 NMR (400 MHz, CDCl3) § 2.67 (6H, s, H2).
13C NMR (101 MHz, CDCl3) & 68.1. 1.0.

Data in agreement with literature.®”

1-Methyl-4-((3-methylenecyclobutyl)sulfonyl)benzene, 21

exo-methylene cyclobutane 21 was observed during reaction optimisation and *H NMR

data is included here for reference.

1H NMR (400 MHz, CDCls) & 7.71 (2H, d, J = 8.3 Hz, H6), 7.40 — 7.32 (2H, m, H7), 4.85 (2H,
tt, /= 2.8, 2.0 Hz, H1), 4.37 (1H, p, J = 6.8 Hz, H4), 2.96 (2H, dddd, J = 15.4, 6.8, 4.1, 2.0 Hz,
H3),2.73 —2.61 (2H, m, H3), 2.46 (3H, s, H9).

13C NMR (101 MHz, CDCls) 6 145.3, 129.9, 128.6, 125.1, 107.0, 63.5, 43.2, 43.2, 21.6.
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Methyl 3-((5,5-dimethyl-2,4-dioxoimidazolidin-1-yl)sulfonyl)propanoate, 27

During the optimisation studies for the formation of alkyl sulfone BCP halides, compound
27 was isolated as a by-product. DIH (78.4 mg, 0.20 mmol), sulfinate salt 25i-S (0.50 mL,
0.50 mmol, 1.0 M in H0), [1.1.1]propellane 1 (0.29 mL, 0.20 mmol of a 0.69 M solution in

Et,0) in CH,Cl, (0.80 mL) were subjected to the conditions of general procedure 11.1

IR Vmax/cm ~1 (film) 3422, 3307, 1741, 1655, 1382, 1366, 1194, 1167, 1129, 1052, 730.

'H NMR (400 MHz, CDCl3) 6 6.29 (1H, s, NH), 3.83 (2H, t, J = 6.8 Hz, H5), 3.71 (3H, s, H8),
2.98 (t,J=6.8 Hz, H6), 1.52 (6H, s, H4).

13C NMR (101 MHz, CDCls) 6 171.3, 170.5, 52.7, 49.9, 34.3, 27.9, 25.3.

HRMS (ESI*) [M + Na]* CoH1406N2Na$S requires 301.0465; found 301.0465.

Imino(3-methylenecyclobutyl)(p-tolyl)-l6-sulfanone, 39

A solution of N-Sulfinyltritylamine (TrNSO)®® (61.0 mg, 0.20 mmol) in Et,0 (1.0 mL) was
cooled to 0 °C. Tosyl magnesium bromide (0.40 mL, 0.20 mmol, 0.5 M in THF) was added
and the reaction was stirred to 5 min. The suspension was then cooled to —78 °C and then
benzyltrimethylammonium dichloroiodate (50.5 mg, 0.14 mmol) was added, stirred for 5
min, then [1.1.1]propellane 1 (0.15 mL, 0.10 mmol, 0.70 M solution in Et,0) was added.

The rection was stirred at 0 C to 30 min, then quenched at room temperature with Na;S;03
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(sat. ag., 2 mL). The biphasic mixture was extracted with EtOAc (5 mL x 3), then the
combined organic phases were dried (Mg;S0a), filtered and concentrated in vacuo.
Purification by column chromatography (SiO,, EtOAc/pentane, 1:9 = 1:0) gave methylene

cyclobutane 39 (5.9 mg, 0.027 mmol, 27% contained minor impurities) as a yellow oil.

R: 0.1 (EtOAc/pentane, 1:1)[Vanilin Red].

IR vmax/cm* (film) 3333 (br.), 2981, 2361, 2341, 1382, 1254, 1151, 1071, 740, 668.

'H NMR (400 MHz, CDCl3) 6§ 7.25 (2H, d, J = 8.0 Hz, H6), 7.20 — 7.12 (2H, m, H7),
4.71(1H, dd, /=7.1, 5.6 Hz, H4), 3.69 (2H, ddd, /=6.7, 5.7, 3.6 Hz, H1), 2.34 (3H, s, H9),
2.18 (1H, s, NH), 1.89 —1.82 (2H, m, H3), 1.75 - 1.64 (2H, m, H3).

13C NMR (101 MHz, CDCls) 6 141.9, 129.3, 125.9, 88.6, 74.5, 63.1, 36.2, 29.5, 21.3.

HRMS (ESI*, APCI) Not Found.
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SS.

Mechanistic Studies

S5.1 Voltammetry Experiments

Voltammetry measurements were made using an EmStat3 with a glassy carbon electrode
as the working electrode, a platinum wire as counter electrode and a leak free Ag/AgCl
(sat. KCl) reference electrode. Voltammograms were referenced to the Fc/Fc* (ferrocene)
couple (0.400 V vs SCE) as an internal reference. Square wave voltammograms were
acquired with a 5 mV step potential, 50 mV modulation amplitude and 5.0 Hz frequency.
The supporting electrolyte, tetra-n-butylammonium hexafluorophosphate (BusNPFs,
TBAP) was prepared as a 0.1 M solution in dry MeCN. Samples were measured at 0.01 M

concentration.
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S5.2 Photophysical Experiments

$6.2.1 UV/Vis absorption experiments
A quartz cuvette was charged with MeOH/H,0 (9:1, 2.5 mL) and the stock solution of
substrate (0.50 — 1.00 mL) was added. UV-vis absorption spectra were measured using a
Perkin Elmer Lambda 20 spectrometer at 20 2C in the range of 300 — 750 nm (temperature
controlled by a Perkin Elmer PTP-1 Peltier). Stock solutions of substrates were prepared as
follows.
e 0.14 M solution of BCPA iodide 3a (60.5 mg, 0.15 mmol) in MeOH/H,0 (9:1, 1.0 mL)
and CHCl; (0.1 mL).
e 0.30 M solution of (MesSi)3SiH (93 L, 0.30 mmol) in MeOH/H,0 (9:1, 0.6 mL) and
CH.Cl (0.4 mL).
e 2:1 solution of BCPA iodide 3a (60.5 mg, 0.15 mmol) and (MesSi)3SiH (93 ulL, 0.30

mmol) in MeOH/H,0 (9:1, 6.0 mL) and CH»Cl, (0.4 mL).

$6.2.2 Stern-Volmer quenching experiments

Emission spectra were recorded at 20 °C using an Edinburgh Instruments FS5
spectrofluorimeter, equipped with a xenon arc lamp (400 nm excitation), an SC-20
thermostatic sample holder, and a Hamamatsu R13456 PMT detector measuring at 425 —

800 nm.

Preparation of stock solutions:
5.0 mM catalyst solution: Ir[dF(CF)sppy]2(dtbbpy)PFs (11.2 mg, 0.01 mmol) in degassed

MeOH/H.0 (9:1, 2.0 mL).
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Quencher solutions: Quencher solutions were prepared in pre-degassed solvent. CH,Cl,
was added to improve solubility.
e 0.38 M solution of BCPA iodide 3a (201.5 mg, 0.50 mmol) in CH,Cl, (0.4 mL) and
MeOH/H,0 (9:1, 1.0 mL).
e 0.50 M solution of (MesSi)sSiH (154 uL, 0.50 mmol) in CHyCl, (0.4 mL) and
MeOH/H,0 (9:1, 0.6 mL).
e 0.50 M solution of methyl acrylate 6b (45 uL, 0.50 mmol) in MeOH/H,0 (9:1, 1.0
mL).
e 0.50 M solution of (MesSi)3SiH (66.0 mg, 0.25 mmol), Na,COs (26 mg, 0.25 mmol)

in MeOH/H,0 (9:1, 0.5 mL).

A quartz cuvette (10 mm path length) was charged with 2.5 pL of a 5.0 mM stock solution
of Ir[dF(CF)sppy]2(dtbbpy)PFe dissolved in MeOH/H,0 (9:1). The catalyst solution was then
diluted to 5.0 uM with degassed MeOH/H,0 (9:1, 2.5 mL) and then the cuvette was
degassed by sparging with argon for 10 min. The appropriate volume of a 0.38 — 0.50 M
solution of each quencher was added sequentially and the emission of the solution was
measured. The cuvette was irradiated at 380 nm and the emission was scanned between

440 and 650 nm.

All emission intensities were corrected for increasing dilution of solution, according to the
Beer-Lambert Law.
Beer-Lambert Law: A = &lc

Actual volume mL

Corrected intensity = Measured intensity X ——
Initial volume mL
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Figure S1: Fluorescence quenching titration for methyl acrylate 6b with a 5 uM solution of

Ir[dF(CF)sppy]2(dtbbpy)PFs.
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Figure S2: Fluorescence quenching titration for (MesSi)sSiH with a 5 uM solution of

Ir[dF(CF)sppy]2(dtbbpy)PFs.
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Figure S3: Fluorescence quenching titration for BCPA iodide 3a with a 5 uM solution of

Ir[dF(CF)sppy].(dtbbpy)PFs.

3.00E+05
——0.00mM
2.50E+05
—0.20mM
——0.60 MM
2.00E+05
5 —2.59mM
©
——6.51mM
= 1.50E+05
s ——12.29 MM
2 30.60 mM
£ 1.00E+05
& 47.59 mM
5.00E+04
0.00E+00

440 460 480 500 520 540 560 580 600 620 640
Wavelength / nm

Figure S4: Fluorescence quenching titration for (MesSi)sSiOH + Na,COs (1:1) with a 5 uM solution

of Ir[dF(CF)sppy]2(dtbbpy)PFs. Note the stock solution contained undissolved base, it was

sonicated for 5 min and only the solution was used for the quenching experiments.
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S6.

X-Ray Crystallography

S6.1X-Ray Crystal Structures

Low temperature single crystal X-ray diffraction data were collected using Oxford
Diffraction (Rigaku) SuperNovae diffractometers at 150 K. These data were reduced
using CrysAlisPro, solved using SuperFlip66 and the structures were refined using

CRYSTALS. Further details about the refinements are documented in the CIF.

The crystallographic data for 4l has been deposited with the CCDC as entry CCDC 2078089.
The crystallographic data for compounds 24a-Br and 34 is in the process of being finalised

and uploaded to the CCDC.
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N-Allyl-N-(6-(8-cyanoethyl)bicyclo[1.1.1]pentan-4-yl)-p-methylbenzenesulfonamide, 4l

Figure S7.1: Solid state structure of 41. Displacement ellipsoid plots are drawn at 50% probability.

Hydrogen atoms are removed for clarity.

CCDC Identification code CCDC 2078089

Empirical formula

Cis H22 N2 02 51

Formula Weight 330.45
Temperature 150 K
Wavelength 1.54184
Crystal system Monoclinic
Space Group P21/c

Unit cell dimensions

a= 11.7109(3) A

b= 17.3646(5) A

o =90°

B =90.314(2)°

c= 8.3512(2) A y =90°
Volume 1698.23(8) A®
z 4
Density (calculated) 1.292 Mg/m?
Absorption coefficient 1.780 mm ™1
F(000) 703.996
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Crystal size 0.01x0.03x0.20 mm?

Theta range for data collection 4.554t0 77.226°

Index ranges —14<=h<=14, 0<=k<=21, 0<=I<=10
Reflections collected 9475

Independent reflections 3545 [R(int) = 0.0574]

Completeness to theta = 77.226° 98.3%

Absorption correction Multi Scan

Max. and min. transmission 0.98 and 0.85

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 3544 /0/ 208
Goodness-of-fit on F2 0.9816

Final R indices [I>2sigma(l)] R1 =0.0406, wR2 =0.0990

R indices (all data) R1=0.0573, wR2=0.1116
Largest diff. peak and hole 0.42 and -0.43 e A3

Table S7.1: Crystal data and structure refinement for compound 4.
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