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ABSTRACT: The synthesis of pentafluorophenyl (PFP) sulfonate esters based on the Pd-catalyzed sulfination of aryl and
heteroaryl boronic acids is reported. The sulfinate intermediates are converted in situ to the corresponding sulfonate es-
ters using a copper-catalysed oxidative process, providing a broad range of PFP-esters in good yields.

Sulfonyl-derived functional groups, such as sulfones, sul-
fonamides and sulfonate esters, are of proven value in
organic chemistry, and feature as intermediates or as final
compounds in a wide variety of applications." A common
method to prepare these molecules is to combine an elec-
trophilic sulfonyl-derivative with an appropriate nucleo-
philic component. Sulfonyl chlorides are often the elec-
trophile of choice for these reactions, and they benefit
from wide commercial availability and high reactivity.”
High chemical reactivity can also lead to disadvantages,
and can make the synthesis and purification of sulfonyl
chlorides challenging, and can also limit stability to long-
term storage.®> Efforts to overcome these limitations in-
clude the in situ generation of sulfonyl chlorides,* as well
as the identification of alternative electrophilic species.>”
Pentafluorophenyl (PFP) sulfonate esters have emerged as
effective sulfonyl chloride mimics and generally enjoy the
benefits of high crystallinity and bench stability, while
maintaining useful electrophilicity.® A significant disad-
vantage of aryl PFP sulfonate esters is that their synthesis
usually requires a sulfonic acid, or related salt, as starting
material, and these have limited commercial availability
(Scheme 1a).*

We envisaged an alternative route to PFP sulfonate es-
ters that employed boronic acids - one of the most di-
verse sets of monomers available for discovery chemistry
- as the starting material, in combination with catalytic
sulfinylation methods using a sulfur dioxide surrogate
(Scheme 1b).”® We, and others, have reported a variety of
catalysts and sulfur dioxide sources for the formation of
sulfinates (1) from boronic acids,” and so the challenge
was to identify reaction conditions that would allow the

in situ conversion of the sulfinate intermediates into the
required pentafluorophenyl sulfonate esters (1 — 2).

Scheme 1. The preparation of pentafluorophenyl sul-
fonate esters.
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To assess the viability of our proposed route we stud-
ied the conversion of 4-tolylboronic acid into PFP sul-
fonate ester 2a (Table 1). We used our reported procedure
for sulfinate formation,” employing Pd(OAc), as a cata-
lyst and DABSO as the SO, source to generate sulfinate
1a, and then explored a variety of conditions to convert
the sulfinate into the required PFP sulfonate ester. Initial
reactions employing I, or NBS in combination with pen-
tafluorophenol were not effective (entries 1 and 2);*° how-
ever, the addition of Cu(OAc), as a catalyst significantly
improved these yields (entries 3 and 4). Following evalua-
tion of several oxidants and copper salts, we found that
the use of K,S,Osas the oxidant, CuBr, as the catalyst, and
the addition of molecular sieves provided sulfonate ester
2a in good yield (entries 5-10). The addition of NaBr was
found to further increase the yield, allowing the sulfonate



ester to be isolated in 86% yield (entry 11). The require-
ment for the use of a copper catalyst was confirmed (en-
try 12).

Table 1. Reaction optimization for the formation of
pentafluorophenyl sulfonate ester 2a.”

HO—PFP F
B(OH), DABSO Cu cat. F F
/@ Pd(OAc), 0 [O], NEty O\\S//O
Me TBAB, MeOH |Ar”>"0X| “MeOH, rt o F
80 °C, 30 min 1a F
Me 2a
entry catalyst [O] additive yield (%)”
1 - L, - <2%
2 - NBS - o
3 Cu(OAc), 1, - 13
4 Cu(OAc), NBS - 37
5 Cu(OAc), K.S,Os - 42
6 Cu(OTf), K.S,0s - 30
7 Cu(acac), K.S,0s - 34
8 Cu(OAc), Na,S,0s - 65
9 Cu(OAc), NaS,0s 3AMS 69
10 CuBr, Na,S.0s 3AMS 75
un  CuBr, Na,S.0s 3AMS+NaBr 92 (86)
12 - Na,S.0s 3 A MS + NaBr o

? Reaction conditions: i) boronic acid (0.5 mmol), DABSO
(0.5 mmol), TBAB (0.15 mmol), Pd(OAc). (0.025 mmol),
MeOH [016 M]; then pentafluorophenol (0.25 mmol),
Na.S.0s (0.5 mmol), CuBr. (0.05 mmol), NaBr (0.15 mmol),
NEt; (1.0 mmol), 3 A MS, rt, 18 h. 5 Determined by “F NMR
spectroscopy using fluorobenzene as an internal standard.
Isolated yield in parentheses.

With the optimal reaction conditions in hand, we
then examined the scope of this transformation with re-
spect to the boronic acid substrate. As shown in Scheme
2, a wide range of boronic acids were found to be suitable
substrates for this transformation. Boronic acids bearing
substituents at all positions of the aromatic ring, includ-
ing a variety of electron-donating substituents, delivered
the expected sulfonates esters in good yields (2a-n). No-
table examples included the use of a free phenol (2i), as
well as amido (2j,k) and amino groups (2l). Benzodioxane
(2n) and methylenedioxyphenyl boronic acid (2m) pro-
vided sulfonate esters in high yields. Boronic acids featur-
ing electron-withdrawing substituents (20-r) were also
tolerated, although the isolated yields were slightly re-
duced relative to the electron-donating examples. 4-
Bromophenylsulfonate ester (2q) was produced on multi-
gram scale from a 10 mmol reaction. More complex prod-
ucts, such as tri-substituted example 2s, and tyrosine-
derived 2t, were obtained in good yields. We then turned
our attention to heteroaromatic boronic acids. Heterocy-
cles such as benzofuran (2u), indole (2v) and 7-azaindole
(2w) afforded the corresponding sulfonate esters in good
yields. However, the indazole boronic acid only delivered
the desired product in low yield (2x). We were pleased to
see that pyridine boronic acids could also be tolerated
(2y,z), as well as a thiophene substrate (2aa). The final

example in scheme 2 shows that alkenyl boronic acids can
also be included (2ab).

Scheme 2. Evaluation of reaction scope with respect
to boronic acid.”
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“ Reaction conditions: boronic acid (0.5 mmol), DABSO (0.5
mmol), Pd(OAc). (0.025 mmol), TBAB (0.25 mmol), MeOH
[0.16 M], 80 °C, 30 min, then PFPOH (0.25 mmol), Na.S.Os
(0.5 mmol), CuBr, (0.05 mmol), NaBr (0.15 mmol), Et;N (1.0
mmol), 3 A MS, rt, 18 h. 5No TBAB used. ¢ Sulfination step 1



hour. ¢ Sulfination step 3 hours. © MeOH/1,4-dioxane (1:1)

[0.16 M] used as solvent.

Although a broad range of boronic acids are widely
available, we also wanted to demonstrate that alternative
substrate classes could be employed for PFP sulfonate
formation. Accordingly, aryl bromide 3 was converted
into PFP sulfonate ester 2ac, using our reported Pd(o)-
catalyzed reaction conditions for the first step of the se-
quence, followed by the optimized copper-catalyzed pro-
cess (Scheme 3)." While this transformation establishes
that aryl bromides are viable substrates in this chemistry,
the longer reaction times needed to achieve sulfinate
formation, relative to the boronic acid examples (16 h vs
30 mins), favor the use of the boron-based reagents.

DABSO HO—PFP

Scheme 3. PFP sulfonate ester synthesis starting
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To demonstrate the utility of the PFP sulfonate esters
produced in this study, we chose to transform the 4-
bromophenylsulfonate ester (2q) into a range of products
of interest (Scheme 4). Treatment of sulfonate 2q with
the indicated secondary amine in the presence of Hiinigs
base provided sulfonamide 4 in good yield.” The amine
used in this example is the anti-anxiety compound Du-
loxetine.” It was also possible to transform pentafluoro-
phenyl sulfonate ester 2q into other sulfonate esters, for
example, we subjected PFP ester 2q to lithiated menthol,
which afforded a menthol sulfonate ester 5 in 67% yield.
The importance of sulfonyl fluoride in chemical biology is
now well established;® treating sulfonate 2q with a solu-
tion of KF in methanol delivered sulfonyl fluoride 6 in
78% yield. Finally, Avitabile and co-workers have previ-
ously reported that pentafluorophenyl sulfonate esters are
stable to reaction conditions in which other sulfonyl spe-
cies do not survive." Accordingly, we performed a Pd-
catalyzed amination on the aryl bromide group of sul-
fonate 2q; coupling with benzophenone imine, followed
by acid deprotection, provided primary aniline 7 in 45%
yield, with the sulfonate ester remaining intact.

OOTI

In conclusion, we have developed a one-pot synthesis
of pentafluorophenyl sulfonate esters using aryl boronic
acids as substrates. Combining the boronic acids with
DABSO under Pd(II)-conditions generates a sulfinate
intermediate which is subsequently coupled with pen-
tafluorophenol under oxidative copper(Il) catalysis. A
broad range of aryl and heteroaryl boronic acids can be
employed in the process and provide the desired PFP sul-
fonate esters in generally good yields. We also established
that aryl bromides are viable substrates for this chemistry.

Scheme 4. The reactivity of PFP sulfonate esters.
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