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ABSTRACT

To mimic the properties of haemoglobin (Hb) and myoglobin 

(Mb) it has been found necessary to synthesise a five-coordinate 

ferrous porphyrin with a protecting structure over the sixth 

coordination site at iron.

This thesis describes approaches to the synthesis of such 

a compound where the protecting structure is the "capped" moiety 

and where the base which occupies the fifth coordination site is 

held in position by two covalent linkages to the porphyrin.

The preparation of the target molecule involved the 

synthesis of a new "capped" porphyrin and a series of difuncticn- 

alised pyridines. These were then successfully coupled under 

high dilution conditions to give the "capped/strapped" porphyrin 

(60). Metallation and reduction completed the synthesis.

30

(60)

The behaviour of the ferrous complex in the presence of di- 

or.yg.^n was investigated. High stability toward irreversible



oxidation was found. In the presence of oxygen the ferrous 

complex had a half-life in excess of 40h at room temperature.
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INTRODUCTION

1 . Haemoglobin and Myoglobin

One of the major functions of the human blood stream 

is the transport of molecular oxygen (dioxygen) . This is 

achieved by the metallo-protein haemoglobin (Hb) which is 

situated in the red blood cell (erythrocyte) . Hb (molecula 

weight 64,000) consists of four loosely connected sub-units, 

each of which can bind one molecule of dioxygen. The inter­

action between sub-units controls the dioxygen binding proper-

1

r

ties of Hb - the phenomenon known as cooperativity.

1A related metallo-protein, myoglobin (Mb) , which acts as

a store of dioxygen, is situated in muscle tissue. Mb is
^

monomeric Cmolecular weight 13,500) and can bind only one 

equivalent of dioxygen. Its structure is closely related to 

that of a sub-unit of Hb (1) .

Tyr HC2

Val E11

481

(1)



The binding site for oxygen is shown in more detail

below

PROXIMAL

HISTIDINE

DISTAL VALINE

FERROUS

PROTOPORPHYRIN

(IX)

DISTAL HISTIDINE

Iron in the ferrous state is coordinated to proto- 

porphyrin IX (2\. This complex, "haem", is held in a hydro- 

phobic cleft of the globin by a coordinate bond from the 

"proximal" histidine as well as several weaker interactions 

with the enfolding protein. Oxygen and other small ligands 

bind to the iron atom on the "distal" side of the ferrous 

porphyrin to give an octahedral complex.

The "distal" histidine is able to form a hydrogen bond



with suitable molecules co-ordinated to haem. This has recently

2 been established for oxymyoglobin. Results with model compounds

Csee later under simple ferrous porphyrins and oxygen) suggest 

that this effect may also promote proton catalysed autoxidation. 

The "distal" histidine also exerts a considerable steric 

influence and is thought to be largely responsible for the 

ability of dioxygen to displace bound carbon monoxide. In 

simple porphyrins this does not occur and the effect is 

attributed to the "distal" histidine enforcing a bent Fe-C-0 

geometry rather than the energetically more favourable linear 

geometry.

Both Mb and Hb are prone to irreversible oxidation. The 

oxidation product of Hb, methaemoglobin is present in up to 

3% in vivo. The concentration of oxidised product is held at 

this low level by an array of reductase enzymes present in the 

red-blood cell.

2. The Behaviour of Simple Ferrous Complexes with Dioxygen

The iron protoporphyrin IX moiety can be removed from 

Hb as its ferric derivative or ferrous carbonyl complex. Even 

in the presence of an exogenous base (to mimic proximal 

co-ordination), ferrous protoporphyrin IX and other simple 

porphyrins are rapidly and irreversibly oxidised on exposure 

to oxygen. This irreversible oxidation of ferrous to ferric 

states is not confined to ferrous porphyrins and occurs in 

solution with virtually all ferrous complexes in the presence 

of oxygen.

The oxidation process can be inhibited by high-dilution,



high oxygen pressure and low temperature. Below -50 uthe 

reaction is slow enough to permit spectroscopic studies.

The most stable environment for reversible dioxygen binding
Q J

is an aprotic one. Even the NH proton of imidazole can
8c 9 catalyse oxidation. Studies on Hb suggest a correlation

between the extent of hydrogen bonding from the distal histidine 

to bound dioxygen and the relative susceptibility of each sub- 

unit towards irreversible oxidation.
o

Despite the above, Hb and Mb are still 10 times more 

stable towards oxidation than simple ferrous porphyrins.

Recent studies at very low temperature have shown that 

the aprotic pathway for oxidation of ferrous porphyrins is

that shown in scheme 1.

The final product of oxidation seen is the y-oxo dirtier 

(7). When base is present, as in the natural situation, the 

relative stability of the intermediates changes. One major 

effect is that in the presence of base, reversible oxygen 

binding to iron is observed whereas, in the absence of base, 

the ferrous oxygen complex (4) rapidly reacts to form 

y-peroxo dimer C5) and is not observed even at -80° C.

When a proton source is present a different mechanism 

of oxidation is believed to operate, (scheme 

2) . If water is the nucleophile the product is the ferric 

hydroxide or "met" form.

Another problem encountered with the simple ferrous 

porphyrin complex is associated with the need for an exogenous 

base to mimic proximal co-ordination. If too little base is 

used then, as mentioned above, rapid decomposition of the 

ferrous oxygen complex results even at low temperature.



Scheme 1 

The Autoxidation of Ferrous Porphyrins in an Aprotic Solvent

PF<T -I- 0 
(3)

PFe*

(4) (3) (5)

2 PFe 
(S) (6)

PFe^O + PFen ——^ PFe^O-Fe^P 

(6) (3) (7)

PFe?=0 PFe^-O-Fe™? 

(6) ———— (7) 
-O-Fe111 ? PFe°-02 
(5) (4)

PFen-02 —^ PFe^-O-FeP + 0 

(6) (4) (7)



Scheme 2

The Autoxidation of Ferrous Porphyrins in the Presence of

Protons

-02 

(M (8)

PFe^O-O-H 

(8)

— PFe^-NuH + HO^ 

(9)

—NuH 
(9)

PFe—Nu 
(10)

If too much base is used then oxygen insensitive six- 

co-ordinate iron haemochromes (11) are formed. 12

Scheme 3

Fe ^J=± B-Fe ^-^ B-Fe-02

(3)

0

Fe-O-Fe

B-Fe-B

(11)

(7)



3.1 The Study of Synthetic Analogues of Hb and Mb

Given the vast difference in stability between Hb, Mb, 

and simple ferrous complexes towards oxidation, the enfolding 

globin protein must play a crucial role.

The study of simpler structural analogues of Hb and Mb 

was originally undertaken to elucidate the mechanism of 

stabilisation of the ferrous state and the factors controlling 

oxygen and carbon monoxide affinity.

A considerable amount of research has been conducted into 

the carriage of molecular oxygen by metal complexes and the 

work in this field has already been extensively reviewed ' ' ' 

This introduction will concentrate on the synthesis of ferrous 

macrocyclic complexes and their reactions with oxygen.

3.2 The Concept of Steric Protection

The first step on the oxidation pathway of a ferrous 

complex in an aprotic solvent is a bimolecular process between 

a ferrous porphyrin and an oxygenated ferrous porphyrin. 

Besides the aforementioned techniques of low temperature, high 

oxygen tension, or high dilution, it should be possible to 

mimic the globin protein and encase the ferrous complex in a 

protective hydrophobic pocket to prevent u-peroxo dimer (5) 

formation.

-x-
(5)

(4) ^ (3)
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Even before the final proof10 , the initial bimolecular 

step had been postulated and working on the above hypothesis 

a ferrous porphyrin with a base was embedded in a polymeric 

matrix U2) 17 .

This arrangement was found to reversibly bind molecular

oxygen,

(12)

The other approach to reversible dioxygen binding was 

the synthesis of discrete monomolecular "protected" ferrous 

complexes.

3.3 Protected Non-Porphyrin Macrocycles

18Baldwin's group synthesised the buttressed macro- 

cyclic complexes (.13) and (14) .



9

(13)

At room temperature in the presence of dioxygen both of 

these complexes rapidly irreversibly oxidised. At -80°C (13) 

was still found to react irreversibly with dioxygen, but (14) now 

exhibited reversible behaviour with dioxygen. This difference 

in behaviour was due to the larger buttresses in (14) inhibiting 

close approach of two ferrous ions.

Further studies have been pursued on non-porphyrin macro-

19 cyclic complexes notably by Busch and co-v/orkers , but none of
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the ferrous systems so far examined binds oxygen reversibly 

at room temperature.

3.4 The Synthesis and Properties of Protected Ferrous Porphyrins

The interest in porphyrin-containing natural products has

led to many synthetic routes to the porphyrin ring system and the

20 21 development of synthetic methods compatible with porphyrins '

As well as this, numerous syntheses of unnatural porphyrins have

been reported. One reaction that deserves special mention is
22the Rothemund reaction of aromatic aldehydes with pyrrole

in refluxing propanoic acid producing tetraaryl-porphyrins (15) .

Scheme 4

oXNX
H

(15)

The approaches to oxygen transport at room temperature 

using porphyrins have involved the synthesis of ferrous 

complexes protected on one face, to prevent oxidative
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dimerisation or haemochrome formation, leaving the other face 

unencumbered to permit co-ordination of one molecule of 

nitrogenous base.

The different approaches will now be considered in order 

of increasing protection offered to one face of the porphyrin,

3.4.1 Strapped Porphyrin Systems

The "strap" concept involves connection of a 

protective chain across one face of the ferrous complex.

The precise nature of the strapping structure has ranged
23 24 23 2S ?fi from alkyl chains ' r naphthyl and anthracenyl ' linkages

27 to a crown ether . Crown ether protection gave the best result

with a half life of approximately Ih for the oxygenated ferrous 

complex in solution, in the presence of an exogenous base, at 

25°C. The above systems will only fully reversibly oxygenate at 

low temperatures and in many cases ferrous haemochrome formaticr*
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occurs with excess base, demonstrating complete lack of 

protection of the porphyrin.

From studies of molecular models, and the generally low 

yields encountered on high-dilution strap formation it seems 

probable that attempts to prepare more tightly strapped systems 

would not be fruitful. Large reductions in yield would be 

likely on closure at high dilution of more highly strained 

ring systems.

One successful synthesis of a tight cavity by Traylor
25 and co-workers , utilised a subsequent Diels-Alder addition to

a loose anthracene strap. Unfortunately this yielded a cavity 

so tight that not even carbon monoxide would bind to the iron.

The results with strapped systems suggested that better 

protection might be gained with structures emanating from more 

than two points on the porphyrin periphery.

3.4.2 The Picket-Fence and Related Approaches

2 8 Collman and co-workers acylated the aaaa-atrop-

isomer of meso-tetra (o-amino) phenyl porphyrin with pivaloyl 

chloride, and metallated the product, yielding the ferrous 

picket-fence porphyrin C16).

In the presence of N-methyl imidazole, this complex 

reversibly oxygenates in an aprotic solvent at room temperature, 

The half life in the presence of oxygen is 2 months.

The protecting structure is not quite bulky enough to 

prevent formation of a haemochrome in excess base. However di- 

oxygen is able to displace the nitrogenous ligand that is 

weakly co-ordinated to the protected face. It so happens that 

this effect of haemochrome formation in fact confers an extra
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(16)

stability on the ferrous picket-fence system in solution by 

dramatically reducing the concentration of free four 

coordinate iron Csee later under "capped porphyrin").

A related complex synthesised by the same group, using

a variant of the procedure for picket-fence porphyrin is
29the ferrous "pocket" porphyrin (17)

(17)
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Besides oxygenating reversibly (cf capped porphyrin) this 

complex demonstrates reduced affinity for carbon monoxide over 

oxygen compared to that of (16). This is explained by increased 

steric effects leading to a non-linear geometry and weaker Fe to 

CO bonding in (17) but not in (16).

3,4,4 The Capped Porphyrin

The capped porphyrin structure (23) , (24) was 

obtained by the condensation of a suitable tetra-aromatic 

aldehyde with pyrrole at high dilution in refluxing propanoic 

acid. The synthesis is outlined in Scheme 5.

The ferrous complexes reversibly oxygenate at room 

temperature in the presence of a large excess of base. The 

capping structure in (23) completely prevents haemochrome

formation while the homologous structure (24) permits
31formation of only a very weak six- coordinate ferrous complex.

The half-life of these complexes in oxygen is extremely 

dependent on the concentration of exogenous nitrogen base 

due to the equilibrium between stable five - coordinate iron 

and oxidatively unstable four- coordinate iron. For the 

picket"fence system in solution the formation of a haemochrome 

biases the equilibria away from four - coordinate iron resulting 

in an apparently more stable complex.

In an attempt to prevent the dimerisation via the "uncapped" 

face the so-called ferrous naphthyl-capped porphyrin (25) was 

synthesised.

Although the exact products have not been clearly 

characterised, the ferrous complex irreversibly oxidises faster 

than the ordinary ferrous capped system. This is thought to be



f(EZ)
'C'Z =U

H 
.N

o
OHO

•OHO

(ZZ)'UZ) •c' z =u
OHO

U(ZHO)

(81)
too o

10O10



Scheme 6

16

(3)

Picket-Fence

only

o

(25)
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due to unfavourable interactions between proximal base and 

naphthalene rings favouring reactive four- coordinate iron.

3.5 Enforcement of Five Coordinate Iron by Chelation of the 

Proximal Base

As discussed above, even the highly hindered oxygen 

transport models (.the picket-fence and capped systems) 

irreversibly oxidise to the ferric state. This oxidation 

takes place via the unprotected face of the porphyrin when the 

exogenous base is not coordinated.

To avoid such losses it became apparent that the 

preparation of iron complexes containing a covalently attached 

base was required. Such compounds would then serve as truly 

monomolecular oxygen carriers.

3.5.1 Attachment of Base by a Chain

Using another variation on the picket-fence synthesis

to attach one arm containing an alkylated imidazole, Collman and
32co-workers produced the "tail-base" porphyrin (26)

This system has a half-life of 33h in toluene under an

o_ 14 atmosphere of oxygen at 25 (^ At high dilution it was

shown to exist predominantly in the monomolecular five- 

coordinate form. However the observed half-life is lower than 

that of the simple picket-fence complex (16) with an exogenous 

base. This is due to the tail not rigorously enforcing five 

coordinate iron. Indeed recent ligation studies of metallo-

porphyrins have shown that an exogenous base can out-compete a

33 similar base attached by a chain.
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(26)

Scheme 7

O O O
—— Fe- 

(26) B-
Fe

O

o.
-B-Fe

O

O
B



19

3.5.2 Attachment of Base by a Strap or Constrained Chain

To reinforce five - coordination at iron the base 

chain must either be made more rigid or be attached to more than 

one point on the porphyrin.

Using the capped porphyrin system attempts were made to

extend a rigid chain from a 0 position but these were

34 35 unsuccessful. '

Following the alternative strategy of attachment of base

chain at more than one point on the porphyrin, Battersby and
26 

co-workers synthesised the doubly-strapped system (21} .

(27)

Despite the inefficiency of the anthracene bridging 

structure this complex exhibits a half-life of 15 min 

in dichloromethane at room temperature in the presence of 

oxygen.
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One other interesting observation on (27) is its 

reduced affinity for carbon monoxide relative to oxygen. 

This may be due to TT-TT interactions between the anthracene 

bridge and the porphyrin.

3.6 Pentadentate Ligands Based on the Capped Porphyrin System

The capped porphyrin system is the most protected 

ferrous porphyrin synthesised to date. If a base were attached 

to this system an improved oxygen carrier might be produced.

Following the lack of success in the synthesis of a
32 rigid chain attached to B-functionalised capped porphyrins,

attention turned towards the attachment of a base via a strap. 

The ideal places for attachment of a strap are the meso- 

aryl rings in this system. The synthesis undertaken was the 

production of a difunctionalised C^-capped porphyrin and a 

strap containing a nitrogenous ligand. These two molecules could 

then be coupled at high-dilution to give convergent synthesis 

of a strapped/capped porphyrin C28).
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Approaches to the synthesis of such a molecule will 

be the subject of this thesis.
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was

RESULTS AND DISCUSSION

As outlined in the Introduction, the aim of this work 

the convergent synthesis of a strapped/capped ferrous 

porphyrin containing a heterocyclic base in the strap.

1,1 The Capped Porphyrin Component

The ideal points for attachment of a strap to a 

capped porphyrin are diametrically opposed meso phenyl rings.

Examination of molecular models indicated that the 

optimum points of attachment of the strap were at the meta 

positions Cwith respect to the phenyl carbon attached to one 

of the meso positions). Such meta substituents would then 

point in the correct direction for ring formation. Furthermore, 

they are situated in a relatively accessible environment. It 

was thought that placing the point of strap attachment ortho 

or para to the porphyrin would lead to steric and directional 

problems respectively on attempted ring formation.
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The choice of the reactive group 'X 1 on the porphyrin 

was the amino-group, which can be introduced conveniently 

in a latent form as the nitro group. Furthermore, methodology 

compatible with the capped porphyrin system had already been
O A

developed to reduce a nitro-group to an amine . Hence, the 

strategy adopted (based on the original capped porphyrin 

synthesis) was the production of an appropriately functionalised 

tetraaldehyde (29), followed by condensation with pyrrole to 

produce bis-nitro-C2 -capped porphyrin (30) , and reduction of 

C30) to the required bis-amino-C--capped porphyrin (31). This 

synthesis was carried out originally by Crossley on a small 

scale. The following section describes efforts to improve 

this and carry it out on a large scale.

A trivial system of nomenclature has been adopted for 
the capped porphyrin systems to be described. 
Bis-X-C^-capped porphyrin (abbreviated to C2~cap) 
refers to a compound such as (30) or (31) having 
the substituents X emanating from two diametrically 
opposed meso phenyl rings and two methylene groups 
in each rib of the capping structure.
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Scheme 8

-CHO

0,N

O

(31)
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1.2 The Synthesis of "Dinitrotetraaldehyde" (29)

The synthesis of dinitrotetraaldehyde (29), containing 

the required centre of symmetry is outlined in Scheme 8.

Condensation of hydroxyaldehyde (19) with pyromellitic 

dianhydride C32) in pyridine at reflux overnight gave a mixture 

of the desired oaitrosymmetric diacid-diester (33) and the mirror 

symmetric isomer (.34) .

A model reaction, using neat methanol instead of hydroxy- 

aldehyde C19) and pyridine, gave a 50-50 mixture of centro-

symmetric diacid-diester (.33, R=Me) and mirror symmetric isomer
37 C34, R=Me). In the p.m.r. spectrum of the former, the

aromatic protons resonated as a singlet 68.03 whereas in the 

latter the aromatic protons were non-equivalent and appeared 

as two signals 68.13 (.H~) and 67.95 (H^) . On examining the 

p,m.r. spectrum of the crude reaction product of (32) and (19) 

related resonances could be seen.

Crystallisation from glacial acetic acid gave the pure 

centrosymmetric isomer C33) , The protons on the central 

aromatic ring resonated as a sharp singlet 67.98 with the 

aldehydicprotons appearing as a sharp singlet 610.40. The 

yield of this reaction was variable (.between 15 and 30%) but 

the procedure could be easily performed on a large scale.

The reaction of diacid-diester (33) with the nitro-
36 38 hydroxyaldehyde C35) ' proved to be difficult. Production

of a diacid chloride from (.33) failed presumably due to prior
37 reaction of the aromatic aldehyde groups.

39 The reaction of (.33) and 1,1-carbonyl diimidazole or

2-mercaptopyridine/triphenylphosphine gave very insoluble 

derivatives that would not react with nitrohydroxyaldehyde 

(35) 36 ' 38 .
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Scheme 9

(32)

H

HO

(19)

HO

=R

CHO

HO

CHO
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The only two methods found to produce the desired

dinitrotetraaldehyde (291 were the use of N,N'-dicyclohexyl-
41 carbodiimide (DCCI)(36)/4-N,N-dimethylaminopyridine (37) and

l-methyl-2-chloropyrIdinium iodide (39)/trialkylamine, (schemes

K) and 11)
Scheme 10

11

R^ +
OH

N 
C
IM

C6H11

(36)

RbH 4-

The use of DCCI/DMAP by Crossley gave the desired 

dinitrotetraaldehyde (.29} in only 31% highest isolated yield 

The compound showed the expected infrared absorptions at 

1720 cm and 1690 cm for the ester and aldehyde carbonyls 

respectively. Its p.m.r. spectrum contained a singlet at 

68.09 for the protons on the central aromatic ring and 

another singlet for all the aldehyde protons at 610.28.



Scheme 11

28

R^"\ +"
OH

OR'
i

R'iN-HI

The low yield was shown to be due to an isolation problem 

by: (_i) the recovery of N,N -dicyclohexylurea (38) (co-product) 

in high yield and, Cii) the fact that the same procedure had 

been used to synthesise the known tetraaldehyde (21) from

C33) and CL9) in 60% yield after chromatography. 36 The major

problem appeared to be associated with solubility. When pure, 

dinitrotetraaldehyde (29) would only dissolve in cold DMF or 

DMSO or in refluxing acetic acid, propanoic acid or 

acetonitrile. However if substantial amounts of N-acylurea 

by-product were present, the compound (.29) was solubilised 

into other solvents such as dichloromethane and only slowly 

crystallised out, pure f in low yield. Chromatography could not 

be used because as soon as the tetraaldehyde (29) separated 

from the by-products of reaction it precipitated onto the 

adsorbent.
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Another problem associated with the DCCI reaction was its 

unreliability. The major advantage of this procedure was that 

the product obtained was generally >90% pure, and required no 

chromatography.

To avoid formation of the N-acyl urea by-product an attempt
43 was made to prepare an O-alkylisourea from DCCI and nitro-

hydroxyaldehyde C35). However no clearly defined product was 

obtained and this approach was abandoned.

Condensation of diacid-diester (33) and nitrohydroxy-

aldehyde (351 using l-methyl-2-chloro-pyridinium iodide (39)
o 42 and triethylamine at 60 C, gave dinitrotetraaldehyde (29)

in an optimum yield of 27%.

It was found that the DCCI/DMAP route was more convenient 

for large scale production of dinitrotetraaldehyde (29).

1.3 The Formation and Properties of Bis-Nitro-C?-Capped 

Porphyrin C3Q)

Condensation of dinitrotetraaldehyde (29) with pyrrole
30 in refluxing propanoic acid at high-dilution gave bis-nitro-C 2 -

36 38 capped porphyrin (30) ' . This compound exhibited the

characteristic visible spectrum associated with the capped

porphyrin system; X v 4 22 (Soret) , 516(1), 545(11), 589(111),max
643 CIV) nm? e, I>III>II>IV. Detailed investigation of this

30
reaction was carried out by Dagley resulting in optimum yields

of 4-7%.

Of particular interest were the p.m.r. data at 300 MHz 

and the chirality of the molecule.

The p.m.r. spectra, at 300 MHz, of this series of bis- 

substituted capped porphyrins showed certain general features
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(30)

exemplified by C30). The protons on the central capping ring 

resonated as a sharp singlet at 65.25, shifted 2.8 ppm upfield 

from the position of the equivalent resonance in tetraaldehyde 

precursor. This is due to the diamagnetic anisotropy of the 

aromatic porphyrin ring. Correspondingly shifted, by 11.5 

ppm to 6-3.4, were the Ng protons in the centre of the porphyrin 

The g-pyrrolic resonances, shifted slightly downfield, appeared 

as four discrete doublets 6~8.8 (J4.5 Hz). In the series of 

capped porphyrins discussed in this thesis, all of the above 

signals plus the other -aromatic resonances were found to be 

highly dependent on the symmetry, the conformation and the 

substitution of any capped porphyrin produced.

If a mono-, tri- or centro-symmetrically di- substituted 

tetraaldehyde is condensed with pyrrole, a racemic mixture 

of chiral capped porphyrins results. For the series of bis- 

substituted capped porphyrins this is best demonstrated 

symbolically below.
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As will be seen later, this property led to important 

effects in the p.m.r. spectra of groups attached to the chiral 

capped porphyrin system.

1.4 The Reduction of Bis-Nitro-^-Capped Porphyrin (30)

The reduction of bis-nitro-C-'-c'ap (30) was effected 

using 10% palladium on carbon/sodium borohydride/methanol
O A

as described before. The product formed by this procedure 

was homogenous by t.l.c. and gave the correct mass spectrum 

for the bis-amine C31) ; m/z 1066. 36

Re-examination of this reaction using 300 MHz F.T. p.m.r. 

showed that unless the methanol used was absolutely dry three 

products were formed. From the p.m.r. data of the mixture 

it is proposed that the by-products formed were chlorins 

Cby reduction of the porphyrin ring) and decapped porphyrins 

(by cleavage of the capping ester groups).

The method by which the full result of this reaction was 

determined, illustrates the vital role played by high field 

p.m.r. spectroscopy. Throughout this work, this spectroscopic 

tool was of great importance in investigating the outcome of 

small scale reactions carried out on these high molecular weight 

porphyrins.

Following the outcome of the reduction above, other 

procedures were tried. Catalytic reduction by molecular hydrogen

preferentially gave chlorin unless done in acetic acid as
38 solvent. Attempted catalytic transfer of hydrogen from

1,3-cyclohexadiene or cyclohexene also failed.

Returning to the original conditions, it was found that 

controlled addition of the borohydride reducing agent to the
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dichloromethane/methanol solution of porphyriri (30) gave 

satisfactory results. Subsequent substitution of dry 

2-propanol for dry methanol gave a reactive system that 

reproducibly gave smooth reduction of bis-nitro-C^-cap (30). 

The presence of a trace water was not a problem, in fact 

super-drying the 2-propanol appeared to slow down excessively 

the reduction process.

The p.m.r. spectrum of the crude porphyrin product from 

above showed the purity of bis-amino-C^-cap (31) to be >95%. 

The protons on the cap appeared as a sharp singlet 65.25, 

the pyrrolic NH as a broad singlet 6-3.4 and the 3-pyrrolic 

protons as four doublets 6*8.7 (j4-5Hz) [cf bis-nitro-C2 ~cap 

(301], All other data collected were in complete accord 

with structure C31).

One property of importance associated with (31) is
44 combined light and oxygen sensitivity. It is well known

that the porphyrin nucleus can sensitise the formation of

AO- from ZO- by visible light, which then reacts with 

electron rich groupings such as sulphides, electron rich aromatic 

rings and amines. Taking account of this reactivity bis-amine 

C31) was protected from light and oxygen, especially when in 

solution.

2. The Strap Requirements for a Pentadentate Ligand Based 

on the Capped Porphyrin System

Various nitrogen bases have been used to mimic the 

proximal base in oxygen transport models, usually imidazoles 

or pyridines.

For the synthesis of a strapped/capped porphyrin, the use of 

imidazole derivatives would have the disadvantages of lack of
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availability and a high susceptibility to oxidation by singlet

45 ,32 oxygen. '

Although not as efficient a base as imidazole, the pyridine 

nucleus has the advantages of much better stability to oxidation 

and better availability of suitable derivatives. For the 

synthesis of a strapped/capped porphyrin it was decided to use 

a strap containing a 3,5 disubstituted pyridine (2,6-disubstitu- 

tion would hinder co-ordination of pyridine to iron).

To complete the convergent synthesis of the strapped/capped 

porphyrin the final step envisaged was high dilution coupling 

between the strap and the bis-amino-C2-cap (31) . Two approaches 

were undertaken; (a) The formation of amide bonds between an 

activated bis-acid and bis-amine (.31) (or its alkylated 

derivatives) and (bl condensation of a bis-aldehyde with 

bis-amine C311.

3. The Synthesis of a Bis-Amide/Bis-Acid Strap and its 

Reaction with Bis-Amino-C^-Cap C31)

In the course of earlier work towards a doubly strapped
46 porphyrin, the strap C40) had been synthesised.

(40)
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The earlier work involved attempted coupling of (40) to 

a bis-amine and relatively stable activated acid derivatives 

had been chosen (azide or succinimidooxy ester). For the 

reaction of strap (40) and bis-amine (30) it was decided to

pre-form a solution of acid chloride (41) and use the syringe
27 pump addition method successfully employed by Chang.

Formation of acid chloride (41) was carried out using 

thionyl chloride at room temperature with dry DMF as both

solvent and catalyst. Reaction with £-anisidine [DMAP (36)
46 as base catalyst] gave the known bis-anilide (42) in up to

75% yield. In the p.m.r. spectrum of this compound, the 

resonances for the chain protons appeared at 61.56, 2.24 and 

3.2, while those of the pyridine came at 68.50 (y~PyH) and 

68.98 Ca-PySl• The anilide Ng protons appeared as a broad 

singlet 69.60.

High dilution coupling of bis acid chloride (41) with bis- 

amino-C^-cap C31) gave one major porphyrin containing fraction, 

This product would only dissolve in DMF, DMSO or a mixture of 

chlorinated solvent and methanol,

P.m.r. examination of all porphyrins produced indicated 

that the major fraction was the only one containing an adduct 

of C31) and (411 in a 1:1 ratio. The p.m.r. spectrum of the 

compound showed the expected resonances for the pyrrolic NH. 

at 6-3.4 and the capping ring at 65.25. The resonance for the 

anilide Ng came at 610.05 and the strap resonances occurred 

at approximately the same chemical shifts as in the open-chain 

bis-anilide C42) ,

The p.m.r. spectrum of the compound was broad and this, 

along with the lack of diamagnetic shielding of the strapping
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chain protons suggested the formation of higher molecular 

weight products rather than the desired porphyrin (43), 

Cm/z 1395).

(43)

Field desorption mass-spectrometry only gave weak ions 

in the region m/z 1400. Ultracentrifugal analysis suggested 

one compound molecular weight 4057, but this technique is prone 

to large error when compounds of low molecular weight and 

unusual molecular shape are involved. Osmotic pressure 

measurement suggested an apparent molecular weight in DMF 

solution of 6306.

The first clear indication of discrete molecular weights
9 CO £» I

came from Californium mass spectrometry , which gave clear 

ion clusters at 2792 and 4212 a.u. but nothing at 1396 a.u., 

show-ing the reaction product to be a mixture of cyclic 

oligomers of C43) , scheme 12.
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Scheme 13
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The conclusion reached above has been further confirmed
r p

by Xenon fast atom bombardment which gave a clear ion for 

C44) and its protonated equivalent.

The result of the high-dilution reaction indicates that, 

in solution, the acid chloride C41) adopts a conformation that 

makes it too short to span the face of bis-amino-C^-capped 

porphyrin (31).

The main sources of conformational rigidity in solution 

for C41) are the amide linkages next to pyridine. To avoid 

this, and possibly solubility problems as well, the sulphide

containing strap (45} was synthesised and reacted in a similar
3 8 way with bis-amino-C2 -cap (31).

The adduct formed between (451 and bis-amine (31)

was only soluble in the same solvents as the product between
3 8 (41) and (31). The p.m.r. spectrum of the product was again

badly resolved and mass data were again hard to obtain. 

However, this time Cf mass spectrometry suggested the 

formation of a variety of products around the correct molecular 

weight for a 1:1 cyclo-adduct of (45) and (31).
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4. Approaches to a Strap/Cap via Formation of a Tertiary Amide

One obvious impediment encountered in the formation of a 

secondary amide at a capped porphyrin (see above) was the tour 

solubility of the products, which precluded the use of 

chromatography.

To avoid this solubility problem a strapped/capped porphyrin

containing tertiary amide linkages was proposed. This approach
38 was pioneered by Dagley and the aim here was to improve this

route and investigate further.

4.1 The Benzylation of Bis-Amino-C^-Capped Porphyrin (31)

Condensation of benzaldehyde with ixisj-amino-C--capped 

porphyrin C31) by methods already developed (see Section 5) and 

reduction of the imine in situ gave a high yield of the bis- 

benzylamine C46).

The spectral data of (46), especially its p.m.r. spectrum, 

were completely consistent with the proposed structure.

4.2 Some Reactions Between Bis~-Benzylamino-C2 -Cap (46) and
00

Bis-Acids

38 Dagley investigated the reaction between the "sulphide

strap" (45) and bis-benzylamine (.46) .

The method of activation of the acid (45) was changed to 

the powerful method of pyridinium salts after the discovery 

through model reactions that the strap (45) was decomposing on 

formation of the corresponding acid chloride. This method of 

activation of the acid functionality was adopted for all further 

reactions of other straps.
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Scheme 14

2. NaCNBH 3 , NH4OAc, 

MeOH , HOAc.
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Reaction of sulphide strap (45) and bis-benzylamine (46) 

at high dilution gave a variety of products of vastly improved 

solubility compared to those of the corresponding secondary 

amide. Chromatography in the dark eventually gave the pure 

strapped/capped system (47), which was found to be very light/ 

oxygen sensitive. It appeared that the free base porphyrin was 

sensitising the formation of singlet oxygen which then oxidised 

the sulphide.

(47)

To avoid this problem, straps containing only a methylene 

chain between the pyridine ring and acid functionality were 

examined,

A model study using 1,12-dodecanedicarboxylic acid (48) 

at high dilution gave the stable system (49) in 34% yield. 

Besides the correct molecular weight, the compound (49) exhibited 

the usual p.m.r. spectrum for a bis-substituted-C^-capped
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porphyrin plus a series of diamagnetically shifted signals fo? 

the methylene chain strung underneath the porphyrin.

r

Scheme 15

(49)
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4.3 The Synthesis of 3,5-Bis C4-Carboxybutyl) Pyridine and its 

Reaction with Bis~Benzylamino-C2~Capped Porphyrin (46j

From the model study above it was concluded that a strap, 

containing four methylene units between the pyridine nucleus

and each acid functionality, should give a reasonable yield of a
3 8strapped capped porphyrin. The strap was chosen to be tight

so that the chelating of pyridine to ferrous porphyrin would be 

as effective as possible.

The synthesis of the desired strap is outlined below.

Scheme 16

(50)

4.

(51)

( >—(CH2)—CO2H 
Cf (52) +

OHC

1. NaH

2.H2 ,Pd-C

—CO2H

Reaction of triphenylphosphine (50) with 4-chlorobutyric 

acid (51) gave the phosphonium salt (52) in 67% yield after
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crystallisation from acetonitrile/chloroform/ether. 

Crystallisation by the literature method produced problems 

due to the easy formation of the ethyl ester of (52). Reaction

of the ylid derived from (52) with pyridine-3,5-dicarbox-
54 aldehyde, and reduction of the crude product gave

3,5-bis (4-carboxybutyl) pyridine (54) (otherwise known as 

the "C 4 -strap") in yields up to 40%. The original Wittig
o o c. c.

procedure developed ' using THF/DMSO as solvent proved 

unreliable in this case and more satisfactory results were 

obtained using DMF/DMSO as solvent.

The strap (54) showed the expected infrared absorption 

at 1725 cm for the carboxylic acid group plus a pH 

dependent p.m.r. spectrum. The pyridine signals appeared at 

68.22 (a-Pyg) and 7.59 Cy-PyH), the former being best resolved 

at high pH. This compound exhibited three sets of methylene 

resonances. The group next to pyridine resonated at 62.67, 

the group next to the acid at 62.33, and the two central 

methylenes at 61.67.

High dilution reaction of C,-strap (54) and bis-benzylamino-

42 C^-cap (46) using the pyridinium salt (39) gave a complex

mixture of products.
38By comparison with Dagley's product and numerous chromato-

graphic separations, a 5.1% yield of pure C4-strapped/C2-capped 

porphyrin (.551 was obtained.

The C4-strapped/C2 -capped porphyrin gave the expected 

molecular ion at m/z 1489. The p.m.r. spectrum, besides exhibit­ 

ing the usual features for the bis-substituted capped system (see 

diagram), showed a set of diastereotopic resonances for the 

benzylic protons and the methylene protons indicating connection 

to a chiral centre. Furthermore, the strap protons (including
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Scheme 17

HOp CO2 H

O

(55)
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the pyridine) were diamagnetically shifted, the methylenes 

appearing at 60.5, 0.9, 1.2 and 2.2, indicating that the 

strap was strung across the face of the porphyrin. The 

resonances due to pyridine were not easily seen in the p.m.r. 

spectrum when the solvent used was deuteriochloroform. Changing 

the solvent to deuterated dichloromethane revealed the 

a-protons at 66.73, while it is suspected that the y proton 

[by analogy with C 5 strap/C2 cap C60)] lies in the region 

63.7-4.7.

The precise assignment of the various proton signals in 

this compound was performed by the use of 2-dimensional p.m.r. 

spectroscopy. This technique proved to be markedly superior 

to the previous method of double irradiations for assigning 

the resonances in the p.m.r. of (55) (see Appendix 1).

The free base porphyrin (55) was metallated using ferrous
o o

chloride in THF at reflux for 48h. The resulting ferric 

complex was converted into the ferric chloride*hydrochloride.

4.4 Further Investigation of Strap Requirements

The low yields obtained on coupling C.-strap (54) to 

bis-benzylamine (_46) suggested that the strap (54) was too 

short for efficient ring formation, perhaps due in part to the 

rigidity of the pyridine nucleus. To confirm that this was the 

case, the high dilution reaction between activated 1,10-decanedi- 

carboxylic acid (.56) and bis-benzylamino-C^-cap (46) was carried 

out.

Only one product from this reaction showed properties 

consistent with the desired adduct (57) [ m/z 1440 (M+ ) and 

diamagnetically shifted resonances in the p.n.r. spectrum].
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The crude yield of this product was only 16% cf. C,- analogue 

(49) yield 34% . This result suggested that strap size was 

indeed the reason for the low yield for production of 

C4 -strapped/C2 -capped porphyrin (55).

4.5 The Synthesis of 3,5-Bis (5-Carboxypentyl) Pyridine and its 

Reaction with Bis-BenzylaminoH^-Cap (46)

To produce a higher yielding synthesis of a strapped/ 

capped porphyrin a longer pyridine-containing strap was 

synthesised.

Scheme 19

Br"
(58)

1. NaH
2.H2 ,Pd-C

HO2C-(CH2)5 (CH,VCO,H'2'5

(59)
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Application of the same general procedure as used in the 

synthesis of C4 ~strap C54) on the phosphonium salt (58) gave 

3,5-bis C5-carboxypentyl) pyridine (.59) Cthe "C5-strap") in 

35% yield. The p.m.r. spectrum of this compound showed the 

pyridine resonances at 68.20 (a) and 67.57 (y) . The methylene 

protons next to pyridine and acid groups resonated as expected 

at 62.66 and 62.29 respectively with the central methylenes 

appearing at 61.65 C8H) and 61,39 (4H). The infrared spectrum 

was extremely broad even when the compound was analytically 

pure, but all the other data were in accord with structure (59)

(60)

High-dilution coupling of C5 -strap (59) and bis-benzylamino- 

C -cap C46) gave a 25% yield of the desired C5-strapped/C2-
fL

capped porphyrin (60).
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This compound had the expected p.m.r. spectrum in 

deuteriochloroform with slight upfield shifts for the strapping 

methylene resonances. Changing the p.m.r. solvent to deuterated 

dichloromethane caused the pyridine resonances to appear clearly 

at 67.75 (aPyg, diamagnetic shift 0.5 ppm) and 64.7 (Y-PyH, 

diamagnetic shift 2.8 ppm).

One difference in the p.m.r. spectrum of C^-strap/a -cap 

C60) compared to that of C.-strap/C^-cap (55) was that the 

methylene and benzylic resonances appeared as broad signals. 

This broadening also occurred to a lesser extent in the rest 

of the spectrum and indicated the slightly more flexible 

nature of the ligand produced.

Treatment of the porphyrin (60) with ferrous chloride in 

THF at reflux, followed by t.l.c. and gaseous hydrogen chloride 

treatment gave the ferric derivative (61) as the chloride* 

hydrochloride, m/z 1571 (M~HC12 ) + .

Reduction of the Ferric Complex of C^-Strap/C^-Cap and 

Subsequent Behaviour with Oxygen

Reduction of a toluene solution of ferric complex (61) 

as the chloride*hydrochloride CX 510 nm) with aqueous 

alkaline dithionite solution gave the ferrous complex (62)

CX __ 537-8 nm) . The spectra of this compound and subsequent max
compounds were compared with those of simple ferrous C~-capped 

porphyrin systems in pyridine.

Exposing a solution of C62) to air did not result in any 

appreciable change. However if C62) was exposed to pure oxygen 

then a reversible change occurred to give a new species

(A v 542 nm) proposed to be the ferrous'oxygen complex (63). 
max
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(62)

(61)

(63)

Csee attached spectra).

An attempt was made to observe this oxygenation behaviour 

using p.m.r. spectroscopy. The free ferrous complex C62) 

gave a complicated broadened p.m.r. spectrum, as expected for 

a paramagnetic metalloporphyrin. Upon addition of oxygen 

certain small changes were observed but the expected diamagnetic 

spectrum, for a low spin ferrous porphyrin, was not obtained. 

This problem was probably due to the poor oxygen affinity of 

C62) at room temperature preventing complete formation of 

oxy-complex (63). Fast exchange of oxygen between ferrous 

centres would then account for the observation of a broadened 

spectrum.
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A similar spectral change was observed in dichloromethane 

as solvent, although the wavelength shift on oxygenation was

not so great [C62) X 538 nm: £63) X 540 nm].max ' max
Having established the presence of a reversible reaction 

with oxygen, qualitative studies were undertaken into the 

stability of the ferrous complex (62).

Shaking a toluene solution of (62) with portions of 

aqueous sodium bicarbonate solution in air gave an organic 

solution that still clearly showed the presence of a ferrous

complex A ^ v 538 nm. The spectrum was broad but demonstrated max
a clear stability for C62) even in the presence of a proton 

source.

The stability of (.62) was investigated under oxygen in 

two dry solvents, dichloromethane and toluene.

In dichloromethane, problems were encountered with 

solvent loss but clean conversion of the ferrous oxygen complex

to a new product (Xm ^ v 510 nm) was seen (see diagram) withmax
a half life greater than 40h at room temperature. The end 

product could be re-reduced to the ferrous complex (62) which 

in turn reversibly bound oxygen. It is known that ferrous

porphyrins will react with dichloromethane to give the
8c ferric-chloro species and it is thought that this process

occurred here on a longer time scale.

In toluene the oxidation of ferrous•oxygen complex (63) 

appeared to be slower, half life in excess of lOOh, and 

appeared to take place via a more complex process to give a 

final product X 504 and 570 nm. Bubbling argon through the 

solution did not regenerate ferrous complex (62), but subjecting 

the product to aqueous alkaline dithionite regenerated (62).

The re-reduction with dithionite suggested that the product
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Decay of (62) under dioxygen in toluene

time 
oh

20h 
43h 
65h 
113H 
161N 
212h 
25 6h 
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448h 
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of oxidation in toluene was not y-oxo dimer. Further investiga­ 

tion will be necessary to identify the final product(s).

The above results confirm that the ferrous complex (62) 

under oxygen is exceptionally stable. The conclusion drawn is 

that the chelation of a heterocyclic base by a strap to the 

capped porphyrin system produces a more stable monomolecular 

oxygen carrier, than a ferrous capped porphyrin in pyridine 

solution.

The Behaviour of Ferrous Cg-Strapped/C2 -Capped Porphyrin 

C62) with Carbon Monoxide

Dissolution of ferrous complex (62) in dry toluene, 

under carbon monoxide, gave a bright red solution of the 

carbonyl complex C64), Bubbling argon or oxygen through the

solutiony as expected with this type of complex, did not remove

30
the carbon monoxide. Interestingly in this case the visible

spectrum of the carbonyl complex (64) showed A 540 and 580max

(shoulder) nm, rather than the expected spectrum for a ferrous

capped porphyrin carbonyl complex
30 an(^ (shoulder)

nm.

Scheme 21

(62) (64)
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To confirm the identity of (64) a p.m.r. study was carried 

out. On the addition of carbon monoxide, the broadened spectrum 

of a ferrous high spin complex was replaced by the diamagnetic 

spectrum of an octahedral ferrous low spin complex. The capping 

protons appeared as a singlet at 66.53 with the $-pyrrolic 

protons appearing as the expected four doublets (J = 4.5Hz) 

at 68.50, 8.52, 8.61 and 8.64. Of especial interest were the 

positions of the pyridine protons. These signals could be 

seen and their connection established by double irradiation 

experiments. The a protons were shifted upfield by 6.7 ppm 

and the Y~"Prot°ns shifted upfield by 2.7 ppm relative to the 

open chain C^-bis-acid (.59) . The relative diamagnetic shifts 

indicated that in the carbonyl complex (64) the pyridine 

ligand is co-ordinated to iron. Furthermore the good resolution 

of the spectrum obtained suggested that the pyridine was totally 

bound to iron, illustrating that the strap was rigorously 

enforcing co-ordination of pyridine to iron.

5.1 Approaches to a Strapped/Capped Porphyrin Based on Condensa­ 

tion of a Bis-Aldehyde with Bis-Amino-Cg-Capped Porphyrin (31)

Following the failure of the reaction between bis-amide/ 

bis-acid strap C40) and bis-amine C31), condensation between an 

aldehyde and amine C31} was examined. Considering the possible 

instability of a cyclic bis-imine the formation of a di-aryl- 

imine and its reduction in situ was investigated.

Successful condensation of 2-methoxybenzaldehyde with (31) 

indicated that the approach was worth further study.
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5.2 The Construction of a Pyridine-Containing Bis-Aldehyde 

and its Reaction with Amines

Examination of models indicated that the strap (68) 

should fit across the face of bis-amino-C 2 -capped porphyrin 

C31) . The synthesis is outlined in Scheme 21.

Scheme 22

CHO
HO
ZnCl2 ,H3PO4

NaH 
DMF

H+/H2g

:HO OHC 

(68)

i

NaH 
DMF

(69)
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Direct alkylation of salicylaldehyde (65) with 3,5-bis 

Cchloromethyllpyridine (67) gave the desired bis-aldehyde 

C681 in low yield. The infrared of this compound showed the 

expected absorption at 1690 cm" for the aldehyde group. The 

p.m.r. spectrum besides the signal for the aldehyde protons 

at 610.49, also showed the appropriate signals for the pyridine

ring at 68.72 (a-Pygl and 7.94 (y-PyH). The synthesis of bis-
57 aldehyde (68) via the readily available salicylaldehyde acetal

gave better yields.

A model reaction of (68) with p-anisidine gave the stable 

yellow imine C70). The infrared of this compound showed a 

rather weak absorption at 1620 cm , but the p.m.r. spectrum 

showed a very sharp singlet for the imine proton. Reduction
c o

of the imine was achieved using sodium cyanoborohydride 

with acetic acid and ammonium acetate. The product amine (71) 

formed, gave the correct mass spectrum (m/z 561, M ) and the 

benzylic methylene was clearly seen at 64.31.

The reduction could be carried out in situ on a 

preformed solution of bis-imine (70) to give 75% from 

aldehyde (.68) of the bis-amine (.71) , which was a moderately 

air sensitive compound.

Application of this latter procedure at high dilution 

on bis-aldehyde (68) and bis-aminc-C^-capped porphyrin (31) gave 

a complex mixture of products. The amines that were produced 

were both light and air sensitive. Acylation of the products 

was employed to give more stable derivatives, but again a 

homogeneous sample of porphyrin was not obtained.
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Scheme 23

OHC CHO

NaCNBH 3 ,NH4OAc, MeOH , HO Ac.

OMe

* The stereochemistry drawn here is not implied for the product 

(70) .

The concurrent formation of bis-benzylamino-C2-capped 

porphyrin (.46) by the same in situ procedure, and the in situ 

studies on the open chain analogue (71) , suggested that strap

size might have been the problem. If the imine formed is

59 
strained, it will be very reactive and the large number of

products formed suggested that this was the case.
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Scheme 24

O

OHC HO

5.3 The Reaction of 2,2 -CAlkylidenedioxy) Bis-Benzaldehydes 

with Bis-Amino-Cg-Capped Porphyrin (31)

To test the above hypothesis the reaction of bis-

salicylaldehyde units, connected by a methylene chain of 

varying length, with bis-amino-C2 "Capped porphyrin was 

investigated.
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2,2 (1,12-Dodecylidenedioxy ) bis-benzaldehyde (73) had

already been prepared in the course of the synthesis of
2 8 strapped porphyrins. This bis-aldehyde showed the expected

infrared absorption at 1690 cm" for the aldehyde carbonyl. In 

the p.m.r. spectrum of this compound, the resonances for the

Scheme 25

n=12,8. 
(73), (74)

1.THF, TsOH,
2. NaCNBH 3 ,NH4OAc, 

MeOH , HOAc.

(75) (76)
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methylene next to oxygen appeared at 64.1 with the rest of the 

methylene protons resonating in the region 61.3-2.1.

Reaction of (73) with bis-amino-C2 -capped porphyrin (30) 

at high dilution gave three products plus baseline by t.l.c.

The major product C30%) was the desired bis-amine (75) , 

m/z 1444. The p.m.r, spectrum of the product was as expected 

with a series of diamagnetically shifted resonances for the 

methylene chain strung underneath the porphyrin.

The other two clear products of reaction were also 

shown to be 1;1 cyclo-adducts but of a more complex nature. 

Mass spectral analysis indicated molecular weights around 

1450 a.u. and the products were shown to be not due to 

oxidation. The conclusion was that in this case some other 

process hindered clean reduction of the cyclic bis-imine.

Following the success of the above condensation, a tighter 

strap, based on molecular models, was designed. The 

approach used was the construction of a chain such that no 

change in conformation of the "capping structure" occurred.

As a result 2,2 X U,8-octylidenedioxy ) bis-benzaldehyde 

(74) was chosen as the optimum sized bis-aldehyde. The bis- 

aldehyde C74) was synthesised by alkylation of salicylaldehyde 

with 1,8-dibromooctane (.yield not optimised) and exhibited the 

usual aldehyde infrared absorption at 1690 cm

In the p.m.r. spectrum the protons for the methylene 

next to oxygen appeared at 64.08 with the rest of the methylene 

resonances appearing at 61.4-1.9, (cf C,~ analogue).

Condensation of bis-aldehyde (.74) with bis-amine (31) 

and reduction in situ gave the desired strapped/capped system 

C76) in 64% yield. In this case the reduction was left for a
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shorter time than in the formation of (75) but studies on 

production of bis-benzylamine (46) suggested that this did not 

matter.

The p.m.r. spectrum of the Cg-strapped/capped system (76) 

showed all the usual features plus a series of highly diamagneti- 

cally shifted, diastereotopic, resonances for the strapping 

methylene chain, (see diagram). The diamagnetic shift was up 

to 4 ppm and in this case sequential irradiation was used to

show that the diamagnetic shift was clearly related to the
6 0 location of each methylene over the porphyrin.

The results with simple alkylidene-bis-benzaldehydes 

suggest that formation of a strapped/capped porphyrin is 

indeed possible via cyclic bis-imine formation and that the 

yields may be very high.
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The Nitrosation of Bis-Amino-C2 -Capped Porphyrin (.31)

To investigate alternative methods for formation of 

strap linkages on a capped porphyrin, diazotisation was 

attempted. This route was chosen to avoid the initial need for 

a complete synthesis of a new bis-substituted-C2 -capped 

porphyrin.

Treatment of the bis-amine C31) with an excess of sodium 

nitrite in acetic acid gave a fast reaction. The purified 

product was shown to be C2-capped porphyrin (2s) (identical 

by t.l.c., m/z, and p.m.r. with an authentic sample). The 

yield was 55% and mass spectrometry did show a trace of mono 

acetate, mono deaminated, porphyrin.

The yield of C2 -capped porphyrin (23) seemed to be 

proportional to the amount of nitrite used. Two possible 

mechanisms are;

Scheme 26

CD +-N2o



Scheme 27
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(2)

To accomplish deamination via the diazonium salt in (2) 

some other hydrogen source may participate. In this case the 

amino groups or the porphyrin Ng protons may serve this 

function.
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CONCLUSIONS

The original hypothesis, concerning the way in which 

the ferrous protoporphyrin IX prosthetic group (2) is 

stabilised towards oxidation in Hb and Mb, has been 

further substantiated by the properties of the ferrous 

strapped/capped porphyrin (62).

The results with various "straps" have now defined 

the "strap size" required to extend across the face of the 

porphyrin ring in (31) and C46). The studies described 

can now be extended to the construction of a whole range 

of strapped/capped porphyrins and should shed further light 

on the phenomenon of oxygen transport in vivo.
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EXPERIMENTAL

Melting points (m.p.) were performed on a Kofler hot- 

stage apparatus, or a Btichi 660 apparatus, and are uncorrected.

Microanalyses were performed by Dr. F.B. Strauss of the 

Dyson-Perrins Laboratory.

Electronic spectra were measured on a Perkin-Elmer 555 

UV-VIS spectrophotometer (characterisation) and a Unicam SP 80OA 

spectrophotometer (routine).

Infrared spectra were recorded on either a Perkin-Elraer 

521, a Perkin-Elmer 297, or a Perkin-Elmer 257 spectrophotometer.

Proton nuclear magnetic resonance (p.m.r.) spectra were re­ 

corded at 300 MHz using a Bruker WH 300 instrument, and referenced 

with respect to residual undeuterated solvent. Non-porphyrin 

routine spectra were recorded at 60 MHz, using Hitachi Perkin-­ 

Elmer R24A spectrometers, and referenced with respect to 

internal or external tetramethylsilane (TMS).

The following diagrams contain the numbering system used 

for porphyrin spectra.

porph.

6'

porph.

X
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Mass spectra, performed in the Dyson-Perrins Laboratory 

were recorded on either a VG-ZAB-1F or a VG-16F instrument. 

The ionisation modes are denoted by the following abbreviations 

El - electron impact> CI - chemical ionisationj FD - field 

desorptionj IBEI - in beam electron impact; DCI - desorption, 

chemical ionisation.

Preparative and analytical thin layer chromatography 

Ct.l.c.) were carried out on the appropriate layers prepared 

by Mr. R. Prior of the Dyson-Perrins Laboratory.

Molecular sieves were activated by heating to 200°C 

in a vacuum (ca. 10mm) for >12h.

Tetrahydrofuran (_THF) was dried by distillation from 

sodium/benzophenone ketyl under an inert atmosphere.

N,N-Dimethylformamide (DMF), dimethylsulphoxide (DMSO) , 

tri (n-butyl)amine, and dichloromethane were first distilled 

from calcium hydride and then further dried by sequential 

exposure to sieves.

Methaiiol was dried by treatment with magnesium followed by 

distillation. Super-dry methanol was obtained by distillation 

onto freshly activated 3A sieves.

2-Propanol for reduction of bis-amino-C2 -capped porphyrin 

C31) was dried by treatment with magnesium followed by 

distillation under argon.

Thionyl chloride was purified by treatment with 

triphenylphosphite followed by careful distillation.

Organic solutions from aqueous extractions were dried 

before evaporation using anhydrous sodium sulphate, unless 

otherwise indicated.

Evaporations were performed in vacua using a Buchi 

Rotavapor, unless otherv/ise stated.
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Diacid-Diester36 (33)

Pyromellitic dianhydride (32) (89.95g, 0.4 mol) and 

2-(2-hydroxyethoxy)benzaldehyde (19) (132.8g, 0.41 mol) were 

mixed in pyridine (300 ml) and the mixture heated at reflux for 

6h. After cooling the pyridine was evaporated under high 

vacuum and the resulting brown oil dissolved in acetone (ca. 1 1). 

Seed crystals of the desired centrosymmetric diacid-diester 

were added, followed by diethyl ether (300 ml), and the solution 

placed in a refrigerator at 2°C overnight. The resulting 

slurry was filtered and the residue washed well with ether. 

The air dried solid was boiled in chloroform (11) and allowed 

to cool. The solution was filtered and the filtrate evaporated 

to give a solid which was heated at 50°C under high vacuum for 

12h. The p.m.r. spectrum of the solid showed it to be

•^70% the desired centrosymmetric isomer (33) . The solid was 

recrystallised from glacial acetic acid to give the 1,4 diacid- 

2,5 diester (33) after high vacuum (12h at 70°C) as a colourless 

solid (32g, 15%), m.p. 188-191°, 6(d6 DMSO) 4.57, 4.67 (m, 8H,

-CH2 ~), 6.93-7.77 (m, 8H, ArH) , 7.98 (s, 2H, H3 , Hg on central
O C

ring), 10.40 (s, 2H, -CjjO) , identical with authentic material.

41 Formation of Dinitrotetraaldehyde (29) Using D.C.C.I. (36)

O C "3 Q

Diacid-diester (33) (llg, 0.02 mol), nitrohydroxyaldehyde ' 

(35) UOg, 0.047 mol), and 4-N,N-dimethylaminopyridine (37) 

(750 mg, 0.061 mol) were placed in a dry 250 ml three-necked 

flask, under argon, fitted with a mechanical stirrer. Dry DMF 

(20 ml) was added, with vigorous stirring. Omission of stirring 

led to the formation of a solid mass which was impossible to stir. 

To this vigorously stirred slurry was added a solution of
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i
N,N -dicyclohexylcarbodiimide (D.C.C.I.) (36) (9.2g, 0.044 mol) in
dry D.M.F. (5 ml) over a period of 30 min. The DCCI was washed 

in with more dry DMF (2 ml) and the slurry stirred for a further 
16.5h, before being taken from under the inert atmosphere and 
filtered.

The residue was washed with DMF (10 ml), followed by 
dichloromethane C50 ml). This left N,N'-dicyclohexylurea (38)

(D.C.U.I as a white solid (6.94g, 70%) identical, by infra­ 
red, to an authentic sample. The filtrate was diluted to 80 ml 
with dichloromethane and the solution washed successively with, 
5% hydrochloric acid solution (2 x 150 ml), water (150 ml), 3% 
aq. sodium bicarbonate solution (2 x 150 ml), and finally water
(3 x 150 ml). If necessary sodium chloride was added to clear 
any emulsion that formed during the last three water washes. 
After each of the above washes the aqueous and organic layers 
were filtered to remove further DCU (0.78g, 7.8%). If the 
above work-up took less than Ih to perform, all the DCU was not 
removed and, if the work-up took more than 1.5h, tetraaldehyde 
product was lost.

The organic layer was dried (MgSO,, 2 min), filtered, 
evaporated in vacuo to ca. 20 ml, and set aside for crystallisa­ 
tion to occur. By repeated filtration of crystals, re- 

evaporation to lower volume, and leaving, the dinitrotetra- 
aldehyde (29) was obtained as a white solid C5.59g, 30%). 

When the liquors were treated with dichloromethane/diethyl 

ether at boiling point, followed by slow evaporation further 
tetraaldehyde (29) was obtained C0.78g, 4%). M.p. of the above 
product was 158-162°Cj (>95% pure by p.m.r.).

The dinitrotetraaldehyde could be recrystallised from 

glacial acetic acid or with more difficulty, from acetonitrile.
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Two recrystallisations from acetic acid gave the 

dinitrotetraaldehyde (29) as a white microcrystalline solid 

m.p. 164.5-167°C which was dried over KOH pellets 

(36h, O.lmm). Found: C, 57.84j H, 4.33; N, 2.82. C46 H36N2°20 

C2H4°2 re(5uires c / 57.84; H, 4.04; N, 2.81%. 6 (d6 -DMSO)

4.34-4.88 (m, 16H, -CH -) , 7.01 (dJ 7.5Hz, 2H, H-. •) , 7.192. -5

(dJ 8.9 Hz, 2H, H5 i), 7.44 (dJ 9.3 Hz, 2H, H3 ,,), 7.56-7.62 

(m, 4H, H4 , and Hg,), 8.09 (s, 2H, HS and Hg) , 8.31 (dJ 3Hz, 

2H f H6 ,,), 8.43 (ddJ 9.3 Hz and 2.9 Hz, 2H, H4II ), 10.28 

(s, 4H, -CHO) .

-CHO

v Cmijol) 1730, 1680, 1610, 1600, 1530, 1490, 1460, 1380 max

and 1350 cm

Attempted O-Alkyl Isourea Formation With the Nitrohydroxy- 

aldehyde C35)

A mixture of N,N -dicyclohexylcarbodiimide (36) (200 mg) , 

nitrohydroxyaldehyde (35) C200 mg) and a trace of cupric
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chloride (anhydrous) was heated to 50°C and dry DMF (50 yl) 

added. Thin layer chromatography on silica HF254 using di- 

chloromethane/diethyl ether (1;1) indicated the concurrent 

formation of 4 different products which were not pursued further

Formation of Dinitrotetraaldehyde (29) Using the Pyridinium 

Salt Method42

l-Methyl-2-chloropyridinium iodide (39) was prepared, by
49 

the method of Mukaiyama, as yellow crystals. The compound was

kept refrigerated and under desiccation.

Diacid-diester (33) (220 mg, 0.4 mmol), nitrohydroxy- 

aldehyde (35) (200 mg, 0.95 mmol) and l-methyl-2-chloropyridinium 

iodide (39) (250 mg, 1.03 mmol) were placed in a flask under 

argon. Dry DMF (3 ml) was added with the resultant dissolution 

of all except the pyridinium salt. On the addition of dry 

triethylamine (0.5 ml, 3.4 mmol) the salt dissolved and the 

solution changed colour from orange, through green, to brown. 

The solution was then heated at 60°C for 24h. After cooling 

water (15 ml) was added. The water layer was decanted and 

the residual oil triturated with dichloromethane to give, on 

standing for 15 min, a solid. The solid was collected by 

filtration and washed repeatedly first with water and then 

dichloromethane. Drying gave the dinitrotetraaldehyde (29) as 

an off-white solid (101 mg, 26.9%). vmav (nujol) was identicalind^.

to that of authentic tetraaldehyde. It was also homogeneous by 

t.l.c. (dichloromethane/diethyl ether (1 = 1) o.n silica HF254 (Rf
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Selective Reduction of Bis-nitro-C2-Capped Porphyrin (30) to the 

Diamine (31)

(All of these reactions were protected from light).

Ca) Methanol/Palladium-Carbon With Careful Addition of Sodium 

Borohydride

Bis-nitro-C2 -capped porphyrin (30) (5 mg, 0.0047 mmol) 

and 10% palladium on carbon (5 mg) were placed in a flask 

under argon purge. Dry dichloromethane (2 ml), and dry 

methanol (1.4 ml) were added. The solution was purged with 

argon for 10 min. The gas flow was then turned down and sodium 

borohydride added in small portions. After each addition of 

borohydride the reaction was monitored by t.l.c. on silica 

GF254 usin9 toluene/ethyl acetate (6:4) as eluant. At the 

end of the reaction ca. 5 mg of borohydride had been added 

in seven lots over 50 min.

The suspension was filtered through a celite pad under 

argon pressure and the solvent removed. The resultant brown 

solid was triturated with dichloromethane and filtered, again 

through a celite pad under argon pressure, before evaporation. 

Redissolution in dichloromethane and filtration through 

cotton wool left, after evaporation, the diamine (31) as a 

purple iridescent solid' (5 mg) . Its p.m.r. spectrum showed 

only one "capping" proton at 65.4 and one pyrrolic NH proton

at 6-3.4. X CCHC1,) 422 (A rel=100) , 484 (sh, 15), 517max o
(82), 547 Cl-9), 594 (21}, and 653 (0.8) nm.

(b) 2:-Propanol/Palladium-Carbon/Sodium Borohydride

Bis-nitro-C2 -capped porphyrin (30) 25 mg, 0.023 mmol) 

and 10% palladium on carbon (25 mg) were placed in a flask under
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argon purge. Dry dichloromethane and dry 2-propanol (7 ml, 

distilled from magnesium only, see Discussion) were added. 

The mixture was purged for 15 min with argon. Sodium boro- 

hydride C25 mg, 0.68 mmol) was added and the reaction stirred 

vigorously under a gentle flow of argon. The reaction was 

monitored by t.l.c. as in Ca). After 55 min, further sodium 

borohydride (10 mg, 0.27 mmol) was added to ensure completion 

of reaction. After a total of 85 min the mixture was filtered 

through a pad of celite, under argon, and the solvent removed. 

The solid produced was triturated with dichloromethane and 

filtered through celite under argon pressure. The red solution 

was evaporated. The resultant solid was dissolved in dichloro­ 

methane and filtered through cotton wool. This gave 29.1 mg of 

solid. The compound after passage through Sephadex LH-20-100 

in chloroform and evaporation was used directly in further 

reactions.

The bis-amino-C2 -capped porphyrin (31) was purified by 

chromatography on silica G using ethyl acetate/toluene (1:1) 

as eluant. The major band was extracted from the silica with 

dichloromethane (or chloroform)/methanol (10:1). The product 

after evaporation was applied to a Sephadex LH-20-100 column 

in chloroform. Elution, filtration, and evaporation gave the 

diamine C31) (17.2 mg, 74%) as a purple iridescent solid. The 

diamine (31) could also be chromatographed on alumina using 

toluene/2-propanol C95:5) as eluant. The compound was 

crystallised from benzene/methanol in the dark using red light 

illumination to give a pure sample Csee spectrum 1). 

6CCDC1 3 ) -3.4 (broad s, 2H, NH) , 3.6 (broad s, 4H, -Ng2 ) ,

3,80-4.55 (m, 16H, -0-Cg2 -), 5,42 (s, 2H, cap), 6.95 (dJ2.5Hz,2H,

H "), 7.00 (ddJ7.5 and 2.9Hz, 2H, H 4 "), 7.3-7.38 (m, 4H, H 3 ,,)
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and H5 '), 7.49 (dJ8.1Hz, 2H, HS ,), 7.7 (d and t superimposed, 4E, 

H 4 i and HS ,) 8.68, 8.76, 8.81, 8.85 (four dJ4.8Hz, 8H, 

B-pyrrolic g) , m/2 (_FD ) Found 1066-3184 calculated for

C62H46°12N6 1066 - 3173 - Amax (CH2C1 2' Io9i0e) ' 4 ° 4 t shoulder ' 

4.90), 421 (5.51), 483 (3.48), 515 (4.24), 548 (3.68), 591

(3.74), and 646 (3.38) nm. A (CH0 C1 0 ) 1732 (C0 0 -), 1500, andmax £ £ £
1280 cm"1 .

Formation of N,N'-Bis (4-Chlorocarbonylbutyl)pyridine-3,5- 

dicarboxamide C41) and its Reaction_in_situ_with 4-Iiethoxyaniline

Bis (4-carboxybutyl)pyridine-3,5-dicarboxamide (40) (50 mg, 

0.14 mmol) was dissolved in dry DMF (1 ml) under argon and 

cooled to O°C in an ice-bath. Thionyl chloride (purified, 

22 ill, 0.30 mmol) was added by syringe and the solution allowed 

to warm to room temperature over 20 min.

£-Anisidine C41 mg, 0.33 mmol) and 4-N,N-dimethylamino-PYri ~ 

dine (37) C67 mg, 0.55 mmol) were added, as solids, into the 

colourless acid chloride solution. After 10 min a precipitate 

appeared and the resultant mixture was stirred overnight. 

Distilled water C20 mil was added and after Ih the precipitate 

formed was filtered, washed with dichloromethane (ca. 10 ml),

46

collected, and dried at 50°C under high vacuum. This gave

N ,N f -bis[4-(£-anisidinocarbonyl)butyl]-3,5-pyridinedicarboxamide

C42), as a white solid, (58.5 mg, 74%). 6(d6 -DMSO) identical with
46 that of authentic bis-anilide.

High Dilution Reaction Between N,N -Bis(4-Chlorocarbonylbutyl)- 

Pyridine-l,5-Dicarboxamide C41) and Bis-Amino-Cp-Capped Porphyrin 

(31)

Solution A - Bis-amino-C2 -capped porphyrin (31) (100 mg, 0.09 mmol)
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was dissolved in super-dry dichloromethane (20 ml) under argon.

Solution B - N / N l -BisC4-chlorocarbonylbutyl)pyridine-3,5-di- 

carboxamide (41) was produced in situ from N,N*-bis (4-carboxy- 

butyl)pyridine-3,5-dicarboxamide (40) (53.5 mg, 0.15 mmol) , 

dry DMF (1.3 ml) and thionyl chloride (24 yl) under argon. 

The solution of acid chloride produced was diluted (after 20 

minutes) with super-dry dichloromethane (25 ml) , and a 20 ml 

aliquot withdrawn for the high dilution reaction.

Solutions A and B were driven, over 3h, into super-dry 

dichloromethane (40 ml), containing 4-N,N-dimethylaminopyridine 

(37) (80 mg, 0.66 itunol} under argon, in the dark, using 

a syringe pump. The addition was performed at room temperature. 

T.l.c. after 4h showed virtually complete consumption of 

diamine (31) .

The reaction was left overnight and then poured onto 3% 

aq. sodium bicarbonate solution. The resulting slurry was 

filtered and the precipitate collected. This was washed with 

both dichloromethane and distilled water. The residue was then 

collected by dissolution through the filter in DMF to leave 

behind a small amount of an intractable solid. Evaporation gave 

a purple iridescent solid which was purified by boiling in 

turn with chloroform, diethyl ether, and methanol followed by 

filtration. This gave a purple shiny solid (62 mg, 47.4%) 

after drying at high vacuum. 6 Cd -DMSO) -3.4 (pyrrolic NH) , 

1.6 (CH2-Cg2-Cg2 -CH2 ) , 2.2 (-Cg2 -CO) , 3.2 (-Cg2 ~NH) , 3.8-4.6 

(-O-CH0 1, 5.4 (.cap) , 7.3-8.2 (ArH) , 8.5-8.9 ($-pyrrolic, Fy-CONH,
— eL — —

and y-PyS) f 9 -° Ca-PyH) , 10.05 (CONgAr) . m/z (refer to
48 Discussion), (FD) ° 1395 (v. weak) } (fast atom bombardment)

2790 (strong) -, ( 252 Cf desorption) 51 2794.1 ± 0.5 a.u. ,
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4192.3 - 1 a.u. ̂  (different sample preparation - 252 Cf) 

2816.7 - 0.5 a.u., 4212.3 ± 1 a.u. also 3232 and 3204 weak;
2 C f\

C Cf negative ion spectrum) 2792.1 - 0.5 a.u. Osmotic 

pressure molecular weight (AT method) 50 weight found 6306

C4-4.5 units) (C 2 capped porphyrin M.Wt=1036 standard).

49 Ultracentrifuge, one compound M.Wt = 3985 a.u. (bis-nitro-

C2 -capped porphyrin, M, Wt = 1126, standard). A (DMF,max

Iog1() e) 419 (5.31), 513 (4.04), 544 (3.61), 589 (3.58), and 

646 C3.30) nm.

The filtrate from the high-dilution reaction contained 

only a very small amount of porphyrin in the dichloromethane 

layer. This layer was separated, dried, and evaporated. The 

product was t.l.c.'d and examined by p.m.r., see Discussion 

for details.

Bis-Benzylamino-Cg-Capped Porphyrin (46)

Bis-amino-C2-capped porphyrin (31) (150 mg, 0.14 mmol) 

and a quantity of freshly activated 3A molecular sieves were 

placed in a flask under argon in the dark. Dry THF (15 ml) 

and distilled benzaldehyde C34 yl, 0.33 mmol) were added, 

followed by a small amount of 4-toluenesulphonic acid mono- 

hydrate. The mixture was stirred for 2h. T.l.c. on silica G 

using toluene/ethyl acetate (1:1) showed virtually complete 

consumption of the primary amine. After 4h, sodium 

cyanoborohydride (66 mg, 1.05 mmol), ammonium acetate (360 mg, 

4.68 mmol), distilled methanol (1.5 ml) and glacial acetic 

acid (0.5 ml) were added. The mixture was left overnight. The 

sieves were filtered off, washing well with dichloromethane/ 

methanol, to remove any last traces of adhering porphyrin, and
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the solvent removed. The resultant purple solid was par­ 

titioned between 3% aq. sodium bicarbonate solution and dichloro- 

methane. The organic layer containing the porphyrin was dried 

and evaporated. The compound was purified by chromatography 

on silica G (three 20 x 20 x 0.1 cm) plates using toluene/ethyl 

acetate (1:1) to elute and dichloromethane/methanol (9:1) to 

extract the major band (Rf 0.7). Evaporation, filtration in 

dichlorome thane, and re-evaporation gave bis-benzylamino-C2 - 

capped porphyrin (.46) as a purple solid (134.7 mg, 76%) which 

was used without further purification in the high dilution 

coupling reactions.

A sample of the above product was subjected to preparative 

chromatography, in the dark on alumina plates (20 x 20 x 0.1 cm, 

10 mg per plate), using toluene/2 -propanol (95:2) as eluent 

and dichloromethane/methanol (9:1) to extract the major band. 

The product was crystallised from distilled benzene/distilled, 

methanol in the dark, using red light illumination to give a 

purple solid. m/z (FD) found 1246 • 4119. C76H58°12N6 exPects 

1246-4112. 6 (CDCl 3 )-3-32 (br s, 2H, pyrrolic N|) , 3.8-4.6 

(m, 22H, -CH2-O, Ar-CH2 -NH-l , 5.40 (s , 2H, cap), 6.97 (dJ3Hz, 

2H, H6 ,,), 7.05 (ddJ8.8 and 3Hz , 2H, H4 ,,), 7.25-7.39 (m, Phg and 

CgCl3 ), 7.42 (tJ7.4Hz, 2H, HS , ) , 7.46 (dJ8.5Hz, 2H, H3 ,,), 7.54 

(dJ8.4Hz, 2H, H3 ,), 7.77-7.82 (m, 4H, H4 , and Hg , ) , 8.66, 8.74, 

8.79, 8.85 (four dJ4.7Hz, 8H, g-pyrrolic H) . Xmax (CH2C1 2 ,

Iog10 e) 421 (5.41), 480 (Sh, 3.55), 516 (4.25), 548 (3.72), 591 

(3.75), and 648 (3.47) nm, vmax (CH2C1 2 ) 1735 cm" 1 .
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Pyridine-3,5-dicarboxaldehyde (53)

54 
This was prepared by the method of Sondheimer in 49.6%

yield or by the method of Perlmutter. 61 

3-Carboxypropyltriphenylphosphonium Bromide (52)

Triphenylphosphine (50) (26.2 g, 0.1 mol) and 4-chloro- 

butanoic acid (51) (12.2g, 0.1 mol) were fused at 140°C 

for 20h. After allowing to cool, the solid mass was triturated 

with diethyl ether and filtered. The compound was then 

dissolved in the minimum amount of boiling acetonitrile/ 

chloroform, filtered, and diethyl ether added to excess. The 

desired phosphonium salt (52) precipitated as colourless needles. 

C23.7g, 67.9%) m.p. 232-238°C, lit. 53 , 234-240°C. 6 (CD3OD) 1.88 

(sxt J5.5HZ, 2H, -CH2 -Cg2 -CH2 ), 2.58 (ddJ5.5 and IHz, 2H,

-CIU-CO) , 3.45 (m, 2H, -CH0 -P+ ) , 7.8 (m, 15H, ArH). v^^ (nujol) , 
— £. —£ — max

2800 (broad), 1710, and 1440 cm"1 . (KBr) 1760 and 1710 cnT 1 .

Before use in the next reaction the compound was dried 

over phosphorous pentoxide under vacuum.

When the preparation of the above compound was attempted 

using recrystallisation from ethanol/diethyl ether esterifi- 

cation occurred. Crystallisation of the product from dichloro- 

methane/diethy1 ether gave the ethyl ester of 3-carboxytriphenyl- 

phosphonium bromide as a colourless solid m.p. 185-187 C. 

6CCDC13 ) 1.25 Ct, 3H, -Cg3 ) , 1,9 (CH2 -CH2 -CH2+H2 0), 2.9 (t, 2H,

-Cg2-C0), 4.1 (q and m, 4H, -Cg2 ~CH3 and Cg2 ~P+ ), 7.6-7.95 (m,

15H, ArH). m/z CFD) 377 (M-Br) + . vmav (CHC1,) 2910 and 1725 cm 1
•3

3,5-Bis C4-Carboxybutyl)pyridine (54)

Sodium hydride (.50% dispersion in oil, 345 mg, 7.2 mmol) was 

placed in a flask under argon (vac./purge x2). Pyridine-3 , 5-
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dicarboxaldehyde (53) (200 mg, 1.5 mmol) and acid phosphonium 

salt (52) (1.2g, 3.12 mmol) were placed under argon (vac./purge 

x2) and slurried in a mixture of dry degassed DMF (20 ml) and 

dry degassed DMSO (llml). The slurry was transferred onto the 

dispersion of sodium hydride, by cannula, and washed in with 

further dry DMSO (5 ml). After 15 min at room temperature 

the reaction was heated at 50°C, for 28h, under argon. The 

reaction colour changed from yellow through deep orange-red 

to dark brown. The solvent was removed in vacuo , after 

addition of water, and the light yellow residue was triturated 

with water (50 ml). Filtration gave, as residue, triphenyl-

phosphine oxide (851 mg, 98%, after drying) m.p. 151-154°C,
o 62 

lit., 156-157 C. The filtrate, at pH 13, was washed with

methylene chloride (3 x 50 ml), and the aqueous layer adjusted 

to pH<l with concentrated hydrochloric acid. The pH<l solution 

was washed with ethyl acetate (2 x 100 ml) and the pH adjusted 

to 4.0-4.8. A white cloudy precipitate appeared and was 

extracted with ethyl acetate (1 x 50 ml). After drying and 

evaporation, this gave a yellow oily solid (278 mg) .

The yellow oily solid was placed under argon (vac./purge) 

and 10% palladium on carbon (140 mg) was added, followed by 

distilled, purged, ethanol C30 ml). The mixture was placed under 

hydrogen and stirred. Further portions of catalyst were added 

at intervals until hydrogenation was complete. The slurry was 

filtered through celite, washing well with more ethanol. 

Removal of the solvent gave an oil which solidified overnight 

in the freezer. This solid was dissolved in ethyl acetate/ 

methanol (2 :1, 10 ml) and excess petrol (40-60 C) was added. 

Leaving in the fridge, then freezer, gave 3,5-bis(4-carboxybutyl) 

pyridine (54) as off-white hygroscopic needles (166.2 mg , 40.2%).



87

After passage down an ion-exchange column (Dowex AG-IX8- 

400) and recrystallisation from ethyl acetate, with the 

addition of charcoal, the bis acid (54) was obtained as 

colourless needles m.p. 128-131°C. Found: C, 64.40; H, 7.51; 

N, 4.98. c15H2iN04 requires C, 64.49; H, 7.58; N, 5.01%. 

6(CD 3OD) 1.67 Cm, 8H, -CH2 -Cg2 -CH2 ), 2.33 (t, 4H, -Cg2 -C0), 

2.67 (t, 4H, -CH2 ~Py), 7.59 UH, yPyg) , 8.22 (2H, a-Pyg) ; 

the p.m.r. was found to be pH dependent with the signal for 

the a-pyridine protons sharpest at high pH. v (nujol)
ITlcLX

3100 Cv. broad), 1727 CCO2H) , 1670, 1595, 1460, 1405, 1377, 1227, 

and 1173 cm" 1 > (KEr) 3100, 1726, 1675, 1590, 1460, 1400, 1360, 

1223 and 1170 cm"1 , m/z (Ell 279 (M+ , 10%), 206 UOO); 

Cammonia CI) 280 [(M+H)*, 100%] , 206 C45) .

Reaction of Bis-Benzylamino-Cp-Capped Porphyrin (46) With 

3,5-Bis(4-CarboxybutyllPyridine C54) Using l-Methyl,2-Chloro-T 

Pyridinium Iodide (39), Under High-Dilution Conditions

Solution A; Bis-benzylamino-C2~capped porphyrin (46) (124 mg, 

0.1 mmol) was dissolved in super-dry dichloromethane (40 ml), 

under argon, and dry tri-(n-butyl)amine (125 yl, 0.53 mmol) 

was added.

Solution B; 3,5-Bis (4-.carboxybutyl)pyridine (54) (28 mg, 

0.101 mmol) was dissolved in dry DMF (2ml), under argon and 

super-dry dichloromethane (38 ml) was added.

Solution C: 1-methyl,2-chloropyridinium iodide (39)(64 mg, 

0.25 mmol) was dissolved in dry DMF (6 ml) under argon.

Solutions A, B and C were driven over 5h, into super-dry 

dichloromethane (40 ml) heated at reflux under argon, in the 

dark (see diagram over).
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The reaction was heated at reflux overnight and allowed 

to cool. The solvent was removed in vacuo and the resulting 

solid partitioned between dichloromethane (50 ml) and 3% aq. 

sodium bicarbonate solution (50 nl). The porphyrin containing 

organic layer was separated, washed with distilled water 

(50 ml x 2) r dried, and the solvent removed in vacuo. (The 

sodium sulphate drying agent was washed with ethyl acetate to 

recover all porphyrin possible).

The crude solid product was purified by preparative t.l.c. 

on silica G (three 20 x 20 x 0.1 cm) plates using dichloro- 

methane/methanol (95:5) as eluant, (one double development).

The band corresponding to the desired C2 ~cap/C4 -strap (55) (by
38 comparison with an authentic sample ) was extracted using

dichloromethane/methanol (9;1). The porphyrin was re-chromato- 

graphed on silica G to give a product that still contained 

impurities (p.m.r.). Flash chromatography did not remove 

the impurities.
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Separation of the minor impurity was achieved using 

silica blend 41 plates (two 20 x 20 x 0.1 cm) using ethyl 

acetate/ethanol (9:1) as eluant, and dichloromethane/methanol 

(9:1) to extract the major band. This gave the C2 -capped and 

C4-strapped porphyrin (55) (8.9 mg, 5.1%), clean by p.m.r. 

spectroscopy, identical with that produced by Dagley. 38 

]Vz (DCI) 1489 (M+H) + . Xmax (CH2C12 , Iog1() e) 353 (shoulder, 

4.23), 370 (4.30), 421 (5.58), 483 (shoulder, 4.09), 515 (4.24),

548 (3.68), 591 (3.73), and 647 (3.31) run. v (CHC1,) 1732max -j

(broad) (C02), I645 (broad) CON, and 1495 cm" 1 . 6(CDC1 3 ) -3.4 

(broad s, 2H, NH) , 0.5 (diastereotopic m, 4H, -CH 0 -CH 0 -Py),
— —Z — £.

0.92 (diastereotopic m, 4H, r-cg2 ~Py) , 1.25 (quintet, 4H, 

-Cg2 -CH2-CO), 2.25 (t, 4H, -CQ-CO), 3.70-4.75 (m, 17H, 0-Cg-Cg-O 

and y-Pyg) i 5.12 (diastereotopic AB, 4H, -Cg2~Ph), 5.31 (s, 2H, 

cap), 6.87 (dJ2Hz, 2H, H6 ,,), 7.23-7.35 (m, HS , , Ph H and CHC1 3 ) , 

7.39 (tdJ8 and IHz, 2H, HS ,), 7.50 (ddJ8 and IHz, 2H, Hg,), 

7.53 (ddJ8 and 2Hz, 2H, H4 ,,) , 7.65 (dJ8.8Hz, 2H, H3 ,,), 7.79 

(tdJ8 and lliz, 2H, H 4 ,), 8,45, 8.49, 8.61, 8.66, (four dJ4-5Hz, 

3-pyrrolic H). The aromatic resonances were assigned precisely 

using 2-dimensional p.m.r. spectroscopy (see Appendix 1 and 

Discussion). 6(CD2C12 ) similar to above except 5.1 (singlet, 

4H, CH2 -Ph), 6.73 (broad s, 2H, aPy-H).

Reaction Between Bis-Benzylamino-C,,-Capped Porphyrin (46) and 

1,10 Decanedicarboxylic Acid (56) Using 1-Methyl 2-Chloro- 

pyridinium Iodide (39) Under High Dilution Conditions

Solution A; Bis-benzylamino-C2 -capped porphyrin (46) (20 mg, 

0.016 mmol) was dissolved in super-dry dichloromethane (10 ml), 

under argon, and dry tri-(n-butyl)amine (26 jal, 0.11 mmol) was



90

added.

Solution B; 1,10-Decanedicarboxylic acid (56), (3.7 mg, 

0.016 mmol) was dissolved in dry DMF (1 ml), under argon, and 

super-dry dichloromethane (9 ml) was added.

Solution C; 1-Methyl 2-chloropyridinium iodide (39) (12.5 mg, 

0.049 mmol) was dissolved in dry DMF (2 ml) under argon.

Solutions A, B and C were driven into super-dry dichloro­ 

methane (20 ml) at reflux as before, over 4h, under argon, in 

the dark.. The reaction was left at reflux overnight, cooled and 

then the solvent was removed in vacuo. The residue was 

partitioned between 3% aq. sodium bicarbonate solution and 

dichloromethane. The organic layer was dried, evaporated, 

and the residue was purified by preparative t.l.c. on silica G 

CtwO 20 x 20 x 0.1 cm} plates, eluted with toluene/ethyl 

acetate (.1:1). Each of the various products (including base­ 

line) separated was extracted with dichloromethane/methanol 

(.9:1) and examined by p.m.r. spectroscopy. The band at Rf = 

0.9 was unreacted bis-benzylamine (46) (1.7 mg, 7%). The 

band at Rf. 0.7 (3.8 mg, 16% crude) was the only one to give 

upfield shifted resonances of the strapping chain in p.m.r. 

6CCDC13 ) -3.44, -1.25, -0.88, and -0.13. The sample was still 

impure. m/z (FD) 1440 -CM+ ).

3,5-BisC5-Carboxypentyl)pyridine (.59)

3,5-Pyridinedicarboxaldehyde C53) (500 mg, 3.7 mmol) and 

4-carboxybutyltriphenylphosphonium bromide (58) (3.5 g, 7.9 

mmol) were dissolved in a mixture of dry degassed DMSO (25 ml) 

and dry degassed DMF (20 ml), This solution was transferred 

onto sodium hydride (50% dispersion in oil, 775 mg, 16.1 mmol),
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under argon, using a cannula. The aldehyde and phosphonium 

salt were washed in with further dry DMSO (15 ml) and dry DMF 

(10 ml). The reaction turned from yellow through orange-red to 

brown on heating to 60°C for 48h.

The reaction was allowed to cool an<^ after quenching the 

reaction with water, the solvent was removed. Heat was employed 

in conjunction with high vacuum to remove last traces of 

DMSO. The solid left, was triturated with water (~150 ml) 

and filtered to give, as residue, triphenylphosphine oxide 

(2g, 91%). The filtrate pH>10 was washed with dichloromethane 

(3 x 150 ml) and the pH adjusted to <1.0 with concentrated 

hydrochloric acid. The acid solution was washed with ethyl 

acetate (2 x 150 ml). The pE of the aqueous layer was then 

adjusted to the range 4.0 to 4,8 and exhaustive extraction 

carried out with ethyl acetate (6 x 150 ml) varying the pH 

in the above range. The combined ethyl acetate extracts were, 

dried and the solvent removed in vacuo to give an oil (540 mg).

The oil was dissolved in a suspension of 10% palladium/ 

carbon (290 mg) in distilled degassed ethanol (60 ml) and put 

under an atmosphere of hydrogen. Hydrogenation was carried out 

over 24h, uptake being 60 ml. The crude mixture was passed down 

celite and the solvent removed in vacuo to give a brown oil. 

The oil was extracted with boiling ethyl acetate (~100 ml) and 

the ethyl acetate solution boiled down till cloudy. An oil 

separated which crystallised overnight in the fridge. The solid 

was collected, and after drying C359 mg, 31.5%) was used as such 

in high dilution reactions. A portion of the product was applied 

to a column of Dowex anion exchange resin (1x8 -400) in 

methanol and washed with distilled water (100 ml). Elution with 

glacial acetic acid gave an almost colourless oil which 'was
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crystallised from freshly distilled ethyl acetate (charcoal) 

to give bis-3,5- (5-carboxypentyl)pyridine (59) as a colourless 

amorphous solid n.p. 89.5-94°C, Found: C, 66.05; H, 8.34; 

N, 4.96. C17H25N04 requires; C, 66.42; H, 8.20; N, 4.56%. 

6 (CD 3OD) 1.39 (jn, 4H, y-C|2 ), 1.65 Cm, 8H, 6-C|2 and &-CH2 ) , 

2.29 CmtJ6.5Hz, 4H, CH2 -CO) , 2.66 CmtJ6.5Hz, 4H, Cg2 -Py), 

7.57 Cm, 1H, Y-Py S)/ 8.20 Cm, 2H, ct-PyH). m/z CEI) 307 

CM+ , 15%), 220 (100%); ammonia (CI) 308 [(M+H) + , 100% ],

220 (50%). v v (nujol) 2400-3300 (v. broad), 1720 (broad);max
(KBr) 2500-3400, (v. broad), 1730 (broad) cm" 1 ,

Reaction of Bis-Benzylamino-Cg-Capped Porphyrin (46) and 

3,5-Bis-(5 carboxypentypPyridine C59) Using l-Methyl-2- 

Chloropyridinium Iodide (39)

Solution A; Bis-benzylamino-C2 -capped porphyrin (46) (101 mg, 

0.081 mtnol) and dry tri-(n-butyl) amine (117 yl) were dissolvedr 

in dry dichloromethane (20 ml) under argon.

Solution B; 3,5-BisC5-carboxypentyl)pyridine (59) (26 mg, 0.085 

mmol) was dissolved in dry DMF C5 ml) and dry dichloromethane 

C15 ml) was added under argon.

Solution C: l-Methyl-2-chloropyridinium iodide C39) C63 mg, 

0.25 mmol) was dissolved in dry DMF C7 ml) under argon.

Solutions A, B and C were driven into dry dichloromethane 

C80 ml), at reflux, over 5h under argon in the dark. The mixture 

was left at reflux overnight and the solvent then removed in

vacuo.

The resulting solid was partitioned between dichloromethane 

(50 ml) and 3% aq. sodium bicarbonate solution (50 ml). The 

organic layer was separated arid the aqueous phase extracted
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twice more with dichloromethane (20 ml). The combined organic 

extracts were dried and evaporated in vacuo.

Preparative t.l.c. was carried out on silica G (four 

plates, 20 x 20 x 0.1 cm) using ethyl acetate/ethanol (9:1) 

to elute and dichloromethane/methanol (9:1) to extract the 

band Rf 0.6. This product still contained tri-(n-butyl)amine 

and was precipitated from distilled dichloromethane with petrol. 

This gave the Cc--strapped/C2 -capped porphyrin (60) as a purple 

solid (31 mg f 25%) with only trace impurities left by p.m.r. 

m/z CIBEI) 1517/8 (M+ ) , 1473/4, 1446/7, 1273, 1246/7, 1229,

1203, 1185. v_v (CHC1,) 1735 (-CCU-) , 1645 broad (CON<), andmax j z
1495 cm"" 1 . Am (CH0 C19 , log, n e) 370 (4.32), 419 (5.56),max *L £. j. u
483 (3.48), 514 (4.24), 546 (3.68), 590 (3.73), and 646 (3.36) 

run. 6 (CDC1 3 ) -3.4 (br s, 2H, Ng) , 0.6 (broad, 4H, strap), 

0.89 (broad, 4H, strap), 1.37 (broad, 4H, strap), 1.68 (broad, 

4H, strap), 2.33 (broad, 4H, -Cg2 -C0), 3.80-4.68 (m, 17H, 

-O-Cg2-Cg2 -O and YpY-g)f 5 -° (broad, 4H, -Cg2 -Ph), 5.38 (sharp s, 

2H, cap), 6.39 (dJ2.5Hz,2H, Hgl,) , 7.10-7.57 (m, H3 ,,, H 4 ,,, H 3 , , H S , , 

Phg and CgCl 3 ) , 7.63 (dJ8.5Hz, 2H, Hg,) , 7.76 (broad t, 2H, H 4 ,) , 

7.89 CdJ2Hz, 2H, a-pyHj t 8.39, 8.49, 8.64, 8.72 (four dJ4. 5Hz, 

8H, gpyrrolicg). 6(CD2C1 2 ) similar except 7.75 (d, 2H, a-Pyg) 

and 64.7 (broad, 1H, y-Pyg) (signals connected by irradiation).
o

6(d toluene) same as in CDC1 3 except 5.63 (sharp s, 2H, cap), 

6.9-7.13 (m, ArylH plus toluene), 7.18 (ddJ8 and 2.5Hz, 2H), 

7.25 (dJ2.5Hz, 2H, Hg,,), 7.36 (dd J7.5 and 1.5 Hz, 2HO, 7.46 

(d and t superimposed J8Hz, 4H, H4 ,, H6 ,) , 7.82 (dJl.SHz, a-PyH) , 

8.44, 8.50, 8.70, 8.71 (four dJ4.5Hz, 8H, g-pyrrolic :HJ .



94

C5-Strapped/C2 -Capped Porphyrin Ferric Chloro Complex-Hydro- 

chloride (61)

C5-strapped/C2 -capped porphyrin (60) (16.1 mg, 0.011 mmol) 

and ferrous chloride (200 mg, 1.732 mmol) were placed under 

argon. Dry degassed THF (15 ml) was added and the mixture 

heated at reflux for 64h. After cooling and removal of solvent, 

the residue was partitioned between dichloromethane (ca. 15 ml) 

and 5% aq. hydrochloric acid solution (ca. 15 ml). The organic 

layer was separated, dried Ccalcium chloride), and evaporated. 

The yellow residue was subjected to preparative t.l.c. on 

four silica G plates C20 x 20 x 0.1 cm) with kieselguhr strip 

using ethyl acetate/ethanol C9;l) to elute and dichloromethane/ 

methanol (.9:1) to extract the major band (Rf 0.2). The residue afte 

filtration, evaporation of solvent, and filtration in dichloro­ 

methane was re-evaporated to give 12.9 mg (.74%) of the desired 

Cc-strap/C- -cap ferric complex. The compound was crystallised 

from distilled chloroform and distilled hexane, then treated 

in distilled chloroform with gaseous hydrogen chloride to give 

the ferric chloride-hydrochloride (61). m/z (IBEI) 1569 9% 

Ccalculated percentage = 5.6), 1570 9% (6.2), 1571 94% (95.3), 

1572 100% UOO), 1573 50% (55.6), 1574 19% C21.5), 1575 6%

C6.4). X C CHC1., login e), 380 (3.72), 424 (4.00), 512 max j • j. u
C3.1), 585 (2.54), 656 (2.48) and 684 (2.47) nm. \msv (toluene)

lUcLX

509, 582, 652 and 680 nm.

Ferrous C5-Strapped/Cp-Capped Porphyrin (62)

Ferric chloro complex • hydrochloride (61), as a suspension 

in toluene, was treated with degassed 3% aq. sodium bicarbonate 

solution containing 0.1M aq. sodium dithionite. The two phase
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system was stirred vigorously, and a colour change from brown- 

yellow to claret red was observed. The porphyrin gradually 

dissolved in the toluene layer. After Ih the toluene layer 

was separated by syringe and the red solution examined spectro- 

scopically. A max (toluene), 436, 537, 565 (shoulder), 610

(shoulder) and 650 (shoulder) nm (See Discussion). Xmax
(CH2C12 ) 538, 560 (shoulder), and 610 nm.

For anhydrous conditions the aqueous layer after reduction 

was frozen (dry ice/acetone) and the toluene layer removed by 

syringe under argon. The toluene was evaporated using high 

vacuum to give the solid ferrous complex (62).

Behaviour of Ferrous C5 -Strapped/C2 -Capped Porphyrin (62) With 

Air and Oxygen in the Presence of Water

Exposure of a wet solution of ferrous complex (62) to the 

atmosphere gave no change in the visible spectrum. Bubbling " 

air through the solution resulted in a slight change in the

spectrum to A 538.5, 610 (shoulder), and 650 (shoulder).c max
This solution was shaken with two portions of 3% aqueous sodium 

bicarbonate solution in the air, the organic layer separated and

re-examined: A was 538.5 nm as before but the spectrum was" max
broader and wavelength maximum less well defined [1] (see 

diagram). This solution after 17h exposure to wet air [2] still 

showed a slight maximum at A 538 nm.

Bubbling oxygen through a fresh solution of ferrous complex 

(62) in wet toluene resulted in a change of spectrum to A
ulclX

542, 610 (shoulder), and 650 (shoulder) nm. Bubbling argon 

through then reverted the spectrum to that of deoxy complex (62)
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Behaviour of Ferrous C5~Strapped/C2 -Capped Porphyrin (62) With 

Oxygen

A dry toluene solution of ferrous complex (62) was exposed 

to dry oxygen by freeze thaw to give a new species ^max (toluene) 

436, 542, 610 (shoulder) and 650 (slight shoulder) nm (see 

diagram in Discussion), In dichloromethane a similar change

A (CH 0 C1 0 ) 540 and 610 
max z ^occurred on exposure to oxygen, 

(shoulder) nm. In both solvents replacement of oxygen by argon 

restored the spectrum of ferrous complex (62).

For the observation of the behaviour of the ferrous complex 

under oxygen over a period of time the following apparatus was 

used.

Vac.Ar.

Joint to allow transfer 

to U-V spectrophotometer
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In dry dichloromethane a change was observed from the

spectrum for oxygen complex (63) to a spectrum A (CH0 C1~)
max 2 2

509, 540 (shoulder), and 580 run at room temperature. Correcting 

for solvent loss, tracings were taken of the spectral changes 

(see Discussion) to give a good isosbestic point. A 

qualitative estimate of half-life was >40h, taken from the 

decrease in absorbance at 540 nm and increase in absorbance 

at 510 nm.

The product was treated with 3% aq. sodium bicarbonate 

solution containing 0.1M aq. sodium dithionite to give a

species A v (toluene) 538, 562 (slight shoulder), and 610max

(shoulder) nm. On the addition of oxygen a spectral change

occurred to A 542 and 610 (shoulder) nm. Bubbling argonmax

through the solution then regenerated the spectrum before,

with A 538 nm. max

When left in dry toluene under oxygen a sample of the ,

oxy-complex (62) decayed to a new species A (toluene) 504,max

570, and 620 (slight shoulder) nm. The half-life, based on 

loss of absorbance at 540 nm (.to constant spectrum) , was 

estimated at >100h.

Treatment of the above solution with 3% aq. sodium 

bicarbonate solution containing 0.1M aq. sodium dithionite

regenerated ferrous complex (62) A (wet toluene) 538, 562
nicix

(slight shoulder), 610 (shoulder) and 650 (shoulder) nm. This 

sample also bound oxygen reversibly.

Carbonyl Complex of Ferrous Cg-Strapped/C^-Capped Porphyrin (64)

Some ferrous C^-strapped/C^-capped porphyrin (62) was 

allowed to decay under oxygen in toluene and then re-reduced to
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the ferrous state, using 0.1M aq. sodium dithionite, in 3% 

aq. sodium bicarbonate solution. The aqueous layer was frozen, 

the toluene layer separated, and the solvent removed. The 

solid ferrous porphyrin (62) was dissolved in d8-toluene under 

carbon monoxide to give a deep red solution. 6 (d8-toluene) 

0-2 impurity + strap, 1.5 (dJl . 8Hz , 2Py-g) , 2.5 (diastereotopic 

m, 4H, Cg2-C0) , 3.5-4.0 (m, 16H, -0-Cg2 -Cg2 -0) , 4.83 (broad t, 

1H, yPy-g) , 5.25 (AB diastereotopic, 4H, -Cg2 -Ph) , 6.53 

(s, 2H, cap) 6.78-7.2 (m, Arg plus toluene), 7.24 (m, 6H, Ar|) , 

7.40 (m, 6H, Arg) , 7.68 (ddJ7 . 5 and 2 . 5Hz , 2H) , 7.83 (dJ2.5Hz), 

2H, H6 ,,), 8.50, 8.52, 8.61, 8,64 (four dJ4.5Hz, 8H, 3pyrrolic H) , 

(toluene) 422, 540, 580 (shoulder), and 650 nm (see

diagram in Discussion). v 2930, 2005 (C=O) , 1740 (CO0 -) ,max ^
1735 CC02 -) , 1650, and 1495 cm"1 .

Bubbling argon or oxygen through a solution of the 

carbonyl complex C64) did not produce any spectral change.

Condensation of Bis-amino-C^ -Capped Porphyrin (31) and 

2-Methoxybenz aldehyde

Bis-amino-C2 -capped porphyrin (10 mg, 0.01 mmol) and 

2-methoxybenz aldehyde (Jo mg, 0.04 mmol) were heated in reflux 

ing benzene (15 ml) with a trace of 4-toluenesulphonic acid 

under nitrogen. Water was removed using a calcium chloride 

filled Dean-Stark trap. After 3h the reaction was allowed to 

cool. T.l.c. on silica G using ethyl acetate/toluene (4:6) 

showed the presence of two reaction products. Reflux was 

continued for 3h but no further reaction appeared to occur 

by t . 1 . c .

The solvent was removed and the residue dissolved in dry
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THF (10 ml). Sodium borohydride (10 mg, 0.27 mmol) was added 

but after Ih no observable change in t.l.c. could be seen. 

The solvent was removed in vacuo and the solid subjected to 

preparative t.l.c. on silica G using toluene/ethyl acetate 

(1;1) to elute and dichloromethane/ethyl acetate (1:1) to 

extract the porphyrin products. The band at highest Rf 

(^0.5) was passed down a column (20 x 2 cm) of Sephadex 

LH-20-100 in chloroform, and filtered to give, after evaporation, 

a purple solid (5.8 mg). 6CCDC1 3 ) -3.33 (br s, Ng), 3.73 

Cs, O-Cg3 ), 3.6-4.7 (m, 0-C|2 and Cg2 -NH-), 5.40 (s, cap), 

6.83 (d, H2 , ,•), 6.95 (t, H4i . •) , 7.01 (d, Hg,,) , 7.10 (d, H4 ,,) , 

7.18-7.50 Cm, ArH plus CgCl 3 ), 7.57 (d, H3 ,) , 7.77 (m, H4 , 

and H6 ,), 8.67, 8.75, 8.78, 8.86 (four d, g-pyrrolic g).

OMe

v max
CCHC1,) 1720 cm l . m/z (FD) 1302-1306.

3,5-Bis (chloromethyjpyridine (67)

This compound was prepared according to the method of 

Sondheimer54 . The product was not crystallised before use, 

m.p. 80-84°C lit., 54 84-86°C. 6(CDC1 3 ) 4.58 (s, 4H, -Cg2 >, 

7.73 Ct, IH, y-PyH), 8.51 (d, 2H, a-PyH).
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2-(2-Hydroxyphenyl)1,3-Dioxolan (66)

This was prepared by the method of Dyer in 37.5%. 

6(CDC13 ) 4.00 (s, 4H, -CH2 ~) 5.86 (s, 1H, ArCHO2 ), 6.67-7.49 

(m, 4H, ArylH), 7.67 (broad s, 1H, exchanges D2 O, -Og).

3,5-Bis[2-Cl,3 Dioxolanyl)phenoxymethyl]pyridine (69)

To sodium hydride (60 mg, 1.3 mmol, 50% dispersion in oil) 

suspended in dry DMF C3 ml) under nitrogen, was added 

2-(2-hydroxyphenyl)l,3-dioxolan (66) (175 mg, 1.05 mmol). The 

mixture was then left overnight. 3,5-Bischloromethylpyridine 

(.67) (100 mg, 0.56 mmol) was added and the brown mixture heated 

on an oil bath at between 50 and 70°C for 22h. The solvent 

was removed in vacuo and the residue partitioned between 

1M aq. sodium hydroxide solution (100 ml) and dichloromethane 

C200 ml). The organic layer was washed with more aq. 

sodium hydroxide (100 ml) and water (100 ml, pH = 7). Drying" 

and removal of solvent gave a yellow oil which was washed with 

petroleum ether C40-60°C, 2 x 50 ml) before being placed under 

high vacuum. The resulting oil was then extracted with boiling 

diethyl ether C100 ml) and the solution boiled down to 10 ml. 

Petroleum ether (30-40°C) was added at boiling point until the 

solution was just cloudy and the crystallising mixture placed 

in the fridge. This gave colourless crystals of the desired 

bis-acetal C69) (.144.4 mg, 58%), m.p. 64-68°C. This product 

could be further crystallised from diethyl ether/petrol (30-40°C) 

to give colourless needles m.p. 68-69°C. Found: C, 69.23; 

H, 5.86; N, 3.33. C2 5H25°6N requires C, 68.95; H, 5.79; 

N, 3.22%. 6(CDC1 3 ) 4.0 (m, 8H, 0-Cg2 -Cg2-0), 5.18 (s, 4H, 

-Cg2 -Py), 6.21 (s, 2H, ArCE02 ), 6.96 (dJ8.4Hz, 2H, Hg ), 7.03
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(tJ7.5Hz, 2H, H4 ) , 7.33 (t J7 . 7 and l.SHz, 2H, 

(ddJl.8 and 7.7Hz, 2H, HS ) , 7.91 (broad s, 1H, 

8.69 (dJl.SHz, 2H f ct-PyH) .

, 7.58

m z (field ionizationl 435 (M) ; 436 (M+H) ; (El)

435 (7%), 390 C25), 269 (50), 198 (25), 164 (100), 106 (50), 

105 (40) , 73 (80) ,

Bis 3, 5- (2-Formylphenoxyme thy 1) Pyridine (68)

(a) Bis-acetal (69) C50 mg, 0.11 mmol) was dissolved in 

dichloromethane Cca. 2ml) and distilled water (ca. 2 ml) 

added. Concentrated hydrochloric acid was added to pH 1.0-1.5 

and the mixture magnetically stirred for 2.75h. The pH was 

adjusted to 7.5-8.5 by the addition of 3% aqueous sodium 

bicarbonate solution and more dichloromethane was added. The 

organic layer was separated, the aqueous layer extracted with 

further dichloromethane (50 ml) , and the combined organic 

fractions dried and evaporated.

The white solid produced was crystallised from dichloro­ 

me thane/die thy 1 ether to give colourless needles (35 mg, 87.8%), 

m.p. 146.5-149°C. Found: C, 72.46; H, 4.78; N, 3.92, 

-N requires C, 72.61; H, 4.93; N, 4.03%.^ 2. J.
v (CHCl.) max j
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1690, 1600 (sharp), 1485, 1460 and 1290 cm"1 . 6 (CDC13 ) 5.26 

(s, 4H, -Cg2-), 7.05-7.12 (dJ7.5Hz, 2H, H6/ tJ7.5Hz, 2H, H4 > 

7.54-7.60 (tdJ7.5 and 2Hz, 2H, HS ), 7.88 (ddJS.O and 2Hz, 2H, 

H3 ), 7.94 (broad s, 1H, y-Pyg) t 8.72 (broad signal, 2H, a-PyH), 

10.49 CdJ0.7Hz, 2H, -CHO). m/z (field ionisation) 347 (M) + , 

348 (M+H) + > (El) 347 (M+ , 0,5%), 329 (0.75 ), 225 (100), 

198 (50), 106 C95), 105 C55) , 78 (45).

Cb) The bisacetal U70 mg, 0.39 mmol) was dissolved in the 

minimum volume of distilled THF and 5% aq. hydrochloric acid 

Cca. 3ml) was added. The suspension was stirred for 3h and 3% 

aq. sodium bicarbonate solution was added to pH >7.5. 

Dichloromethane C50 ml) was added, the mixture shaken well, 

and the organic layer separated. The aqueous layer was treated 

again with dichloromethane, the combined organic fraction 

dried, and the solvent removed to give an off-white solid. The 

solid was crystallised from dichloromethane/diethyl ether to " 

give the bis-aldehyde C681 (127.3 mg, 94%) m.p. 146-148.5°C.

Ccl To a stirred suspension of sodium hydride C50% dispersion 

in oil, 68 mg, 1.48 mmoll in dry DMF (.3 ml), under nitrogen, 

was added saldcylaldehyde C143 mg, J..17 mmol). After evolution 

of gas ceased, 3,5-bia(chloromethyl)pyridine UOO mg, 0.56 mmol) 

was added, and the reaction stirred for 20h at 60-80°C. The 

mixture was first cooled and then partitioned between 1M aq.sodium 

hydroxide solution (100 ml) and dichloromethane UOO ml), The 

organic layer was separated, washed again with 1M aq. 

sodium hydroxide UOO mil and then with water UOO ml), After 

drying the solvent was removed in vacuo (high vacuum to remove 

traces of DMF) to leave a brown solid. The solid was purified
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by chromatography on basic alumina (2 cm x 13 cm), being 

applied in dichloromethane, and eluted with an increasing 

percentage of diethyl ether in dichloromethane to a maximum 

of 50% ether. The white solid eluted was crystallised from 

dichloromethane/diethyl ether to give the bis-aldehyde (68) as 

off-white needles C46.2 mg, 23.4%) m.p. 146-148°C.

Formation of the Imine Between 4-Methoxyaniline and 3,5-Bis 

(2-Formylphenoxyraethyl)Pyridine (.68)

Bis-aldehyde (.68) C80 mg, 0.23 mmol) and 4-methoxyaniline 

were added to dry acetonitrile under nitrogen. 4-Toluene- 

sulphonic acid (10 mg) was added and the yellow solution heated 

at reflux over 3A sieves (soxhlet), for 36h. After cooling, 

dry triethylamine was added and the solvent removed to leave a 

yellow oil. The oil was dissolved in dichloromethane (50 ml) , 

washed with 1M aqueous sodium hydroxide solution (50 ml), dried 

CK9 CO.J , and the solvent removed to leave a yellow oil 142.6 mg,
^* "J

v CCHC1-,) 1610, 1600 cm" , which was reduced to the amine. 
max 3

A portion of the oil was dissolved in dichloromethane and 

petroleum ether C40-60°Cl added to excess. The oily solid 

precipitated was extracted with boiling diethyl ether and, at 

boiling point, petroleum ether C30-40°C) was added. On cooling 

in the fridge, the imine (70) crystallised as a light yellow 

solid m.p. 94.5-98.5°C, 6CCDC13 ) 3.8 Cs, 6H, -OCg3 ) 5.21 Cs, 

4H, Py-CH9 -0) 6.87 Cpart of AA'BB' system, 4H, H2 ,) 7.00 CdJS.lHz,
^™ £*

OMe
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H6 ) 7.1 CtJ7.3Hz, 2H, H4 1 7.19 Cpart of AA'BB' system, 4H, H1 ,) 

7,41 CJ7,8 and 1.9Hz, 2H, H^} 7,89 (t, 1H, y-pYg> 8 « 16 (ddJ7,7

and 1.8 Hz, 2H, HS ) 8,71 CdJ1.8 Hz, 2H, a-Pyg) 8.92 Cs , 2H;-CH=N) 

m/z (El) 557 (M+ , 10%), 452 (10), 330 (95), 227 (70), 123 (100).

Reduction of the Imine (70) to the Bis-Amine (71)

Crude imine (70) (39 mg) was dissolved in dry THF (2 ml) 

under nitrogen. Dry methanol Cl ml) , sodium cyanoborohydride 

CIO mg, 0.16 rnmol) , ammonium acetate (20 mg, 0.26 mmol) and 

glacial acetic acid CO, 3 mil were added, in that order. The 

solution was left for 2.5h, then poured onto 3% aqueous 

sodium bicarbonate solution C50 ml) and the amine extracted 

with dichlorome thane C2 x 20 ml) . The organic solution was 

dried CK2CO3 ) and evaporated to give a brown oil. Preparative 

t.l.c. was conducted on alumina using dichloromethane/diethyl 

ether C100;6) to elute and (45:5) to extract the bis-amine. „ 

Evaporation gave the desired bis-amine as an oil (21 mg, 59% 

from bis aldehyde) which tended to discolour rapidly. This 

oil was dissolved in a small volume of dichloromethane and 

petroleum ether C30-40°C} added carefully. The coloured material 

deposited first as an oil, and the colourless liquors were 

decanted. The liquors were then treated carefully with more 

petroleum ether, and the amine C71) was deposited, as a white 

solidf m.p. 101«5-104°C. Found C, 74. 92; H, 6.27; N, 7.15. 

C35H35N304 requires C, 74,84; H, 6.28; N, 7.48%. JVz. (FD) 

561 (M} + . 6CCDC13 ) 3.70 Cs , 6H, -OCg3 ) 4.31 (s , 4H, ArCg2-NH) 

5,10 is, 4H, Py-CH2 -0) 6.57 (part of AA'BB 1 system, 4H, H2 f ) 

6.73 (part of AA'BB 1 system, 4H, Ha , ) 6.92-6.99 (t and d, 4H, 

H5 , H3 ) 7.26 CtdJ7.7 and 1 . 5Hz , 2H, H4 ) 7.34 (dJ7 . 4Hz , 2H, H6 ) 

7.86 Cbroad, 1H, y-Pyg) 8.65 (dJl.SHz, 2H, ot-Pyfj) .
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Reaction of 3, 5*-Bis C2-Formylphenoxymethyl) Pyridine With 

4-Methoxyaniline and Reduction in Situ

3,5-Bis (2-formylphenoxy me thy Dpyridine (68) (20 mg, 0.058 

iranol) and 4-methoxyaniline (15 mg, 0.122 nunol) were placed in a 

flask under argon and dry THF (65 ml) added. A trace 

4-toluenesulphonic acid monohydrate was added followed, after 

18h, by a quantity of freshly activated 3A sieves.

After 24h, sodium cyanoborohydride (21 mg, 0.33 mmol), dry 

methanol C5 ml), ammonium acetate (120 mg) and glacial acetic 

acid CO.6 ml) were added, and the mixture left for 4.5h. The 

mixture was filtered, evaporated to dry-ness and partitioned 

between dichloromethane and 3% aq. sodium bicarbonate solution. 

The organic layer was separated, dried (K-CO.,) and evaporated 

to leave a brown oil, shown by p.m.r. spectroscopy to be 

essentially all bis-amine (71). Increasing the reduction time 

Cto 16h) did not alter the product yield.

The oil was purified by preparative t.l.c. on alumina 

using dichloromethane/diethyl ether (100:6) to elute and 

dichloroniethane/diethyl ether (100:5) to extract the major 

band. Evaporation, filtration in dichloromethane, and re- 

evaporation gave the bis-amine C71) as a colourless oil 

C24.4 mg, 75.5%).

Reaction Between Bis-Amino-C2-Capped Porphyrin (31) and Bis- 

3 f 5- (2- Formylphenoxymethyl]i Pyridine C68) under high dilution 

conditions followed by Reduction in Situ

Dry THF C25 ml) and a quantity of freshly activated 

3A sieves were placed under argon f in the dark. Bis-amino-C2- 

capped porphyrin (31) (30 mg, 0,028 mmol) in dry THF (10 ml)
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and bis-aldehyde (68) C9.8 mg, 0.028 mmol) in dry THF (10 ml) 

were added over 2.5h. T.l.c. on silica G using toluene/ethyl 

acetate (6:4) or on alumina using diethyl ether/dichloromethane 

(5:50) showed only bis aldehyde and diamine. A trace of 4- 

toluenesulphonic acid monohydrate was added and the mixture 

stirred for 2.5h. On quenching an aliquot with 3% aq. sodium 

bicarbonate solution, t.l.c. showed virtually complete 

consumption of diamine (31) and bis-aldehyde (68).

The reaction mixture was treated with dry methanol (2 ml) , 

sodium cyanoborohydride (10 mg, 0.16 mmol), ammonium acetate 

C60 mg, 0.78 mmol) and acetic acid (0.3 ml). It was then 

stirred for Ih, when further cyanoborohydride (10 mg) was 

added. After 0.5h, the mixture was poured onto 3% aq. sodium 

bicarbonate solution (100 ml). The organic layer was separated 

(ca. 100 ml), washed with distilled water (100 ml), dried 

and the solvent removed in vacuo. No insoluble porphyrin 

residues were seen. The product was subjected to preparative 

t.l.c. on alumina Fpe- using 1-propanol/dichloromethane (1:50) 

to elute and dichloromethane/methanol (95:5) to extract the 

major band (circa eleven minor bands were seen), On evaporation 

this gave a purple solid C26 mg) which was dissolved in chloro­ 

form and passed down a column C20 x 2 cm) of Sephadex 2H-20-100 

in chloroform. m/z (FD) 1381-1383, 1393, 1401.

If allowed to stand in dichloromethane or chloroform the 

porphyrin became gradually insoluble, treatment with DMF and 

evaporation restored solubility.
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Acylation of the Product From Reaction of Diamine (31) With 

Bis-Aldehyde (68)

The porphyrin was suspended in acetic anhydride (2 ml) , dry 

triethylamine (2 ml) and a trace of N,N-4-dimethylaminopyridine 

(38). After 3h at room temperature the solvent was removed. 

The solid was partitioned between 3% aq. sodium bicarbonate 

solution and dichloromethane. After 1.5h the organic layer 

was separated, dried and evaporated in vacuo. The residue was 

purified by preparative t.l.c. on alumina using dichloromethane/ 

-1-propanol C50:l. 5} to elute and dichloromethane/methanol 

ClO;l) to extract the major band which, after evaporation, 

was passed down a column (20 x 2 cm) of Sephadex LH-20-100 

in chloroform. The above complete chromatography procedure 

was repeated to give a porphyrin (m/z , (FD) 1465) that was 

still impure by p.m.r. spectroscopic analysis.

The product was subjected to preparative t.l.c. on silica 

impregnated with 0.1M sodium hydroxide solution using chloroform/ 

methanol (100:5) to elute and collect the one band that 

migrated. On evaporation and filtration in dichloromethane 

this gave a porphyrin (3 mg, 7%) still impure by p.m.r. 

spectroscopic analysis,

Reaction of Bis-amino-C2-Capped Porphyrin (31) With 2,2'(1,12- 

DodecylidenedioxylBis-Benzaldehyde (73)

Bis-amino-C2-capped porphyrin (31) (29 mg, 0.027 mmol) 

and 2,2'U,12-dodecylidenedioxy)bis-benzaldehyde (73) (11.6 mg, 

0.028 mmoll were dissolved in dry THF (70 ml) in the dark under 

argon. A trace of 4-toluenesulphonic acid monohydrate was added 

followed after 1.5h by a quantity of freshly activated 3A sieves.
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After a further 1.5h, t.l.c. showed one product on silica G 

using toluene/ethyl acetate (1;1) as eluant.

Sodium cyanoborohydride C20 mg, 0.318 mmol, dry methanol 

C4^ ml) , ammonium acetate UOO mg) , and glacial acetic acid 

CO.4 mil were added. The mixture was allowed to stand over­ 

night, then was filtered and evaporated. The residue was 

partitioned between dichloromethane and 3% aq. sodium 

bicarbonate solution. The organic layer was separated, dried, 

and evaporated. The solid was subjected to preparative t.l.c. 

on silica G Cthree 20 x 20 x 0,1 cm} plates using toluene/ethyl 

acetate Cl;l) to elute and chloroform/methanol C9:l) to 

extract the three major bands at Rf 0.2, 0.55, and 0.75. The 

p.m.r. spectra of the bands at Rf 0.2 and 0.55 contained 

upfield shifts of the J.,12 dodecylidene chain but were otherwise 

complex.

The band at Rf 0.75 U-2.3 mg, 31%) was the desired product 

C75). m/z CFD) J.444 (Ml*. 6 CCDC1 3 ) -3.37 Cbroad s, 2H, pyrrolic 

Ng) , -0.59 Cbroad m, 4H, H6c ) , -0.48 (broad m, 4H, H 

-0.18 (m, 4H, H4c l, 0.27 (m, 4H, H3c > , 0.91 Cm, 4H, 

3.44 Cm, 4H, %c ) , 3.25-4.36 (m, 22H, O-C|2 -Cg2 -O, ArNgCg2Ar') , 

5.39 03, 2H, H3 , H6 1, 6.70 CdJ8Hz , 2H, HS " \ , 6.95 (dJ3Hz, 2H, 

H6 ,,), 7.00 CtJ6.6Hz, 2H, HS , , ,} , 7.14 CddJ8.5 and 3Hz, 2H, H4 ,,) , 

7.23 CtdJS.J. and 2Hz, 2H, H4 f , ,) , 7.37-7.48 Cm, 6H, H S , , H 3 ,,, 

H6 ,,,}, 7.54 CdJ8Hz, 2H, H 3 ,), 7.80 Cd and t, 4H, H 4 , , Hg,), 

8.58 f 8.66, 8.69, 8,77 Cfour dJ4.8Hz, 8H, gpyrrolic g).
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Xmax (CHC1 3' Io9io e) 348 (shoulder) (4.34), 368 Sh (4.40), 

423 C5.47), 483 Sh C3.51), 517 (4.21), 548 (3.73), 591 (3.74), 

and 651 C3.52)nm. vmax CCHC13 ) 2925 (medium), 1725 (broad 

strong), 1600 Cmedl , 1490 (.strong) , 1280 and 1240 cm"1 .

2 ,2 *- (1 , 8-QctylidenedioxylBis-Benzaldehyde (74)

Salicylaldehyde C65) tllg, 0.09 mol) and 1,8-dibromo- 

octane C5g, 0.02 mol) were added directly to distilled water 

C100 ml). Sodium hydroxide C3,7g, 0.09 mol) in water (20 ml) 

was added over 15 min to the vigorously mechanically stirred 

mixture. The reaction was heated at reflux for 36h and allowed 

to cool. Ethyl acetate Cca. 150 ml) was then added. The 

organic layer was separated and washed with portions of 1M aq. 

sodium hydroxide solution (.70 ml) until the base layer was 

colourless. After a wash with distilled water and drying, the 

solvent was removed to give an oil, shown by p.m.r. spectroscbpic 

analysis, to be a mixture of phenyl ether (t, 64.1) and bromide (t f
6 "3

63.4). The oil was subjected to flash chromatography on silica 

using dichloromethane and then dichloromethane/diethyl ether 

(95:51 to elute. The purest fractions from this were passed 

down another flash silica column using only dichloromethane to 

elute. The fractions containing a compound, Rf 0.5 on silica 

KF^f-A/^f-f- eluted with dichloromethane, gave, on removal of 

trace solvents at high vacuum, 2 ,2'- (1,8-octylidenedioxy)bis- 

benzaldehyde C74) as a yellow crystalline solid (1.5g, 21.7%). 

A portion of this solid was crystallised from diethyl ether/ 

petroleum ether C30-40°C) as colourless needles m.p. 59-62°C.

Found: C, 74.49> H, 7.24. C2 2H26°4 rec3uires C ' 74 - 55 ?

H, 7.24%. 6(CDC1 3 ) 1.43 (m, 4H, chain, H 4 ,H 5 ), 1.54 (m, 4H,
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chain, H3 , Hg) , 1.87 (quint J6. 2Hz, 4H, chain H2 , H? ) , 4.08 

(tJ6.2Hz, 4H, -CH2 -0), 7.0 (m, 4H, H3 ,, HS ,) , 7.53 (tdJ7.5 + 

2Hz, 2H, H4 ,), 7.83 (ddJ7.5 and 2Hz, 2H, Hg ,) , 10.52 (s, 2H, 

-CgO). vmax (CHC13 ) 2940, 1685, 1490, 1460, 1405, 1390, 1290, 

and 1245 cm"1 . m/z CEI) 355 (20%, M+ ) , 121 (55), 69 

(100); (methane CI) 355 (55%), 354 (25), 233 (15), 121 (80), 

77 C30), 69 (100).

Reaction of Bis-Amino-C 2-Capped Porphyrin (31) With 2,2'- 

(1,8-Qctylidenedioxy)bis-benzaldehyde (74)

Bis-amino-C2 -capped porphyrin (31) (20 mg, 0.019 mmol) 

and 2,2<-Cl,8-octylidenedioxy)bis-benzaldehyde (6.7 mg, 0.019 

mmoll were dissolved in dry THF (30 ml), under argon, in the 

dark. A quantity of freshly activated 3A sieves was added, 

followed by a trace of 4-toluenesulphonic acid monohydrate. 

T.l.c. after 4h on silica G eluting with toluene/ethyl acetat*e 

Cl;l) showed conversion of the diamine (31) to a single product,

Sodium cyanoborohydride (10 mg, 0.16 mmol), dry methanol 

(2 ml), ammonium acetate (.40 mg} and glacial acetic acid (0.2 

ml) were added. The mixture was left for 3h, filtered and 

evaporated. The residue after evaporation was partitioned 

between dichloromethane and 3% aq. sodium bicarbonate solution. 

The organic layer was dried and evaporated. The residue was 

subjected to preparative t.l.c. on silica G using toluene/ethyl 

acetate (1:11 to elute, and chloroform/methanol (10;1) to 

extract the one major band. This gave, after filtration in 

dichloromethane and evaporation, the desired s trapped/capped 

porphyrin (76) as'a purple solid (16.8 mg, 64%). m/z (FD) 1389 

5157 (M+H) + C8 4H73°14N6 exPects 1389-5179. 6 (CDC1 3 ) -3.38
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(broad s, 2H, pyrrolic NH) , -2.6 (m, 2H, H4c ) , -2.27 (m, 2H, H 

-1.73 (m, 4H, H3c ), -0.63 (m, 2H, H2c ) , -0.47 (m, 2H, H2(J , 2.49 

(m, 2H, H1(J, 2.76 (m, 2H, HIC ) , 3.77-4.57 (m, 22H, -O-CH^C^-O 

and ArCg2NgAr'} , 5.33 (s , 2H, cap), 6.57 (dJ7.7Hz, 2H, 

H3 ,,,l, 7.0-7.13 (m, 6H, Hg,,, H S , , , , H4 , ( ) , 7.24 (tdJ8 and 2Hz, 

2K, H4 , (l ), 7.41 (dJ8.5Hz, 2H, HG ,,,) , 7.45-7.52 (m, 4H, H , 

H 3 ,,), 7.54 (dJSHz, 2H, H 3 ,), 7.85 (d and t, 4H, H 4 , , H <), 8.39, 

8.47, 8.67, 8.70 (four dJ4.8Hz, 8H, 3-pyrrolic H).

Xmax CCHC1 3 , logIQ e) 349 (shoulder) (4.26), 354 Sh 

C4.32), 4.23 C5.401, 482 Sh (3.60), 517 (4.15), 548 (3.67),

591 C3.68) and 648 C3.361 nm. v (CHCIO 2915, 1727, 1610,
max j

1500, 1490, 1440, 1280 and 1240 cm"1 .

Reaction of Bis-Amino-C^-Capped Porphyrin (31) With Nitrous Acid

Bis-amino-C2 -capped porphyrin (10 mg, 9 x 10 mol) was 

dissolved in glacial acetic acid (4 ml) and distilled water 

(2 ml) added. The green solution was cooled to O°C and sodium 

nitrite C3.5 mg, 0.051 mmol) added. After 2h, t.l.c. of an 

aliquot, Cquenched with saturated aq. sodium bicarbonate 

solution) showed consumption of diamine and production of a 

higher Rf product on silica G eluted with toluene/ethyl acetate
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(1:1). The solvent was removed from the reaction and, after 

high vacuum treatment, the solid was dissolved in dry dichloro- 

methane (4 ml). Acetic anhydride (1 ml), triethylamine (% ml) 

and a trace of 4-N,N-dimethylaminopyridine were added, under 

argon. After 4h the solvent was removed and the resultant 

purple solid partitioned between dichloromethane and 3% aq. 

sodium bicarbonate solution. The organic layer was dried and 

evaporated. The solid was subjected to preparative t.l.c. on 

silica G using toluene/ethyl acetate (6:4) to elute and 

chloroform/methanol (10 ;1) to extract the major band}

C5.4 mg, 55%) C2 -capped porphyrin (23), identical by p.m.r., 

m/z and t.l.c. with an authentic sample. m/z did show a trace 

of mono acetate /z J.094. A quantity of baseline material 

was also extracted but did not give any good p.m.r. or mass, 

spectral data.

Repetition of the above procedure using sodium nitrite m

Cl.5 mg, 2.2 x 10 mol, 150 jil of 10 mg/ml solution in water) 

and stirring for 1.5h gave 2.1 mg, 22.6% of C2 -cap (23) plus 

baseline and other dichloromethane insoluble residues.
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APPENDIX 1

2-Dimensional p.m.r. Spectroscopy of Cc-Strapped/C- 1 

Capped Porphyrin (601 at 500 MHz

This procedure was applied to the aromatic region using
5 6 the COSY program.
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