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ABSTRACT

The Synthesis of Haematoporphyrin Derivative III
and other Novel Porphyrins

This thesis is divided into four chapters. Chapter 1,

which provides an introduction to the work in Chapters 2 and 3,

contains a brief account of haematoporphyrin derivative (HPD-

IX), an anticancer drug which is currently undergoing final

clinical trials in the United States for use in the photodynamic

therapy of endobronchial, esophageal and bladder tumours.

Chapter 2 describes a study of the relationship

between the regiochemistry of the haematoporphyrins and the

biological activity of the material (HPD) derived from them. This

involved first, the total synthesis of haematoporphyrin III by

two literature routes, both yiu the copper-mediated cyclization of

biladiene-ac salts, and then the preparation of haematoporphyrin

derivative-III (HPD-III) by standard procedures, using

haematoporphyrin III. Investigations of the lite¡ature steps in

the the total syntheses resulted in significant improvements in

the yields in some cases. HPD-III was found (by HPLC, FAB m.s.,

NMR, visible spectroscopy) to be similar to HPD-IX in that HPD-

III 'contained monomers as well as ether-, ester- and carbon-

linked dimers and oligomers. However the proportion of

dimeric/oligomeric material was significantly lower in HPD-III

than in HPD-IX. In addition HPD-III was less soluble in water

and less biologically active than HPD-IX. Reasons for these

differences are discussed.
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Chapter 3 describes the synthesis of four symmetrical

amino-linked diporphyrin dimers with diacetyl-, diethyl-, divinyl

and di(1-hydroxyethyl) terminal groups. Some of these dimers

aÍe amino analogues of the ether-linked material claimed to be in

HPD-IX. Optimization studies for the hydrobromination (using

saturated hydrobromic acid/dichloromethane) of ethyl- and

acetyl-substituted vinyl-containing porphyrins, and the partial

hydrobromination of protoporphyrin dimethyl ester, were

undertaken. The amino-linked dimers were characterized by

NMR, u.v./vis. absorption spectroscopy and FAB m.s. Tests of in
vivo anticancer activity indicated that the amino-linked dimers

were less active than the corresponding ether-linked dimers. A

possible relationship between the nature of the linking group and

the biological activity of the dimers was proposed.

The hydrobromination methodology established in

Chapter 3 was used for a preliminary study of the synthesis of

diporphyrin dimers with long linking groups. Compounds of this

type are potential DNA intercalators. Chapter 4 details the

synthesis and characterization of diporphyrin dimers linked by

propane- 1 ,3 -diether, pentane - 1 ,5 -diether, decane- 1 , 1 0 -diether

and propane-1,3-diamino bridges, âS well as monomeric

precursors to dimers with amine and amide-containing bridges.

The synthesis of a dimer linked by a bridge which contained

ether and ester groups was achieved but attempts to prepare and

characterize dimers with amine- and amide-containing bridges

were hampered by difficulties in obtaining informative FAB mass

spectra.

t1
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CHAPTtrR 1

1. 1 General Introduction$

The use of porphyrins in cancer therapy dates back to

the early 1940's. Initially, impure samples of haematoporphyrin

(1) were used for the visualization and delineation2-5 of tumour

tissue because of the preferential accumulation of the porphyrin

material in tumour tissuel'2 and the ability of the porphyrin to

fluoresce intensely in the cell. Lipson et. al.6 showed that a

material (later termed "haematoporphyrin derivative") derived

from haematoporphyrin (1) was a more effective Iocalizer than

the impure haematoporphyrin, and he developed an improved

method6-9 for the detection of malignant tissue, which involved

the use of this derivative and a light source.

Later,l0'11i¡ was found that this combination of the

haematoporphyrin derivative and light could cause the

destruction of human bladder carcinoma. This eventually led to

the use of haematoporphyrin derivative in the treatment of

cancer by the procedure known as photodynamic therapy

(PDT),la'I5 *¡i.h involves the use of a photosensitizer and light to

bring about cell damage. PDT using the haematoporphyrin

derivative is currently being subjected to final clinical trials in

the United States. The treatment 12'r3 involves the injection of a

dose of the haematoporphyrin derivative, followed by an

1
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incubation period of up to three days, then the irradiation of the

tumour site with light at the wavelength of 630 nln. Encouraging

results have been reportedl4'15 on the photodynamic therapy

using the haematoporphyrin derivative on a variety of tumours.

It is believedl6u that singlet oxygen, produced by the interaction

of ground state oxygen with triplet state photosensitizer (the

latter a product of the excitation of the porphyrin by light) is

responsible for the damage to the tumour cells.i6b

B1

B2

co2rl co2FI

(1) Rl= R2 = CH(CHtOH

(2) Rl : CH(CH¡)OCOCH3, R2 = CH(CH3)OH

(3) Rl = R2 = CH(CH3)OCOCH3

(4) Rl = CH(CHtOH, R2 = CH=CHz

Lipson procedure6'r7 for the

derivative, haematoporphyrin

Me

Me

In the

haematoporphyrin

preparation of

(1) is first

2

NHN

NH



treated with a mixture of concentrated sulphuric acid and acetic

acid (1:19), and neutralised with aqueous sodium acetate. The

resulting precipitate, which consists mainly of the mono- (2) and

diacetate (3) of haematoporphyrin,rs'r9'20 is then dissolved in

aqueous sodium hydroxide for one hour, neutralised and diluted

with saline. The final isotonic solution is referred to as

haematoporphyrin derivative (HPD).

Initial reverse-phase HPLC analysis of lF^PDzr-24

showed the presence of haematoporphyrin (1), 3-(1-

hydroxyethyl)-8-vinyldeuteroporphyrin (4), small amounts of

protoporphyrin (7b) and a significant amount of poorly resolved,

less polar material which was of an unknown structure.

Berenbaum et. al.2s'26 fractionated HPD by reverse-phase HPLC

and showed that the active material was the poorly resolved

fraction that was relatively strongly retained by the column.

Separation of the active fraction from the other materials in HPD

can also be achieved by size exclusion methods using Bio-Gel P-

1021 or Sephadex LiH-20.27,28 Photofrin 11,@zl the commercially

available active fraction, is obtained by an alternative size

separation procedure using a porous membrane system29.

Dougherty et a|.30 proposed that the active material

was a mixture of regio- and diastereomers of

dihaematoporphyrin ether (DHE) (5). This was on the basis of

hydrolysis studies on the active material where it was found that

the active material was stable towards basic hydrolysis but was

cleaved to monomers under acidic conditions. It was reported3 0

3



that FAB mass spectra of the active material and lH a.rd 13C NMR

data of the corresponding methyl esterified material all

supported this structure.30 Subsequently, the acronym DHE was

used to refer to the active material until later studies (see below)

showed that this was an inaccurate description of the material.

Recently Kessel3l recommended that DHE no longer be used as

the acronym for the active material.

Me
I

HO-CH
tl
CH_TCH

CH\oH

co2R co2R

coß co2R

(5)R=H

(9)R=Me

Berenbaum et a1.25'26 proposed a dimer or oligomer

structure for the active material and suggested eithe¡ an ether or

a carbon bridge on the grounds of the stability of this material

towards basic hydrolysis conditions. It was shown by size-

exclusion chromatography,2S'32-38 that the active fraction could

Me MeMe

Me

Me
Me
I

Me

4

NHN

NHN

NHN

NH



be further divided into smaller fractions which have different i n

vivo activity and localizing ability, suggesting that there may be

more than one active component in the biologically active

fraction. The mass spectrum of the active fraction obtained by

Dougherty et a\.30 showed the presence of trimeric material as

well as dimeric material. Molecular weight determinations on the

aqueous solution of HPD and various size separated fractions

using ultracentrifugation techniques indicated39 an oligomeric

structure for the active material of HPD. This oligomeric material

resembled the stable high molecular weight açgregate that

protoporphyrin (7b) also forms3e in water in that it was stable to

ultracentrifugation conditions. However, unlike the

protoporphyrin aggregate, this oligomeric material did not revert

to a monomeric state upon the addition of organic solvents to the

solution,4O indicating that it. was covalently linked. Moan et. al.4l

also arrived at the same conclusion from similar studies. The

behaviour of the active fraction on Sephadex LH-20 was also

consistent with a covalently linked system.39 FAB mass

spectrometry on HPD and the active fraction showed sets of

peaks corresponding to various dimers, trimers and

tetramers.r9'27 It is difficult to analyze the oligomeric acids by

FAB mass spectrometry because of their low volatility under the

analysis conditions, and it is assumed4z that larger oligomers are

also present in the active fraction. Esterified material from the

active fraction showed peaks up to and including the hexamer

region. I 9

5



The nature of the functional group linking the

individual porphyrins units was also the subject of some debate.

Initially it was thought that the oligomers were ether-30 and/or

ester-linked.r9'21'32'4s-48 Recently, oligomers linked by a three

carbon bridge were obtained from HPD and Photofrin ¡.@+:

Spectroscopic techniques could in principle be used to

distinguish between the ester and ether linkages. However a

Fourier Transform infrared studyaa did not support either an

ester or an ether linkage. Another infrared studyas indicated that

the active f¡action from HPD contained both ester and ether

linkages with ester linkages predominating. NMR spectroscopy

has not as yet been successfully applied to distinguish between

the two functional groups because of the difficulties in obtaining

adequately resolved spectra of the active fraction due to its

oligomeric nature. For lFI NVÍR spectra in D2O, the situation is

further complicated by the difficulty in obtaining samples which

are completely free of water. Hence most of the signals,

particularly those in the 3-4 ppm region, a.re usually obscured by

the signals due to water. However, these problems were

alleviated30by converting the active fraction into the

corresponding methyl ester and recording the spectra in

deuterated chloroform. FAB mass spectrometry alone, without

prior chemical manipulation of the material, cannot be used to

distinguish between isomeric ester and ether linked materials

because both species give the same molecular ions, and at

present, there is not enough information on relative

6



fragmentation patterns for this

for differentiating between the

technique to be successfully used

two species.

Chemical degradation has been used with some

success to determine the nature of the linking group. Alkyl

porphyrin esters aÍe cleaved by acidic and basic hydrolysis

condition sr9'21 and are readily reduced by lithium aluminium

hydride .46'4't However alkyt porphyrin ethers are cleaved by

acidic hydrolysis conditions onlyl9'27 and aÍe unaffected by

lithium aluminium hydride reductioî.46'47 Carbon-linked

oligomers are stable to all three conditions.43

Acidic hydrolysirle'27 of HPD and Photofrin II@

provides good yields of monomeric porphyrin products,

indicating ether- and ester-linked starting materials. 'Ward et.

al.r9 found that their active. fraction of HPD showed substantial,

but not total, stability to alkaline hydrolysis conditions,

suggesting a predominance of ether linkages between the

porphyrins. However Kessel's active fraction was extensively

hydrolysed with 6ut.27 '32 and reduced.. to monomer products

with lithium aluminium hydridea6'47 showing that his material

was substantially ester linked. Doughertya 8 and Truscott4 5

concluded that their active material was linked by both ether and

ester groups on the basis of hydrolysis studies. These conflicting

results may be partly due to variations in the preparation of the

active fraction. Kessel2T'32 prepared his HPD by Bonnett's2 0

procedure which involves the use of acetic anhydride and

pyridine in the acetylation step. This modification of the original

l



Lipson procedore6'17 forms mainly the haematoporphyrin

diacetate in the first step of the reaction. Dougherty48 and Ward

et. al.r9 followed the Lipson procedure6'17 which produces a

mixture of monoacetates and diacetate in a I:2 ratio. (The

subsequent step of both methods are essentially the same.)

However, freshly prepared active fractions from both methods

show43 similar activity in vivo. In addition, ester-linked

oligomers gradually convertl9'32 to ether-linked products on

standing at" pH 7 over 48 hours, without affecting the overall

tumour-localizing ability of the active fraction. These resultsl9'32

suggest that the nature of the linkage between the porphyrins

may not be of critical importance in determining biological

activity. Presumably any ester linked material would be less

stable in vivo because of its susceptibility towards hydrolysis by

esterases.

Recently Ward et. al.a3 isolated other oligomeric

material from HPD and Photofrin II,@ which was stable towards

both acidic and basic hydrolysis conditions, indicating that the

material was not linked by ether or ester' bridges. Treatment of

the corresponding esterified or fully alkylateda3 product of this

material with benzoyl chloride in dimethylformamide produced a

derivative from which a new porphyrin dimer and trimer were

isolated.a3 NMR and FAB mass spectral studies on the dimer

showed that the porphyrin units are linked by a carbon chain.4 3

This structure is different from the carbon linked dimer structure

that was proposed by Berenbaum n¡ o¡.25'26

I



In order to resolve the apparently conflicting data on

the structure of the active fraction of HPD, the synthesis of ester

and ether linked porphyrin dimers and oligomers was

undertaken by several groups.27 '42'49-54 Two approaches have

been used: the incorporation of other porphyrin monomers into

the HPD preparation procedure, and more extensively, the

unambiguous synthesis of ether and ester linked porphyrin

dimers and trimers as model compounds.

Kessel et a1.21'49 showed that porphyrin monomers

that contain only carboxylic acid groups with no alcohol groups,

can be incorporated into the oligomeric fraction during the

preparation of HPD. These extra products were hydrolysed with

base, which demonstrated that ester linked material could be

formed in the preparation of HPD.

Scouride s et al.5r prepared ether linked porphyrin

materials by firstly reacting haematoporphyrin dimethyl ester

(6) or protoporphyrin dimethyl ester (7 a) with hydrogen

bromide in acetic acid to form the dibromoethyl porphyrin (8).

This intermediate product was allowed to react with either

haematoporphyrin dimethyl ester (6), or with small amounts of

water which produced sufficient haematoporphyrin dimethyl

ester in situ to react with the remaining bromoethyl compound,

to give ether-linked, methyl ester-containing porphyrin

material.5l Each of these products was hydrolysed using basic

conditions to form the corresponding acids which were separated

into fast running fractions by gel filtration chromatography. All

9



of these fractions showed similar properties in vivo to the active

fraction of HPD.sl Since these products were, by their method of

synthesis, ether linked porphyrins, it was concluded that the

results provided strong support for ether linkages in HPD itself.

Bl

B2

Me

Me

Jco2R

(6) Rl='h.2= CH(CHtOH, R3 = CH¡

(7a) Rl = R2 = CH=CH2 R3 = CH¡
(7b) Rt = R2 = CH=CHz, R3 = H

(8) Rl = R2 = CH(CHtBr, R3 = CH3

Ward et. a1.42's0 have also reacted haematoporphyrin

dimethyl ester (6) and dihaematoporphyrin ether tetramethyl

ester (9) with hydrogen bromide in dichloromethane to form

ether-linked oligomers. FAB mass spectral analysis of the

products showed peaks up to and including the nonamer region,

which was the upper detection limit of their mass spectrometer

NHN

NH

10



for the esterified oligomers and not necessarily the maximum

molecular weight of the oligomeric material formed.42's0

The synthesis of ether linked porphyrin dimers was

recently reported by two groups.50'5s's6 Although the

methodology differed slightly, essentially the same chemistry

was used in each case. Both gtoupss 0'5 5 prepared

dihaematoporphyrin ether (DHE) (5) and were able to conclude

from HPLC comparisons that dihaematoporphyrin ether was

unlikely to be present in HPD or Photofrin II@ in other than trace

amounts. Ward et. al50 have also prepared a range of ether

linked dimers and showed that the HPLC peaks of the more

hydrophobic ether linked dimers, particularly the divinyl

terminated dimer, had similar retention times to those of the

active fraction of HPD and Photofrin II.@ A vinyl terminated

trimer50 was also found to' have an HPLC retention time that is

very similar to that of the active fraction of [IPD. However, it is

not clear whether these more hydrophobic porphyrin systems

aÍe present in HPD and Photofrin II@ or not. As expected, the

ether linked porphyrin dimers aÍe stable to lithium aluminium

hydride and basic hydrolysis conditions but are readily cleaved

by acidic hydrolysis conditions.42

Both groups that have synthesised DHE reported50's3

that it was inactive in vivo. However Dougherty noted53 that if
this material was irradiated soon after injection, rather than

waiting twenty four hours it was quite active. Ward et. al.5 0

observed that purified DHE is inactive but the by-products

11



obtained from the base hydrolysis of the precursor tetramethyl

ester are quite active. DHE is unstable in aqueous solution and on

standing it slowly forms a more hydrophobic (by HPLC), higher

molecular weight material which is biologically active.42

The ester-linked dimer of hematoporphyrin has also

been synthesis ed.42's2'sa The HPLC retention times of this ester

dimer indicated that it was unlikely to be a. significant component

of HPD.

Other synthetic dimers42'50'56 vary from inactive to as

active as Photofrin II@ when tested Í¿ vivo. The activity appears

to correlate with the hydrophobicity of the terminal side chains

of the dimers, with the more hydrophobic materials (e.g. the

dimer with vinyl side chains) being more active.5 0

It is now generally accepted on the basis of the results

of the hydrolysis studies and synthetic work, that Photofrin II@

and the active fraction of HPD consist of a mixture of dimers and

oligomers which are linked by ether, ester and carbon bridges

and/or mixtures of these gtoups.s 7
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CHAPTER 2

2.I lntroduction$

It has been shown (see Chapter 1) that the active

fraction of HPD consists of a mixture of ether-, ester- and carbon-

linked dimers and oligomers. Each of these dimers and oligomers

exist as a mixture of diastereomers and regioisomers. This is

because the functional groups that are involved in the linkages

between the porphyrins are on chiral carbons and are situated on

non-equivalent positions of the porphyrin ring. To date, most

studies (see Chapter 1) on the active fraction of HPD have centred

on the identification of the..functional group(s) in these linkages,

but very little work has been done to investigate the relationship

between regiochemistry and the biological activity of the active

fraction. Recently, Pandey et. a1.39 synthesized two regioisomers

of a carbon-linked porphyrin dímer and noted that one

regioisomer was more cytotoxic than the other, suggesting that

biological activity might be influenced by the regiochemistry of

the dimers.

In order to address this question in relation to HPD,

the synthesis of an analogous derivative using a different

regioisomer of haematoporphyrin was undertaken. In principle

$ Referenccs, p. 98
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there are fifteen possible regioisomers of haematoporphyrin (see

Table 1, Appendix), although if one were to neglect the

restrictions imposed by the biogenesis of the porphyrin, the four

methyl; two propionic acid and two hydroxyethyl groups in

haematoporphyrin can be arranged in more than fifteen ways.l

It was decided to limit the investigation initially to the isomers of

haematoporphyrin whose propionic acid groups are on adjacent

pyrrole subunits, in particular, at the 13 and 17 positions of the

porphyrin ring (Fig. 2.0) and it was a choice between

haematoporphyrin III (10) and haematoporphyrin XIII (11).

Due to the availability of starting pyrroles from previous workl9

and numerous precedents in the literaturer2'r4'20'22'32 on the

total synthesis of related porphyrins, it was decided to start with

haematoporphyrin III (10). This isomer (10) differs from the

natural haematoporphyrin IX (1) that is used in the standard

preparation of HPD, in the position of its hydroxyethyl groups: in

haematoporphyrin IX (1), these groups aÍe on the 3 and 8

positions of the porphyrin ring (Fig. 2.0) while in

haematoporphyrin III (10), they are on the 3 and 7 positions*

As the 3 and I positions aÍe equivalent (because of the plane of

symmetry bisecting the molecule), the deriv atization of

haematoporphyrin III (10) will also produce fewer regioisomers

than haematoporphyrin IX (1). This may result in less

complicated, better resolved NMR spectra of the active fraction.

One of the problems encountered in the analysis of the active

* The semisystematic IUPAC nomenclature49 is used throughout this thesis
but in certain inst.ances (whcre it is more convenient) the Fischer
nomenclature is used as wcll. An example of the latter is the "lype" system
lor the rcgioisomers of the porphyrins. Sce Appendix for details.
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Fig. 2.0 Porphyrin - ruPAC numbering scheme
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fraction of HPD is the poor resolution of the NMR specrra in D2o

due to the fact that the material is a mixture of regio- and

diastereoisomers. Haematoporphyrin derivative-III (HPD-III),

which is the derivative that is to be prepared from

haematoporphyrin III by the Lipson procedure2 lsee Chapter 1),

might be a useful model for NMR studies because it will have

fewer regioisomers than HPD.

There aÍe a number of general approaches to the total

synthesis of porphyrins.3'a Polymeri zation of monopyrroles3u,4b

is suitable for making porphyrins with identical substituents on

all the p positions of the component pyrroles. The condensation of

dipyrrolic intermediates3a,4c is also somewhat limited in its

applicability because of symmeÍy restrictions, hence it is only

useful in the synthesis of porphyrins which possess symmetry in

one or both halves of the rriôlecule. The most general approach to

the total synthesis of porphyrins involves the use of open chain

tetrapyrrolic systems such as bilanes,3a oxobilanes,4a bilenes,4 a

biladien"r3a,4a and bilatrienes3a (see Appendix for

Nomenclature). unsymmetrically substituted porphyrins can be

synthesized by this method because the individual pyrrole units

can be linked in a stepwise synthesis, culminating in the

cyclization of the tetrapyrrole to give the desired porphyrin.

The method that was selected for the synthesis of

haematoporphyrin III involves the cyclization of an biladiene-a c

salt in the presence of a copper(Il) salt and N,N-dimethyl

formamide. It has been proposeds that the cyclization proceeds

2t



via ^ bilatriene-abc which is formed in the initial oxidation of

the biladiene-ac. The bilatriene then undergoes ring closure by a

radical mechanism. The copper functions as an oxidizing as well

as a chelating agent in the reaction.5 The bridging carbon is
derived from one of the terminal methyl groups while the other

one is extruded. Similar studies6 on bilenes have shown that the

methyl group is lost during the final aromatization step.

The proposed routes are shown in Schemes 2.1 and

2.2. In Scheme 2.1, protoporphyrin III dimethyl ester (zla) is
synthesized by literature methodsT-15 and then converted to

haematoporphyrin III dimethyl ester (22) by hydrobrominarion

of the vinyl groups and subsequent hydrolysis of the dibromide.

Similarly, Scheme 2.2 outlines the total synthesis of 3,J -

diacetyldeuteroporphyrin III dimethyl ester (32),17-20 which is

then treated with sodiurri borohydride,22'50 resulting in the

reduction of the acetyl groups to the corresponding hydroxyethyl

moieties of haematoporphyrin III dimethyl esrer (22). It was

anticip atedz} that the diacetyl-containing blladiene-ac salt (30)

may not readily undergo cyclization because of the electron

withdrawing effect of the acetyl groups, so yields would be

expected to be lower than the 2g-4gEla,aa usually obtained from

copper-mediated cyclizations of non-deactivated biladiene-a c

salts. CIezyzj reported a low (6Vo) yield from the cyclization of

the biladiene-ac (30) in pyridine-methanol. A Russian group28

obtained 3,7 -diacetyldeuteroporphyrin III dimethyl esrer (32) in
ISVo yield by oxidative cyclization of biladiene-¿ c (30) using

methanollacetic acid as the solvent. However significant

22



proportions of porphyrin by-products were also produced in the

reaction.23 Due to the symmetrical nature of the target 3,J-

diacetyldeuteroporphyrin III dimethyl ester (32), the MacDonald

procedrrre 18 involving the condensation of dipyrrylmethanes

would have been a viable alternative. Nevertheless we chose to

use the biladiene-¿c route because of the availability of starting

material from previous work.19
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,, ,, Results and Discussion$

2.2.1 Total synthesis of protoporphyrin III dimethyl

ester (2Ia)

Benzyl 4-(2-acetoxyethyl)-3,5-dimethylpyrrole-2-

carboxylate ( 13 )7 
b was prepared by the standard Knorr

procedureS from benzyl acetoacetate7u and 3-acetyl-4-oxopentyl

acetate (IÐ.jb Recrystallization of the crude product gave (13) in

a yield of IlVo, but another 55Vo was obtained after

chromatography of the mother liquor. This second batch was

obtained as a yellow oil, which resisted attempts to solidify it.
However TLC and NMR analysis showed that it was identical ro

the product from the recystallization and it was used in the next

step without any problems.

Hydrogenatione of pyrrole (13) with palladium on

charcoal at atmospheric pressure gave the pyrrole carboxylic acid

(14) in 10Vo yield. The carboxyl function was converted to a

formyl group by the procedure developed by CLezy et. al.,r 0

using TFA to decarboxylate the pyrrole, followed by triethyl

orthoformate to formylate the resulting cr -unsubstituted pyrrole

intermediate in situ. The formyl pyrrole (15) was obtained in

43Vo yieId.

The synthesis of the biladiene-ac was based on the

original procedure by Johnson and Kuy.t' Decarboxylation of the

dipyrryl-methane (16)11 with TFA gave the 5,5'- unsubstituted

$ Refere nces, p. 98
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intermediate which was reacted in situ with 2.1 equivalents of

the formyl pyrrole (15). Addition of hydrobromic acid-acetic

acidr 2 and dry ether resulted in the precipitation of the

biladien e-ac salt (17) (in lgVo yield) which was cyclizedrz ín

refluxing DMF in the presence of copper(Il) acetate. The crude

metalloporphyrin (18) was demetallatedl2 with concentrated

sulphuric acid/TFA (l}Eo). This resulted in the hydrolysis of the

acetoxyethyl side chains as well as the propionic esters on the

porphyrin. Re-esterification of the crude porphyrin by the

trimethyl orthof ormate procedurel3 gave 3,1-di(z-

hydroxyethyl)deuteroporphyrin III dimethyl ester ( 19) which

was purified by chromatography on silica. The overall yield of

porphyrin (19) ìwas 28Vo, based on the starting biladiene-ac salt

(I7). This yield is consistent with that obtained from the copper-

mediated cyclizations in refluxing DMF12'15 6u¡ is lower than the

54Vo obtained by CIezy et. aI.L5 using acetic acid /methanol at

100"C. The higher yield from the latter method might have been

due to the lower reaction temperature. Smith et. a\.25 showed

that in some cases cyclizations conducted at room temperature

gave better yields than those done in refluxing DMF. However

when the cyclization of (17) was done at room temperature, a

lower yield (l\Vo) of (19) was obtained.

Chlorination of the di(2-hydroxyethyl) porphyrin (19)

with benzoyl chloride/DMF1a produced the di(2-chloroethyl)

derivative (20) in quantitative yield. Dehydrochlorination using

aqueous sodium hydroxide/pyridine,l4'1s followed by re-
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esterification gave protoporphyrin III dimethyl ester (2la)

7I7o yield.

1n

JJ'' Conversion of Protoporphyrin III dimethyl

ester (PP¡1¡dme) (2la) to Haematoporphyrin III
dimethyl ester (HP¡1¡dme) (22)

Hydrobromination of the vinyl groups in PP111d m e

(2Ia) with saturated HBr/dichloromethane (see Chapter 3,

Section 3.2.1 for optimization studies) gave the reactive di(1-

bromoethyl) intermediate which was then quenched with water.

This afforded a mixture which was chromatographed on silica to

give the desired HP111dme (22) (l2Vo), the starting material

P P¡11dme (ZlVo), 3 -( 1 -hydroxyethyl) -7 -vinyldeuteroporphyrin

III dimethyl ester, HV11¡dnie (23a) and the ether-linked dimers

(24), (25) and (26). HV111dme (23a) and the ether-linked dimers

(24), (25), (26) eluted together in a broad band which accounted

for 65Vo of the total material, with the dimers predominating.

Compared to the hydrobromination-hydrolysis

reaction with protoporphyrin IX dimethyl este¡, PPl¡dme, (l)
(Chapter 3, Section 3.2.1) where HPl¡dme (6) was the main

product, the corresponding reaction with PPl¡ldme (2I) produced

an unexpectedly high proportion of ether-linked dimers (24),

(25) and (26). This could be due to a combination of steric and

aggregation factors, Fig. 2.I. The proximity of the ethyl

substituents in the porphyrin would force the two groups to be
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orientated in such a way as to minimize steric interaction. One

possible anangement, shown in Fig. 2.I, involves the two bulky

groups (the methyl and the bromide or the hydroxyl group)

directed outwards at opposite sides of the plane of the molecule

and therfore are readily accessible to an approachiíg electrophile

such as a molecule of the bromoethyl porphyrin [Fig. 2.1(a)1. The

likelihood of another porphyrin molecule in the vicinity is high

because of the tendency of porphyrins to aggregatea3 in aqueous

solutions, hence the increased yield of dimers. It appears that

the steric factor is a. major influence in the formation of dimers

because the less sterically restricted PP¡¡dme did not produce a

significant proportion of dimers under similar reaction conditions

(Chapter 3, Section 3.2.1).

One possible explanation for the 2LVo recovery of

starting PP11¡dme (2la) is 'that in the bromoethyl porphyrin the

leaving groups are suitably aligned for an intra-molecular

reaction [Fig. 2.1(b)]. It is also possible that hydrobromination

proceeded more slowly with the sterically restricted PP11yd m e

(2la) compared to PP1¡çdme (7 a), on which the optimization

studies were done (Chapter 3, Section 3.2.1). In PP¡rdme (2la)

the vinyl groups might be forced out of the plane of the molecule

so that there is a loss of conjugation between the 'rE electrons of

the vinyl groups and the porphyrin ring. This loss of conjugation

may in turn result in the reduced nucleophilicity of vinyl groups,

thereby slowing down hydrobromination.
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The dimers with 1-hydroxyethyl side chain(s), (24)

and (26), were combined and hydrolysed under reflux using lM

hydrochloric acid/THF,16 in order to cleave the ether linkages.

The product was re-esterified and chromatographed to give

HP111dme (22), PP111dme (21) and HV111dme (23a). The overall

recovery of HP111 dme (22) by this method was 4l%o based on

starting PPl1ldme (2la).

The HP111dme (22) obtained by this method showed a

typical etio-type visible spectrum with absorption maxima which

were very similar to those of Clezy et. a1.22 which was obtained

by borohydride reduction of the diacetyl porphyrin (32). The

proton NMR spectrum was also similar to that in the litetature;zz

with signals occurring within 0.1 ppm of those in the literattre.2z

Variations in chemical shifts are to be expected because proton

NMR spectra are concentration dependent.3b The signals in the

proton NMR spectrum of HP111dme (22) were distinct and the

multiplicities were readily identified. The pyrrole hydrogens

resonated as a broad singlet at -4.52 ppm; two distinct doublets

resonating at 1.79 ppm (J 6.6 Hz) and 1.92 ppm (J 6.6 }Jz) were

assigned to the methyl protons (CII¡CHOH). The existence of two

signals from equivalent protons could be due to the presence of

diastereoisomers.22 The triplet at 3.I9 ppm was assigned to the

methylene on the propionate (CÐCOzCH:), the other triplet at

4.21 ppm to CHTCH2COzCH3 and the singlet at 3.41 ppm to CO2CH3.

Overlapping singlets at approximately 3.1 ppm were due to the

protons of the ring methyls. The proton CH3CHOH resonated as a
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quartet at 5.79 ppm and the meso protons produced four distinct

singlets at 9.52, 9.6J, 9.10 and 10.44 ppm.

The 13C resonances of HPl11dme (22) correlated well

with those of the corresponding porphyrin of the IX series.26 The

four ring methyl carbons resonated as two distinct signals (1 1.1

ppm and 11.5 ppm), one due to the equivalent methyl groups in

the 2 and 8 positions and the other to those in the 12 and 18

positions. The methyl carbons CH3CHOH produced two signals at

25.95 ppm and 26.22 ppm, possibly due to the presence of

diastereoisomers. The carbon CH3CHOH resonated at 65.54 ppm

and the carbons of the propionate groups gave signals at 2I.68

ppm (eHzCHzCO2CH3), 36.69 ppm (CH zCOrCH3), 51.77 ppm

(CO2CH¡) and 173.59 ppm (COrCH3). The meso carbons resonated

at 95.75 ppm, 96.36 ppm and100.4 ppm but the signals due ro

the pyrrole carbons were broad due to NH tautomerism.3l

Haematoporphyrin III dimethyl ester (22) was

hydrolysed by the action of aqueous sodium hydroxide/THF

according to the standard procedurel ó to afford

haematoporphyrin III (HPrrr) (10). The retention time of HP111

(approximately 3.2 minutes) under standard reversed phase

HPLC conditionsl6 *as found, as expected, to be similar to that of

haematoporphyrin IX (HPlx) (1). 16
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2.2.3 Total synthesis of 3,7-Diacetyldeutero-

porphyrin III dimethyl ester ( 3 1 )

This section is a continuation of an earlier projectl9b

involving the total synthesis of 3,7 -diacetyldeuteroporphyrin III

dimethyl ester (31) by literature procedures. The cyclization of

the biladien e-ac (30) was attemptedl9b but the resulting

porphyrin was not fully characterized.r9b This present wotk,

outlined in Scheme 2.2 and discussed below, continues from the

modification of the existing pyrrolel eb (27) through to the

desired haematoporphyrin III ( 10).

Ethyl 3 -acetyl-L,4-dimethylpyrrole-5-carboxy-

late17 'rsa ç27) was saponified to give the corresponding pyrrole

carboxylic acid (28) which was decarboxylated and formylated

using the procedure of CIezy et. o¡}0J9b Previous studiesl9 using

pyrrole acid (28) showed " that the formyl pyrrole (29) was

obtained in 42Vo yield under the following conditions:

decarboxylation with TFA (5 mUE of pyrrole) for 30 min at room

temperature, followed by ín sítu formylation with triethyl

orthoformate (2 ml/g of pyrrole) for 4 min at OoC; appreciable

amounts (-4080) of the starting pyrrole acid (28) were

recoveredl9 from the reaction. In the light of these results,l9 the

possibility of improving the yield of formyl pyrrole (29) was

investigated. The high percentage recoveryl9 of starting pyrrole

acid (28) suggested that the low yield was partly due to

incomplete decarboxylation. This was confirmed when the

reaction time for decarboxylation was increased from 30 minutes

to 95 minutes and the formyl pyrrole (29) was obtained in a
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yield of 52Vo. A longer decarboxylation time of I2O minutes

increased the yield of formyl pyrrole to 9OVo.

The synthesis of the diacetyl-containing biladiene-a c

salt (30) was slightly modified from the standardl2 procedure.

The formyl pyrrole l eb (29) was only sparingly soluble in

methanol, so the solution containing the decarboxylated

dipyrrylmethane2s (16) in TFA was added to the suspension of

the formyl pyrrole (in methanol) instead of the other way round.

The mixture was allowed to stir until all the formyl pyrrole had

dissolved before HBr/acetic acid was added. This resulted in a

biladiene-ac (30) yield of 89Vo. The salt was used immediately in

the cyclization step.

Oxidative cyclization with copper(II) acetate in

refluxing DMF5 foilowed .by demetallation, re-esterification and

chromatography afforded a porphyrin which gave a molecular

ion of mlz l lO by FAB mass spectrometry. The expected

molecular ion of mlz 623 corresponding to the desired 3,7 -

diacetyldeuteroporphyrin III dimethyl ester (32) was not

present in the spectrum. The anomalous porphyrin exhibited an

etio-type absorption spectrum with maxima at 402 rfl, 498 flffi,

532 nfr, 567 nm and 621 nm. The wavelength of band I at 627

nm indicated that there were no electron-withdrawing groups

(such as acetyl groups) directly attached to the porphyrin ring

because a shift to a longer wavelength of approximately 640 nm

is expected of porphyrins with electron-withdrawing groups on

adjacent pyrrole subunits.3" lH and 13C NMR data suggested that
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the porphyrin contained four propionic ester groups and four

ring methyl groups. A possible structure for this porphyrin

would be (35), which has a molecular weight of 71O. The

formation of this porphyrin is puzz\ing because redistribution3 u

reactions tend to occur mainly in more saturated tetrapyrroles

such as bilanes,4u bilenes4u and the reduced porphyrins like

porphyrinogens3u (see Appendix for nomenclature). The high

temperature during cyclization is likely to have been the cause of

this anomalous result because when the temperature was kept

below the boiling point of DMF ie. at 135-138oC, the desired 3,7-

diacetyl-deuteroporphyrin III dimethyl ester (32) was obtained.

Evidence for this structure was the characteristic red shift of

bands I-IV in the absorption spectrum of the crude free base

product, in particular, the maximum at 640 nm for band I. A

molecular ion at mlz 623 in the FAB mass spectrum indicated

that the porphyrin was the desired 3,7 -diacetyldeuteroporphyrin

III dimethyl ester (32). TLC comparisons with 3,8-

diacetyldeuteroporphyrin IX dimethyl ester (36) showed that the

porphyrin from the III series (32) had an RF value and a

characteristic green-brown colour which was similar to that of

the natural IX isomer (36).
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Problems were encountered during extraction of the

diacetyl-containing porphyrin as intractable emulsions formed

during extraction in the aqueous work-up procedures that

followed the cyclization, demetallation and re-esterification steps.

Attempts to disperse the emulsion by filtration through Celite

and/or filter paper under vacuum failed because the filters were

quickl¡r blocked by a fine precipitate that was present in the

emulsion. It was later discovered that the desired 3,7 -

diacetyldeuteroporphyrin III dimethyl ester (32) and its Cu-

metalloporphyrin (31) were only sparingly soluble in
dichloromethane, THF, acetone and combination of these solvents.

This lack of solubility was a maj or problem during

chromatography. In addition, demetallation under standardl2'15

conditions did not proceed to completion but this was not

detected in the absorption spectrum of the crude product because

of the very poor resolution of the individual peaks in the overall

spectrum due to the impurities in the material. Purified CuII-

3,7 -diacetyldeuteroporphyrin III dimethyl ester (31) readily

demetallated under standardl2,r5 conditions (see later). It is
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likely that the low yields2O from the cyclization of the biladiene-

a c salt are not only due to the deactivating influence of the

acetyl groups but also to the low solubility of the product.

Since the target porphyrin, HP1¡1dme, did not give any

solubility problems, it was decided to convert crude CuII- 3 ,7 -

diacetyldeuteroporphyrin III dimethyl ester (3 1) to the

corresponding CuII-3,7-di(l-hydroxyethyl) porphyrin (CuIt-

HPrrrdme) (37a). Attempts to reduce the crude metalloporphyrin

with sodium borohydride failed despite the use of excess

amounts of reducing agent. It is possible that the borohydride

was quenched by the impurities present in the crude

metalloporphyrin. Purified CuII-3,7 -diacetyldeuteroporphyrin

III dimethyl ester (31) was readily reduced by sodium

borohydride to give CuII-HPr11dme (37a).
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R1 R2

Me

(31) R1= R2 = COCH3, R3 = CH:
(37a) Ri: R2 = CH(CH)OH, R3 = CH¡
(38) Ri = R2 = CH(CH|OCH3, R3 : CH¡

(21c) R1= R2 = CH=CHz R3: H
(23c) Rl = CH(CHIOH, R2 = CH=CHz R3 = H
(37b) Rl : R2 = CH(CHIOH, R3'= H

In an attempt to determine if it was feasible to delay

demetallation to a later stage, purified 3,'/ -

diacetyldeuteroporphyrin III dimethyl ester (32) which

contained some (<25Vo) CuII-metalloporphyrin (31) (the latter a

result of the incomplete demetallation mentioned above) was

treated with sodiunr borohydride. Reduction proceeded cleanly

to give HP111dme (22) and its Cull-metalloporphyrin (37a), both

of which were soluble in dicliloromethane.

In order to facilitate chromatography, the crude

H P I11dme was etherified using trimethyl orthoformate/

methanol/concentrated sulphuric acid (5:5:1)13 to give 3,7-di(1-

methoxyethyl)deuteroporphyrin III dimethyl ester (34) and its

Me

J
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corresponding CuII-metalloporphyrin (38) after chromatography.

This mixture was subjected to standard demetallation conditions

in order to remove the chelating metal and to determine if the

conditions would simultaneously hydrolyse the methoxy and

propionic ester groups to give HPrrr (10). While the

demetallation proceeded as expected (evidence for which was the

etio-type absorption of the product), the reversed phase HPLC

chromatogram of the crude material showed that it was a

complicated mixture of HPrrr (10) (7Vo), HVrrr Q3b) (36Vo), PP¡r

(21b) (-5Vo) and at least six other (unidentified) by-products. The

high proportion of HVrrr Q3b) suggested that elimination of the

methoxy group andlor dehydration of l-hydroxyethyl group had

occurred along with demetallation and hydrolysis.

The demetallation of CuII- H P lrr (37b) was also

investigated. CuII-HPIIt wâs obtained from the acidic hydrolysis

(see later) of CuII-3,7-di(1-methoxyethyl)deuteroporphyrin III
dimethyl ester (38). Studies using the more readily available

3,8-di(1-methoxyethyl)deuteroporphyrin IX dimethyl ester (39)

as a model for the III isomer (34) indicated that heating under

reflux for t hours in a mixture of lM hydrochloric acidlTHF was

required to hydrolyse the porphyrin to give HPlx (1) (887o) and

3 -( I -hydroxyethyl)-8-vinyldeuteroporphyrin IX (HVrx) (4)

(l2%o). Working on the expectation that the reactivity of the

metalloporphyrin was similar to that of the free base analogue,

the same conditions were used on CuII-3,7-di(1-
methoxyethyl)deuteroporphyrin III dimethyl ester (38). CuII-
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HPrrr (37b) (72Vo), CuII-HVrrr Q3c) (8Vo) and CuII-PPrrr Q7c)

(I}Vo) were obtained.

The mixture of CuII-HPrrr (37b), CuII-HVur (23c) and

CutI-PPtIt Qlc) was demetallated under standard conditionsl2'1s

using concentrated sulphuric acid/TFA (5Vo). The product

exhibited an etio-type absorption spectrum (indicating that

demetallation had been achieved) but FAB mass spectrometry

did not yield any molecular ions However this may be due to the

low mass spectrometric sensitivity for propionic acid-containing

porphyri nszr'22 although, the molecular ions for monomers are

usually observed. Reversed phase HPLC analysis of the crude

product indicated the presence of non-polar (Rt > 20 min)1

material, which accounted for -827o of the product. None of the

expected porphyrins, namely HPrrr (10), HVrrr Q3b) and PP¡r
(ztb), were present. A polar product (Rr 1.44 min, ISVo) formed

the remainder of the material. The crude material was

reesterified with concentrated sulphuric acid/methanol and the

product was analysed by FAB mass spectrometry. Again, no

molecular ions were detected.

The long retention time of the major portion of the

material suggested that it was polymeric in nature.f In an

attempt to determine the type(s) of linkages involved and to
salvage the HPIIt, the crude material was hydrolysed with 1 M

i Other studiesl6 have indicated that with this solvent gradient, polar
porphyrins like HP'X and HV1" elute before 10 minutes and less polar
material Iike PPIx and dimeric and oligomeric porphyrins have retention
times which are longer than 20 minutes.
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hydrochloric acid/THF. The HPLC chromatogram of the product

was similar to that of the unhydrolysed material, indicating that

the original material was stable towards acidic hydrolysis. This

suggested that the linkages between the porphyrins are not

esters or ethers because these groups are cleaved by acidic

hydrolysis.l6 A portion of the hydrolysed material was

reesterified (in order to convert any acid groups to the

corresponding esters because the sensitivity of the mass

spectrometer towards acid-containing porphyrins is low) and

analysed by FAB mass spectrometry. Molecular ions of mlz 7ll,
81 1, 825 and 1181 were detected. The mass of 1181 m.u.

corresponds to the carbon-linked dimer (40). No attempts were

made to detect higher oligomers. The stability of the material

towards acidic hydrolysis is consistent with the nature of the

linkage on the proposed structure (40), which is similar to the

dimer that was isolated from HPD by Ward et. al..ar Pand,ey et.

al.3e synthesized a similar carbon-linked porphyrin dimer using a

1-hydroxyethyl containing porphyrin and triflic acid. The

reaction is believed39 to proceed via the initial dehydration of the

1-hydroxyethyl group followed by the reaction of the resulting

vinyl porphyrin with another porphyrin carbocation. It is

possible that dimer (40) was formed from HPrrr (10), HVrrr Q3b)

and PPITI (21b) by the same mechanism but using the

demetallating reagents, namely concentrated sulphuric acid /TFA

instead of triflic acid.
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Me

COzCHg
CH3O2C

cH3o2c C02CH3

Me Me

fNote : the stereochemistry of the double bond in the bridge is not known]

(40)

These results suggested that it was necessary for

demetallation to be done in the beginning of the sequence,

preferably after cyclization of the biladiene-¿c salt and that due

to the inherent difficulties caused by the low solubility of the

diacetyl-containing porphyrin,.. low yields are unavoidable. A few

modifications to the literature procedurer2'20 were made: during

work-up, the extracts containing diacetyl porphyrins were not

washed with water before evaporation; the crude CuII- 3 ,J -

diacetyldeuteroporphyrin III dimethyl ester (3 1) was

chromatographed on Grade III alumina before demetallation. The

chromatography removed most, but not all, of the low RF

impurities that are normally formed in the cyclization step and it

was found tltat the small proportion of impurities that remained

did not adversely affect the subsequent steps. Reduction of the

acetyl groups with sodium borohydride afforded HP¡1ydme (22)

which was etherified (using the orthoformate methodl3 ) to

facilitate chromatography. 3,7-Di(1-

Me
Me

MeMe

Me
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methoxyethyl)deuteroporphyrin III dimethyl ester (34), 3-(1-

hydroxyethyl)-7 -(1-methoxyethyl)deuteroporphyrin III
dimethyl ester (41) and HP111dme (22) were separated from rhe

crude product. The total yield of porphyrin was l2%o based on the

starting biladien e-a c salt. The mixture of methoxyethyl

porphyrins (3a) and (41) *ffi combined with HPllydme (22)

and hydrolysed using acidic reflux to give mainly HPrrr (10)

whose HPLC chromatogram is shown in Fig. 2.a@) (see Section

2.2.5). This crude mixture of HPr¡ (10) (>75Vo) with small

amounts (<l)Vo) of HV111 Q3b) and PP11¡ (21b) was used to make

HPD-III without prior purification. This is because the

corresponding HPD is usually prepared from commercial HPy¡ (1)

which contains similar impurities. Commercial HPrx (1) is

contaminated with HVtx $) 6-8qo) and smaller amounts of PP¡¡

(7) as well as dimeric and oligomeric material 13'29

2.2.4 .I Spectral analysis of 3,7-Di(1-methoxyethyl) -

deuteroporphyrin III dimethyl ester (3 4)

The proton NMR spectrum of 3,7-dí(l-
methoxyethyl)deuteroporphyrin III dimethyl ester (34), was

well resolved and the multiplicities were clearly discernable. The

signals duc to the methyl protons CI¡CIIOCII3 resonated as a

doublets at 2.3 ppm (J 6.6 Hz), while the methoxy protons

CHgCHOCH3 produced a singlet at 3.7 ppm. The signal at 6.1 ppm,

due to the proton CH3CHOCH3, was a multiplet resulting from two

overlapping quartets, possibly due to the presence of
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diastereomers. All the chemical shifts correlated well with those

of the IX isomer (39).13'2e Simitarty the resonances of the

protons on the other sidechains, namely the propionates at 4.2

ppm (CÐCHzCO2CH3), 3.2 ppm (CILzCO2CH3) and 3.7 ppm

(CH2COzCII¡); and the ring methyls at 3.5 - 3.6 ppm also appeared

in the expected29 regions of the spectrum. The resonances of the

R1 R2

Me

Me

CO2CH3

(34) Rl= R2 = CH(CHTOCH3
(41) Rl= CH(CHjOCH3, R2 = CH(CH)OH

Me

R2

Me

CO2CH3 CO2CH3

(39) Rl =R2 = CH(CH3)OCH3
(42) R1 = CH(CH:)OCH3, R2 = CH(CH3)OH

R
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propionate and ring methyl sidechains also correlated well with

those of other known porphyrins.3b'30 The signals due to the

meso protons were distinct singlets at 9.8 ppm, 10.0 ppm, 10.93

ppm. The pyrrole protons resonated as broad signals centred at

-3.8 ppm. The main difference between the proton NMR

spectrum of 3,7 -di(1-methoxyethyl)deuteroporphyrin III
dimethyl ester (34) and its IX isomer QÐ2 e is the good

resolution of the former, which is encouragingly in line with the

anticipation that the more symmetrical III isomer will produce

better resolved proton and 13 C spectra.

The 1 3 C NMR spectrum of 3,7 -di( 1-

methoxyethyl)deuteroporphyrin III dimethyl ester (34) was

very similar to that of its IX isomer (3Ð.2e The carbons of the

ring methyls resonated at .11.53 ppm while the corresponding

carbons in the IX isomer29 resonated at 11.62 ppm; the carbons

of the propionates in (34) gave signals at 21.69 ppm

(CI!2CHzCO2CH3, the corresponding signal in the IX isomer29 was

at 2L66 ppm), 36.82 ppm (CH ¡CO¡CH3, 36.95 in the IX isomer2e),

51.51 ppm (COzCIlg, 51.12 ppm in the IX isomer2e) and 113.47

ppm (CO2CH3, 173.59 ppm in the IX isomer2e). The four meso

carbon signals appeared at 96.01 ppm, 96.60 ppm, 99.59 ppm

and 99.13 ppm, while the signals due to the pyrrole carbons were

broad (as a result of NH tautomerism3l ) and appeared in the

region of 135 145 ppm. The methoxy carbon CH3CHOCH3

resonated at 51.01 ppm, the methyl CH3CHOCH3 at 25.II ppm and

the methine CH? q H O C H 1 at 14.93 ppm, all of which were
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approximately 0.2 ppm downfield from the corresponding signal

in the 13C NMR spectrum of the IX isomer.29

The FAB mass spectrum of 3,'7-di(1-

methoxyethyl)deuteroporphyrin III dimethyl ester (34) showed

a strong rnolecular ion at mlz 655 and the absorption spectrum

exhibited a typical etio-type pattern with maxima at 40I trffi,

499 nm, 532 nm, 568 nm and 622 nm.

2.2.4.2 Spectral analysis of 3-(1-Hydroxyethyl)-7-(1-

methoxyethyt)deuteroporphyrin III dimethyl

ester (4 1 )

A notable difference between the proton NMR

spectrum of 3 - ( 1 -h y droxyethyl) -7 -( 1 -methoxyethy l) deu tero -

porphyrin III dimethyl ester (41), and that of its IX isomer (42),

was the absence, in the former, of a signal in the 5.4 - 5.8 ppm

region of the spectrum normally29 due to the methine proton

CH3CHOH. A heteronuclear 13C-proton correlation spectrum of 3-

(1-hydroxyeth yI)-1-(1-methoxyethyt)deuteroporphyrin III
dimethyl ester (41) revealed that the proton signal was

considerably further upfield at 3.9 ppm. In contrast the

corresponding proton in the IX isomer29 resonated between 5.5

5.7 ppm. In haematoporphyrin IX dimethyl ester22 the CH3CHO H

signal appears at 6.45 ppm. The upfield shift of the proton

C H ¡ C H OH signal in 3-( 1-hydroxyethyl)-7-( 1-

methoxyethyl)deuteroporphyrin III dimethyl ester (41) suggests
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that the 1-hydroxyethyl group in the III isomer (41) may be

distorted to relieve steric interaction with the nearby 1-

methoxyethyl group and in doing so the proton CH3CHOH is forced

out of its normal position, apparently in a direction that lessens

the deshielding influence of the porphyrin ring current. The

methyl protons CH3CHOH and CH3CHOCH3 in (41) resonated at 2.3

ppm and 2.5 ppm, respectively, while those in the IX isomer29

(42) resonated at 2.4 ppm. Again, this may suggest that the two

methyl groups CII3CHOH and CH3CHOCH3 are experiencing some

steric restrictions which may be forcing them to occupy two

different environments. However this postulate was not tested

with Nuclear Overhauser Enhancementl5 studies. The methoxy

protons CH3CHOCII3 resonated at 3.7 ppm, which is in agreement

with the signal of the corresponding protons in the IX isomer2 9

(42). The signals of the other sidechain and ring protons in 3-(1-

hydroxyethyl)-7 -(1 -methoxyethyl)deuteroporphyrin III
dimethyl ester (41) appeared in regions that aÍe similar to those

of the corresponding protons in its IX isomerzg ç+Z¡.

Most of the signals in the 13C NMR spectrum of 3-(1-

hydroxyethyl)-1 -(1-methoxyethyl)deuteroporphyrin III
dimethyl ester (41) appeared at similar regions to those of

corresponding signals in the spectrum of the IX isomer29 (42),

except for the signals due to the carbons of the 1-hydroxyethyl

and 1-methoxyethyl groups. This could be an indication of the

steric interaction experienced by these groups. The methyl

carbon CH?CHOH in (41) resonated at 25.1 ppm while the signal of
J

the corresponding carbon in the IX isomer appeared at 26.0 ppm.
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The methine carbon CH3qHOH (62 ppm) in (41) exhibited an

upfield shift of 3.4 ppm relative to the corresponding signal

(CH3CHOH, 65.4 ppm) in the IX isomer.2e This upfield shift is

comparable to that observed in sterically hindered

cyclohexunes.34 A surprising downfield shift of 9.6 ppm in the

resonance of the methyl carbon CH¡CHOCH¡ (35.5 ppm) in the III

isomer (41) compared to that of its IX analogue2e (42)

(QHgCHOCH:, 26.0 ppm) appeared to contradict the argument of

steric interaction between the 1-hydroxyethyl and 1-

methoxyethyl groups in (41) because steric hindrance generally

results in upfield shifts in the resonances of the hindered

carbon(s).3a However this anomalous shift is similar to that

observed by Kroschwitz et.al.3s in their study of sterically

crowded substituted isopropyl hydrocarbons. They3s attributed a

downfield shift of the methyl carbon to an elongation of the C-

CH¡ bond to relieve strain. This explanation may apply to the C-

CH: bond in the CH3CHOCH3 group in 3-(1-hydroxyethyl)-7-(l-

methoxyethyl)deuteroporphyrin III dimethyl ester (41). The

major flaw in the steric hindrance argument is that similar shifts

in resonances were not observed in the presumably more

hindered 3,7-di(1-methoxyethyl)deuteropotphyrin III dimethyl

ester (34) discussed in Section 2.2.4.1 above. However if one

were to consider the possibility of intramolecular hydrogen-

bonding between the 1-hydroxyethyl and 1-methoxyethyl

groups in 3-(1-hydroxyethyl)-7 -(1-
methoxyethyl)deuteroporphyrin III dimethyl ester (41), Fig. 2.2,

then the upfield shift of the methine proton CH3CHOH can be
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explained by the increased electron density in its adjacent

oxygen, and the distortion of the C-CH3 bond in the 1-

methoxyethyl group is therefore due to the necessity to minimize

interaction with the neighbouring methyl group on the 8-position

of the porphyrin. This would also explain the chemical shifts of
the methoxy carbon CH3 C H O q H 3 and the methine carbon

CH3CHOCHg in (3a) (Section 2.2.4.1) which are no different from

those of the less hindered IX isomer29 (39), because there is no

possibility of intramolecular hydrogen bonding in the di( 1 -

methoxyethyl) porphyrin (34).

CH
\

J

cHs o\ CH¡
H t\\

CH¡

NHN

Fig. 2.2 Intramolecular hydrogen bonding in 3(1-hydroxyethyl)-
7 - ( 1 -methoxyethyi)deuteroporphyrin III dimethyl e s ter (4 1 )

3 -( 1 -Hydroxyethyl) -7 -(1 -methoxyethyl)deutero-

porphyrin III dimethyl ester (41) exhibited a typical erio-rype

absorption spectrum with maxima at 400 Dffi, 499 ilffi, 532 flffi,

568 nm and 622 nm; and produced a molecular ion at mlz 64I

in the FAB mass spectrum.

2 .2.5

H

(containing

porphyrin

H PD.III
HPD-III was prepared from crude HPrrr

>757o HPul) according to the Lipson procedure.2

was stirred in concentrated sulphuric acidlacetic

( 10)

The

acid
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( 1 :19) for t hour and then treated with aqueous sodium acetate

solution. The precipitate that formed was shown by HPLC to

consist of more than ten components, but the main components

were haematoporphyrin III monoacetate (HPIIT monoacetate, Rr

3.5 minutes) (43) and haematoporphyrin III diacetate (HPrrr

diacetate, Rr 6.2 minutes) (44) which were present in the ratio of

approximately 2:3. The total yield of HP111 acetates was 49Vo and

most of the by-products eluted before 20 minutes, indicating that

they were not polymeric in nature.16 A similar ratio (2:3) of

H P rrr monoacetate (43) to HPrrr diacetate (44) was obtained

when "clean" HPTII Q-86Vo pure) was used. However fewer by-

products were formed in the reaction using "clean" HP¡l and the

total yield (7 5Vo) of HP111 mono- and diacetates was higher than

the 49Vo obtained using crude HPul. The HP1¡1 acetates have

retention times which are.. similar to those of the analogous

systems of the IX series.l6 The relative proportion of HPI¡

monoacetate compared to diacetate is higher than that obtained

from the IX isomer.37 This suggests that, due to the steric

restrictions in the III isomer and the possibility of forming

intramolecula¡ hydrogen bonds in HPIU monoacetate, Fig. 2.3(a),

the formation of HPttt diacetate (44) is a less favou¡able process.

The ¡eversed phase HPLC chromatogram of the HPI I t

monoacetateldiacetate mixture showed that material which

eluted after 20 minutes (namely the porphyrins which aÍe

dimeric or oligomeric in naturel6) accounted for less than lOTo of

the crude material indicating, as expected,l6 that polymerization

did not occur in the acetylation step.
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Fig. 2.3 Intramolecular hydrogen bonding in (a) haematoporphyrin III monoacetate (43),
and (b) haematoporphyrin III diacetate (44)
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NH

NHN

R1 R

CO2H CO2H

(43) Rr = CH(CH¡)OH, R2: CH(CHtOCOCH3
(44) Rr = R2 = CH(CH3)OCOCH3

The mixture of HPTII acetates was treated with

aqueous sodium hydroxide for t hour, then neutralized and

diluted with saline to make up a solution with a porphyrin

concentration of 5 mg/ml which is the usual concentration of

commercially available HPD solutions.24'38 The solution was then

filtered through a 0.45 pm .filter to give HPD-III. HPD-III was

diluted 1000 times with 0.1 N sodium hydroxide/ethanol (1:1)

and analysed by ultraviolet spectroscopy. The resulting etio-type

spectrum had maxima at 395.7 flffi, 499 Dffi, 533 ilffi, 569 nm and

621 nm. The absorbance aÍ" 397 nm was 0.372 units. This

spectrum was compared to that of the crude HPD-III solution

prior to filtration ("unfiltered HPD-III") which had been diluted

in the same manner. "Unfiltered HPD-III" exhibited an etio-type

spectrum with maxima at 395 Dffi, 501 rffi, 534 flfl, 570 nm and

620 nffi, which is nearly identical to that of the filtered HPD-III.

The main difference between the two spectra was the magnitude

of the absorbances. The absorbance of "unfiltered HPD-III" at

391 nm was 0.808 units, which is twice as large as that of HPD-

2

Me

Me
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III. The differences in tlie ultraviolet absorbances of "unfiltered

HPD-III" and HPD-III at 391 nm indicated that approximarell,

54Vo of the material that was forrned during the preparation of

HPD-III had been removed by filtration. The HPLC

chromatogram (Fig. 2.a@)) of the material that was retained by

the filter was identical to that of HPD-III. This indicated that

both the filtrate (ie. HPD-III) and the residue from the filtration

were the same material and that HPD-III was only sparingly

soluble in saline at the normal38 HPD concentration of 5 mg/ml.

Assuming that an HPD solution with an absorbance of 0.8 units at

391 nm had a porphyrin concentration of 5 mg/m138 it follows

then that the concentration of HPD-III was approximately 2.3

m8/ml.

The reversed phase HPLC analysis of HPD-III using

standard solventsl6 showed. a chromatogram (Fig. 2.4(b)) which

could be arbitrarily divided into two sections sharp peaks with

retention times below 10 minutes and a poorly resolved section

which eluted after approximately 15 minutes. Most (60 - TOVo) of
the material was in the short retention time (Rt. 10 minutes)

section of the chromatogram while only 30 -40o/o of the material

was in the less polar section (Rt > 15 minutes). As expectedl6

polar material like HPI¡ and HVIIT were in the short retention

time (Rt. 10 minutes) section, although the two monomers only

accounted for 25 -30o/o of the material. A considerable amount

(30 - 40o/o) of other (unidentified) material was also presenr in

this section of the chromatogram. Although the chromatogram
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of HPD-IX,* obtained using the same solvents,l6 had the same

general pattern (polar and less-polar material) the relative

proportion of polar and less polar material was significantly

different. HPD-IX contains a smaller proportion of polar material

(Rt. 10 minutes, 35 - 4OVo) of which nearly all are HP and HV,

while the less polar material accounts for a larger proportion (55

6O7o) of the total material.2l The HPD-III that was prepared

from pure HPttI contained approximately 38Vo of less polar

material which is similar to that in HPD-III prepared from crude

HPIrr. This suggests that the low yield of less polar material in

HPD-III (prepared from crude HPrrr) is not due to the impurities

present in the starting HPItt and probably not due to the the

considerable amount of by-products formed during the

acetylation step (see above).

The lower yield of less polar material (Rt > 15

minutes) in HPD-III suggested that polymerization was not

occurring readily during the preparation of HPD-III. This might

be due to steric restrictions caused by the proximity of the two

reactive groups, whether they be 1-acetoxyethyl or 1-

hydroxyethyl groups. In addition, the possibility of

intramolecular hydrogen-bonding within the HPutmonoacetate

and HPTII diacetate molecules, Fig. 2.3, could reduce the

probability of an intermolecular reaction.

Size exclusion chromatography of HPD-III on

Sephadex LH-20 gave four fractions, although the resolution was

* In order to differentiate between the haematoporphyrin derivatives in
this discussion, thc abbreviation "HPD-IX" is used to refer to normal HPD,
which is pre pared from haematoporphyrin IX.
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quite poor after the first fraction. In contrast, HPD-IX separated

quite effectively into two main fractions and an intermediate

fraction29 on Sephadex LlH-20. The fast-running fraction from

HPD-III was shown by HPLC to consist mainly of the less polar

material (Rt > 15 minutes), as expected.29 However, while the

slowest fraction contained relatively more polar material than

the first, it was not devoid of the less polar material. In contrast

the slowest fraction obtained from HPD-IX was composed entirely

of polar monomeric material.29 It is possible that the column was

not sufficiently long for the separation of HPD-III, although it had

been used to successfully separate a similar amount of HPD-

II^.2r '29 This suggested that HPD-III did not separate as

efficiently on Sephadex LIJ-20 as did HPD-IX.

The proton NMR spectrum of the fast-running fraction

of HPD-III in DrO was extr.emely poorly resolved, similar to that

of the corresponding fraction of HPD-IX. The FAB mass spectrum

of the fast-running fraction of HPD-III did nor yield any

molecular ions but the corresponding esterified (concentrated

sulphuric acid/methanol) material showed the presence of
monomeric (ml z 563, 581, 599), dimeric (ml z IZOZ, l}ll),
trimeric (mlz 1810, 1827) and tetrameric (mlz 2420, 2436)

ions. No attempt was made to detect higher peaks. The

monomeric molecular ions might have been the result of

fragmentation of the dimers and oligomers under the mass

spectrometric conditions, which is known2t to o."ur. In any case,

the mass spectrum was similar to that of the corresponding

material from HPD-IX.23 This esterified material was unusually
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difficult to redissolve in dichloromethane or deuterochloroform

after it had been evaporated to dryness but it was sparingly

soluble in acetone.

Despite the presence of fewer regioisomers in HPD-III

(see Introduction, Section 2.I) the NMR spectra of the esterified

fast-running fraction (the dimeric andlor oligomeric material),

which were recorded in deuterochloroform were still
disappointingly lacking in resolution. The proton NMR spectrum

was very poorly resolved due to the complicated nature of the

material, which is a. mixture of diastereo- and regioisomers of

dimers and oligomers linked by different bridges (see later).

Hence it was not possible to obtain any information from the

spectrum. The 13C NMR spectrum of this materialin deuterated

acetone was weak due to the low solubility of the material.

Nevertheless it was possible. to make out the the stronger signals

such those due to the carbons of the ring merhyls (11.5 l2.O

ppm), the carbons in the propionic ester groups ( eHzCHzCOz-,
21.5 - 21 .8 ppm; CH2CO 2- , 36 - 37 ppm; ÇO z- , -17 4 ppm; CO2CH3,

-57 ppm). The meso and pyrrole carbon (Co, Cp). signals were

broad and barely discernable.

Standardl6 acidic and basic hydrolyses were done on

HPD-III in order to determine the type(s) of functional groups

linking the porphyrin dimers/oligomers, and, if possible, to

determine the relative proportion of dimers/oligomers joined by

each type of linkage. The reversed phase HPLC chromatogram of

the material obtained after standardl6 basic hydrolysis of HPD-

* See Appendix for for definition.
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III showed a decrease from approximately 30Vo to approximately

2lo/o (ie. a 30Vo decrease) in the amount of less polar material (Rt >

15 minutes). This was complemented with an increase of

approximately similar magnitude (23Vo) in the proportion of

HPrrr (10) and HVr¡ Q3b) (which are two of the expected

products from the basic hydrolysis of ester-linked materiall6) .

Due to the small values involved, minor differences in the

integration would translate into large values, making the

estimates less reliable. Therefore under these circumstances it is

likely that the figures of 3OVo and 23Vo do correspond. Another

problem with yields based on the peaks of the chromatogram

was that any decrease or increase in the proportion of

dimeric/oligomeric material would also be expected to result in a

change in the proportion of PPI1I (21b), whose retention time of

22 minutes places it in .. the retention time range of the

dimer/oligomer material. It is not possible to subtract the

amount of PPrrr (21b) from that of the R, ) 15 minutes portion

because accurate integrations of PPIu QLb) cannot be obtained

due to the poor resolution of that section of the chromatogram.

Admittedly this problem might be overcome by using a solvent

gradient that would separate PPrrr (21b) from the

dimeric/oligomeric portion, however the large experimental

errors expected from this method of calculation (see above)

indicated that that might not be a worthwhile exercise.

Suffice to say that there was a decrease of

approximately 307o in the proportion of dimeric/oligomeric

material after standardl6 basic hydrolysis of HPD-III indicating
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that there was some ester-linked material in the

dimeric/oligomeric portion of HPD-III. This conclusion was made

on the assumption that the reactivity of ester-linked material in

HPD-III was similar to that of HPD-IX.16 Most of the ester-linked

material in freshly prepared HPD-IX converts rapidly (over a

period of 48 hoursl6) to ether-linked material on standing,l6'40

until a plateau level of approximately l5%o ester-linked material

remains.2l It is interesting to note that although the hydrolysis

was done 23 days after the HPD-III had been prepared, there

was still a significant amount (30Vo) of base-labile material

present in HPD-IIL This suggested that ester-linked material in

HPD-III did not convert to ether-linked material as rapidly (if at

all) as its IX series analogue.l6'40 Freshly prepared HPD-III was

not analysed for its content of ester-linked material.

Acidic hydrolysis 16 of HPD-III resulted in an

approximately 80Vo decrease (from 3OVo to 6Vo) in the proportion

of dimeric/oligomeric material. This indicated that there was a

substantial amount of ether- and ester-linked dimers and/or

oligomers in HPD-III because studies with the dimeric/oligomeric

material in HPD-IX (Photofrin II)16 have shown that these

groups are readily cleaved under acidic conditions. Deducting the

proportion due to ester-linked material (3OVo, see above) leaves

approximately 50Vo which is due to ether-linked material. The

remainder of the R, 2 15 minutes material amounted to 60/o which

is 2oo/o of the original less polar rnaterial (this includes an

indeterminate amount of PPIII). On the basis of studies on the IX
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analogue2l'41 the dimeric/oligomeric material that was left after

acidic hydrolysis is probably carbon-linked.

The FAB mass spectrum of the product from acidic

hydrolysis of HPD-III showed a srrong peak at mrz 599

(corresponding to HPlrr) and weak peaks at mlz rr43 and 1161.

Higher mass peaks were not observed but this is not unusual due

to the low sensitivity of the mass spectrometer for high mass

acid-containing porphyrinr.2l The mass spectrum of the acid-

hydrolysed HPD-III resembled that of ward et. aI.'s acid-

hydrolysed Photofrin II@21 which was shown to contain carbon-

linked dimers and higher oligomers. However, due to the lack of

material, the chemical manipulations2l,al were not done on the

material obtained from the acidic hydrolysis of HPD-III so it
cannot be conclusively said that the Rt à 15 minutes material that

survived acidic hydrolysis was carbon-linked.

The results from the hydrolysis studies indicated that

the composition of HPD-III was similar to that of HpD-IX. Both

HPD-IX and HPD-III contain monomers (HP¡¡, HVrx and PPl¡ in
HPD-IX, and HPr¡, HVlrl and PPrrr in HPD-III) and

dimers/oligomers which aÍe linked by ether, ester and carbon

bridges. However the relative proportion of the components was

significantly different. HPD-III conrained less

dimeric/oligomeric material and more polar (monomeric)

material than HPD-IX. There was also a significant amount of

(unidentified) polar by-products in HPD-III which were not

present in HPD-IX. Nearly half rhe dimers/oligomers in HPD-III

were ether-linked; of the remainder, there was more ester-linked
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than carbon-linked material. In contrast HPD-IX contains nearly

twice as much dimeric/oligomeric material and less monomeric

(HPrx, HVrx and PP1¡) material than HPD-III. Other than the

monomers HP1¡, PPIx and HV1¡ there are virtually no other polar

impurities in HPD-IX. Ward et. a/.21 showed that there was a

significant amount (40Vo) of acid-stable (carbon-linked) material

in the dimer/oligomer fraction of HPD-IX (Photofrin II).21 This is

twice the amount of acid-stable material found in the

dimer/oligomer portion of HPD-III. Like HPD-III, most of the

acid-labile material in the dimer/oligomer fraction of HPD-IX was

ether-linked.21 However there was more ester-linked material

(-307o) in HPD-III than in HPD-IX (which contained 10 2OVo

ester-linked material) 2r The conversion of ester- to ether-

linked materiall6'40 appeared to be slower (if it occured at all) in

HPD-III.

Freshly prepared HPD-III was tested for in vivo

phototoxicity using the assay described in the literature.24 CÍ7BL

mice which had been implanted with Lewis Lung Carcinoma cells

were given intraperítoneal injections of HPD-III at a dose of 50

mg/kg porphyrin.2a Twenty four hours later a l-cm aÍea over

the tumour was irradiated with red light (600 
- 700 nm).24 The

end point (TC56) was the number of days for 50Vo of the mice to

show a recurrence of tumour.24 Preliminary tests with HPD-III

gave TCSO = 0 (HPD-IX, TC5 0 - 5).24 This was a surprising result

considering. that HPD-III was similar, in many respects, to HPD-

IX. However the absence of any antitumour activity in HPD-III

could be due to the low porphyrin concentration in the solution.
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As indicated above, the porphyrin concentration in HPD-III was

approximately 2.3 mg/ml, which is half that of the usual HPD-IX

solutions .24'38 As a result of that the amount of active material in

HPD-III is likely to below the threshold levela2 necessary for

biological activity. Hence it is not possible on this basis to form a

definite conclusion regarding the relationship between

regiochemistry and the biological activity of HPD-IX. It would

have been interesting to see if doubling the dose of HPD-III (and

hence bringing the amount of injected porphyrin up to the

standardz4'3B 5 mg/ml level) would have any effect on its overall

in vivo activity. However this was not done due to the lack of

time and material.

2.2.6 Conclusion

The total synthesis of HPIII was undertaken by two

literatureT-20'22 routes, both..of which involved the cyclization of

a biladiene-ac salt. The yields of porphyrin were low but

comparable to those obtained in the literature.14'20 NMR data of

a porphyrin which had a l-methoxyethyl group and was a

precursor to HPIIT indicated that there was some steric

interaction and intramolecular hydrogen bonding occurring

between the two groups on the 3 and 1 positions of the

porphyrin.

HPD-III was prepared from crude (líVo) HPttt as well

as from "clean" HPI1I (approximately 85Vo pure), and was found to

be less soluble in saline than HPD-IX. HPLC and spectral analysis

of HPD-III showed that it was similar to HPD-IX in that it

contained monomers (HPttt, HV111 and PPIIt), dimers and
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oligomers. However HPD-III was contaminated with a significant

amount of (unidentified) polar impurities which was not present

in HPD-IX. HPD-III contained less dimeric/oligomeric material

than HPD-IX. Standardl6 acidic and basic hydrolyses of HPD-III

showed that the dimers/oligomers were linked by ether, ester

and carbon linkages, with the ether-linked material

predominating. Tests2a for în vivo antitumour activity indicated

that HPD-III was virtually inactive. However this may be due to

the low proportion of active material in HPD-III and not

necessarily to the regiochemistry of the material.

Recently Pandey et. a\.38 showed that two

regioisomers of a synthetic porphyrin dimer had different

tumoricidal activity. It is possible that regiochemistry might

influence the biological activity of HPD-IX in a similar way so that

one (or more) of the other'' fourteen regioisomers (see Appendix)

might produce an HPD that is more effective than the present

HPD-IX prepared from haematoporphyrin IX. Although this

study did not go as far as to address the question of influence (if

any) of regiochemistry on the biological activity of HPD, it does

indicate that the III (regio)isomer of haematoporphyrin is

probably not a good choice for the preparation of HPD because it

does not polymerize readily. A better alternative might be the

less sterically restricted haematoporphyrin XIII.
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ADDENDUM

Subsequent to the writing of this thesis an tn vitro

comparison of the phototoxicity of HPD-IX and HPD-III was made

using MBT-2 cells, courtesy of Dr. John Hill, Higginbotham

Neuroscience Research Institute, Royal Melbourne Hospital. This

study, in which the cells are incubated with excess porphyrin (i.e.

concentration differences aÍe unimportant), showed that HPD-III was

less phototoxic towards these cells than HPD-IX, both at low and high

light exposures.



2.3 Experimental$

2.3.0 General

Melting points for non-porphyrin compounds were

determined on a Kofler hot-stage apparatus and are uncorrected.

Due to the fact that the porphyrins were isomerically impure,

melting points for these compounds were not recorded.

Electronic spectra were recorded on a Pye Unicam

SP8-100 ultraviolet spectrometer, using 1 cm quartz cells and,

unless otherwise stated, dichloromethane as solvent.

Absorbances are quoted relative to the intensity of the Soret

band.

NMR spectra were obtained on a Bruker CXP300

spectrometer operating at 300 MHz for 1H and 75.41 MHz for 13C

spectra. Low resolution proton NMR -spectra were recorded on a

Varian T-60 spectrometer operating at 60 Ìl{z. Unless otherwise

stated, all spectra were obtained in deuterochloroform solutions.

Chemical shifts are quoted on the ô scale relative to

tetramethylsilane (internal standard). The following

abbreviations were used: br broad; d doublet; m multiplet; q

quartet; s singlet; t triplet.

Normal (electron impact, E.I.) mass spectra were

recorded on an A.E.I. MS-3074 spectrometer at 70 eV. Fast Atom

Bombardment (FAB) mass spectra were obtained on a VG ZAB-

zHF mass spectrometer using Argon atoms accelerated to 8 kV.

Samples were dissolved in a 3-nitrobenzyl alcohol matrix. In the

$ References, p. 98
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spectra of mixtures, peak intensities are sometimes described by

the abbreviations m moderate, s strong or w weak.

Reversed phase high performance liquid

chromatography (HPLC) was carried out according to the

literaturel6 procedure on a 'Waters Novapak C18 cartridge using a

Waters dual solvent delivery system controlled by a Waters

model 680 Automated Gradient Controller and a U6K injector

with a Waters Z-module. The absorbance detecto¡ (Waters Model

481AZ) was set at 397 nm and peaks were integrated using a

Waters 740 Data Module. All HPLC solvents were distilled and

filtered (through a 0.45 pm Millipore filter) before use. Aqueous

methanol solutions, 15 : 85 ("Solvent B") and 10 : 90 ("Solvent

A"), each containing 2.5 x IO4 mM tetra-n-butylammonium

phosphate were adjusted to pH 3.6 and 7.5 respectively by the

addition of phosphoric acid. and, when .necessary, triethylamine.

The column was equilibrated with Solvent B (85Vo

methanol lwater) for at least 10 min before the sample was

injected. The eluting solvent was changed exponentially to

Solvent A 10 min after injection. A typical run lasted 35 min.

Analytical thin layer chromatography (TLC) was

performed on Merck Kieselgel 60 PFzs+. The plates were

developed in mixtures of methanolidichloromethane.

Preparative thin layer chromatography was done on pre-coated

(0.2 mm) Merck Kieselgel 60 (indicator free) plates. Squat

column chromatography was performed using silica gel (Merck

Kieselgel type 60G), unless otherwise stated.
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Solvents were dried (where applicable) by the

literature48 procedure. Gaseous hydrogen bromide (Matheson)

was used without prior treatment. "Concentrated ammonium

hydroxide" refers to strong ammonia solution of S. G. 0.90

(approximately).

2.3.1 Benzyl 4-(2-acetoxyethyl)-3,5-

dimethylpyrrole -2-carboxylate.to (t¡)
Benzyl acefoacetate7a Q.74 E, 40.3 mmol) in acetic

acid (13 ml) was nitrosylated7 at ca. 30oC by the addition of

aqueous sodium nitrite (10 M, 4 ml) and the mixture was stirred

at room temperature for 5 h to yield the corresponding

hydroxyimino compound.

A solution of 3-acetyl-4-oxopentyl acetate7b (I2) (7.5

E, 40.3 mmol) in acetic acid (13 ml) was heated to 70oC. Heating

was discontinued and a mixture of zinc dust (6.26 g) and sodium

acetate (6.26 g) was added portionwise with stirring while the

above hydroxyimino compound was added dropwise. The

additions were regulated so that the zinc mixture was always in

exces s and the temperature of the reaction. mixture was

maintained at 90-100'C. After the addition, the mixture was

heated under reflux for 15 min and then allowed to cool to room

temperature. The yellow oil was poured into ice water (ca. 300

ml) with vigorous stirring. A yellow precipitate was obtained

after overnight refrigeration (5'C) and was collected and

crystallized.from aqueous ethanol to give the title pyrrole (1.34 g,

llvo) m.p.70.5-12"c lIit.l 72-t4"cl. tH NMR (60 MHz, CDCI3), ô

ppm : 2.05 (s, 3H, OCOCHg), 2.25,2.30 (6f{,2 x s,2 x ring CH3), 2.68
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(t, 2IJ, CHzCHzOCOCHa), 4.02 (t, 2H, CH¡OCOCH3), 5.30 (s, 2H,

PhCH2O zC), 1.37 (s, 5H, Ph). The mother liquor was evaporared ro

dryness, leaving an oil which, by NMR analysis, was mainly the

desired pyrrole. Chromatography of this material on a silica

squat column and elution with dichloromethane and gave a

yellow oil (7.0 g, 55Vo). TLC and NMR dara of this sample matched

those of the crystallized material.

2.3.2 4-(2-Acetoxyethyl)-3,5-dimethylpyrrole-2-
carboxylic acid.e (14)

A mixture consisting of benzyl 4-(2-acetoxyethyl)-

3,5-dimethylpyrrole-2-carboxylate (13) (I.34 E, 4.26 mmol),

palladium on charcoal (5Vo, 1.0 g) and triethylamine (12 drops) in

tetrahydrofuran (15 ml) was hydrogenated at room temperature

at atmospheric pressure until hydrogen uptake had ceased. The

catalyst was removed by vacuum filtration on Kenite and washed

with hot THF. Evaporation of the solvent gave a gray solid which

was recrystallized from THF/methanol to give the title pyrrole

(0.66 g, 70Vo) m.p. 163"C(d) [lit. m.p.e 168"C]. tH NMR (60 MHz,

CDClzldø-DMSO), ô pp- : 2.00 (s, 3H, OCOCH3), 2.68 (t, zIF',

CHzCHzOCOCH3), 2.18 (s, 6H,2 x ring CIL), 4.05 (r, 2}l, Cü2OCOCH3).

Mass spec. (8.I.), mle 225.

2.3.3 2 - Formy I- 4 - (2 - acetoxy e t h yl) - 3, 5 - d i m e th yt -

pyrrole (15)

4 - (2 - Ac eto x y e t h y I ) - 3, 5 -d i m e th y I p yrr o I e -2 - c arb ox y lic
(14) (0.65 g, 2.9 mmol) was dissolved in trifluoroacetic acid

and stirred for 30 min at room temperature. Triethyl

acid

(6 ml)
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orthoformate (2 ml) was then added in one lot with stirring. The

mixture was stirred at room temperature for 5 min, then water

(60 ml) was added and the resulting solution was neutralized

with l07o aqueous sodium bicarbonate. The solution was

extracted with dichloromethane and the organic extracts were

washed with brine, dried (MgSO+) and evaporared to dryness.

The solid residue was recrystallized from aqueous ethanol to give

the title formyl pyrrole (0.26 g, 43Vo), m.p. 99-100.5'C. lH NMR, ô

ppm: 2.O7 (s, 3H, OCOCIL3), 2.33 (s, 6H, 2 x pyrrole-C!fu), 2.7I (t,
2JJ, C 2CH2OCOCH1), 4.I2 (t, 2H, CH2OCOCH:), 9.58 (s, lH, CHO).

Mass spec. (E.I.) mle 209.

2.3.4 l,I9 - D i d eo xy -2,I8 - d i (2-ac e toxyethy l) - S ,L2 -

di(2- methoxy carb onylethyl) - 1, 3,7,13, 1 7 rL9 -

hexamethylbiladiene-ac dihydrobromide (17)

To 3,3' -di(2-methoxycarbonylethyl) -4,4-dimerhyl-

2,2'-dipyrrylmethane-5,5'-dicarboxylic acidl1 (tO) (0.40 E, 0.9

mmol) was added trifluoroacetic acid (5 ml). The mixture was

stir¡ed under nitrogen at room temperature for 10 min until the

evolution of carbon dioxide had ceased.

A solution of 2-formyl -4-(2-acetoxyethyl)-3,5 -

dimethylpyrrole (15) (0.4 E, 1.9 mmol) in methanol (15 ml) was

added dropwise with stirring to the solution of the above

dipyrrylmethane in trifluoroacetic acid. Then hydrobromic acid-

acetic. acid (33Vo, 5 ml) was added dropwise and stirring was

continued for 45 min. Dry ether (80 ml) was added dropwise to

precipitate the bil adien e-a c salt. The suspension was

refrigerated (5'C) overnight, and the salt was collected by
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vacuum filtration and washed thoroughly with ether. The title
biladiene-ac salt (0.64 E, 79Vo) was used without further
purification. )",rru* (rel. abs.) 453 nm (69Vo), 526 (l\OVo). 1¡¡ NMR

(60 MHz), õppm: 1.8 (s, 6IF,.,2 x OCOCH3),2.O5,2.28,2.36 (s, each

6H, 6 x CH3), 2J5 (2 x CFI2CO zCH3,2 x Cfl2CH2OCOC}I), 3.47 (2 x

CEzCHzCOz,2 x OCH3), 4.13 (t,2 x CI!2OCOCH3), 5.27 (br, 2H,

methine CHz),7.16 (br, s, 2 x methine CÐ, 13.5 13.6 (br, 2 x 2H, 4

x pyrrole H).

2.3.5.L 3,7 -Di(2-hydroxyethyl)-13,L7 -di(z-methoxy-
c ar b o nyl e thy l) - 2,8,L2, 1 8 - t e tr am et hy lp o r p h y ri n

13,7-Di(2-hydroxyethyl)deuteroporphyrin III dimethyl

ester .fra (19)

The foregoing biladiene-ac salt (17) (0.60 E, 0.68

mmol) was added to a solution of copper-Il acetate (4.9 E, 20.4

mmol, 30 equivalents) in dry DMF (20 ml) stirring at 155-160oC

unde¡ nitrogen. Stirring was continued for 6 min, then the

reaction mixture was cooled briefly and poured into water (230

ml). The resulting emulsion was extracted with dichloromethane

(6 * 60 ml). The combined organic phase was washed with water

(4 x40 ml), dried (Na2SO4) and evaporated to dryness, leaving a

black solid (0.513 g). }",¡¿^(rel. abs.) 402 nm (I00Vo),525 (77.7Vo),

561 (26.jEo)

The crude metalloporphyrin ( 1 8) was taken up in

concentrated sulphuric acid/trifluoroacetic acid (lo7o, 30 ml) and

the mixture was stirred in the dark at room temperature for 65

min, then diluted with dichloromethane (150 ml) and poured into

water. The organic phase was separated and the remaining
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aqueous phase was extracted further with dichloromethane. The

combined organic phase was washed with water (3 x 50 ml),

dried (NazSO¿) and evaporated to dryness. The solid residue was

dissolved in a mixture of methanol/trimethyl orthoformate (1:1,

10 ml). Water (0.5 ml) was added and the solution was cooled in

an ice-bath. Concentrated sulphuric acid (1 ml) was added

dropwise with stirring. The mixture was stirred in the dark

overnight.

The reaction mixture was diluted with

dichloromethane poured into l}Vo aqueous sodium hydroxide

solution, neutralized and extracted with more dichloromethane.

The combined organic extracts were washed with water, dried

(Na2S04) and evaporated to dryness. The residue, L-u^ (rel. abs.)

4O9 nm (I00Vo), 498 (25.9Vo), 531 (I9.4Vo), 567 (I5.5Vo), 62I

(ll.3Vo), was chromatographed on a silica squat column, where

the fraction containing the title porphyrin was eluted with 2Vo

methanol/dichloromethane. Evaporation of the solvent gave 3,7 -

di(2-hydroxyethyl)deuteroporphyrin-III dimethyl ester ( 19)

(0.118 g,28Vo). lH NMR, ô pp- (-4.6) 
- 

(-5.3) (2 x pynote H), 3.3-

3.8 (2 x CH2CfuOH,2 x C!!2CH2CO2CH3,4 x ring CH:,2 x CO2CH3),

4.ZO (2 x CHTCH2OH), 4.43 (2 x CHZCHzCOzCH¡), 10.13 (4 x meso

H). FAB m.s. mlz 621 .

2.3 .5.2 Oxidative cyclization of (ll) at room

temperatu.."
The biladiene-a c salt (Il) (40 ffig, 0.045 mmol),

prepared by the procedure outlined in Section 2.3.4, was added

in one lot to a solution of dry DMF (4 ml) containing copper(Il)
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acetate (0.27 E, \.35 mmol, 30 equivalents). The mixture was

stirred at room temperature for 2 h and then worked up in the

usual mannor (see Section 2.3.5.1). After demetallation and

reesterification, the crude material was chromatographed on

silica to give 3,7 -di(z-hydroxyethyl)deuteroporphyrin-III

dimethyl ester (19) (4 hB, lSVo based on the starting ã,c-

biladiene salt). The porphyrin was identical (FAB D.S., vis. spec.

and TLC) to the sample obtained by oxidative cyclization in

refluxing DMF above (Section 2.3.5.1).

2.3.6 3,7-Di(2-chloroethyt)-13,L7-di(2-methoxy-
c arb o n yl e thyl) -2,8,L2, 1 8 - t e tram e t h ylp or p hyrin.

13,7-Di(2-chloroethyl)deuteroporphyrin III dimethyl

ester.rl+'ts (20)

3,1-Di(z-hydroxyethyl)deuteroporphyrin III dimethyl

ester (19) (0.118 g, 0.188 'mmol) was dissolved in a mixture of

benzoyl chloride (2 ml) and dimethylformamide (20 ml) and

stirred at 95'C for 75 min under nitrogen. The reaction mixture

was cooled to room temperature and aqueous triethylamine (6Vo,

I20 ml) was added with stirring. The resulting emulsion was

extracted with dichloromethane (4 x 50 ml), and the combined

organic phases were washed with water (5 x 30 ml). Evaporation

of the solvent gave a red-brown solid which was

chromatographed on a silica squat column. The desired fraction

was eluted with dichloromethane. Evaporation of the solvent

gave the title porphyrin (0.124 g, 99o/o). 1".u* (rel. abs.) 398.5 nm

(I0O7o),498 (9.OVo), 530 (6.l%o),566.5 (4.4o/o),620 (2.7Vo). t3C NMR

(CDCI¡ + CD3COCD¡), ô ppm 11.59, 11.79 (ring eH:),21 .61
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(CHzCHzC OzCH¡), -30.09 (CH2CH2CI), * 
3 6. 69 (CH{H 2CO 2CH3), 45 .43

(CHzeH2CI), 51.64 (OCH3) 96.08, 96.54, 96.97 (meso C), I73.46

(e-O zC H ¡); the signals due to the pyrrole carbons were not

distinguishable from the baseline. 1II NVIR (CDC13 + CD3COCD3), ô

ppm: -3.89 (br, pyrrole H), 2.90 (2 xCHzCHzCI), 3.04 (CFI2CO2CH¡),

3.21 (OCH3), 3.57 (ring CIL), 4.24-4.43 (2 xCH2CHzCO 2CH3, )x
CH2CH2CI), 9.86-10.11 (meso H). FAB mass spec., nilz 663, 665,

667 (M+).

2.3.7 13,17-Di(Z-methoxycarboxyethyl)-2,8,12,18-
tetramethyl -3,7 -divinylporphyrin.

lProtoporphyrin III dimethyl ester.fra,Ls (zla)

3,7-Dí(2-chloroethyl)deuteroporphyrin III dimethyl

ester (20) (0. 165 g, 0.25 mmol) was dehydrochlorinated

according to the literature procedur ër4,r5 using deoxygenated

pyridine (64 ml) and aqueoüs sodium hydroxide solution (3Vo, 14

ml).

The crude porphyrin was dissolved in concentrated

sulfuric acid/methanol (5Vo, 20 ml) and the mixture was left to

stand in the dark fo¡ two days. The mixture was diluted with

dichloromethane (30 ml) and poured into water, neutralized and

extracted with more dichloromethane. The combined organic

extracts were washed with water and evaporated to dryness. The

solid residue was chromatographed on a silica squat column.

Protoporphyrin III dimethyl ester (2la) (0.105 g, TIVo) was

eluted with 0.57o acetone/dichloromethane. À-u* (rel. abs.) 407

nm (1007o), 506 (8.7Ea), 541 (7.47o), 516 (s.IVo), 630 (3.87o). 13C

* obscured by (CD:)zCO signals

61



NMR (CDCI¡ + CD3COCD3), ô pp- lI.7I, 12.69 (ring eH3),21.61

(CHzCHZCOzCH3), 36.95 (CH2CO2CH3), 51.71 (OeHg), 96.t6-98.49

(meso C), 120.81 (CH=ÇH2), 130.31 (CH=CH2), t73.60 (CO2CHg).
lH NVIR (CDC13 + CD3COCD:), ô pprn -3.63 (2 xpyrrole H), 3.26 (m,

4 H, 2 xCH2CH'¡ CO2CH3), 3.63 (ZxCO2CI[), 3.66 ( x ring CH3),

4.38 (m, 4 H, 2 x C!!2CHZCOZCH3), 6.15-6.39 (2 x d, CH=CHr), 8.18-

8.28 (m, CH=CH2),9.97, 10.00, IO25 (4 H,4 x meso H). FAB m.s.

mlz 591.

2.3.8 3,7-Di(2-hydroxyethyl)-13,17-di(2-methoxy-
c a r b on y I e th y l - 2 18 rI2 rI8 - t e t r a m e t hy lp o r p h yri n

lHaematoporphyrín III dimethyl esterl QZ)

To protoporphyrin III dimethyl ester (ZIa) (80 ffig,

0.135 mmol) was added saturated HBr/dichloromethanel (8 ml)

and the mixture was stirred for 100 min at room temperature.

The reaction mixture was then diluted with dry THF (8 ml) and

added dropwise rapidly into ice-water (ca. 20 mt) with stirring.

The resulting mixture was stirred for 5 minutes, then neutralised

and extracted with dichloromethane. The combined organic

extracts were washed with water and evaporated to dryness. The

solid residue was placed on a silica squat column. The porphyrins

were eluted with solvents of increasing polarity: protoporphyrin

III dimethyl ester (17 mg), identical (TLC, vis. spec., FAB m.s.) to

authentic sample in Section 2.3.7, was eluted with

dichloromethane; 3(1 -hydroxyethyl)-7-vinyldeuteroporphyrin

III dimethyl ester (23a) I'''u* (rel. abs.) 402 nm (700Vo), 501

t Prepared by bubbling gaseous HBr into dry dichloromethane at a rate of
approximately 1 min/ml dichloromethane.
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(8.47o), 536 (6.7Vo), 572 (5.27o), 626 (3.3Vo), FAB m.s. m/z 609,

along with the ether-linked dimers (24), (25) and (26) (total 52

mg) (TLC on silica in 5Vo methanol/dichloromethane, RF 0.5 - 0.9,

similar to those of the corresponding IX isomersas ) with

methanol/dichloromethane (0.4-0.\Vo) and haematoporphyrin III
dimethyl ester (10 ffig, lZVo) was eluted with
methanol/dichloromethane (I-l.5Vo), À-u^ (ret. abs.) 4Ol nm

(1007o), 4gg (g.TEo), 533 (5.77o), 569 (4.3Vo), 622 (2.47o). 13C NMR,

ô pp- 11.09, 11.51 (ring CH3),21.68 (ÇHZCHZCOZCIJ3), 25.95,

26.22 (CH:CHOH), 36.69 (qHZCOzCHg), 51 .17 (COzeH¡) 65.54

(CH:CHOH), 95.75,96.36, 100.42 (meso C), 136.3, 138.06 (CB),

l4l.l3 (br, C6¡), 173.59 (CO2CH3). 1ÉI XvtR, ô ppm: -4.52 (br, 2 x

pyrrole H), 1.79(d) (J 6.6 }Jz), 1.92(d) (J 6.6 }ìz) (2 x d, CH3CHOH),

3.19 (t, C[2COZCHZ), 3.41 (COZCH3), 3.663 (ring CH3), 4.2I (m,

CHZCHZCO2CH3), 5.74-5.84. (q, CH3CHOH), 9.52, 9.67, 9.70, 10.44

(meso H). FAB m.s ., mlz: 627 .

The 1-hydroxyethyl substituted ether-linked dimers

(24) and (26) (40 mg) from above were combined and dissolved

in THF (6 ml). To this was added aqueous hydrochloric acid (1M,

2 ml) and the mixture was refluxed for 2 h, then allowed to cool

to room temperature. Water (8 ml) was added, and the mixture

was extracted with THF/dichloromethane. The combined organic

phases were washed with water and evaporated to dryness. The

solid residue was redissolved in concentrated sulphuric

acid/methanol (5Vo, 10 ml) and left to stand in the dark

overnight. The mixture was diluted with water (20 ml),

neutralised and extracted with dichloromethane. The combined
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organic phase was washed with water and evaporated to dryness.

The solid residue was chromatographed on a silica squat column

as outlined above to give protoporphyrin III dimethyl ester (2la)

(8 mg) identical (TLC, vis. spec., FAB m.s.) to authentic sample in

Section 2.3.7; 3(1-hydroxyethyl)-7-vinyldeuteroporphyrin III
dimethyl ester (23a) (7 mg), physical data (TLC, FAB ffi.S., vis.

spec.) similar to those of the sample above and

haematoporphyrin III dimethyl ester (22) (25 ffig, 29Vo), identical

(vis. spec., TLC, FAB m.s., NMR) to the sample obtained above.

Haematoporphyrin III dimethyl ester (35 mg) from

above was dissolved in a mixtu¡e of THF (5 ml) and 1.0 M sodium

hydroxide. The solution was stirred at room temperature in the

dark for 20 h, then diluted with water (20 ml), acidified (pH 5)

and extracted with THF/dichloromethane. The extracts were

combined, washed with w.ater and evaporated to dryness to

afford haematoporphyrin III (10), FAB m.s. mlz 599, HPLC Rr3.3

min (86Vo, haematoporphyrin III),.5.02 min (4Vo), 6.25 min (2Vo),

7.84 min (ZVo).

2.3.9 3-Acetyl-5-formyl-2,4-dimethytpyrrolele (Zg)

Ethyl 3 -acetyl- 2,4-dimethylpyrrole-5 -c arboxylate4 5

(27) (10 g, 47.8 mmol) was suspended in a mixture of ethanol (20

ml) and aqueous sodium hydroxide solution (70Vo, 30 ml) and the

mixture was refluxed for 2 h. The reaction mixture was cooled,

diluted with water (20 ml) and acidified with concentrated

hydrochloric acid. The white precipitate was collected and

recrystallized from methanol to give 3 -acetyl-2,4-
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dimethylpyrrole-5-carboxylic acid (28) (7 .56 E, 87 Vo), m.p. 2O7 -

zto" c 1tit.a6 208-2t0'c).

( a ) Modification of the decarboxylation/formylation

procedurel 9b

3-Acetyl-2,4-dimethylpyrrole-5-carboxylic acid (28)

(2.5 B, 13.8 mmol) was dissolved in trifluoroacetic acid (I2 ml)

and stirred under nitrogen at room temperature for 95 min, then

cooled in an ice-bath. Triethyl orthoformate (6 ml) was added to

the mixture in one lot and the resulting orange-red solution was

stirred at OoC for 4 min, then poured into aqueous sodium

hydroxide (l)Vo, 100 ml) with stirring. The pH was adjusted to 10

by addition of aqueous hydrochloric acid (lOVo), and the mixture

was extracted with dichloromethane (4 x 50 ml). Combined

organic extracts were washed with brine (2 x 30 ml), dried over

N a zS O + and evaporated to dryness. The solid residue was

recrystallized with aqueous ethanol to give 3 -acetyl-5 -formyl-

2,4-dimethylpyrrole (29) (1.19 g, 527o), m.p. 165-161"C (1ft.47

166"C) rH NVIR (60 MHz), ô ppm: 2.5 (s, 3H, COCHù,2.67 (s, 6H, 2

x CH3), 9.8 (s, 1H, CHO).

( b ) Using a longer decarboxylation time.

The pyrrole carboxylic acid (28) (0.874 g, 4.83 mmol)

was treated with TFA (6 ml) and the mixture was stirred at room

temperature under nitrogen for 2 h. The reaction mixture was

cooled in an ice-bath and triethyl orthoformate (3 ml) was added

in one lot with stirring. Stirring was continued for 4 min and

then the mixture was poured into aqueous sodium hydroxide.
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After work-up and recrystallization in the manner outlined

above, the title formyl pyrrole (29) (0.714 g, 90Vo) was obtained.

NMR and m.p. of this sample matched those obtained above.

2.3.L0 l,L9-Deoxy-2,18-diacetyl-8,12-di(2-methoxy-
car b o nyl e th y l) - 1, 3 r7 rf-3 rI7 rI9 -h e xa m e th yl -

biladiene-ac dihydrobromide (30).

A solution of 3,3'-di(2-methoxycarbonyl-ethyl)-4,4'-

dimethyl-2,2'-dipyrrylmethane-5,5'-dicarboxylic acidl1 (16)

(0.685 g, 1.58 mmol) in trifluoroacetic acid (6.5 ml) was added

dropwise to a suspension of 3-acetyl-5-formyl-2,4-

dimethylpyrrole (29) (0.6 E, 3.64 mmol) in methanol (20 ml) and

the mixture was stirred at room temperature for 15 min.

Hydrobromic acid in acetic acid (45Vo, 3 ml) was added dropwise

to the mixture which was stirred for a furthe¡ 35 min, then ether

(160 ml) was added dropwise with stirring at OoC. The crude

biladiene-ac salt (30) (1.13 g, 89Vo) was collected 90 min later,

washed with ether, dried and used immediately. À-u* (rel. abs.)

450 nm (55Vo), 48I (45Vo), 521 (lOOVo). 1FI tlvtR (60 MHz), ô pp-
2.03 (s, 6}J, 2 x (COCH 3), 2.36, 2.53, 2.65 (s,.each 6H, 6 x CIl3), 3.0

(2 " CH1CO¡),352 (10 H, 2 x CH2CH2CO¡,2x OCH3), 5.43 (br,2 x

zIJ, methine CHZ),7.43 (s, 2H, methine CH), 13.57, I4.I7 (br, 2H,

2 x pynole H).
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2.3.1I 3,7 -Diacetyt-13,17 -di(2-methoxycarbonylethyt)-
2,8,12 rL9- tetramethylporp hyrin.

[3,7-Diacetyldeuteroporphyrìn III dimethyl ester I Q2)

The foregoing blladiene-ac salt (30) (2.056 E, 2.51

mmol) was added in one lot to a solution of copper(Il) acetate

(16.9 g, 84.6 mmol) in dry DMF (160 mt) heated to 138'C under

nitrogen. The mixture was stirred at that temperature for 6 min,

then cooled to room temperature and poured into water (600 ml)

and extracted with dichloromethane. The combined organic

extracts were washed with water, whereupon an emulsion

formed. Attempts were made to break up the emulsion by

filtering it through Kenite and/or filter paper, but in both cases

the filte¡s were quickly blocked. In another attempt THF was

added to the emulsion and swirled gently but the emulsion

persisted. So the emuls-ion was extracted repeatedly with

dichloromethane (6 x 30 ml) until no more colour entered the

organic phase. The combined organic phases were evaporated to

dryness without chemical drying. (Residual dimethylformamide

was removed under high vacuum.)

The aqueous emulsion was diluted with water (ca. 300

ml) and extracted with dichloromethane (5 x 30 ml). Most of the

brown-black colour was extracted into the organic phase, leaving

the aqueous phase pale blue. The combined organic phases were

evaporated to dryness and the solid residue was combined with

that obtained above.

The crude metalloporphyrin was dissolved in
concentrated sulphuric acid/TFA (5o/o, 20 ml) and stirred at room
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temperature for 75 min. The mixture was then diluted with

water (ca. 100 ml) and extracted with THF/dichloromethane (4 x

25 ml). The combined organic phases were washed with dilute

hydrochloric acid and evaporated to dryness without chemical

drying. The solid residue had l-u* (rel. abs.) 418 nm (l00Vo),

476 (I1.6Vo), 510 (l4.7%o), 548 (I3.7Vo),587 (13.0Vo), 640 (8.2Vo).

This crude porphyrin was taken up in concentrated

sulphuric acid/methanol (5Vo, 20 ml) and stir¡ed in the dark

overnight. The mixture was diluted with dichloromethane (ca.2O

ml) and poured into water (100 ml). Dilute aqueous sodium

hydroxide solution (I)Vo) was added until the pH of the solution

was pH 10. When an attempt was made to extract the mixture,

an intractible emulsion formed. This was extracted repeatedly

(while gently swirling the separating f unnel) with

dichloromethane (6 x 20 -1). Then the remaining emulsion was

diluted with water (300 ml) and extracted again with

dichloromethane (3") until no more colour entered the organic

phase. The combined organic phases were evaporated to

dryness, leaving a black solid.

When dichloromethane (3 ml) was added to the

residue in order to redissolve it for chromatography, the material

did nqt readily dissolve a fine, black suspension formed

instead. The suspension did not redissolve when acetone and

THF were added to the solution. So more dichloromethane (15

ml) was added to the suspension which was then filtered. The

filter paper was quickly blocked so filtration was abandoned.
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The filtrate and remaining suspension were combined and

concentrated to ca. I0 mI.

One portion (5 ml) of this suspension was placed on a

short squat column packed with silica. Dichloromethane was run

through the column until the crude material had settled, then the

polarity of the eluting solvent was gradually increased to 4Vo

acetone/dichloromethane. Elution was stopped when the eluate

was no longer red. The main fraction (red-purple band) was

evaporated to give a solid (50 mg). FAB m.s., mlz: 623 (M+), 684.

(3,7 -diacetyldeuteroporphyrin III dimethyl ester (32) and CuII-

3,J -diacetyldeuteroporphyrin III dimethyl ester (31),

respectively). TLC (silica, 57o methanol/dichloromethane): main

spot, Rp 0.70, some material was present on the baseline.

The remaining portion of the crude porphyrin

suspension (5 ml) was placed on a squat column packed with

alumina (Brockmann Grade I). Similar prolonged elution with

lOVo acetone/dichloromethane and evaporation of the solvent

gave a solid (100 mg) which was found (by TLC) to be similar to

that obtained from the silica column above.

2.3.12 Haematoporphyrin III dimethyl ester (22) : from

the reduction of diacetyldeuteroporphyrin III
dimethyl ester (32).

Purified 3,7-diacetyldeuteroporphyrin III dimethyl

ester (32) (0.15 g, 0.2 mmol) from Section 2.3.11 was suspended

in methanol/dichloromethane (20Vo vlv, 5 ml). To this was added

sodium borohydride (50 mg) and the mixture was stirred at room
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temperature in the dark for t h, until all the porphyrin had

dissolved, forming a bright red solution.

Water (6 ml) was added to the mixture, which was

then acidified with dilute hydrochloric acid and extracted with

dichloromethane. The combined organic extracts were washed

with water and evaporated to dryness. The solid residue was

taken up in methanol/trimethyl orthoformate/concentrated

sulphuric acid/water (5:5:1 :0.5; 11.5 ml) and the mixture was

stirred .at room temperature in the dark for t h. Then, it was

diluted with water, neutralised and extracted with

dichloromethane. The organic extracts were washed with water

and evaporated to dryness to yield a dark solid, À-u^ (rel. abs.)

411 nm (l)OVo),500 (10.2Vo),530 (6.4Vo), 565 (4.9Vo),62I (2.7Vo)

The crude product was chromatographed on a squat

column packed with alumina (Grade I). Three fractions were

collected: Fraction I (65 mg), eluted with dichloromethane, had

FAB m.s. m I z 655, 7 16 (3,7 -di( 1 -methoxyethyl)-

deuteroporphyrin III dimethyl ester (34) and its Cu-

metalloporphyrin (38), respectively); Fraction 2 (50 mg), eluted

with l5Vo acetone/dichloromethane, had FAB m.s. mlz 627, 684

m.u. (HP¡11dme and Cu-3 ,7 -diacetyldeuteroporphyrin III
dimethyl ester (31), respectively) and Fraction 3 (20 mg), eluted

with l07o acetone/dichloromethane had FAB m.s. mlz 627, 684

m.u. (as in Fraction 2).
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2.3.I3 Investigation into the conditions needed for the

acidic hydrolysis of 3,7-di(1-methoxyethyl)-

deuteroporphyrin III dimethyl ester, using 3,8-

di(1-methoxyethyl) deuteroporphyrin IX
dimethyl ester (39) as the model system

(a) Room temperature

3,8-Di(1-methoxyethyl)deureroporphyrin IX dimethyl

e s ter 13 '2e QÐ (10 mg) was dissolved in a mixrure of 1 M
hydrochloric acidlTHF (1:1, 6 ml) and srirred at room

temperature in darkness for 16 h. The reaction mixture was

diluted with water (20 ml) and extracted with
THF/dichloromethane. The combined organic extracts were

washed with water and evaporated to dryness. The residue,

analysed by HPLC, gave HPrx (1) (Rt 5.8 min, 0.6Vo), HVrx (a) (Rt

7.93 min, 4.5Vo), 3(1:hydroxyerhyl)-S-(1-methoxyerhyl)-
deuteroporphyrin IX (Rt ll.4l min, l2.3Vo), 3,8-di(1-

methoxyethyl)deuteroporphyrin IX (Rr 15.84 min, >36Vo), 3,8-

di(1-methoxyethyl)deuteroporphyrin IX dimethyt ester (39) (Rt

21.12 min, 33.6vo). The retention times were similar to those in

the literature.l 6

(b) Reflux

3,8-Di(1-methoxyethyl)deureroporphyrin IX dimethyl

ester13'2e (39) (50 mg) was dissolved in 1M hydrochloric

acid/THF (1:1, 16 ml) and heated under reflux. Aliquots (ca. lml)
were removed at intervals and worked-up in the manner
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described in Section 2.3.13.(a) above

analyses aÍe summarised in Table 2.1,

Results from the HPLC

2.3.14 Attempted reduction of crude CuII-317-diacetyl-
deuteroporphyrin III dimethyl ester ( 3 1 )

The crude CuII-3 ,7 -diacetyldeuteroporphyrin III
dimethyl ester (31) (188 mg) from the Section 2.3.11, prior to

chromatography, was suspended in methanol/dichloromethane

(1 i 4, 10 ml). To this was added sodium borohydride (ca. 100

mg) and the mixture was stirred at room temperature in

darkness for 20 h. The the reaction mixture was diluted with

water (5 ml) and acidified with dilute hydrochloric acid. The

mixture was extracted with dichloromethane (3 x 20 ml), the

combined organic extracts were washed with water and

evaporated to dryness without chemical drying.

The solid residue was taken up in a mixture of

methanol/trimethyl orthoformate/conc. sulphuric acid/water (5 :

5 : 1 : 0.5, 11.5 tnl)13 and stirred for t h. Then the reaction

mixture was diluted with water (20 ml), neutralised and

extracted with dichloromethane. The combined organic extracts

were washed with water and evaporated to yield a solid whose

TLC (silica, 5Vo methanol/dichloromethane) showed a major spot

RF 0.47 corresponding to CuII-3,7-diacetyldeuteroporphyrin III

dimethyl ester (31). Below this point, there were mainly poorly

resolved stretching from the baseline. The desired CuII- 3 ,J -

di(1-methoxyethyl)deuteroporphyrin III dimethyl ester (38) was

present in only trace amounts.
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Table 2.1 HPLC analyses of the material obtained from the acidic
hydrolysis (reflux) of 3,8-di(1-methoxyethyl)deutero-
porphyrin IX dimethyl ester (39).

Reaction time (hours)

under reflux
Products and yieldsa

HP HV PP Others

1

2

b b

6

7

5

16 15 1

57 15 8

Rr 4.7-6.1 min (53Vo),

Rr 11.07 min(26Vo),

Rr 1 1 .9-25.3 min(l4Vo),

Rr 4.7-6.I min(58Vo),

Rr 11.1-21.9 min(8%o)

Rr 7-8.5 min(líVo),

Rt22- 25.I min(9Vo),

74 11 2 Rt 4.8-6.3 min(L3Vo)

88 t2 Nonec

24

a The approximate retention rimes are: HP1X Q.8-4.2 min), HV¡¡ (7.6-9.6

min), PPIX ( - 22 min), 3,8-di(1-merhoxyerhyl)deuteroporphyrin IX

dimethyl ester (21 min), all of which are similar to those in the

literature.16 Yields were estimated from the peaks in the HPLC

c h ro m ato gram

Obscured by other peaks.

PPIX was not present in the mixture.

b

c
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2.3.I5 Demetallation of crud e 3,7 -di(1-methoxyethyl)

deuteroporphyrin III dimethyl ester (34)

containing residual copperll - porphyrin

impurities

The material from Section 2.3.12 (Fraction 1) (65 mg)

was taken up in conc. sulphuric acid/TFA (5Vo, 10 ml) and stirred

at room temperature for 50 min. Water (50 ml) was added to the

mixture which was then extracted with THF/dichloromethane.

The combined organic extracts were washed with water and

evaporated to dryness. f,- u* (rel. abs.) (methanol) 397 nm

(l00Vo), 500 (lIVo), 535 (8Vo), 569 (6.7Vo), 620 (3.37o). Reversed

phase HPLC Rr 1.5 - 2.2 min (3Vo), 3.1 - 4.0 min (3Vo), 5.I min

(7Vo, HPIII - confirmed by comparison with an authentic sample),

1.3 min (36Vo, HVI'I - by comparison' with an authentic sample),

8.8 min (2Vo),9.8 min (4Vo),"11.4 min (4Vo), 15.4 min (l7%o), 19.22

min (77o), 24 min (5Vo, PPt¡ - by comparison with an authentic

sample), 25 -34 min (6Vo).

2.3.t6 Borohydride reduction of purified CuII -3,7 -

diacetyldeuteroporphyrin III dimethyl ester (31)

followed by acidic hydrotysis to give CuII- H P I I I

The crude metalloporphyrin (31) from Section 2.3.11

was chromatographed on alumina (Brockmann, Grade III), and a

sample of the purified metalloporphyrin (31) (58 mg) was taken

up in methanol/dichloromethane (1 | 4, 5 ml). To this was added
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sodium borohydride (ca. 50 mg) and the mixture was stirred at

room temperature in darkness for 155 min. The mixture was

acidified with dilute hydrochloric acid, diluted with water and

extracted with dichloromethane. The combined organic extracts

were washed with water and evaporated to dryness. The solid

residue was taken up in a mixture of methanol/trimethyl

orthoformatefconcentrated sulphuric acidlwater (5 : 5 : 1 : 0.5;

11.5 ml),13 stirred for t h and worked-up in the standardl 3

manner

The product was chromatographed on a squat column

(Grade I alumina). The fraction containing CuII- 3,7 -di( 1-

methoxyethyl)deuteroporphyrin III dimethyl ester (3 8) (FAB

m.s. mlz 116) was dissolved in 1 M hydrochloric acidiTHF (20

ml) and heated under reflux for 7 h, thèn allowed to cool to room

temperature over 8 h. Watei (30 ml) was added to the reaction

mixture which was then extracted with THF/dichloromethane.

The combined organic extracts were washed with water and

evaporated to dryness to give CuII-HPIII (37b), I*u* (rel. abs.)

(methanol + aq. NaOI{ at pH 12) 391 nm (I00Vo), 524 (I0.9Vo), 561

(17.8Vo) Reversed phase HPLC Rr 3.5 min (7ZVo, CuII-HPrrr,

(37b)), 6.2 min (8o/o, Cull-HV,,,, (23c)), 22 min (lOo/o, CuII-PPrrr,

(21c)). Retention times correlated well with those of the free

base analogues (Section 2.3.24).
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2.3 . L7 Dernetallation of cuII-Haematoporphs,rin IrI ( 3 7 tj )

The crude cuII-haemaroporphyrin III (37b) obtained
from Section 2.3.16 was dissolved in conc. sulphuric acidlTtrA
(5vo, 10 ml) and stir¡ed in darkness at toom temperature for 35

min. The reaction mixture was diluted with water (30 ml) and

extracted with THF/dichloromethane. The contbined organic
extracts were washed with water and evaporated to dryness,
leaving a solid. r.u^ (rel. abs.) 397 nm (r\ovo),500 (1 r.Tvo),535
(8.0vo), 569 (6.7vo), 620 (3.380). FAB m.s.: no molecular ions.
Reversed phase HPLC : Rt 1.44 min (rg.3vo), very broad peaks

centred rt 22.21 min (46.4vo) and 26.49 min (35.3vo), the latter
characteristic of polymeric material.l6

A small portion (ca. 5 mg) of this crude product was

dissolved in conc. sulphuric acid/methanol (5vo, l0 ml) and left to
stand in the dark for 24 h. The mixture was diluted with warer
(20 ml), neutralized and extracted with THF/dichloromethane.
The combined organic extracts were washed with water and

evaporated to dryness. The solid residue did not give an

informative mass spectrum (FAB m.s.: no molecular ions were

detected). TLC (silica, 5vo methanol/dichloromethane): the main
portion (>7 5vo) of the material remained on the baseline, again

suggesting that it might be polymeric in nature.

In an effort to sarvage any Hput from the material
obtained from demetallation of cuII-HprI¡ above, an acid

hydrolysis was attempted. The material from above was

dissolved in THF (8 ml). To trris was added I M hydrochloric acid
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(8 ml) and the mixture was refluxed for 6 h, tlien allowed to cool

to roorn temperature for 16 h. As before, the rnixture was

diluted with water, extracted with THF/dichloromethane, the

combined organic extracts were washed with water and

evaporated to dryness. Reversed phase HPLC analysis of the

hydrolysed material showed Rr I.76 min (77o), 2.66 min (2o/o),

4.45 min (3.7Vo), 5.06 min (3Vo), 5.63 min (3.5Vo), 7.24 min (2Vo),

12.0-34.0 min (76.3vo), indicating rhar mosr of the mareriar

obtained from the demetallation of CuII-HPlIr Qlb) above was

acid stable, polymeric material.

In an effort to obtain adequate FAB spectra, the

hydrolysed material was esterified using conc. sulphuric acidl

methanol (10 ml). The reaction mixture was stirred in darkness

at room temperature for 19 h and 'then diluted with water,

neutralized and extracted wlth dichloromethane. The combined

organic extracts were washed with water and evaporated to

dryness, leaving a solid residue. TLC (silica, 5vo methanol

/dichloromethane): major component (>60vo) of the material was

at the baseline, suggesring that it might be polymeric. FAB m.s.

mlz 710, 810, 825, 840, 116l, 1181, -1290, 1400 (all ions were

weak).
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2 .3 .I8 Attern p te d

contain ing

DMF

cyc lization o f thc d iace ty I -

b ilad iene-¿c salt (30) in refluxing

The diacetyl-containing biladiene-ac salt (30) (Section

2.3.10) (1.84 g) was added in one lot ro refluxing DMF (oit bath

temperature 165"c) containing copper(Il) acetate (r4.0 g,,30
equivalents) under an atmosphere of nitrogen. The mixture was

stirred for 6 min, then cooled briefty and poured into water (250

ml). The solution was extracted repeatedly with dichloromethane

until the aqueous phase was clear. The extracts were combined

and washed with water, during which an emulsion formed. The

emulsion was extracted repeatedly with dichloromethane until all

the organic material was recovered. The combined organic

extracts were evaporated to .dryness (residual DMF was removed

under high vacuum).

The resulting solid residue was demetallated by

dissolving it in concenrrared sulphuric acid/TFA (lOvo, z0 ml) and

stirring the mixture at room temperature in 'darkness for 30 min.

Then water (50 ml) was added and the solution was extracted

with dichloromethane. The combined organic extracts were

evaporated to dryness.

The solid residue was dissolved in concentrated

sulphuric acid/methanol (5vo, 20 ml). The mixture was srirred at

room temperature for 48 h, then diluted with dichloromethane

and poured into water. The mixture was neutralized and
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extracted with more dichlororÌlethane. As before, an intractable

emulsion formed during extraction but most of the material was

recovered with repeated extraction with gentle swirling. The

organic extracts were combined and dried over anhydrous

sodium sulphate. Evaporation of the solvent afforded a soiid.

This was chromatographed on a short squat column (silica gel-

60G). The porphyrin product (0. 1 l7 g) was eruted with
dichloromethane. f,-u* (rel. abs.): 403 nm (loovo), 460 (r3vo),

525 (22.5Vo), 562 (4OVo).

The metalloporphyrin was taken up in conc. sulphuric

acid/TFA (rjvo, 15 mt) again and stirred at room temperature for
45 min. water (30 ml) was added to the mixture and the

solution was extracted with dichloromethane. The combined

organic phases were washed with water and evaporated to

dryness leaving a solid resídue which had À-u* (rel. abs.): 4r3

nm (l0Oo/o), 499 (I8Vo), 534 (l2Vo), 569 (9Vo), 622 (5Vo).

The crude porphyrin was re-esterified by stirring in
conc. sulphuric acid/methanol (57o, l0 ml) at room temperature

over 2 days. The mixture was diluted with dichloromerhane (20

ml) and poured into water, neutralized, and extracted with
dichloromethane. The organic extracts were combined, washed

with water and evaporated to dryness. The residue was

chromatographed on a silica squat column. The porphyrin-

containing band was eluted with 27o acetone/dichloromethane.

Evaporation of the solvent afforded a solid (lr mg). À,nu^ (rel.

abs.): 402 nm (ro0o/o), 498 (9.0o/o), 532 (6.70/o), 567 (S.tvo), 62I
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(2.8vo). 13c NMR, ô pp* 11.65 (ring cH3), zr.6g (cT2c12co2cH3),
36.96 (cHzcHzCo2cIJ3), 51 .70 (co2eHg), 96.60 (meso c), t36.53,

138-46 (cp), t42.5-r45.i (cù, tt3.53 (co2cH3). ltr NvrR, ô pp-
-3.87 (2 H,2 x pyrrole H), 3.27 (t, g H, 4 x CH2Cfl2CO2cH3), 3.61_

3.75 (-23 H, 4 x ring CIL3,4, CO2CII¡), 4.39 (t, g H, 4 x

CII2CH2CO2CH3), 10.035 (4 H,4 xmeso H). FAB m.s., mlz JlO.
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2.3.L9 Cyclization of the diacetyl-containing

bilad iene-ac salt (30) at 135"C

The biladiene-ac salt (30) (1.52 g, 1.9 mmol),

prepared according to the procedure outlined in Section 2.3.10,

was added in one lot to a solution of copper(Il) acetate (12.0 g,

60 mmol, 32 equivalents) in dry DMF heated to 135oC, under an

atmosphore of nitrogen. The mixture was stirred at 135oC for a

further 6 min, then quickly cooled to room temperature and

poured into water (c a. 400 ml) The mixture was extracted

repeatedly with dichloromethane until the aqueous phase was

colourless. The combined organic extracts were evaporated to

dryness, leaving a gum which was then chromatographed on an

alumina (Grade III) column. The initial eluate (an orange band)

eluted with dichloromethane, was discarded. The desired

fraction containing CuII-3 ,7 -d,iacetyldeuteroporphyrin III
dimethyl ester (31) (230 mg) was eluted with 5-107o

acetone/dichloromethane.

The foregoing metalloporphyrin (31) was dissolved in

concentrated sulphuric acid/TFA (5Vo, 10 ml) and stirred at room

temperature in the dark for 55 min. Water (80 mt) was added to

the reaction mixture which was then extracted repeatedly with

dichloromethane until the aqueous phase was clear. The extracts

were combined and evaporated to dryness leaving a solid

residue. À-u* (rel. abs.) 424 nm (l00Vo), 513 (16%o), 551 (Il7o),

586 (\Eo), 640 (6Vo).
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The crude 3,J -diacetyldeuteroporphyrin III was

dissolved in a mixture of methanol/trimethyl orthoformate (1:1,

10 ml) and cooled in an ice-bath. To this solution was added

concentrated sulphuric acid (1 mt) dropwise with swirling at OoC.

The mixture was then stirred at room temperature fo¡ t h.

Water (10 ml) was added and the pH of the solution was

adjusted to pH 5 with aqueous sodium hydroxide (LOVo). The

mixture was extracted repeatedly with dichloromethane. The

extracts were not washed with water. (As a test, an aliquot was

placed in at separating funnel and washed with water. The

organic phase immediately emulsified and a fine, brown

precipitate formed.) The organic extracts were combined and

evaporated to dryness to afford a solid residue. À-u* (rel. abs.),

(CHzCIz + trace of NEt3), 423 nm (|OOVo),514 (16Vo), 551 (ILVo),

586 (\Vo), 640 (5Vo). Due to'the low solubility of the porphyrin in

CDCl3, (CD3)2CO, CD3OD and combinations of these, NMR spectra

were not recorded. FAB m.s., mlz 622.

2.3.20 Borohydride reduction of crude 3,7-diacetyl-

deuteroporphyrin III dimethyl ester (32)

The foregoing porphyrin (32) (c a . 2OO mg) was

suspended, in methanol/dichloromethane (1 : 4, 10 ml). To this

was added sodium borohydride (ca. 200 mg) and the mixture

was stirred at room temperature for 75 min, then acidified with

dilute hydrochloric acid. The mixture was poured into water and
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extracted with dichloromethane. The organic phase was

evaporated to dryness. TLC (silica, 5Vo

methanol/dichloromethane) of the residue: 3,'7-diacetyldeutero-

porphyrin III dimethyl ester (32) (Re 0.75) - major component,

HP111dme (22) (RF 0.22) - minor.

The crude product was taken up in methanol/

dichloromethane (1 1 4, 10 ml) again and treated further with

sodium borohydride (200 mg). After work-up in the manner

described above, TLC analysis of the product showed that

unreacted 3,7 -diacetyldeutero- porphyrin III dimethyl ester was

still present, so the crude material was taken up in

methanol/dichloromethane (1 i 4, 10 ml) again and treated with

excess sodium borohydride until unreacted sodium borohydride

was present in the reaction mixture. Stirring was continued for

60 min, then dilute hydroch'loric acid was added dropwise to the

reaction mixture to quench the excess sodium borohydride. The

mixture was poured into water and extracted with more

dichloromethane. The combined organic extracts were washed

with water and evaporated to dryness; TLC (silica, 5vo

methanol/dichloromethane) of the residue indicated that

HPtlldme was the main product.

The crude HPIt¡dme was dissolved in

methanol/trimethyl orthoformate (1:1, 5 ml). To this was added

conc. sulphuric acid (1 ml) dropwise with swirling at 0"C. The

mixture was stirred at room temperature for lO min, then

diluted with water (40 ml). The mixture was neutralized and

89



extracted with dichloromethane. The combined organic extracts

were washed with water and evaporated to dryness, leaving a

solid residue. TLC (silica, 5Vo methanol/dichloromethane), RF 0.8

(3,7-di(1-methoxyethyl)deuteroporphyrin III dimethyl esrer

(34)), RF 0.5 (3-(1-hydroxyethyl)-7-(1-methoxyethyl)deurero-

porphyrin III dimethyl ester (41)), RF 0.3 (HP1¡1dme) in rhe

approximate ratio of 3;2:1. The crude material was

chromatographed on alumina (Grade I) using a squat column.

3 ,7 -di(1-methoxyethyl)deuteroporphyrin III dimethyl esrer (34)

(92 ng, 0.14 mmol) was elured with 27o

acetone/dichloromethane. I.nu* (rel. abs.) 4Ol nm (l00Vo), 499

(9.3Vo), 532 (6.0Vo), 568 (4.5Vo), 622 (2.8Vo). 13C NMR, ô ppm

11.53 (ring CH¡), 21.69 ($}i2CH¡CO2CH3), 25.LL (CH3CHOCH2),

36.82 (CH2CO2CH3), 5t.57 (CO2CH3), 57.01 (CH3CHOCH3), 74.93

(CH3CHOCH3), 90.Ol, 96.60, 99.59, 99.73 (meso C), 136.47, 136.74,

138.26, 139.96 (CB), 144.23 (br, Co(), It3.4i (CO2CH3). lH NMR, ô

ppm -3.83 (2 x pynole H), 2.26 - 2.29 (2 x d,2 x CII¡CHOCH3),

3.18 (t, 2 x CH2CO2CH3), 3.49 (s, 2 x CO2CE3), 3.59,3.6I,3.62 (4 x

ring CH3),3.67 (s, 2 x CH3CHOCII3), 4.22 (t,2 x CH2CH2CO2CH3),

6.06 (m, 2 x CH3CHOCH3), 9.83, 10.01, 10.93, 10.93 (4 x meso H).

FAB h.S., ml z 655. 3( 1-hydroxyethyl)-l (l-methoxyethyl)-

deuteroporphyrin III dimethyl esrer (41) (39 ffig, 0.06 mmol)

was eluted with lOVo acetone/dichloromethane. À-u* (rel. abs.)

400 nm (l00%o), 499 (8.17o), 532 (5.3Vo), 568 (4.2Vo), 622 (2.57o).
13C NMR, ô pp- 11.5 (ring CH3), Zt.g4 (eHzC IH2CO2CHù, 25.tO

(CH3CHOH), 35.53 (CH3CHOCH3), 37.01 (CH2C OzCH3¡, 5t.77

(co rc}t3) 51.09 (CHsCHOCH3), 6r.94 (CH3CHOH), 75.05
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(CH3CHOCHT¡, 96.49 - 96.6t, 99.47 - 99.36 (meso CH), 136.84 -
139.97 (CB), 143.24 - 146.67 (br., C6¡), 174.06 (CO2CH3). 1H NMR,

ô ppm -3.15 (br, 2 x pyrrole H), 2.25-2.28 (CILgCHOH), 2.53

(CH3CHOCH3), 3.17 (2 x C!!2COrCH3), 3.52 (2 x CO2CII3), 3.60 - 3.62

(4 x ring CIlg), 3.69 - 3.70 (2 x CO2CH3, CH3CHOCIIg), 3.91 - 3.95

(CH¡CHOH), 4.09,4.27 (2 x C}j2C}{¡COzCH¡), 6.03 - 6.11 (m,

CH3CHOCH3), 10.05 - 10.08, 10.90 - 10.91 (4 x meso H). FAB m.s.

mlz: 641. HPrrrdme (23 ffig, 0.03 mmol) was eluted with 30Vo

acetone/dichloromethane and was identical (TLC, FAB D.S., NMR,

u.v.) to the authentic sample in Section 2.3.8. Total yield of

porphyrin: 0.23 mmol (l2%o based on starting biladiene-¿c salt in

Section 2.3.I9)

2.3.21 Acidic hydrolysis of the methoxyether porphyrins

(34) and (4 1 ), and haematoporphyrin III dimethyl

ester (22) to give haematoporphyrin III (HP¡1¡) (10)

3,7-Di(1-methoxyethyl)deuteroporphyrin III
dimethyl ester (34) (92 mg), 3-(1-hydroxyethyl)-7-(1-

methoxyethyl)deuteroporphyrin III dimethyl ester (41) (39 mg)

and HP11¡dme (22) (43 mg) from Section 2.3.20 were combined

and dissolved in distilled THF (15 ml). To this was added 1 M

hydrochloric acid (15 ml) and the solution was heated under

reflux for 6.5 h. The reaction mixture was diluted with water

(50 ml) and the pH of the solution was adjusted to pH 5 by the

addition of aqueous sodiurn bicarbonate (I}Eo). The mixture was

extracted with THF/dichloromethane (4 x 25 ml), the organic
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extracts were combined and washed with water and evaporated

to dryness leaving a solid (160 mg). Standardl6 reversed phase

HPLC Rr4.32 min (757o, HPrrr (10)), R,7.12 min (6Vo, IJY¡¡ (23b)),

other components (Rr 5.64 min, 8.5Vo; Rr 6.23 min, 4.5Vo). FAB

m.s. mlz 581, 559 (M+), 613.

2.3 .22 Preparation of haematoporphyrin derivative-

III (HPD-III) by the Lipson2a procedure as

modified by Gomer et. al.2b

(a) "Clean" HPrrr (10) (51 mg) (obtained by base hydrolysis of

HPl¡1dme as outlined in Section 2.3.8) was dissolved in glacial

acetic acid (1.08 ml). To this was added conc. sulphuric acid

(0.06 ml) and the mixture was stirred in darkness at room

temperature for t h. The 'mixture was then added dropwise to

aqueous sodium acetate solution (5Vo, 7.6 ml) with swirling. The

reaction flask was rinsed with water (ca.7 ml) and the rinsing

were added to the sodium acetate solution. The resulting

suspension was collected by centrifugation. Water (ca.3 ml) was

added to the solid and the resulting suspension was centrifuged.

The water was drawn off and the remaining solid was washed

again with water. The procedure was repeated until the

washings were only weakly acidic (pH 5.5-6). The water was

drawn off leaving a soggy paste. HPLC analysis Rt 3.52 min

(30Vo, HPlrr monoacetate (43)), 6.Zl min (45Vo, HPll diacetate

(44)) and minor peaks Rr 1.75 min (2o/o),2.47 min (2Vo),2.84 min
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(5Vo),4.11 min (L%o),5.44 min (7o/o), l.Il min (6.7Vo), 10.94 min

(0.7Vo), 15.1 min (0.7Vo).

The paste was treated with 0.1 M sodium hydroxide

(2.85 ml), but did not completely dissolve. So 1.0 M sodium

hydroxide solution was added dropwise (ca. 3 drops) with

swirling until all the solid had dissolved. The mixture was

stirred in darkness at room temperature for t h, then neutralized

(pH 7.24) with dilute hydrochloric acid. The resulting solution

was diluted with saline. Aliquots (10 pl) were removed and

diluted 1000 times with 0.1 M NaOH/ethanol (50Vo) and the u.v.

absorbance at 397 nm was measured. Saline was added to the

crude HPD-III until the u.v. absorbance of the 0.1 M
NaOHiethanol (5Vo) solution at 397 nm was 0.833 units (Abs397

0.833). The crude HPD-III, À- u^ (rel. abs.) (5Vo 0.1 M
NaOHiethanol) 397 nm (0:833, l00Vo), 502 (0.078, 9.4Vo), 535

(0.055, 6.6Vo), 568 (0.044, 5.37o), 620 (0.032, 3.8Vo) was then

filtered through a 0.45 pm pore size filter to give HPD-III. HPLC

analysis of HPD-III, Rr 2.85 min (20.2Vo, HP¡11); unidentified

peaks Rr 3.35 min (I3Vo), 5.08 min (8.17o); 7.56 min (3Vo), 9.32

min (3Vo),11.4 min (lVo), Rr> 15 min (38Vo).

(lr) Crude HPrrr (75Vo,0.153 g) from Section 2.3.24 was

acetylated for t h using a mixture of glacial acetic acid (2.85 ml)

and concentrated sulphuric acid (0. 15 ml) in the manner

described above. After treatment with aqueous sodium acetate

(5Vo, 20 ml), centrifugation and washing with water, the crude

93



HPIII acetates mixture was obtained. HPLC analysis Rr 4.04 -

4.35 min (20Vo, HPlll monoacetate), 6.87 min (29Vo, HPrrr

diacetate), and minor peaks Rr1.73 min (4.6Vo), 3.39 min (2.8Vo),

6.13 min (5.6Vo), 7.9 min (6.4Vo), 9.0 min (O.7Vo), 10.09 min

(I.6Vo), 11.48 min (5.87o), 12.35 min (3.2 min%o), 13.24 lr:rin (2.7Vo),

14.16 min (2.07o), 15.12 min (1 .2Vo), 17.45 min (1 .4Vo), 18.48 min

(0.9Vo), 19.16 min (1 .3Vo), 20 - 33 min (7.|Vo).

The crude HPIII acetates mixture from above was

treated with 0.1 M sodium hydroxide (7.5 ml). 1.0 M sodium

hydroxide (ca. 5 drops) was added to completely dissolve the

paste. The resulting solution was then stirred at room

temperature in the dark for t h. After neutralization (pH l.2O)

and dilution with saline in the manner described above, the

crude " unfiltered HPD-III" L - u *' (rel. abs.) (50Vo 0.1 M
NaOH/ethanol) 395 nrn (0.809, lj07o), 501 (0.077, 9.5Vo), 534

(0.056, 6.9Vo), 570 (0.046, 5.7Vo), 620 (0.034, 4.2Vo), Abs3e7 0.808,

was filtered through a 0.45 pm pore size filter to give HPD-III.

HPLC analysis, Rr 2.2 min (7Vo), 2.9 min (2Vo), 3.8 min (2lVo,I1P¡1),

5.3 min (lIVo), 6.6 min (9Vo, HV111), 7.8 -.11 min (I47o), Rt) 15

min (3lVo). An aliquot (10 pl) of HPD-III was diluted 1000 times

with 0.1 M NaOH/ethanol (5Vo) to give I.u* (rel. abs.) (5OVo 0.1 M

NaOH/ethanol) 395.1 nm (0.373, l00Vo), 499 (0.024, 6.4Vo), 533

(0.017, 4.5Vo), 569 (0.013, 3.57o), 620 (0.006, I.6Vo), Abs3e7 0.312.

The residue from the filtration, In'u* (rel. abs.) (methanol) 396

nm (1O}Vo),500 (8.77o),534 (6.2Vo),569 (4.7Vo),622 (2.6Vo), HPLC,

was identical to HPD-III obtained after filtration.
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2.3.23 Chromatographic separation of HPD-III on

Sephadex LH-20

HPD-III (ca. 4 ml) was diluted with Tt{F (ca. 2 ml) and

placed on a Sephadex LIJ-20 column. The fractions were eluted

with THF/methanol/water (2:L:1, -pH 5).16 Four fractions were

collected.

The fractions were diluted with water, acidified with

1 M hydrochloric acid solution (2 drops) and extracted with THF/

dichloromethane. The extracts were evaporated to dryness. The

residue from Fraction 1 showed 1g un¿ 13ç NMR (D20, t-BuOH

internal standard) - all the signals in the lH NMR spectrum were

obscured by HzO signals while only broad signals which were

barely discernable from the baseline were present in the 13 C

NMR spectrum. FAB m.s. of Fraction 1: no molecular ions were

detected.

2 .3 .2 4 Reesterification of Fraction 1 of HPD-III

Fraction 1 of HPD-III in DzO, from Section 2.3.23, was

diluted with water (30 ml). I M HCI (5 drops) was added and the

mixture was extracted with THF/dichloromethane. The

combined organic extracts were washed with water and

evaporated to dryness. The solid residue was dissolved in

concentrated sulphuric acid/methanol (57o, 10 ml). The reaction
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mixture was stirred in darkness at room temperature for 25 h,

then water was added and the mixture was extracted with

THF/dichloromethane. The organic phases were combined and

washed with water. Evaporation of the solvent afforded a solid

residue. 13C NMR (CD3CI + CD3COCD3 suspension, -25Vo in solution),

ô pp- 10.64 - 13.22 (ring CH ), 20.95 - 21.87 (}H2CH2CO2CH3),

25.74 -26.29 (CH3CHOR), 36.07 - 36.64 (CH'CH¡CO2CH3), 50.ó9

(CO29H3), 95.64 (br, meso C), -I37.1 (br, pyrrole C), 172.1

(CO2CH3). FAB m.s. mlz: 591, 609, 627, l}L (w), 719 (w), 1202,

1217, lLgl (w), 1310 (m), l32l (w), 1810, 1827, 1902 (w), l29O

(w), -2420, 2436.

2.3.28 Standard hydrolyses16 of HPD-III

(a) Acidic hydrolysisl6 '

To HPD-III (1 ml) was added THF (2 ml) and 1 M
hydrochloric acid (1 ml). The mixture was refluxed for 60 min,

then diluted with water (20 ml) and extracted with

THF/dichloromethane. The combined organic extracts were

washed with water and evaporated to dryness. HPLC analysis Rr

3.84 min (45Vo, HP11¡), 4.89 min (llVo),5.7 min (3Vo),6.55 min

(l4%o, HV¡11), 1.3 - 14.3 min (llVo), Rr > 15 min (6Vo)

(b) Basic hydrolysisl6

To HPD-III (1 ml) was added THF (2 ml) and aqueous

sodium hydroxide (70Vo, 4 drops). The mixture was refluxed for
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90 min, then diluted with water (20 ml), acidified (pH a - 5) and

extracted with THF/dichloromethane. The combined organic

extracts were washed with water and evaporated to dryness.

HPLC analysis Rt 3.9 min (25Vo, HP¡11), 4.3 -5.8 min (22Vo), 6.7 min

(7Vo), 7.5 - 14.8 min (líVo), Rr > 15 mín (2lVo).
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CHAPTER 3

3.1 Introduction$

In the studies towards the structure elucidation of

HPD,* several porphyrin dimers were synthesized and compared

with IIPD (see Chapter 1). In particular, some porphyrin dimers

with etherl-4'6 bridges were found to be as active as Photofrin

II.r'2 Since then, emphasis has extended to the design of

improved photosensitizers the so-called "second generation"

photosensitizers.s At the start of this project it was thought that

ether-linked dimers were the most promising class of dimers in

terms of having anti-cancer activity which was comparable to

that of Photofrin II. Hence it was decided to focus our studies on

the synthesis of analogues to the ether-linked dimers.l-a'6

Ward et. al.r'2 treated 1 -hydroxyethyl-containing

porphyrins with hydrobromic acid in dichloromethane for a short

period, during which initially formed 1-bromoethyl derivatives

were trapped in situ by the unreacted 1-hydroxyethyl-

containing porphyrin to give ether-linked dimers. This ín situ

reaction is a convenient route to symmetrical dimers,l'2 which

can also be prepared by a stepwise reaction involving the initial

synthesis of the 1-bromoethyl porphyrin followed by reaction

with the hydroxyethyl-containing porphyrin in a separate step.

$ Referetrces, p. 17l.* In the following chapters, all the porphyrins arc of the naturally
occurring IX serics. Although only one regioisomer of each compound is
shown in the diagrams, thc prescnce of other regioisomer(s) is(are)
implied.

103



The two step approach is suitable for the synthesis of

unsymmetrical dimers.l'2 Pand,ey et. al.6 synthesized ether-

linked dimers by first preparing the bromoethyl derivative of

hydroxyethyl-containing porphyrins and then reacting these

reactive bromoethyl compounds with hydroxyethyl-containing

porphyrins in a separate step.6 The bromoethyl compounds were

prepared by treating the starting hydroxyethyl-containing

porphyrins with either hydrobromic acid in acetic acid6b or

bromine in dichlo¡omethane.6a Alternatively, the hydroxyl group

in the precursot porphyrin was converted to a mesylate which

was then treated with lithium bromide to form the bromoethyl

compound.6u The bromoethyl compound can also be prepared by

the hydrobromination of vinyl substituents on the

porphyrin2'3'5'7 as was done in the synthesis of other porphyrin

ether2'3'5 and thioetherT derivatives.

It has been suggestedl'12 ¡¡u¡ biotogical activity of

the ether-linked dimers may be related to the hydrophobicity of

the terminal sidechains, with the dimers bearing more

hydrophobic terminal sidechains (for.example the vinyl-

terminated dimer (49)t ) producing greater anticancer activity

than those with hydrophilic groups, such as the hydroxyethyl-

terminated dimer (Ð.r In an order to determine whether the

hydrophobic requirement for biological activity also extended to

the type of linking group between the porphyrins, it was of

interest to synthesize porphyrin dimers with other heteroatoms

in the bridging position. Dimers with hydrophobic linking groups

such as the hydrocarbon-9 and ester-linked porphyrins 1 3 have
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been prepared, and it was found that the hydrocarbon-linked

porphyrins9 showed moderate anti-tumour activityg,29 compared

to Photofrin II (see Chapter 1) while the ester-linked porphyrin

dimers13 were either too unstable in normal aqueous solutionsl3u

to have any significant activity in viyo or were virtually

inactivel3" It was decided to concentrate our study on the

synthesis of dimers with hydrophilic linking groups, in this case

amino-linked dimers. The synthesis of four amino-linked bis-

porphyrin dimers which complement the known ether-linked

dimers (5), (49 (51),1'2 namely the dimers with divinyl- (45),

diethyl- (46), diacetyl- (47) and di(1-hydroxyethyl)- (48)

terminal groups was undertaken with the aim of comparing their

in vivo activity with those of the analogous ether dimers.l'2

Me
Me Me

Me

co2H

CO2H

(45)R=CH=CHzX=NH
(46)R=CHzCH¡,X=NH
(47)R=COCH¡,X=NH
(48)R=CH(CH¡)OH,X=NH

(5)R=CH(CH3)OH,X=O
(49)R=CH=CHzX=O
(50)R=COCH¡,X=O
(51)R=CHzCH¡,X=O

Me

Me

Me

R
R Me

Me
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The proposed route, shown in Scheme 3.1, involved

the initial synthesis of the suitably substituted 1-bromoethyl-

containing intermediate which would then be reacted with

ammonia to give the 1-aminoethyl porphyrin. Reaction between

the 1-aminoethyl porphyrin and another molecule of the 1-

bromoethyl-containing intermediate in a separate step would

then give the desired dimer.
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Scheme 3.1

(7a) R = CH=CHz

R

HBr

(60) R = CH(CH¡)NHz

(8) R = CH(CH¡)Br

(53) R = CH(CH¡)NHz

NHs

H
N R

(8)

Abbreviations : I MeR

R
2

R1
2

R3 Me

4 R
3

R

NHN

NHN

PM" = cH2cH2co2Me



3.2 Results and DiscussionÇ

3.2.L Hydrobromination with hydrogen bromide/

d ic htorom e than e

The general procedure for the synthesis of ether-

linked porphyrin dimersl'2'3 involves the use of hydrobromic

acid in acetic acid, either to hydrobrominate vinyl substituents3

or to effect the protonation and subsequent nucleophilic

substitution of hydroxyl groups.l'2'3 However, Ward et. al.r'2

expressed concern that the acetic acid solvent participates to

some extent in the reaction to form acetylated by-products. To

avoid this problem dichloromethane saturated with hydrogen

bromide was used instead. The added advantage of using

dichloromethane as the solvent is that it can be easily removed

under reduced pressure without any need for heating, thereby

reducing the risk of elimination of the bromide to form vinyl

products (see later).

Since the overall aim was to replace the oxygen atom

on the l-position of the ethyl substituent of the porphyrin with

nitrogen, a 1-hydroxyethyl containing porphyrin such as those

used in the synthesis of ether-linked dimers,l'2's would not be a

suitable starting material because it readily self-condenses under

acidic conditions.l'2'5 Although the ether-linkages in the resulting

products would eventually be cleaved if high concentrations of

hydrogen bromide and long reaction times were used, the water

$ References, p. 171
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that is extruded in the process may cause other unwanted side

reactions to take place. Hence it was decided to start with a

vinyl-containing porphyrin like protoporphyrin dimethyl ester,

PPdme, (7 a). Reaction with HBr would result in hydro-

bromination of the vinyl groups2 to give the di-( 1-

bromoethyl)deuteroporphyrin dimethyl ester (8) which could

then react with ammonia to give the desired di( 1-aminoethyl)

product (53), Scheme 3.1.

Since there were no precedents for using

dichloromethane as the solvent for the hydrobromination of the

vinyl-containing porphyrins, it was necessary to establish the

conditions for the minimum time required for complete reaction.

In a preliminary study, equal volumes of saturated

HBr/dichloromethane solutiona were added to a solution of

protoporphyrin dimethyl ester (PPdme)b (7a) in dichloromethane

(thereby halving the concentration of HBr in the solution) and the

mixture was stirred at room temperature under an atmosphere

of nitrogen. Aliquots were removed at intervals and hydrolysed

with a mixture of aqueous sodium bicarbonate in THF. The

product (obtained after extraction with dichloromethane) was

analysed by TLC. The hydrolysis step was necessary because the

bromoethyl porphyrin was a reactive intermediate and could not

a Prepared by bubbling gaseous HBr into dry dichloromethane at the rate
of approximately lmin/ml dichloromethane.
b Throughout these, and subsequent chapters, the naturally occurring
porphyrins, in this case, those of the IX series (see Appendix for
nomenclature), we rc uscd in the syntheses. The porphyrin rcgioisomcrs
were not separated. and unlcss otherwise stated, the numbering of the
sidechains is arbitrary and the corresponding regioisomer(s) is(are)
assumed to be also prcsent.
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be isolated.23 Trapping it with water forms the stable, known 1-

hydroxyethyl products, namely haematoporphyrin dimethyl

ester, HPdme (6), and/or 3(8)-( 1-hydroxyethyl-8(3)-

vinyldeuteroporphyrin dimethyl ester, HVdme (52), and possibly

some ether-linked dimers (9), (55) and (56). These dimers were

not expected to be major products because besaus'e dilute

aqueous base was being used. This is in contrast with the

procedure of Scourides et. al.3 where saturated sodium chloride

was used, and the reaction between the bromoethyl compound

and the sodium chloride solution produced significant amounts of

dimeric and/or oligomeric material.3

MeRI

R2

Me

r CO2CH3

(6) Rl= R2 = CH(CHjOH
(7a) R1= R2 = CH=CHz
(S) Rt = R2 = CH(CH3)Br
(52) Rl = CH(CH¡)OH, R2: CH:CHz

It was found that the hydrobromination of PPdme

(7 a) proceeded very slowly compared to the reaction between

HBr/dichloromethane and HPdme.l'2 After 30 minutes, the major

product from the hydrolysis of the bromoethyl compound was

the starting material, PPdme (1a), while HVdme (52) and HPdme

(6) were present in only trace amounts. With increasing time, the
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proportion of HVdme (52) began to gradually increase and, after

19 hours HVdme was the major product but HPdme was still a

minor component and there were still traces of PPdme present in

the product mixture. After 22 hours, the proportion of HPdme (6)

and HVdme (52) were almost equal, but PPdme (1a) was still

present in the product mixture. The reaction was allowed to

proceed for a total of 90 hours, and reversed phase HPLC analysis

of the products after work-up showed that the relative

proportion of (the main products) HVdme (52) to HPdme (6) to
PPdme was 13: 1 1 :3.

The effect of increasing the concentration of HBr in
the reaction mixture was then investigated. HBr gas was bubbled

directly into the solution of PPdme (1a) in dichloromethane and

the mixture was stirred at OoC under an atmosphere of nitrogen.

As before, aliquots were Temoved from the reaction mixture,

hydrolysed with aqueous base and the products were

analysed by TLC. A significant amount of hydrobromination

was found to have occurred, after 1 minute as shown by the

hydrolysis products where PPdme (7a), HPdme (6) and HVdme

(52) were present in approximately equal amounts. After 20

minutes, the major component was HPdme (6), while PPdme (1a)

and HVdme (52) were still present but represented only about

30Vo of the product. HPdme (6) was the main component after 40

minutes, although traces of PPdme (7a) and HVdme (52) were

still present. Allowing the hydrobromination to proceed for 50

minutes did not eliminate the PPdme (l a) and/or HVdme (52)

from the product mixture. It is likely that the small amounts of
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the monovinyl- (HVdme) (52) and divinylporphyrin (PPdme)

(7 a) aÍe the products of the competing elimination (dehydro-

bromination) reaction by the nucleophile/base. Raising the

reaction temperature of the hydrobromination step from OoC to

room temperature and extending the reaction time to 2 hours at

room temperature did not have any effect on the relative yields

of HPdme (6), HVdme (52) and PPdme (7a).

As it was wasteful to pass excess amounts of gaseous

HBr into the reaction mixture, the procedure was slightly

modified : freshly prepared saturated solutions of HBr in dry

dichloromethane were added to the solid porphyrin in the ratio

of 1 ml of HBr/dichloromethane to 10 mg of porphyrin and the

resulting mixture was stirred for 90 minutes at room

temperature. In most cases, .except when copious amounts of the

nucleophile (eg. water, ammonia - see later) were used, most of

the excess hydrogen bromide, along with the solvent, were

removed by evaporation under reduced pressure at OoC over 20-

30 minutes until a gum was obtained. This was done to minimize

protonation (and thereby inactivation) of the nucleophile in the

next step. The crude bromoethyl porphyrin (8) was used without

further purification.
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3.2.2 Nucleophilic substitution with concentrated

. ammonium hydroxide

In a preliminary study, the reactive 3,8 -di( 1 -

bromoethyl)deuteroporphyrin dimethyl ester (8) was treated

with concentrated ammonium hydroxide at OoC for 7 minutes.

FAB mass spectral analysis of the product after aqueous work-up

showed strong molecular ions which corresponded to the amino

monomers (53), (57) and dimers (58), (59), (60). However, these

MeRI

R2

CO2CH3 CO2CH3

(6) Rt = R2 = CH(CHTOH
(53) R1 = R2 = CH(CHtNH2
(57) Rl = CH(CH¡)NH2, R2 = CH=CHz

Me

tt2



NHN

HN

Me
Me

CO2CH3
CH302

Me CO2CH3

R

(9) R1= R2 = CH(CH3)OH, X: O
(55)Rt=R2=CH=CHzX=O
(56) Rl = CH(CH|OH, R2: CH=CH2 X = O
(58) Rl= R2 = CH=CHø X = NH
(59) Rl = CH(CH:)NH2 R2 = CH:CH2 X = NH
(60) R1 = R2 = CH(CHtNH2) X= NH

amino systems have molecular weights that are very similar to

those of the analogous hydroxyl containing monomers and/ or

ether-linked dimers2 1*hich could have formed during the

aqueous work-up proceciure). For example, the di(1-

hydroxyethyl) containing porphyrin (HPdme) (6) has a molecular

weight of 621 while its diamino analogue (53) has a molecular

weight of 625. Similarly with the dimers, the divinyl-terminared

ether-linked dimerl'2 (55) has a molecular' weight of lz0o while

the molecular weight of its amino analogue (58) is 1199. TLC

analysis of the crude material on silica (developed in 3Vo

methanol/dichloromethane) showed that the major portion of the

material (>90ok) did not migrate from rhe baseline. This suggested

that this material was mainly the desired amino derivatives;

however it does not preclude the possibility that the propionic

esters had been hydrolysed under the strongly basic conditions

to give the corresponding propionic acids. Both the propionic acid

Me
Me

MeMe

Me
Me
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and amino containing porphyrins would coordinate strongly to

silica and hence would not migrate very far from the baseline.

The porphyrins with propionic acid side chains would

be less readily detected in the FAB mass spectrum of the mixture

because porphyrins with propionic acid functionalities generally

do not give strong molecular ions.2'12 So it was possible that the

molecular ions which were observed in the FAB mass spectrum of

the mixture were due to the trace amounts of porphyrins whose

propionic esters were still intact, and did not necessarily

represent the total composition of the product mixture.

The material was esterified in a mixture of

methanol/trimethyl orthoformatelwater/concentrated sulphuric

acid.ll Following aqueous work-up, the product was found to be

identical to the unesterified material by TLC and FAB mass

spectrometry. TLC comparison of the esterified material with

HPdme (6), HVdme (52) and the ether-linked dimers (9), (55)

and (56) (which have similar molecular weights to the amino

derivative(s) and which could have been produced during work-

up procedure in the synthesis of the latter) indicated that these

hydroxyl and/or ether systems were present in only trace

amounts. These results suggested that the amino derivatives

were the major products from the reaction and that they had low

R¡' values (< 0.2) on silica in 3Vo methanol/dichloromethane, as

an ticipated.

Attempts to

using combinations

separate the mixture on silica or alumina

of methanol/dichloromethane were
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unsuccessful because the compounds were being retained by the

adsorbent; so the amino groups were acetylated by standard

procedures24 using pyridine/acetyl chloride. Preparative

chromatography of the product on deactivated silica produced six

components, namely PPdme (la) (mlz 591 by FAB m.s.), the

divinyl-terminated amino-linked dimer* (58) (mlz lI99) and the

N-acetylated products (61) (mlz 650), (62) (mlz 709), (63) (ml z

1258), (64) (mlz L3l7). The dimers altogether accounted for 59Vo

of the total product, and PPdme, 147o.

RI Me

R2

Me

r .. CO2CH3

(61) Rl= CH(CH:)NHCOCH3, R2 = CH=CHz
(62) Rt = R2 : CH(CHTNHCOCH3

See Appendix for the naming of new compounds
*
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NHN

NH

Me
Me

CO2CH3
CH

CO2CH3

R

(60) R1 : R2 = CH(CH3)NHø X= NH
(63) Rl = CH(CH|NHCOCH3, R2 = CH=CHz X = NH
(64) Rl = R2: CH(CH3)NHCOCH3, X = NH
(65) Rl = CH(CH¡)NHCOCH3, R2 = CH(CH3)NH2,

X = NCOCH¡
(60 Rt : R2: CH(CH)NHCOCH3, X = NCOCH¡

The molecular ion at mlz l3ll suggested that only

two of the three amino groups on dimer (60) had been

acetylated. A Mass analysed Ion Kinetic Energy (MIKE) spectrum

of the dimer ion mlz 1317.'showed peaks at mlz 650 and 664,

possibly due to cleavage at the bridging group, Fig.3.l(a). This

indicated. that the acetyl groups were only attached to the

terminal amino groups, and that the bridging nitrogen was not

acetylated. If the bridging nitrogen had been acetylated, as in

(65), ions mlz 609 and mlz 708, resulting from the second

cleavage on the bridging group, Fig.3.1(b) would also have been

present in the MIKE spectrum of mlz l3I7 . In addition, there

was no evidence in the mass spectrum (of the crude acetylated

product) of peaks which corresponded to the triacetylated dimer

(66), further indicating that under the conditions used, the

bridging nitrogen did not acetylate.

Me
Me

MeMe

Me
2

R Me
Me
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Fig. 3.1 MIKES analysis of mtz I3I7.

(a)

(b)

cH3ocHN

6s0

and, mlz 667 -3Il=mlz 664

609

HzN N

651

H
N

NHCOCH3

Abbreviations : I MeR

R
1

R1 2

R R3 Me

R
3

NH

NHN

PM" = cH2cH2co2Me

R
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As was mentioned before, the amino-linked drmers

accounted for 59Vo of the total product. This tendency to form

dimers is possibly due to the aggregation2' of the porphyrins in

the aqueous reaction mixture, such that an initially formed 1-

aminoethyl substituted porphyrin is favourably aligned with

another bromoethyl porphyrin for a pseudo-intramolecular

reaction to form a dimer. Since the dimer was the desired

product in this study, efforts were concentrated on improving the

yield of dimers and not so much on the preferential synthesis of

the monomer.

R1
Me

R2

Me

CO2CH3

(53) Rl= R2 = CH(CH3)NH2
(54) Rl= R2 : C(CH)NOH

Previous attempts by Morris2u to synthesize the

diamino monomer (53) via the oxime (54) were unsuccessful :

catalytic reduction with palladium on charcoal at atmospheric

pressure resulted in ring reduction; in another attempt using

sodium cyanoborohydride, the oxime failed to react.2a

The presence of vinyl-containing products suggested

that either the bromide on the bromoethyl porphyrin was being

eliminated during the course of the reaction, or that
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hydrobromination of the vinyl groups (Section 3.2.1) had nor

gone to completion. However studies with aqueous base (base

hydrolysis of the bromoethyl porphyrin - see 3.2.1) had indicated

that 90 minutes was sufficient for complete hydrobromination of

both vinyl groups on protoporphyrin dimethyl ester. Therefore

elimination of the bromide by the nucleophile/base (ammonia)

was more likely to have occurred. This dehydrobromination is

not unusual because the bromoethyl compound is known23'30 to

be very unstable. For example, attempts by Rapoport et. al. 30 to

isolate the free base of the di( 1-bromoerhyt) porphyrin (8)

resulted in the elimination of the bromide to give PPdme (la).

It was difficult to accurately determine the proportion

of each component in the product mixture by preparative TLC
because some of the compounds have similar Ra values (for

instance, the vinyl contaiñing dimers (58) and (63) eluted

together in a. broad band). It was however necessary to

determine quantitatively the composition of the product mixture

before optimization studies could be done. So an attempt was

made to analyse the product mixture by reversed phase HPLC on

the C-18 Novapak column using existing conditions.2l Reversed

phase HPLC analysis of the unacetylated amino derivatives (with

propionic esters) and the acetylated (propionic ester) products

was unsuccessful because the material eluted with very poor

separation and resolution. The corresponding hydrolysed

material (ie. porphyrins containing propionic acid side chains) did

not elute with the standard2l solvents. In all cases it was possible

to elute all the material off the column with rHF. These results
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indicated that a new solvent system would have to be developed

for the amino systems. Also, the possibility of using a different

type of column might have to be considered. However due to the

length of time needed to set up a suitable HPLC assay22 it was

decided to explore quicker, albeit less accurate, solutions to the

problem of quantifying the products from the nucleophilic

substitution of the 1-bromoethyl compound with amines.

3.2.3 Nucleophilic substitution with z-butylamine

The possibility of using a primary amine, namely n-

butylamine, as the nucleophile for optimization studies was

investigated. It was hoped that the less reactive secondary amine

that would be formed initially; namely the di-(l-n -

butylamino)ethyl derivative '(67), would not react with another

molecule of 1-bromoethyl porphyrin (8) in the reaction mixture

and hence a less complicated product mixture would be obtained.

Another anticipated advantage of using n -butylamine was that

the products would be less polar than the ammonia derivatives,

and could be chromatographed easily.
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R1
Me

R2

Me

CO2CH3 CO2CH3

(67) Rr = R2 = CH(CHTNH(CH)3CH3
(63) Rl = CH(CH)NH(CH)3CH3, R2 : CH=CHz

The bromoethyl porphyrin (8), prepared by the

procedure established in Section 3.2.1, was dissolved in dry

dichloromethane and added to an excess of n-butylamine. The

reaction mixture was stirred at OoC for 3 minutes, and then

evaporated to dryness. A crude mixture consisting of mono-

(68) (FAB mlz 663) and diamino-substituted (61) (FAB mlz 731)

porphyrin monomers was obtained. These monomers were

readily separated by TLC on silica (5Vo

methanol/dichloromethane) at Rr 0.3 (di-n-butylamino monomer,

(67)) and Rr 0.5 (3-n-butylamino-8-vinyl monomer, (68)).

Separation of the mixture by column chromatography on

deactivated silica afforded first, a minor fraction consisting of the

3-(1-(n-butylamino)ethyl-8-vinyldeuteroporphyrin dimethyl

ester (68) (4Vo of the total product), followed by a major band

which contained the 3,8-di-(I-(n-butylamino)ethyl)-
deuteroporphyrin dimethyl ester (61) (847o). FAB mass spectra of

the di-( 1 -n -butylamino)ethyl- (61) and the l-(n -

butylamino)ethyl-vinyl monorner (68) gave molecular ions at

mlz 137 and ntlz 663, respectively; the base peak in both
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NH(CH,3CH3

CH3O2C C02CH3

(68)

NH(CH2)3CH3

CH3O2C coNH(cH2)3cH3

(69a)

NH(CHr3CH3

coNH(cH2)3cH3

(69c)

cH3(cH)3HN NH(CH2)3CH3

cH3o2c CO2CH3

(67)

cH3(cHt3HN NH(CHr3CH3

CH3O2C coNH(cHr3cH3

(6eb)

H3C(CH2)3HN NH(CH)3CH3

H3C(CH2)3HNOC CONH(CH2)3CH3

(6ed)

Abbreviations : I MeR

R
2

Rl R2

R R3 Me

R
4

NH

NHN



spectra was mlz 591 which is the fragment arising from the loss

of the n -butylamino group to give a stabilized benzylic ion.

Similar losses of large groups at the p position to an aromatic

system have been observed in branched alkylthiophenes.l4

Increasing the reaction time of the nucleophilic

substitution from 3 minutes to 20 minutes resulted in the

amminolysis of the propionic ester groups, so that in addition to

the expected products (67), (68), four other products (69a) (mlz

104), (69b) (mlz 718), (69c) (mlz 745) and (69d) (mlz 819), all

containing amides, were also observed in the FAB mass spectrum

of the crude material.

Having established the optimum conditions for

hydrobromination using HB¡/dichloromethane (90 minutes at

room temperature) and nucleophilic substitution (3 minutes at

OoC), attention was then turned to the synthesis of amino-linked

porphyrin dimers with diethyl- (70), divinyl- (58), diacetyl- (71)

and dihydroxyethyl- (12) terminal groups (see later).

3.2.4 Divinyl-terminated amino-linked dimer (58)

There were two possible routes to this dimer (58) : [1]

via the benzoyl chloride/DMF dehydration2b'17 of the hydroxyl

groups in the di( I -hydroxyethyl)-terminated amino-linked dimer

(12) (Section 3.2.1), or l2l via the reaction between 3(1-

bromoethyl)-8-vinyldeuteroporphyrin dimethyl ester (73) and
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concentrated ammonium hydroxide (which was expected to

proceed to give mainly dimers - see Section 3.2.2).

Me
R1

R2

Me

CO2CH3 CO2CH3

(73) Rl= CH(CH¡)Br, R2 = CH=CHz
(74) Rl = COCH:, R2 = CH=CHz

Me Me

CH3O2C

MeMe

Me

MeMe

Me

CO2CH3

CO2CH3
2R

R Me

(58)Rt=R2=CH=CHzX=NH
(59) Rl = CH(CH)NH2, R2: CH=CH2 X : NH
(60) Rr = R2 = CH(CH3)NIHz, X= NH
(71) Rl= R2= COCH3, X = NH
(72) Rl = R2= CH(CH3)OH, X = NH

The disadvantage with the first route was that there

would be five steps in going from the starting porphyrin, HPdme,

to the dimer, namely the partial oxidation of HPdme,2 then

NHN

HN
NHN
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dehydration of the remaining hydroxyl group to give the acetyl-

vinyl precursor porphyrint (l+); hydrobromination of the vinyl

group, followed by reaction with ammonia would give the

diacetyl-terminated dimer (71); the acetyl groups on this dimer

(71) would then have to be reduced2 to the corresponding 1-

hydroxyethyl functionalities and finally, dehydration2 would give

the desired divinyl-terminated dimer. Some of these steps were

expected, by analogy with the ether-linked dimers,2a to be low

yielding, making this route even less favourable.

The alternative route, starting with PPdme, involved

the partial hydrobromination of the vinyl groups followed by

reaction with concentrated ammonium hydroxide. Although it

was possible to obtain the desired 3-( 1-bromoethyl)-8-

vinyldeuteroporphyrin dimethyl ester (73) intermediate (see

Section 3.2.7), the reaction b'etween PPdme and HBr was difficult

to control and there would always be by-products arising from

fully hydrobrominated PPdme. So the expected products from

the reaction with concentrated ammonium hydroxide would be

the desired divinyl-terminated aminorlinked dimer (5 8),

unreacted PPdme (l a), the ( 1-aminoethyl)-vinyl-terminated

amino-linked dimer (59), the di( 1 -aminoethyl)-terminated

amino-linked dimer (60) and possibly larger oligomers with

similar terminal groups. The main problem with this route was

that the yield of divinyl-terminated amino-linked dimer might

be low, but if the conditions which produce PPdme (7a) as the

major by-product could be established, then the problem would

be lessened because PPdme (la) could be readily recycled.
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In Section 3.2.1 it was found that when PPdme (7a)

was stirred in a half-saturated solution of HBr/dichloromethane

at room temperature for 90 hours, the main products after

hydrolysis were HVdme, HPdme and PPdme in a ratio of 13 : 11 :

3. It was possible that after one molecule of HBr had reacted with

one of the vinyl groups on PPdme, the resulting (electron-

withdrawing) benzylic bromide could exert a long-range negative

inductive effect that is transmitted mesomerically to the second

vinyl group making the Iatter less nucleophilic, and in this wây,

slowing down the hydrobromination of the second vinyl group.

This effect is not very strong so, this vinyl group would still react

with HBr, but not as quickly as the first one. Therefore it might

be possible to trap the bromo-intermediate before the second

vinyl group hydrobrominates. In an attempt to shorten the

reaction time (from 90 hoürs) and to lower the proportion of

di(1-bromoethyl)deuteroporphyrin dimethyl ester (8)

intermediate, the effect of using a higher concentration of HBr I

dichloromethane was investigated.

Gaseous hydrogen bromide was bubbled into a

solution of PPdme in dichloromethane for 90 seconds and the

mixture was stirred at OoC for a further 10 minutes. Excess HBr

and dichloromethane were removed at OoC over 20 minutes

under reduced pressure. The residue was dissolved in dry

dichloromethane and an aliquot was hydrolysed with aqueous

base as in Section 3.2.1. The thin layer chromatogram of the

product showed that HVdme and HPdme were the major
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components (in an approximately 1:1 ratio) and PPdme was

present in tÍace amounts, indicating that most of the starting

PPdme had reacted with HBr and that hydrobromination of both

vinyl groups in PPdme had occurred to a significant extent. The

main portion of this solution of the bromoethyl intermediate in

dichloromethane was reacted with concentrated ammonium

hydroxide/THF at OoC for 30 minutes. As expected FAB mass

spectral and TLC analyses of the crude product indicated that it

consisted of a mixture of amino-containing monomers (53), (57),

dimers (58) (59) and trimer (75).No attempts were made to

H H

e

(7s)

determine

butylamino

whether higher oligomers were

derivative (Section 3.2.3), no

present. Unlike the n-

ammonolysis products

Abbreviations : I MeR

Rl R2
R2

R3 Me

R4

PM'= cH2cH2co2Me

NHN
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were detected despite the long reaction time with ammonia. The

TLC chromatogram of the product showed that most of the

material was ^t the baseline (suggesting the presence of diamino-

substituted material). The desired divinyl-terminated amino-

linked dimer (58), which was present in insignificant amounts,

readily separated from the more polar ( 1-aminoethyl)-

substituted material.

Next, the reaction time of hydrobromination was

lowered from 10 minutes to 4 minutes. As before, the reaction

mixture was evaporated to a gum, redissolved in

dichloromethane and reacted with concentrated ammonium

hydroxide. The product was chromatographed on deactivated

silica to give PPdme (72Vo), the desired divinyl-terminated

amino-linked dimer (58) (20Vo) and the other 1-aminoethyl-

containing products (53), (57\, (59) and (60) (>6OVo).

. When the reaction time in HBr was lowered to 2

minutes, the yield of divinyl-terminated amino-linked dimer (58)

fell to 8Vo and 60Vo of the starting PPdme was recovered. A 3

minute reaction time for hydrobromination resulted in a higher

yield of the desired dimer (58) (32Vo). PPdme (33Vo) and the other

polar 1-aminoethyl-containing compounds were the other

products.

It was likely that reaction with HBr was still occurring

while the HBr/dichloromethane solution was being removed

under reduced pressure over the standard 20 minutes so a

modification of the procedure was tried. This involved pouring
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the hydrobromination reaction mixture directly into excess

concentrated ammonium hydroxide whereby the HBr should be

instantly quenched by the base and hence removed from the

reaction mixture, leaving the 1-bromoethyl compound to react

with any unreacted ammonia. In addition, instead of bubbling

HBr into a solution of PPdme in dichloromethane, a saturated

solution of HBr in dichloromethane (see Section 3.2.1) was added

to solid PPdme.

In a trial run, solid PPdme (1a) was treated with

saturated with HBr/dichloromethane and the mixture was stirred

at room temperature for 22 minutes, then poured into excess

concentrated ammonium hydroxide at OoC. The heterogeneous

mixture was stirred for 10 minutes, then worked up in the usual

way.This afforded PPdme (7a)(l8Va), the desired dimer (58)

(3l%o), the vinyl-(1-aminoëthyl)-terminated dimer (59) (44Vo)

and other more polar products. A shorter hydrobromination time

of 16 minutes followed by reaction with concentrated ammonium

hydroxideirHF gave a higher yield (407o) of rhe desired dimer

while PPdme (31Vo) and the other 1-aminoethyl containing by-

products were the minor components. This was in contrast with

the original results where a 10 minute hydrobromination time

produced mainly material resulting from over-hydrobromination

of PPdme, and it suggests that hydrobromination was still
occuring while the excess HBr was being removed over the

standard 20 minutes.
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Fig. 3.2 MIKES fragmentation of dimer (58) to give the stabilized
iminium ion (m/z 1184).

H

mlz lI99

- cH¡

mlz 1184

-H

mlz 1183

H
N
+

Abbreviations : I MeR

R
')

Rl R2

R R3 Me

R
3

PM" = cH2cH2co2Me



The visible absorption spectrum of dimer (58) had rhe

typical etio-type pattern, with a Soret band at 395 nm and bands

I - IV at 628 rffi, 515 nffi, 540 ûn, 507 nm. The FAB mass

spectrum of (58) gave a weak molecular ion at mlz LI99 and a

more intense dimer ion at mlz ll97 (M+- 2), as well as the

fragment peaks mlz 607 and mlz 591 (the base peak). The

Mass analysed Ion Kinetic Energy (MIKE) specrrum of the dimer

ion ml z lI99 showed peaks at mlz 59I and ml z 606 as the

major fragments, probably resulting from the loss of 2H and the

cleavage of the C-N bond in the bridge to give the component

porphyrin ions (mlz 59I and mlz 606). Minor fragmentations ro

mlz 1183 (M+ - CHg, H) and mtz 1157 (M+ - CH2CO)10b,20 were

also observed. cr-Cleavage to give iminium ions is a common

occurrence in aliphatic amines.19 With the amino-linked dimer

(58), this fragmentation " may be further driven by the

stabilization of the resulting iminium ion by the porphyrin ring,

Fig. 3.2. A subsequent loss of H'would give the observed ion

ml z 1183. Cleavage of the propionatesl0b'20 such as (M+

CH2CO) is a well known process and, in this case, accounts for the

ion at mlz 1157. The lH and 13c NMR analysis of this dimer are

discussed in Section 3.2.8.

3.2.5 Diethyl-terminated amino-linked dimer

The precursor vinyl porphyrin

(70) was obtained from the more

(7 6) for

readily

(70)

this dimer

av ail able
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haematoporphyrin by standard reduction2'16 and de hydrationz'17

procedures. The reduction of one of the hydroxyl groups on

haematoporphyrin dimethyl ester to an ethyl group was achieved

by treatment with a mixture of zinc iodide and sodium

cyanoborohydride in dichloroethane.l6 Dehydration of the

remaining 1-hydroxyethyl group with DMF-benzoyl chloridel 7

afforded the mixture consisting of 3-ethyl-8-
vinyldeuteroporphyrin dimethyl ester (7 6a) and its regioisomer

8 -ethyl-3 -vinyldeuteroporphyrin dimethyl ester (7 6b), which

were the required precursors for the ethyl-terminated dimer

(70). This mixture of regioisomers, which was not separable by

chromatography, was used as such.

The 3-(1-bromoethyl)-8-ethyldeuteroporphyrin
dimethyl ester (17) intermediate was prepared by srirring 3-

vinyl-8-ethyldeuteroporphyriri' dimethyl ester (76) in a solution

of saturated of HBr/dichloromethane at room temperature under

an atmosphere of nitrogen for 90 minutes. The excess HBr and

dichloromethane were then removed under reduced pressure at

OoC over 20 minutes. The gummy residue was redissolved in dry

dichloromethane and added to a mixture of concentrated

ammonium hydroxide/THF (2: 1) at OoC and stirred for 10

minutes. After aqueous work-up, TLC analysis of the crude

product on silica (developed in l}Vo methanol/dichloromethane)

showed that the desired diethyl-terminated amino-linked dimer

(70), Rp 0.8, was the major component, while the monomer 3-(1-

aminoethyl)-8-ethyldeuteroporphyrin dimethyl esrer (78), Rp

0.3, and the starting material (76) together accounted for less
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than 257o of the product. The proportion of products from the

competing reaction between the 1-bromoethyl intermediate (77)

and water, namely the diethyl-terminated ether-linked dimer

(l9) and 3 -( 1 -hydroxyethyl)-8 -ethyldeuteroporphyrin dimethyl

ester (80) was negligible. The crude mixture was separated by

R1
Me

R2

Me

CO2CH3

(76) a. R1= CHzCH3, R2: CH=CHz
b. Rl = CH=CHz, R2 = CHzCHs

(77) Rl = CH(CH)Br, R2: CHzCH¡
(78) Rl = CH(CH:)NHa R2: CHzCH¡
(80) Rl = CH(ÕH¡)OH, R2 = CHzCH:

Me
Me

CH3O2C
CO2CH3

CH3O2C Me CO2CH3

R
Me

(70) R1 = R2= CH2CH3, X = NH
(79) Rl= R2 = CH2CH3, X = O

Me
Me

MeMe

Me

NH

NHN

NHN

HN
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preparative chromatography on deactivated silica to give the

desired dimer (70) in 69Vo yield and rhe monomer 3(1-

aminoethyl)-8-ethyldeureroporphyrin dimethyl esrer (78) (l7Vo).

A small amount (lOVo) of the the starting porphyrin, 3-ethyl-8-

vinyl deuteroporphyrin dimethyl ester (16) was also recovered.

Several variations of the procedure for the second

step (reaction with concentrated ammonium hydroxide) were

tried in an attempt to maximize the yield of diethyl-terminated

amino-linked (70). In one experimenr the 1-bromoerhyl

compound (77) in dichloromethane was added to concentrated

ammonium hydroxide (3 equivalent volumes) at OoC for 12

minutes in order to determine the effect of doing the reaction in

a heterogeneous mixture. The product mixture was simila¡ to that

obtained from the homogeneous reaction mixture above, in that

the dimer (70) was the major product, 3-(1-aminoerhyl)-8-

ethyldeutero-porphyrin dimethyl ester (78) was a minor product

and the starting ethyl-vinyl deuteroporphyrin (7 6) was present

in a smaller proportion than the monomer (78). In another

variation, the excess HBr and dichloromethane were not removed,

but the hydrobromination reaction mixture was added dropwise

to a mixture concentrated ammonium hydroxide/THF (3:1, 4

equivalent volumes of the hydrobromination reaction mixture).

The mixture was stirred at OoC for 5 minutes and worked-up in

the standard manner. The TLC chromatogram of the crude

product was similar to those obtained in the previous runs.

Similar results were obtained when a mixture of concentrated
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ammonium hydroxide/THF was added to the solid (crude) 1-

bromoethyl intermediate (17). In all cases, the desired dimer

(70) was the main product but significant amounts of monomer

(78) and starting porphyrin (16) were also recovered.

The FAB mass spectrum of dimer (70) showed a

molecular ion at mlz 1203 and fragment ions mlz 608 and mlz

591. As with the divinyl-terminated dimer (58) (Section 3.2.4),

mlz 591 was the base peak in the spectrum. A MIKE spectrum

of the dimer ion (mlz 1203) showed major fragmentations to mlz

591 and mlz 608, which correspond to the component

monomers. In addition there were losses of l7 m.u. and 44 ffi.u.,

to give peaks at mlz 1186 and mlz 1159, respectively. As was

noted in the preceeding Section, the daughter ion mlz 1 1 8 6

could be due to an initial loss of a methyl fragment from the

bridge followed loss of 2H." However this does not preclude the

possibility that mlz 1186 may be due to the loss of an ammonia

fragment from the bridging group. A similar loss of a neutral

N H g fragment was observed in the fragmentation of 2-

aminomethyl-8-quinolinol.le The ion at mlz 1159 could be due

to the loss of CH2CO and 2H. The loss of CH2CO is a known process

and is due to a rearrangement in the propionate sidechain.l0b'2O

Dimer (70) gave an etio-type absorption spectrum,

with maxima at 392 Dffi, 502 ilffi, 536 trffi, 510 nm and 622 nm.

The proton and 13C NtrrtR spectra of (70) are discussed in Section

3 .2.8
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3.2.6 Diacetyl-terminated amino-linked dimer (71).

The starting porphyrin, 3-acetyl-8-
vinyldeuteroporphyrin dimethyl ester (7 4), was synthesized

from HPdme in the following way : partial Jones oxidation2,l8

gavo a mixture of mainly 3,8-diacetyldeuteroporphyrin dimethyl

ester (36) and 3-acetyl-8-(1-hydroxyethyl)deuteroporphyrin

dimethyl ester (S1).2 The latter was separated from the crude

product and dehydrated using benzoyl chloride/DMF2'17 to give

the desired 3-acetyl-8-vinyldeuteroporphyrin dimethyl ester

(7 4).

Due to the presence of the electron-withdrawing

acetyl group it was anticipated that the reaction between the

vinyl-group on 3-acetyl-8-vinyldeuteroporphyrin dimethyl ester

(74) and HBr would be slower than the reaction between 3-ethyl-

8-vinyldeuteroporphyrin dimethyl ester (7 6) and HBr (Section

3.2.5). In order to determine the minimum time required to

hydrobrominate the vinyl group in (74), preliminary studies

involving the use of aqueous base to quench the 1-bromoethyl

compound in the manner described in Section 3.2.1 were done.

The expected products from the hydrolysis reaction were 3-

acetyl-8-(1-hydroxyethyl)deuteroporphyrin dimethyl ester (81),

the starting porphyrin (7 4) and the diacetyl-terminated ether-

linked dimer (82), all of which are known compounds.l'2

After 90

hydrolysis, the major

minutes' hydrobromination followed

component of the crude product was

by

the
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starting material (14), as expected. After 160 minutes, the major

product was 3-acetyl-8(1-hydroxyethyl)deuteroporphyrin
dimethyl ester (81) and the srarring porphyrin (14) was a minor

component of the crude product. There were only trace amounts

of the dimer (82). When this hydrobromination reaction mixture

was added to concentrated ammonium hydroxide/THF and

s tirred

R1
Me

R2

Me

CO2CH3 CO2CH3

(36) Rl= R2= COCH3
(74) R1= COCH¡, R2 = CH=CHz
(81) Rl= COCH3, R2: CH(CH:)OH
(83) Rl= COCH¡, R2 = CH(CH3)NH2
(84) Rl = COCH3, R2 = CH(CH)Br

Me
Me

CH3O2C
COzCHg

CH3O2C CO2CH3

R
Me

(71) Rt = R2= COCH3, X = NH
(82) Rl= R2= COCH3, X = O

Me
Me

MeMe

Me
2

R Me

NH

N

t34



for 20 minutes at 0"C, TLC analysis of the crude product indicated

tlrat the major product (z 5)ok) was the desired diacetyl-

terminated amino-linked dimer (71).The starting porphyrin (74)

and the monomer , 3 -acetyl-B -( 1 -aminoethyl)deuteroporphyrin

dimethyl ester (83) were minor products and were present in

approximately equal amounts. The proportion of by-products

(81) and (82) formed from the hydrolysis of the 1-bromoethyl

intermediate (84) was negligible.

In a typical ¡eaction the hydrobromination step was

allowed to proceed for 3 hours. Then the reaction mixture was

cooled to 0'C and added dropwise with stirring to a mixture of

concentrated ammonium hydroxide/THF (1 :1, l equivalent

volume to the reaction mixture) maintained at 0oC. The mixture

was stirred for a further 10..minutes. The product obtained after

aqueous work-up was chromatographed on silica to afford the

desired diacetyl-terminated amino-linked dimer (1I) in 56Vo

yield. The monomer 3-acetyl-8(1-aminoethyl)deuteroporphyrin

dimethyl ester (83) (I5Vo) was the minor product and some

starting porphyrin (74) (l\Vo) was recovered.

The absorption spectrum of the diacetyl-terminated

amino-linked dimer (71) was a cross between an etio- and a

rhodo spectrum - the relative intensity of band III ( 551 nm) was

enhanced, but unlike a typical rhodo spectrum, it did not exceed

that of band IV (513 nm), (Fig.3.3). There was an overall shift to

longer wavelengths : the Soret band appeared at 4I0 nm while

bands I-IV were at 639 tffi,581 Dffi,551 flffi, and 513 nm
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respectively, compared to 392 nm (Soret), 622 nm, 5lO nm, 536

ûn, and 5OZ nm (bands I - IV, respectively) of rhe diethyl-

terminated amino-linked dimer (see Section 3.2.5). The red-shift,

characteristic of porphyrins with one electron withdrawing

(rhodof ying) 10a group, was caused in this case, by the acetyl

groups. The presence of the electron donating amino group on the

other benzylic position in the molecule might have lessened the

effect of the rhodofying group, so that the overall absorption

spectrum was a cross between a rhodo- and an etio-type pattern.

The monomer, 3 - acetyl -S - ( 1 -aminoethyl) d euterop orphyrin

dimethyl ester (83), with a primary amino group in the benzylic

position, gave a similar rhodo - etio type spectrum with maxima

at 471 nm, 509 nm, 548 nm, 577 nm and 634 nm.

The FAB mass spectrum 'of the diacetyl-terminated

amino-linked dimer (11) was" similar to those of the other amino-

linked dimers (Sections 3.2.4, 3.2.5) : a molecular ion at mlz
1230, with fragment ions at mlz 624 and mlz 607, the larter

being the base peak in the spectrum. The MIKE spectrum of the

dimer ion mlz r23r showed major fragments at mlz 6oi and

mlz 624, which corresponded to its monomeric components. In

addition there were the characteristic losses of 17 m.u. and 43

m.u. possibly due to NH¡ or (CHs H) and (CH2CO + H),

respectively (see Section 3.2.5).

The monomer, 3-acetyl-8-(1-aminoethyl)deutero-

porphyrin dimethyl ester (83), gave a FAB mass spectrum with a

molecular ion of moderate intensity at mlz 624 and a base peak
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at mlz 607 . The approximate ratio of intensity

MIKE spectrum, the major fragment from mlz

607, arising from the loss of NH3.

3 .2.8

was 1 :3. In the

624 was mlz

NMR analyses of dimer (11) are discussed in Section
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3 .2.7 Di(1-hydroxyethyl)-terminated amino-linked

dimer (72).

It was not feasible to synthesize this dimer (72) using

the standard hydrobromination concentrated ammonium

hydroxide procedure on vinyl-containing porphyrin monomers

because the available and obvious precursors, 3 -( 1 -

hydroxyethyl)-8-vinyldeuteroporphyrin dimethyt esrer, HVdme

(52) or 3-(1-methoxyethyl)-8-vinyldeuteroporphyrin dimethyl

ester (85)2 were knownl,2to undergo side reactions in addition to

hydrobromin ation. 3 -( 1-Hydroxyerhyl) - S -

vinyldeuteroporphyrin dimethyl esrer, HVdme (52) self-

condenses in the presence of HBr/dichloromethane to give the

divinyl-terminated ether-linked dimer (55),r,2 while the 1-

methoxyethyl group (85) was readily cleaved by

HBr/dichloromethane to give a complicated mixture of

products.2 a

R1
Me

R2

Me

CHs CO2CH3

(52) Rl = CH(CH¡)OH, R2 = CH=CHz
(85) Rr = CH(CH)OCH3, R2 = CH=CHz
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Me
Me

CO2CH3
CH3O2C

CH3O2C CO2CH3

R
Me

(55) R1= R2 = CH=CI{2, X: O
(71) Rl: R2: COCH3, X : NH
(72) R1 = R2 = CH(CH3)OH, X = NH

This left the reduction of the acetyl groups in the

diacetyl-terminated amino-linked dimer (ll) as the most feasible

approach to the di( 1 -hydroxyethyl)-terminated amino-linked

dimer (72). The dimer (71) (see Section 3.2.6) was treated with

an excess of sodium borohydride in the presence of

methanol/dichloromethane (1:a) for t hour at room temperature.

This reduced the acetyl g.o,rpr cleanly to the corresponding 1-

hydroxyethyl groups. Four bands were separated from the crude

product by preparative TLC. FAB mass spectral analysis of each

of these fractions gave nearly identical spectra (dimer molecular

ion at mlz 1234, and fragment ions at mlz 626 and mlz 609

the ion aÍ. mlz 609 was the base peak in the spectrum). This

indicated that the four bands were regio- and/or

diastereoisomers of dimer (72). Attempts to achieve a similar

separation of the product mixture on a larger scale using a squat

column were, however, unsuccessful due to the small separation

between each band (the Rp value of the bands were 0.24, 0.31,

0.3 3 and 0.39, otr silica developed in 5Vo methanol/

dichloromethane).

Me
Me

MeMe

Me
2

R Me
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The MIKE spectrum of the dimer ion, mlz 1234,
showed a major fragment at mlz 1217, resulting from the loss of

either an ammonia fragment (see Section 3.2.5) or oH from the

end group. There were minor fragment ions at mlz ll99 (M+ -

NHg , H2O; or M+ - CHs , zlF^, HzO), mlz llgz (M+ - CH2CO),20 and

mlz 1174 (M+ - CHzCOzCH¡, H).10b,20 Fragmenrarion of rhe

propionate groups (resulting in the ions at mlz Il92 and mlz
I114) are common processes in porphyrin esters.20 A notable

departure from the general trend in the fragmentation of the

amino-linked dimers (Sections 3.2.4 6) was the major

fragmentation of the molecular ion to another dimer ion (m I z

l2r1) and only minor fragmentation to the monomer components

(mlz 626 and mlz 609). The overall MIKE fragmenrarion

pattern of the di( 1-hydroxyethyl)-terminated amino-linked

dimer (72) molecular ion wäs similar ro rhat of the ether-linked

analogue.1,2

The absorption spectrum of the di(1-hydroxyethyl)-

terminated amino-linked dimer (72) was significantly different

from its precursor, the diacetyl-terminated amino-linked dimer

(71) (Section 3.2.6). Due to the absence of rhodofying (acetyl)

groups in dimer (72), its visible absorption specÍum had an etio-

type pattern with maxima at 397 tffi, 504 flffi, 536 flñ, 51I nm

and 624 nm.
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3.2.8 NMR analysis of the amino-linked dimers

The signals in the proton NMR spectra of the amino-

linked dimers (58), (70), (71) and (12) were generally broad and

poorly resolved due to the presence of regio- and

diastereoisomers. Nevertheless most of the signals were readily

assigned on the basis of comparisons with the analogous ether-

linked dimers.l'2

The pyrrole hydrogens resonated between -4.0 and

5.5 ppm, the meso hydrogens around 9 10 ppm and those of

the ring methyls around 3.3 3.8 ppm. The propionate signals

occurred around 3.2 3.4 ppm (CII2COzCH:), 4.3 - 4.5 ppm

(CH2CHzCO2) and 3.5 - 4.0 ppm (CO2CH3). All these signals

correlated well with those of corresponding groups in the ether-

linked dimers2 as well as'' porphyrin monomer s.2,26 Signals at

-2.2 ppm and -5.6 ppm were assigned to CH3CHNH and CH3CIINH

of the bridging group, respectively. As expected, the signal due

to the methine proton (CH¡CILNH) at" -5.6 ppm is upfield relative

to the signal of the analogous group (CH¡CHOR, -6.5 ppm)2 in the

ether-linked dimersl'2 as a result of the lower electronegativity

of nitrogen compared to oxygen. The chemical shift of the

CH¡CIINH proton was related to the type of terminal group in the

dimer: the electron rich vinyl group produced a small (0.1 ppm)

upfield shift in the resonance of the CH3CII-NH proton in dimer

(58) (relative to the signal in the diethyl-terminated dimer (70))

while the electron-withdrawing acetyl groups in dimer (11)

caused a downfield shift of 0.3 ppm in the resonance of CH3CIINH.
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The CH?CILNH signal (5.6 ppm) in the di(1-hydroxyethyl)-
J-

terminated dimer appeared to be unaffected by the 1-

hydroxyethyl terminal groups. This is not unexpected because

the effect of the 1-hydroxyethyl group would be inductive and

therefore not significant over a long distance in contrast with the

resonance effects of the acetyl and vinyl groups. The resonances

of the. protons in the terminal groups were similar to those of

analogous groups in known mono-ers.26 The vinyl protons

resonated at 7.5 - 7.6 ppm (C!!=CH) and -6.0 ppm (CH=CIlz), the

ethyls at3.9 - 4.0 ppm (CH2CH) and 1.8 pp- (CH2CI!3), the acetyl

protons resonated at 2.8, 3.0 ppm (2 x C O CII-3), and the 1-

hydroxyethyl groups showed signals at 5.9 ppm (CHgCHOH) and

-2.7, 2.2 ppm (2 x CH3CHOH).

The 13C NvtR spectra of the amino-linked dimers (58),

(70), (71) and (12) were well resolved and the signals were also

readily assigned on the basis of comparisons with spectra of the

analogous ether-linked dimersl'2 as well as certain monomers.26

As expected the pyrrole carbons gave broad signals (133 150

ppm) due to NH tautomerism.2S The resonances of the meso

carbons (95 98 ppm) were complicated multiplets due to the

overlap of signals from the two component porphyrins in the

molecule. The resonances of the sidechain carbons aÍe

summarized in Table 3.1. The carbons of the ring methyls

resonated at approximately 11.6 ppm, with the exception of the

diacetyl-terminated dimer (71) whose ring methyl carbons

resonated over a range of 10.3 14.2 ppm. A similar spread in

the ring methyl signals was observed in the analogous ether-
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linked dimer.2 The propionate groups produced signals at 2I.6

22 ppm (CH2CH2CO2),36.1 - 37 ppm (eHzCOzCHs), -I73 ppm

(CO2CH3), 51.1 ppm (COrCH3), all of which correlated well with the

corresponding signals in the analogous ether-linked dimers.l'2

The carbons in the bridging group were assigned the

signals -24 ppm (ÇH,CHNH-) and -49 ppm (CH3CHNH-). As

expected the signal of the benzylic carbons CH3 C HX- in the

amino-linked dimers was upfield relative to those in the ether-

linked dimers because of the lower electronegativity of nitrogen

compared to oxygen. The signals of the terminal groups in the

amino-linked dimers also correlated well with those in the

analogous ether-linked dimers,l'2 as well as monomers.2T The

signals due to the methyl carbon (e_H 3 CHOH) of the 1-

hydroxyethyl groups in dimer (12) occurred in the expectedl'2

range of 23.1 - 29.2 ppm, which overlapped with the signals of

the methyl carbon in the bridging group (ÇH¡CHNH-). Without

the aid of COSY experiments, a definite assignment could not be

made.

A proton-13 C COSY spectrum of the diacetyl-

terminated dimer (71) showed that the presence of the electron

withdrawing acetyl group did not appear to have any effect on

the chemical shift of the benzylic carbon on the bridging group

(CH3CHNH-), which resonated at nearly the same frequency as the

corresponding carbon in the ethyl-terminated dimer (70), (Table

3.1).
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Me

MeR

Me
Me

Me

Me

cH3o2c

CH3O2C

MeMe

Me

CO2CH3

CO2CH3
)

R

(58)Rl=R2=CH:CHzX:NH
(70) Rl= R2 = CH2CH3, X = NH
(71) Rt = R2= COCH3, X = NH
(72) Rl: R2 = CH(CH)OH, X = NH

Table 3.1 13 C chemical shifts (ô, ppm) for amino-linked

porphyrin dimers.

Dimer ring CH3 Propionic ester

CHz- CHz- CO - O - CHs

Terminal
'groups

Linking group

CH¡ CHNH-

(s8) r 1.6 21.8 37.0 t73.6 51.7

(70) 1 1.8 22.0 37.r r73.7 5t.7

(71) r0.3-r4.2 2t.6 36.1 t13.4 5r.7

(7 2) 1 1.6 2t.9 37.0 173.6 51.7

CH=CHZ

128.8 118 - 120t

cH2-cH3
17.6 19.8

CO-CH3
198.1, 33.0
198.6

24.5 49.6

24.5
24.5

49.9
49.9

23.6, 49.2
24.7

CH(OH)-CH3 23.7-29.2* 49.5

64.4, 23.7-29.2*
65.5

f broad signals
* overlapping signals
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3.2.9 Biological activity of the amino-linked dimers.

Tests for in vivo anticancer activity were done using

the literaturel5 assay outlined in Chapter 2 (Section 2.2.5). The

amino-linked dimers (58), (70), (7I) and (72) were each

hydrolysed in aqueous base according to the literature

procedure.r'2'9 The product of the hydrolysis was then dissolved

in saline to make up a solution with a porphyrin concentration of

2.5 mg/ml.

The testing procedurel5 involved the injection of the

aqueous porphyrin solution (at a dose of 50 mg/kg) into mice

which had been implanted with Lewis Lung carcinoma. Twenty

four hours after administration of the porphyrin solution, the

tumour site was irradiated with 600 .- 700 nm light from aî

external light source for 20o' seconds, and the size of the tumour

was measured daily until the end point (TC 50), which is the

number of days taken for half the mice in the sample to show a

recurrence of tumou¡ growth. The results of the tests with the

amino-linked dimers are summarized in Table 3.2.

Generally, the amino-linked dimers were less active

than their ether-linked analogues.l'2 This implied that the more

basic and hydrophilic amino group had caused a decrease in the

biological activity of the dimers, regardless of the type of

terminal groups. This complements the results of Ward et. al.r,2

which indicated that the biological activity of ether-linked

dimersl'2 was partly related to the type of terminal groups in
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Table 3.2 Comparisons between the anticancer activity (TC 50)

of amino-linked porphyrin dimers and their ether-
linked analogues.

Terminal group TC 50 (days)

amino-linked dimer ether-linked dimer

Diacetyl

Divinyl
Diethyl
Di( I -hydroxyethyl)

2

J

5

0

4

4

6-7
6-7
0



the dimers, with the more hydrophobic groups producing greater

anticancer activity than hydrophilic groups.

3.2.L0 Summary and Conclusion

Conditions for the hydrobromination of 3-acetyl-8-

vinyldeuteroporphyrin dimethyl ester (74), 3-ethyl-8-

vinyldeuteroporphyrin dimethyl ester (76), as well as the partial

hydrobromination of PPdme (7 a) u sing saturated

HBr/dichloromethane were established. Reaction of the resulting

bromoethyl compounds with concentrated ammonium hydroxide

resulted in moderate yields of amino-linked dimers (7I), (70)

and (58), respectively. Borohydride reduction of the acetyl

groups in dimer (71) furnished the di( 1-hydroxyethyl)-

terminated dimer (72). The dimers were characterized

u.v./visible absorption, N.MR spectroscopy and FAB mass

spectrometry. The FAB, NMR and visible absorption spectra of

the amino-linked dimers were similar to those of the analogous

ether-linked systems.l'2 The NMR resonances of the benzylic CH

groups in the bridging position were characteristically upfield

relative to the analogous resonances in the ether-linkedl '2

systems due to the lower electronegativity of the adjacent

nitrogen atom.

The overall decrease in the biological activity of the

dimers when the oxygen atom in the bridging group was replaced

with nitrogen suggested that hydrophilic and basic groups such

as the amino groups tend to lower the biological activity of the

dimers.
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3.3 Iìx¡reritncntal$

3.3.0 General Experirnental

The general experimental details are es sentially

similar to those outlined in Chapter 2, Section 2.3.0.

3.3. 1 Hydrobrolnination of PPdme (1a) using

HBr/dichloromethane.

(a) Reaction rvith half-saturated HBr/dichloromethane.

Gaseous HBr was bubbled into d.y dichloromethane (2

ml) for 2 min. This solution was added dropwise to a solution of

PPdme (7a) (50 mg) in dichloromethane (2 ml). The mixture was

stirred under nitrogen (in darkness) at room temperature.

Aliquots (ca. 0.5 ml) were removed at intervals and added to

aqueous sodium bicarbonate (|}Vo)ITH.F (1:1, 5 ml), and the

mixture was shaken at OoC for 30 min , then diluted with water

and extracted with dichloronrethane. The combined organic

extracts were washed rvith \\,ater and evaporated to dryness.

The residue was analysed by TLC on silica developed in 3Vo

methanol/dichloromethane. Results ¿rre summarised in Table 3.3.

$ Rcfcrenccs, p. 171 .
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Tahle 3.3 Hydrobromiuation of PPdme using half-saturated

I{B r/d ich Ioro methane.

Hydrobrominationa
Reaction time

Product Mixture b

15 min

30 min

19 h 30 min

20h
22h
24h
90h

Mainly (>85Vo) PPdme

PPdme (-80Vo), HVdme (-líVo), HPdme (-lsVo)
PPdme (-20Va), HVdme (-607o), HPdme (<20Vo)

as for 19 h 30 min

PPdme (<20Vo), HVdme (-50Vo), HPdme (-25Vo)

PPdme (-l1Vo), HVdme (-40Vo), HPdme (-40Vo)

PPdme :.HVdme : FIPdme = 3 : 13 : llc

a Length of time for which PPdme was stirred in half-saturated

HBr/dichloromethane.
b. Products from the hydrolysis of thc crude 1-bromoethyl intermediate

from [he hydrobromination of PPdmc. Yields were estimated on the basis

of thc intensity of the spot on the TLC chromatogram. PPdme (7a), HVdme

(52), HPdme (6).

c. Obtained by rcvcrscd-phasc HPLC using standard conditions9 (see Se ction

3.3.0). PPdme clutcd at R1 58.9 min, HVdmc at 10.4 - I7.7 min and HPdme at

5.6 min.
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(lr) Reaction with saturated HBr/clichloromethane at

00c

PPdme (7 a) (30 mg) was dissolved in dty

dichloromethane (3 rnl) and cooled to OoC. Gaseous HBr was

bubbled into the solution for 45 seconds and the mixture was

stirred at 0oC under nitrogen. Aliquots were removed at

intervals and hydrolysed with aqueous sodium bicarbonate

(|O%o)ITHF (1:1) as outlined in 3.3.1(a), and the products were

analysed by TLC, results of which are summarized in Table 3.4.

(c ) Reaction with saturated HBr/dichloromethane at

room temp erature

Into PPdme (7.?) (60 mg) dissolved in dry

dichloromethane (5 ml) was bubbled HB¡ for 1 min. The solution

was stirred at room temperature for 2 h. An aliquot was

removed and hydrolysed in the manner outlined in Section

3.3.1(a). Analysis of the products by TLC (silica, 3Vo

methanol/dichloromethane) showed the following products

(estimated yields): PPdme (7a) (<5%) HVdme (52) (<l)Vo), HPdme

(6) (>80Vo), which is sinrilar to the results obtained in the 40 min

hydrobromination at 0"C in Section 3.3.1(b).
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Tahle 3.4 Hydrobromination with saturated HBr/dichtoro-
methane.

Reaction timea Product mixtureb

1 min

20 min

40 min

50 min

PPdme (-207o), HVdme (-4O7o), HPdme (-407o)

PPdme (-70Vo), HVdme (20Vo), HPdme (>25Vo)

PPdme (< SVo), HVdme (<lOVo), HPdme (> 80Vo)

Similar to results obtained after 40 mins'

hydrobromination - above.

a

b

Time during which the reaction mixture was stirred at 0oC.

Products of the hydrolysis of the crude 1-bromoethyl intermediate

(from the hydrobromination of PPdme). Yields were estimated on rhe

basis of the intensity of the spot on the thin layer chromatogram.

PPdme (7a), HVdme (52), HPdme (6).
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3.3.2 Nucleophitic substitution with ammonia

(a) Preliminary study

The bromoethyl intermediate from PPdme (7 a) was

prepared in the following manner: gaseous HBr was bubbled for

-5 min into a solution of PPdme (7 a) (60 mg) in dichloromerhane

(5 m1). The mixture was stirred at room temperature for 2 h,

then the excess HBr and dichloromethane were removed under

reduced pressure (10 mm Hg) at Ooc until a gum remained. This

gum was redissolved in dry dichloromethane (4 ml) and cooled to

0oC. Cold concentrated ammonium hydroxide (907o, 1.5 ml) was

added dropwise with stirring. The heterogeneous mixture was

stirred vigorously at 0"C for 7 min, then diluted with water (5

ml) and the pH was adjusted to 9 by the addition of 1 M HCl. The

mixture was extracted with" dichloromethane/THF, the combined

organic extracts were washed with water (2 x 20 ml) and

evaporated to dryness, leaving a solid which gave FAB m.s. ml z

590 (base peak), 607 (m), 624 (m), ll97 (w), l2I4 (w), 1230 (w):

I¡nu* (rel. abs.) 400 nm (l00Vo), 502(I0,6Vo), 535 (6.57o), 510

(4.8Vo), 622(2.8o/o); TLC (silica, 3Vo methanol/dichloromerhane)

showed no PPdme, trace amounts of HVdme were present

(detected under 254 nm light) and the main porrion (>9OVo) of the

material remained on the baseline.
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( b ) Esterification using the orthoformate methodS

The crude product (ca. 10 mg) from Section 3.3.2(a)

was dissolved in methanol/trimethyl orthoformate ( 1 :1, 4 ml).
'Water (0.1 ml) was added and the mixture was cooled in an ice-

bath. Concentrated sulphuric acid (0.2 ml) was added dropwise

with swirling. After the addition the mixture was stirred in the

dark for t h, then diluted with water (10 ml) and made slightly

alkaline (pH 8) by the addition of aqueous sodium bicarbonate.

The mixture was extracted with dichloromethane (3 x 20 ml).

The combined organic extracts were washed with water and

evaporated to dryness, leaving a solid which was similar (TLC,

FAB m.s.) to the untreated product from Section 3.3.2(a).

( c ) Standard acetylat ion24 with acetyl chloride/pyridine

The crude product (ca. 80 mg) from Section 3.3.2(a)

was dissolved in dry dichloromethane (ca. 4 ml) and added

dropwise with stirring to a mixture containing acetyl chloride (80

mg) and pyridine (2 drops) at 0oC. The mixture was stirred in

d arkne s s at room temperature under nitrogen for 2 h.

Dichloromethane (10 mt) was added, followed aqueous sodium

bicarbonate (10 Vo) until the solution was slightly alkaline (pH 8).

The organic phase was collected and the remaining aqueous

phase was extracted with dichloromethane/THF until all the

colou¡ had left the aqueous phase. The combined organic extracts

were washed with water and evaporated to dryness. The solid
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that was obtained gave FAB m.s. mlz 590 (base peak), 608 (m),

649 (m), 666 (m),708 (m), llgl (w), 1258 (w), 1315 (w).

The acetylated material (c a . 60 mg) was

chromatographed by preparative TLC on silica developed in 3Vo

methanol/dichloromethane containing concentrated (9}Vo)

ammonium hydroxide (LVo vol./vol.). Each of the (five) significanr

bands were collected and stirred in 207o

methanol/dichloromethane. Each suspension was filtered

through and the filtrate was evaporated to dryness. The residue

was redissolved in dichloromethane (or up to 5Vo

methanol/dichloromethane), filtered through Celite and

evaporated to dryness. The residues were analysed by FAB m.s.

where Band I (I47o) (the highest Rf') gave mlz 590; Band 2

(2IVo), mlz IL99, (58); Band 3 (377o) mlz ll99 (58), 1258 (63);

Band 4 (lVo) mlz l3l7 (6a);. Band 5 (lLVo) mlz 709 (62). MIKE

spectrum of mlz 1315 gave mlz 650, 664.

3.3.3 Nucleophilic substitution with n-butylamine

(a) 3,8-Di(1-(n-butylamino)ethyl)deuteroporphyrin

dimethyl ester (61)

PPdme (7 a) (20 mg) was dissolved in dty

dichloromethane (3 ml) and hydrobromic acid was bubbled into

the solution for 2 min. The mixture was stirred in darkness at

room temperature under an atmosphere of nitrogen for a further

60 min. The excess HBr and dichloromethane was removed

under reduced pressure (10 mm Hg) at OoC to leave a gum, which

t52



was redissolved in fresh dry dichloromethane (2 ml). The

solution was added dropwise at OoC to neat n -butylamine (ca. 1.5

ml) in an inert atmosphere. The mixture was stirred at OoC for 3

min, then the excess n -butylamine and dichloromethane were

removed rapidly under high vacuum. The gummy residue

showed À-"* (rel. abs.) 4I0 nm (lOOVo), 501 (22.3Vo), 536

(lS.OVo), 569 (lI.1Vo), 622 (6.3Vo): FAB m.s. mlz 739, 666, 594.

The crude product was chromatographed on a deactivated silica

(soaked in 5Vo methanol/dichloromethane before use) squat

column. The first significant band, eluted with 57o

methanol/dichloromethane, gave 3 -( I -n-butylaminoethyl)-8-

vínyldeuteroporphyrtn dtmethyl ester (68) (1 *g, 4Vo), FAB m.s.

mlz 663 (M+), 60J,591. This was followed by rhe major band

(also eluted with 5Vo methanol/dichloromethane) which contained

3,8-di(I-(n-butyl-amino)ethy.l)deuteroporphyrin dimethyl ester

(61) (2I mg, 84Vo) which had l.¡¡¿¡ (rel. abs.) 4I2 nm (IO}Vo), 501

(21.8Vo),538 (14.5Vo), 569 (11..2Vo), 623 (S.l%o); 13C NMR, ô ppm:

11.66 14.04 (ring CH3), 19.14 (NHCH2CHzCH2CH 3),21 .80

(qH2cH2CO2), 22.66 (NHCH2CH2CH2CH ),25.70 (CH3CHNH), 27 .t5

(NHCH2QH2), 31.65 (NHCH 2CH2), 36.16 (eHzC OzCH¡), 41.41

(CH3CHNH), 51.76 - 53.38 (CO2CH¡),96.60 - 98.77 (meso C),

129.70 (br, C6¿), 139.23 1br, CB), IiZ.g lCOrCH3); 1n NvtR, ô ppm:

1.55 (2 x NHCHzCHzCHzCII¡), 1.92 (2 x NH CH2Cru2), 2.21 (2 x

CH3CHNH),2.61 (2 xNHCH2CH¡),3.22 (2 xCH2CO2CH3), 3.57 (4 x

ring CH3),3.67,3.80 (2 x CO2CH),4.34 (2 xCH2CH2CO2),6.01 (2 x

CH3CIINH), 10.05, 10.12, 10.36, 10.38, 10.63 (4 x meso H); FAB

m.s., mlz 737 (M+), 663, 591 (base peak).
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(b) Aminolysis products

The bromoethyl derivative (8) of PPdme (1a) (20 mg)

was prepared by the procedure outlined in Section 3.3.3(a), and

added dropwise with stirring, to neat n -butylamine (ca. 1 ml) at

OoC. Throughout the addition, a steady stream of dry nitrogen

was bubbled into the reaction mixture. The mixture was then

stirred at OoC for 20 min, after which it was evaporated to

dryness, leaving a red solid (45 mg) which gave L-u^ (rel. abs.)

405 nm (I00Vo), 502.(I2.6Vo), 531 .(1O.0Vo), 568.(9.lVo), 622.(3.5Vo);

FAB m.s. mlz 59I, 663 (68), 704 (69a), 745 (69c), 778 (69b),

81e (69d).

3.3.4 Divinyl-terminated amino-linked dimer (5 8)

( a ) Optimization studies for partial hydrobromination

of PPdme

PPdme (7a) (10 mg) was dissolved in dichloromerhane

(4 mt). HBr gas was bubbled into the solution for 90 sec. The

reaction mixture then stirred at room temperature under

nitrogen for a length of time (see Table 3.3). The reaction

mixture was cooled in an ice-bath and the excess HBr and solvent

were removed under reduced pressute (10 mm Hg) until a

gummy residue was obtained. This usually proceeded for 20

min. The residue was redissolved in dry dichloromethane and
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reacted with either (i) aqueous sodium

saturated ammonium hydroxide/THF, in the

bicarbonate, or (ii)

following manner:

( i ) Reaction with aqueous sodium bicarbonate

The solution containing the bromoethyl compound (8)

in dichloromethane was added to aqueous sodium bicarbonate

(lÙVo, 10 equivalent volumes)/ice and shaken for 5 min. The

reaction mixture was diluted with dichloromethane, the organic

phase was separated and washed with water. Finally,

evaporation under reduced pressure afforded the product, which

was analysed by TLC (silica, 2Vo methanol/dichloromethane),

HVdme (Rf' 0.2 - 0.3) and HPdme (Rf' 0.1) were the major

products (-1:1), PPdme (Rp 0.8), (<107o).

(ii) Reaction with concentrated ammonium hydroxide/t[Ip

Concentrated ammonium hydroxide (9OVo)ITHF (1:1, 2

ml) was added dropwise to the bromoethyl porphyrin (8)

solution at OoC with stirring. The mixture.was stirred at OoC for

30 min, then diluted with dichloromethane and washed with

water (2 x 20 ml). The organic phase was evaporated to dryness

leaving a residue which was chromatographed on a squat column

packed with deactivated silica (soaked in methanol before use).

The column was flushed with dichloromethane before the crude

product was placed on it. Typically, elution with O.5o/o

acetone/dichlorometh ane aff ord ed PPd me; the divinyl -

terminated amino-linked dirner (58) was eluted with 2-3o/o
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acetone/dichloromethane, while the "polar material" containing

(1-aminoethyl)-vinyl-terminated amino-linked dimer (59), 3-(1-

aminoethyl)-8-vinyldeuteroporphyrin dimethyl esrer (57), di( 1 -

aminoethyl)-terminated amino-linked dimer (60) and higher

oligomers were eluted with 2 - 6OVo methanol/dichloromethane.

The reaction times for the hydrobromination step were varied

and the results of these modifications are summarised in Table

3.5.
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Table 3.5: Results of optimization studies for the partial

hydrobromination of PPdme.

Reaction time

for hydrobrominationa

Products of reaction with

conc. ammonium hydroxide/THFb

PPdme divinyl dimerc

2 min

3 min

4 min

10 min

60Vo 8Vo

33Vo 327o

72% 20Vo

polar material > divinyl dimer
< PPdme (TLC)

a Time taken from the point after the addition of HBr gas into

the PPdme/dichloromethane solution to the point when the

excess HBr/dichloromethane was about to be removed (see

beginning of Section 3.3.4 for details). PPdme, (7a).

Yields (obtained after chromatography) are based on starting

PPdme; the remainder of the product was mainly the "polar

material" (see Section 3.3.4(ii)).

Divinyl-terminated amino-linked dimer (58).

b

c
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(c) Hydrobromination using saturated HBr/dichloro-

methane.

Gaseous HBr was bubbled into dry dichloromethane

(15 ml) at OoC for approximately 10 min. 3-(1-bromoerhyl)-8-

vinyldeuteroporphyrin dimethyl ester (57) was prepared by the

addition of the saturated HBr/dichloromethane solution to

PPdme (7a) (150 mg, 0.25 mmol). The mixture was stirred in the

dark at room temperature under an atmosphere of nitrogen for

l6 min, then added dropwise with stirring to concentrated

ammonium hydroxide/THF (2;L, 40 ml) at OoC and stirred for a

further 20 min. The mixture was diluted with dichloromethane

(ca.20 ml), and poured into water. Dilute hydrochloric acid was

added to adjust the pH of the solution to pH 10. The mixture was

extracted with dichlorometha.ne, the extracts washed with water

and evaporated to dryness without chemical drying.

Chromatography of the residue using a silica squat column

afforded PPdme (1a) (55 ffig, 37Vo) which was eluted with O.25Vo

methanol ldichloromethane. Elution with IVo

methanolidichloromethane afforded the divinyl-terminated
amino-linked dimer (58) (60 mg, 40Vo), À*u* (rel. abs.) 395 nm

(l00Vo), 507 (10.47o), 540 (7 .7 Vo), 51 5 (5.7 Vo), 628 (3.3Vo); 13C

NMR, ô ppm: 11.59 (ring Ç-H:), 21.18 (CHzCH zCOzCHù, 24.48

(CH3CHNH-), 36.95 (CHzeHzCOzCH¡), 49.60 (CHgCHNH-), 51.12

(COzCH¡), 95.19-96.11 (meso C), 118.68 12O.36 (CH=CH2),
128.77 130.36 (CH=CHz), 136.03 - r37.43 (Cp), 140 - 145 (br.,

Co), 173.63 (COzCHg). 1H NMR, ô pp- : -5.33, -5.12, -4.95, -4.06
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(4 x pyrrole H), 2.I5,2.61 (2 xd,2 x CII3CHNH), 3.0 - 3.8 (4 x

COzCH3, 8 x ring CHE,4 * CHzCOzCH:), 4.31 4.39 (4 "
CHzCHzCO2CH3), 5.47 - 5.53 (br,2 x CH3C[!NH-), 5.83 - 5.96 (2 x

CH=CIlz), 1.49 - 7.67 (2 x CH=CHz), 9.I2 - 9.97 (m, 8 x meso H).

FAB m.s. mtz 1199 (w, M*) 1197 (M+ - zIH),608, 591 (M*); MIKE

spec. of mlz Il99 gave mlz 59I, 606 (major fragments); 1183,

lI57 (minor fragments).

( d ) Nucleophilic substitution in a

reaction mixture
heterogeneous

Gaseous HBr was bubbled into dry dichloromethane (5

ml) at OoC for approximately 3 min. The saturated

HBridichloromethane solution was added to PPdme (50 mg) and

the mixture was stirred at 'room temperature under nitrogen for

22 min, then added dropwise with stirring to concentrated

ammonium hydroxide (90Vo, 5 ml) at OoC. The heterogenous

mixture was stirred vigorously at OoC for 10 min, then diluted

with dichloromethane and poured into water. Dilute HCI was

added to adjust the basicity of the solution to pH 9, the organic

layer was separated and the açlueous layer was extracted with

dichloromethane. The combined organic extracts were washed

with water (2 x 20 ml) and then evaporated to dryness without

chemical drying, leaving a solid residue which was

chromatographed on a normal silica gel squat column. PPdme (9

ffig, l87o) was eluted with 0.5o/o methanol/dichloromethane; the

desired divinyl-terminated amíno-linked dimer (58) (16 ffig,
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3lVo), which was eluted with 0.5- l.OVo

methanol/dichlorometlÌane, was identical (TLC, FAB ffi.S., NMR) to

the sample . obtained in Section 3.2.4(c); (1-aminoethyl)-vinyl-

termináted amino-linked dimer (59) (23 ffig, 44Vo) which was

eluted with 2-I0Vo methanol /dichloromethane had FAB m.s. mlz

1216; some porphyrin material remained adhered to the

adsorbent and could not be shifted despite attempts to elute it
with 50Vo methanol/dichloromethane.

3.3.5 Diethyl-terminated amino-linked dimer (70)

(a) "Standard method"

To 3 -ethyl- 8 -vinyldeuteroporphyrin dimethyl
este r2,r6'r7 Qq (39 mg) was added sarurared

HBr/dichloromethane (3 ml) and the mixture was stirred at room

temperature under nitrogen for 90 min. Excess HBr and

dichloromethane were removed under reduced pressure (10 mm

Hg) at OoC to leave a gum, which was redissolved in dry

dichloromethane (0.5 ml).

The solution of crude bromoethyl porphyrin (77) in

dichloromethane was added dropwise with stirring to a mixtu¡e

of concentrated ammonium hydroxide (90Vo, 1 ml) and THF (0.5

ml) at 0"C. The mixture was stirred at 0"C for 10 min, then

diluted with dichloromethane and poured into water. The

mixture was neutralized and extracted with dichloromethane.

The organic extracts were washed with water and evaporated to
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dryness without chemical drying, leaving a red-brown solid

which gave FAB m.s. mlz 1203 (M+),610, 593 (base peak). The

crude product was chromatographed on a squat column packed

with deactivated silica (soaked in 20Vo

methanol/dichloromethane for 2 h and flushed with

dichloromethane before use). Elution with 0.5-l.}Vo

methanol/dichloromethane afforded the title dímer (70) (16

mg) (TLC silica, 57o methanol/dichloromethane, Rp 0.36 - 0.38)

which gave L-u^ (rel. abs.) 392 nm (lO}Vo), 502 (I0.4Vo), 536

(7.57o), 569 (6.470), 622 (3.3Vo); 13C NMR, õ ppm: 1I.78 (ring-CH3),

17.6I (CHzQH¡), 19.80 (CH2CHù, 22.0 (CH2CHzCOzCHg), 36.06

(CH3CHNH-), 31.13 (CH2CH2COzCH¡), 49.86 (CH:ÇHNH), 51.74

(Oe.Hs), 96.0 - 96.2 (meso C), 134-739 (CB), 141.5 - 146.3 (Co),

173.70 (-COzCH:); ltt Nl,tR, õ pp-* -4.0 (br, 4 x pyrrole H), 1.8

(2xCfl2C}ìs),2.2 (2 x CH3CTilJH), 3.36 -3.4I (4 x CH2COzCHz),3.5 -
3.8 (4 x CO2CH3, 8 x ring CHI ,),3.9 - 4.0 (2 x CIJ2Cþù,4.4 - 4.5 (4

x CHZCH2CO2CH3),5.51 - 5.63 (br,2 x CH3C!!NH-), 9.6 (br), 9.9 (br),

10.1 (br) (8 x meso H); FAB m.s. mlz 1203 (M+), 610, 593 (base

peak); MIKE spec. of mlz I2O3 Eave mlz 7159, 593 (major

fragments); 1186, 608 (minor). Elution with 57o

methanolldtchloromethane afforded 3 -ethyI-8-( I -

aminoethyl)deuteroporphyrin dimethyl ester (78) (7 mg), which

gave TLC silica, 5Vo methanol/dichloromethane Rp 0.03, I-u^
(rel. abs.) 400 nm (1007o), 500 (8.8Vo), 536 (6.3Vo), 568 (4.9Vo),

622 (2.6Vo); 13C NMR, ô ppm 11.21-l2.ll (ring CH:), 17.61

(CHze-H¡), 19.14 (CH2CH3), 21.75 (C-H2CH zC}zCH:), 24.90

* All signals we re broad
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(CH3CHNH), 36.93 (CH2qH2CO2CH3), 45.60 (CH3CHNH), 51.72

(co2cH3), 96.08-91.11 (meso c), t37.23-t39.03 (cp), r4r.63 (br.

Ca), 173.59 (COzCHs); lH NMR, ô ppm -4.10 (br., pyrrole H),

1.78-1.87 (t, CHzCIL¡), 2.04 - 2.10 (d, CH3CHNH2), 3.10 - 3.71

(CH2CH2CO2CH3, CO2C!fu, ring CH¡), 4.0 - 4.04 (q, CH2CH3), 4.2O

(br., CH2CH2CO2CHù, 5.15 (br. CH3CIINHz), 9.6I-LO.Z0 (m, meso

H); FAB m.s., mlz 610 (M+), 593 (base peak); MIKE specrrum of

mlz 6LO gave mlz 595, 582, 568, 537 (major fragmenrs), 551,

523 (minor fragments). The srarring 3-ethyl-g-
vinyldeuteroporphyrin dimethyl esrer (16) (6 mg) (TLC silica, 5vo

methanol/dichloromethane Rp 0.9) was eluted with o.5vo

methanol/dichloromethane.

(b) optimization attempt no.1 : . heterogeneous reaction

mixtur e

The bromoethyl compound (71) was prepared according to

the procedure outlined in section 3.3.5(a) above from 3-ethyl-8-

vinyldeuteroporphyrin dimerhyl esrer (16) (20 mg) and was

dissolved in dry dichloromerhane (1 ml). This was added

dropwise with vigorous stirring to concentrated ammonium

hydroxide (907o, 3 ml) at Ooc. The mixture was stirred at OoC for

12 min, diluted with dichloromethane and poured into water.

After neutralization and extraction as outlined above, FAB m.s.

analysis of the crude product showed the presence of the titte
dimer (70), the 1-aminoethyl monomer (78) and the starting

porphyrin (16), which were present in an approximate ratio of
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2 : 1 : 1 ( TLC on silica, 5Vo methanol/dichloromethane). This was

similar to the relative yields in Section 3.3.5(a) above.

( c ) Optimization attempt no.z : reversed order of

addition arnmonium hydroxide to the 1-

bromoethyl compound

Saturated HBr/dichloromethane (5 ml) was added to

3-ethyl-8-vinyldeuteroporphyrin dimethyt ester (76) (30 mg)

and the solution was stirred in darkness at room temperature

under nitrogen for 100 min and evaporated to a gum under

reduced pressure (10 mm Hg) at OoC. To the gummy residue was

added a cold (0'C) solution of concentrated ammonium

hydroxide/THF (3:1, 4 ml) dropwise with stirring at 0"C. The

mixture was stirred at 0:C for 9 min, then diluted with

dichloromethane, poured into water and worked-up as above.

TLC and FAB m.s. were nearly identical to those of the

preceeding runs (Section 3.3.5(a) - (b))

(d) Optimization attempt

ammonium hydroxide

excess H Br.

no.3 : direct treatment with

- without prior removal of

A mixture containing saturated HBr/dichloromethane

(5 ml) and 3-ethyl-8-vinyldeuteroporphyrin dimethyl ester (7 6)

(30 mg) was stirred in darkness at room temperature under

nitrogen for 100 min. The solution was then added dropwise
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with stirring to a cold (0"C) mixture of concentrated ammonium

hydroxide (9OVo, 3 ml) and THF (1 ml). Stirring was conrinued ar

OoC for 5 min, then the mixture was diluted with

dichloromethane and poured into water. Neutrali zation,

extraction and evaporation of the solvent afforded a solid. FAB

m.s. and TLC analysis indicated that the composition of the crude

material was nearly identical those of the preceeding runs

(Sections 3.3.5(a) - (c))

3.3.7 Diacetyl-terminated amino-linked dimer (7L)

(a) Determination of minimum time for

hydrobromination

To 3-acetyl-8-.vinyldeuteroporphyrin dimethyl

esteÍ2,17,18 QÐ (50 mg) was added saturated

HBridichloromethane (5 ml) and the mixture was stirred at room

temperature under nitrogen.

After 90 min an aliquot (0.5 ml) was removed and

added to aqueous sodium bica¡bonate (I}Vo)ITHF (1:1, 2 ml).

The mixture was shaken vigorously, then diluted with water and

extracted with dichloromethane. The organic phase was washed

with water and evaporated to dryness. The residue, analysed by

TLC (silica, 2o/o methanol/dichloromethane), contained mainly
(>90Vo) the starting porphyrin (74) (Rf, 0.6-0.8).

Another aliquot (0.5 ml) was removed after 160 min

and treated with aqueous base as outlined above. The major
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product was 3 -acetyl-8 - ( 1 -h ydroxyethyl)deuteroporphyrin
dimethyl ester (81) (Rp 0.1) while the starting porphyrin (74)

was present in only negligible amounts.

( b ) Reaction between crude

deuteroporphyrin dimethyl

3 -acetyl-8- (1-bromoethyl)-

ester (84) and

hydroxideconcentrated ammonium

( i ) The hydrobromination reaction mixture from Section

3.2.7(a) was allowed to stir for a total of 4 h, then diluted with

THF (1 ml) and dichloromethane (1 ml). The mixture was added

dropwise with stirring to concentrated ammonium hydroxide

(90Vo, 6 ml) at OoC. The mixture was stirred at OoC for 20 min,

then diluted with dichloromethane and poured into water. The

solution was adjusted to pH 9-10, and the mixture was extracted

with dichloromethane. The..organic extracts were combined and

washed (3 x 20 ml) with water. Evaporation of the solvent gave

a solid residue which gave FAB m.s. mlz 1231,625, 607 (base

peak). Preparative TLC on a silica gel plate developed in 5Vo

methanol/dichloromethane gave 3 distinct bands : the major

band (Rf' 0.46-0.56) contained the diacetyl-terminated amino-

linked dimer (71) (20 mg) which gave l" -u* (rel. abs.): 410 nm

(l00vo), 513 (73.\Vo), 551 (II.\Vo), 581 (9.2Vo), 639 (2.4Vo). 13C

NMR, ô ppm: 10.30 - 14.16 (ring-CH 3), 21.61 (CHzCHzC O 2CH3),

32.91 (COCH¡), 23.64 - 24.72 (CH:CHNH-), 36.70 (CHÉH2CO2CH),

49.20 (CH:ÇHNH-), 51.17 (OCH3), 94.54 - 97.64,98.78 - 101.58

(meso-C), 133.93 140.42 (br, CB), I44.OB - 150.07 (br, pyrrole-

C, Co), 113.41 ( COzCH3), 198.08, 198.64 (COCH3). lH NMR, õ ppm:
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-5.J2, -5.50, -5.44, -4.99, -4.78, -4.2J, -4.L3, -4.09 (4 x pyrrole

H),2.27 (d,2 x CHTCHNH-), 2.82, 3.02 (2 x COCIIg), 3.1 - 3.8 (4 x

CHzCLzCO2CH3,4 x OCH3, 8 x ring CIL), 4.218 - 4.327 (4 x

CHzCH2CO2CH3), 5.882 - 5.944 (2x CH3C NH-), 8.942 - 10.257 (m,

8 x meso H). FAB m.s., mlz I23l (w, Mrlz3} (M* - H), 624, 607

(base peak). MIKE spec. of mlz l23I gave mlz 607, 1188

(major ions), 624, I2l4 (minor ions). The rwo minor bands

contained the starting porphyrin (74) (12 mg) (Rf. 0.84) and the

monomer, 3-acetyl-8-(1-aminoethyl)deureroporphyrin dimethyl
ester (83) (10 mg) (Rp 0.0a-0.14), gave À*u* (rel. abs.) 4I1 nm

(L\OVo), 509 (ll.9Vo), 548 (lt.4%o), 571 (8.2Vo), 634 (2.0Vo); 13C

NMR, ô pp- lI.I4 - 11.98 (4 x ring eHs), 21.69 (2 xCH2CHCO2-),

26.19 (QH¡CHN}J), 33.05 (COCH3), 45.81 (CHgeHNHz), 5r.70 (2 x

CH2COzeHg), 95.52 - 101.33 (m, 4 x meso CHg), 132.83 - 140.82

(br, 8 x CB), 147.46 151.41 (br, 8 x Ce¿), 173.28, 173.55 (2 x

CO2CH:), 199.67 (COCnsj; lFI NVIR, ô pp- -4.I2, -4.04 (2 x

pyrrole H), 2.06 - 2.16 (d, CH3CHNHz), 2.43 (br, COCIF^),3.12 -
3.80 (2 x CHzCHzCO2CH3, 2x CH2CH2CO2Cfl3,4 x ring CEI), 4.14 -
4.24 (2 x C!!2CHzCOzCHz), 5.15 - 5.95 (CHgCIINH),9.48 - 10.69

(m, 4 x meso H); FAB m.s. 624 (M+), 607 (base peak); MIKE spec.

of mlz 624 gave 607 (major ion), 595,581, 565,550, 535 (minor

ions).

( i i) A solution of saturated HBr/dichloromethane ( 15 ml) was

added to 3 -acetyl-8-vinyldeuteroporphyrin dimethyl esrer (7 4)

(0.14 g, 0.23 mmol) and the solution was stirred in the dark ar

room temperature under an atmosphere of nitrogen for 3 h 15

min. The mixture was then added dropwise with stirring to a
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mixture of concentrated ammonium hydroxide (90Vo, 10 ml) and

tetrahydrofuran (10 ml) at 0oC. Stirring was continued at that

temperature for 20 min. Then the mixture was diluted with

dichloromethane (c a . 10 ml), and poured into water. Dilute

hydrochloric acid was added to adjust the pH of the solution to

10. The mixture was extracted with dichloromethane, the extracts

washed with water and evaporated to dryness without chemical

drying. The crude product was separated on a silica squat column

where the starting porphyrin 2-acetyl-4-vinyldeuteroporphyrin

dimethyl ester (25 ffig, ISVo) was recovered by elution with O.5Vo

methanol/dichloromethane The tttle dimer (71) (79 nB, 56Vo),

identical (TLC, FAB m.s., NMR, vis. spec.) to the sample in Section

3 .3.7 (b), was eluted with l-l.5Vo methanol/dichloromethane.

Elution with 4Vo methanol/dichloromethane afforded the

monomer, 3-acetyl-8-(1-aminoethyl)deuteroporphyrin dimethyl

ester (83) (21 ffig, L5Vo) which was identical to the sample in

Section 3.3.7(b).

3.3.8 Di(1-hydroxyethyl)-terminated amino-linked

d imer (72)

( a ) Trial reaction - borohydride reduction of

diacetyl-terminated amino-linked dimer

the

(t r)

The diacetyl-terminated dimer (7 1) (c a . 7 mg)

(Section 3.3.7(c)) was dissolved in methanol/dichloromethane

( 1 : 1, 3 ml). To this was added sodium borohydride ( 10 mg)
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portionwise and the resulting mixture was stirred at room

temperature in darkness for 3 h 45 min. After that the mixture

was diluted with dichloromethane and poured into 1 M

hydrochloric acid (10 mt). The mixture was extracted with

THF/dichloromethane. The combined organic extracts were

washed with water (2 x 20 mt) and evaporated to dryness,

leaving a solid residue which, by TLC (silica, 57o

methanol/dichloromethane), contained two spots, Rp 0.19 and Rp

0.25, with no trace of the starting dimer (11).

The crude product was chromatographed by

preparative TLC on silica developed in 57o

methanol/dichloromethane. Two major bands at RF 0.25 (ca. 2

mg) and RF 0.32 (ca. 2 mg), and two minor bands at Rp 0.31 (ca. 1

mg) and RF 0.39 (ca. 1 -g) were collected. All four bands gave

identical FAB m.s. (mÌz 1234, 626, 609) corresponding to the

di(1-hydroxyethyl)-terminated amino-linked dimer (72) (see

below).

(b) Large scale

amino-linked

reduction of diacetyl-terminated

dimer (11)

To the diacetyl-terminated dimer (7I) (O.l2g, 0.091

mmol), from Section 3.3.7 (c), dissolved in

methanol/dichloromethane (l:4, 5 ml) was added sodium

borohydride (20 mg). The mixture was stirred in the dark at

room temperature for t h. Then 1 M hydrochloric acid was
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added dropwise into the reaction mixture until the excess

borohydride had been quenched. The mixture was poured into

water (2O ml) and extracted with more dichloromethane. The

combined organic extracts were washed with water and

evaporated to dryness, leaving a solid residue which was

chromatographed on a silica squat column. Unlike preparative

TLC, there was very poor separation between the regio- and/or

diastereosomers. The major (broad) band, (TLC, silica, 57o

methanol/dichloromethane showed 4 spots at RF 0.08, 0.19, 0.20,

0.28) eluted with 20Vo acetone/dichloromethane, contained the

di( I -hydroxyethyl)-terminated amino-linked dimer (12) (0.120

g, 99Vo) which gave I-u^ (rel. abs.) 397 nm (l00Vo), 504 (l2Vo),

563 (7Vo),57I (6Vo),624 (4Vo); 13C NMR, õ pp- 11.56 (ring CH3),

21.85 (qH2CH2CO2-), 23.16 - 26.21 (CH3CHNH, CH3CHOH),* 36.95

(cH2qHrco2), 49.49 (CH3CHNH), 51.70 (CO2qH3), 64.4r - 65.52

(CH3CHOH), 95.r4 - 98.36 (meso-C). 133.86-139.38 (CB), 141.63 -
144.71 (Ccr), t73.57 lCorCH3); lu NvtR, õ pp- (-5.20) - (-4.24)

(m, br, 4 x pyrrole H), 2.06 - 2.17 (2 * C$CHOH), 2.30 - 2.39 (2 x

CH3CHNH), 3.17 -.3.28 (2 x CH2CO2CH3), 3.33 - 3.17 (4 x CO2CH3, 8

x ring CE¡), 4.22- 4.35 (4 x CH2CH2CO2),5.63 (br,2x CH3CH.NH),

5.91 (br, 2 x CH3CHOH), 9.42 - 10.00 (m, 8 x meso H); FAB m.s.

mlz 1235 (w, M*), 1234 (M* - H), 626, 609 (base peak); MIKE

spec of mlz 1235 gave l2l1 , ll92 (major fragment ions); 1199,

1714, 652, 626, 609, 592 (minor ions).

* Overlapping signals

t69



3.3.9 Preparation of amino-linked dirner samples

for ín vivo tests for anti-tumour activity
general procedure

(a) Base hydrolysis

The porphyrin dimer tetramethyl ester was dissolved

in a mixture of distilled THF/1.0 M sodium hydroxide (1:1, 0.2

ml/mg) and the resulting solution was stirred in darkness at

room temperature for 20 h. The reaction mixture was diluted

with water and dilute hydrochloric acid was added to adjust the

pH to 5 6. The mixrure was extracted with distilled

THF/dichloromethane. The combined organic phases were

washed with water and evaporated to dryness leaving a solid

residue.

(b) Sample preparation

The solid residue from the base hydrolysis was

dissolved in minimal 1 M sodium hydroxide. Dilute hydrochloric

acid was added dropwise with stirring until the solution was pH

7.2 (t 0.1). Saline (O.9Vo) was added and aliquors (10 pl) were

removed and diluted 1000 times with ethanol/O.1 N sodium

hydroxide (1:1). The u.v. absorbance (at 391 nm) of rhe resulting

solution was measured. Addition of saline was stopped when the

absorbance at 397 nm was 0.400 units (t 0.020), ie. Abs3 9 7

0.400. (Abs397 0.400 is equivalent to a porphyrin concentration

of 2.5 mg/ml.15) The saline solution containing the porphyrin

was then filtered through a 0.45 ¡rm filter.
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CHAPTBR 4

4.I Introduction$

There has been a growing interest in the use of

porphyrin derivatives as DNA intercalators.l It is known that

certain porphyrins and metalloporphyrins, such as the

derivatives of cationic meso-tetrakis(4-N-methylpyridyl)

porphyrin2u and their metal analogues,2b interact readily with

nucleic acids. In general, bisintercalators3 (intercalators which

consist of two aromatic systems joined by an extended linking

group) are more effective than homonuclear species. The type of

linkages between the aromatic systems vary from simple

hydrocarbon chains3 to functionalised bridges containing peptide

or amide groups, sulphonamides, amines, ethers, thioethers and

generally, groups which can form hydrogen bonds with the bases

of the DNA.3 With porphyrin based intercalators, cationic

substituents such as quaternized pyridyll'2 groups on the

porphyrin greatly enhance the intercalation' of the molecule with

DNA by forrning electrostatic interactions with the phosphate

backbone of DNA.2" Studies with porphyrin-containing dimers

such as the porphyrin-ellipticine hybrid dimera and actinocinyl-

bis(hemin)s indicate that dimers of porphyrins linked by long

chains can be good intercalating-chelating agents4 and DNA-

intercalating cleavage agents.5
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Examples of other diporphyrin dimers with extended

linkages include the methylene-bridged dimers,6, 7, 8 aryl-,e

ethylene-,10 triene-11 and amide-linkedl2 dimers, dimers with

spirobi-indan bridges,l3 rigid cyclic dimers linked by ester

groupsl4 and the ester-linked systems that are analogues of the

dimer components of HPD.15 It appears that none of these

dimers have been investigated for DNA intercalation. HpD was

found to not interact effectively with DNA.40

Methods for the synthesis of the dimers vary from the

total synthesis of the terminal porphyrin around the linking
group,l3 to the manipulation of the functional groups already

present on the porphyrin.6-14 A typical example is the conversion

of the carboxylic acid groups to acid chloridess,r2,)'4,15 followed
by the displacement of thg chloride by rhe bridging sysrem.

Alternatively, a suitable functional group (e.g formyl group) is
introduced onto the porphyrin which then dimerizes in the

presence of a reducing agent. 10

The aim of this chapter was to use the methodology

that had been established in Chapter 3 (for the hydrobromination

of vinyl porphyrins) to synthesize other porphyrins of biological

interest. In the light of the promising results in the studiesl ,2'4's

of porphyrins as DNA intercalators it was decided to commence

studies towards the synthesis of diporphyrin dimers with

extended linking groups for the purpose of evaluating their

ability to interacr with DNA. It was intended rhar this

investigation would be limited to symrnetric dimers with an
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emphasis on bridging groups that contain amine and/or amide

groups (because of the ability3 of these groups to improve

intercalation). 3-E,thyl-8-vinyldeuteroporphyrin dimethyt ester

(7 6) was used as the starting porphyrin in all the syntheses

because it was readily availab\e2} and, being monofunctional

(with respect to reaction with HBr), there was less likelihood of

complications from side reactions. Although it would be

preferable to have cationic groups on the porphyrins for

electrostatic interaction with the phosphate backbone of DNA2C it

was decided to concentrate initial investigations on the synthesis

of the long, bridged dimer before focussing attention on the

quaternization of the component porphyrins. Ward et al.8 have

shown that it is possible to synthesize porphyrins with sidechains

containing quaternary ammonium salts by treating a 1-

bromoethyl porphyrin intermediate with a tertiary amine such as

triethylamine.

Two routes (Schemes 4.1 and 4.2) to the synthesis of

porphyrin dimers with amine- and amide-containing linkages

were investigated. In Scheme 4.I, the bromethyl intermediate

(71) which is prepared by the hydrobromination procedure that

was established in Chapter 3 is treated with an c,r¡-diamine to

give the derivative (94). The diamino derivative (94) is then

reacted with a diacid chloride to give the desired dimer (97). In

the alternative route, Scheme 4.2, a porphyrin-amino acid

derivative (106) is converted to the corresponding acid chloride

which is then reacted with an cr, ot -diamine to afford the dimer

with the amine- and amide-containing bridge (110). The
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Scheme 4,1

(16)

HBrlCH2Cl2 H2N(CHj3NH2

(77)

(e8)

+

NH(CH2)3 NHCO (CH2) 4CONH(CH2) 3 HN

(e7)

(e4)

1) CICO(CH2)aCOC|

2) H2O

Abbreviations : I MeR

R
)

Rl R2

R3

R
4 R

NHN

NHN

PM" = cH2cH2co2Me
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Me



Scheme 4.2

Io]

(104)

NH(Crrr2coNH(cHf 3HN

(1 13)

(r12)

NH(CH2)2CONH(CH2)3NHCO(CHz)zHN

(106)

(cocr)2

(111)

H2N(CHjsNH2

+
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monomer by-products from these two Schemes are potentially

useful intermediates for other dimers. For example, (II2) can be

reacted with another molecule of the bromoethyl intermediate to

afford an unsymmetrical dimer (113).

Due to the anticipated difficulty in the

chromatographic separation of the amine-containing products

(see Chapter 3, Section 3.2.2) diols were used in the initiat studies

to establish reaction conditions. It was of interest to determine

the most appropriate methodology for dimer formation, in
particular, whether it was more feasible to use a one-step

synthesis such as those shown in Schemes 4.I and 4.2, or a two-

step process via the monomers (98) and (Il2).
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4.2

4 .2.I

Results and Discussion$

Diol derivatives of
porphyrin dimethyl

3 - ethyl-8-vinytd eutero-

ester

4.2.1.L Monomer derivatives

Hydrobromination of the vinyl group of 3-ethyl-8-

vinyldeuteroporphyrin dimethyl ester (7 6), using the procedure

established in Chapter 3 afforded the reactive 1-bromoethyl

intermediate (77) which was treated with excess amounts of G,@-

diol to give the desired derivatives. Reaction with 1,3 -

propanediol gave the monomer (86) in 77Vo yield. 1,5-Pentanediol

afforded (87) in 93Vo yield and 1,1O-decanediol produced (88) in
66Vo yield. In all cases the yield of dimers (89), (90) and (91) was

negligible. This contrasts with the reaction between the

bromoethyl compound (17) and concentrated ammonium

hydroxide (Chapter 3) where the main product was the amino-

linked dimer (70). A possible reason for this is the aggregation of

the porphyrins in the aqueous reaction mixture of the latter.

Ammonia may have been srnall enough to fit into the ,pu""14'

between two aggregated porphyrin molecules and so the reacting

species are set up favourably for a pseudo-intramolecular

reaction (see Chapter 3, Section 3.2.2) but this type of alignment

was not possible in the reaction with the diols because

aggregation does not occur as much in dichloromethane as it does

$ References,p. 251
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in aqueous solutions.4l Apart from the large excess of diols in

the reaction mixture, another factor that may also contribute to

the low yield of dimers is that the diols may be too large to

MeRI

R2

Me

CO2CH3 CO2CH3

(39) Rr = R2 = CH(CH3)OCH3
(76) R1 = CHzCH¡, R2 = CH=CHz
(77) Rl = CH(CH¡)Br, R2 = CHzCHs

(86) a. Rl = CHzCHr,R2 = CH(ÇH¡)O(CH)3OH
(86) b. Rl = CH(CH3)O(CH2)¡OH, R2 = CHzCH:

(

81

87

(88)

(88)

a. Rl = CH2CH3, R2 = CH(CH3)O(CH2)5OH
b. Rl : CH(CH3)O(CH2)5OH, R2 = CH2CH3

a. Rl : CH2CH3, R2 = CH(CH3)O(CH)I0OH
b. Rl : CH(CH3)O(CHÐIoOH, R2 = CH2CH3

insert easily between the porphyrins, and hence there

little likelihood of any pseudo-intramolecular reaction

the porphyrins (see Chapter 3, Section 3.2.2).

may be

between

On the TLC chromatogram, each of the diol

derivatives* (86), (87) and (88) showed two distinct spots which

See Appendix for the naming of new compounds
*
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could be separated preparatively by squat column
chromatography into two fractions, designated a and B according

to their order of elution. FAB m.s. of each fraction indicated that

the two components were isomeric. Since the derivatives contain

only one chiral centre and the ethyl and 1-substituted-ethyl

groups are on non-equivalent positions (3 and 8) of the

porphyrin ring, the derivatives will be mixtures of regioisomers

and enantiomers. In principle, enantiomers can only be

separated on a chiral column,42'43 therefore the two fractions are

likely to be racemic mixtures of each regioisomer of the diol

derivatives. Similar separations of regioisomers of porphyrin

monomers3l-33 and dimers8'20 have been reported.

In general the relative yields of o- and p-isomers

were different the a -isomer @lVo) of the 1,3-propanediol

derivative (86) predominated'' over its p-isomer (36vo), while the

reverse was true in the case of the 1,5-pentanediol derivative

(87) (38vo a-isomer and 55vo B-isomer) and rhe 1,1O-decanediol

derivative (88) (22Vo o -isomer and 407o. B -isomer). This

difference in the reactivity of the 3 and I substituents has also

been observed by Pandey et. al.3r and Smith et. a1.32

Clezy et. o¡.T,3a were able to predict the structure of

porphyrin regioisomers on the basis of Fookes rule34 which

relates the proximity of polar groups to chromatographic

mobility, whereby the porphyrins with polar groups which are

close to each other will be less mobile than those whose polar

groups are far apart. Applying this rule34 to the diol derivatives

181



(86) - (88), it is predicted that the (more mobile) cr-isomers are

those with the 1-substituted-ethyl groups in the 3 posirion,

namely isomers (86b), (87b) and (88b), because in these isomers,

the polar alcohol group of the 1-substituted-ethyl group is

furthest away from the (weakly) polar propionates. The P -

isomers are therefore (86a), (87a) and (88a), whose 1-

substituted-ethyl groups are in the I position. Recently Pandey

et. al.3r unambiguously assigned the structures of the

regioisomers of monoacetylmono( 1-hydroxyethyl)deutero-

porphyrin dimethyl ester by means of Nuclear Overhauser

Enhancement (NOE) Studies, and their3 i results confirmed the

assignments made using the method of Clezy et. o¡.33,34 An

attempt to assign unambiguously the regioisomers of the 1,5-

pentanediol derivative (87) using the NOE experiment of Pandey

et. a/.31 was unsuccessful dy." to the limitations of the available

spectrometer. Crystalli zation by conventional3 5 methods

produced crystals which were unfortunately of unsuitable quality

(probably because of the racemic nature of the material) for X-

Ray Crystallography.

Both the cx- and B-regioisomers of the 1,3-propanediol

derivative (86) gave similar etio-type absorption spectra with

maxima at 400 trffi, 498 flffi, 533 trffi, 567 nm and 621 nm (for

the cr-isomer) and 401 nm, 499 ilffi, 533 nm 566 nm and 62I nm

(for the B -isomer). The FAB mass spectrum of each of the

regioisomers showed a base peak molecular ion at mlz 669 and

a fragment peak at mlz 593 resulting from the loss of the diol
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subsriruenr (M+- OCH2CH 2ClF..OlF^, H). proton and 13C NMR analyses

aÍe discussed in Section 4.2.I.2.

As expected, the regioisomers of the 1,5-pentanediol

derivative, (87a) and (87b), gave nearly identical etio-type

absorption spectra with maxima at 399 nm, 499 Dffi, 533 trffi, 565

and 621 nm (for the cr -isomer) and 399 trh, 498 ûffi, 532 nffi,

567 nm and 622 nm (for the B-isomer). FAB mass spectral

analysis showed a base peak molecular ion at mlz 691 and a

fragment peak at mlz 593, which is consistent with the results

obtained from its homologue (86) above. NMR analysis is

discussed in Section 4.2.I.2.

Similar results were obtained from the 1 , 10-

decanediol derivative (88a) and (88b) : erio-rype absorprion

spectra, base peak molecula.r ion at mlz 167 wlth a fragment

peak at mlz 593 in the FAB spectrum. NMR analysis is discussed

in Section 4.2.I.2.

4 .2.1.2 NMR analysis of the regioisomers of the diol

derivatives (86), (87) and (88)

All the proton spectra of the regioisomers of diol

derivatives (86), (87) and (88) were recorded on solutions with

concentrations of <

spectra were well-resolved and the signals were readily assigned

by comparisons with literature chemical shifts.S'16'r7 The NH

protons gave broad signals ranging from -3.8 to -3.9 ppm; the
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protons of the ring methyls resonated in the range 3.3 3.8 ppm;

the meso protons at 9.2 10.6 ppm; the multiplicities of the

protons in the ethyl sidechains were discernable as triplets at l.g
1.9 ppm (cH2cHg) and quarrers ar 3.8 - 4.r ppm (cILzcH3) and

the propionates gave signals ar 4.2 - 4.4 ppm Gru2CH2CO2CH3), 3.1

3.3 ppm (CH2COzCH:) and 3.5 - 3.8 ppm (COzCILg). The

multiplicities of the signals due to the protons bearing the diol

substituent were clearly observable as doublets (J 6.6 IFrr) around

2.2 2.3 ppm (CILgCHOR) and quarrers at 6.0 6.1 ppm

(cH3cII-o cH2-). The chemical shifts correlare well with rhe

resonances of corresponding protons in 3,8-di(1-
methoxyethyl)deuteroporphyrin dimethyl esrer (39).8 Signals

produced by the CW2 protons of the diol sidechain (which were

expected to occur around 1.5 2.2 ppm) were obscured by

signals from solvent impurities.

Spectra from a- and B-isomers were similar; the only

difference between the spectra apppeared to be the chemical

shift of the C!!2CHzCo2CH3 protons. For example, in the spectrum

of the o isomer of the l,5-pentanediol . derivative (87), the

cfuzcHzCozcH¡ signals appeared as a multiplet due ro rwo

overlapping triplets at 4.04 4.12 ppm while the corresponding

signals in the P isomer were distinct triplets at 4.35 ppm and

4.44 ppm. However these differences could be due to solvent

effects.l6a Although the samples concentrations were

approximately 0.05 M which is the recommended 1 6 u

concentration for proton NMR samples (because it represents the

ideal c ompro mi s e between minimu m aggregatio n in
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deuterochloroform and maximum signal-to-noise ratio) it is not

known whether the diol derivatives exhibit the same generall6u

behaviour in deuterochloroform. Abraham eÍ. al.a5 and

Honeybourne et. al.a6 have reported that even at concentrations

which are lower than 0.05 M some porphyrins still show

appreciable aggregation effects in deuterochloroform and that

this results in upfield shifts in the chemical shifts of the affected

proton s.

The 13 C NMR specrra of the cr - and B - isomers of the

diol derivatives were well resolved and readily interpreted. In
most cases the signals correlated well with those reported.8' 16'20

As usual the signals produced by the ring carbons were

broad8'16,17,20 as a result of lr[H tautomerism.lT The meso carbons

resonated in the range of 96 99 ppm. Chemical shifts of the

sidechains are summarized in Table 4.L. With the exception of

some of the carbons on the sidechain bearing the diol substituent

(see later), the other sidechains gave signals which were

comparable to those of other monomers in the literature.S' 16' l7

The methine carbon CH3CHO C[zresonated .at 13 - 74 ppm, which

is approximately 2 ppm upfield relative to the corresponding

signal of 3,8-di(1-methoxyethyl)deuteroporphyrin dimethyl esrer

(39).8 This upfield shift is likely ro be due ro the Y effecr36a rhar

was being transmitted through the oxygen atom from the diol

substituent. Similar results have been observed in aliphatic

ethers.36b The methylene carbon next to the ether oxygen

C H¡C H O CHz resonated at 68.5 69.4 ppm while the rhe

corresponding signal in the analogous 3,8-di( 1-

185



methoxyethyl)deuteroporphyrin dimethyl ester (39)8 appeared

at -58 ppm. This -10 ppm downfield shift is due ro the a-effect
of the neighbouring carbon in the chain.36u The methylene

carbon next to the hydroxyl group, CH2OH was assigned the signal

around 62.1 62.6 ppm; the assignment was later confirmed

when the hydroxyl group was etherified (sections 4.2.1.3 5,

synthesis of diether-linked dimers) as rhe 62.1 62.6 ppm signal

was not present in the spectrum of the etherified product.

In general the 13C NVÍR spectra of the o-isomers were

very similar to those of the corresponding B-isomers and all the

chemical shifts were within 0.2 ppm of each other. It was not

possible to differentiate between the regioisomers on the basis of

the 13C Ntr¿R spectra alone.

Pandey et. al.3r ..were able to assign the regioisomers

of monoacetylmono(1-hydroxyethyl)deuteroporphyrin dimerhyl

ester by an elegant proton NOE experiment which involved the

irradiation of each meso proron (9 11 ppm) ro identify rhe

signals of the methyl group in the z position of the porphyrin

ring.31 Subsequently, irradiation of these methyl signars would

reveal the identity of the sidechain on the adjacent 3 position of

the ring.3l This method was tried on the regioisomers of the 1,5-

pentanediol derivative (87). Unfortunately, due to the limitations

of the available instruments, these experiments were

unsuccessful.
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R1 Me

R2

Me

CO2CH3 CO2CH3

(36) a. Rl = CHzCH:,R2 = CH(CH:)O(CH2)3OH
(86) b. Ri = CH(CH3)O(CH2)3OH, R2 = CHzCH:

(87) a. Rl = CHzCH3, R2 = CH(CH¡)O(CH/5OH
(87) b. Rl = CH(CH3)O(CH2)sOH, R2 = CHzCH¡

(88) a. Rl = CHzCH:,R2 = CH(CH¡)O(CH2)10OH
(88) b. Rl = CH(CH3)O(CH2)roOH, R2 = CHzCH¡
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Tatrle 4.1 13 C chemical shifts (õ

and B isomers of the

vi n yl d eutero p or p hyri n

ppm) of the sidechains in the û,

diol derivatives of 3-ethyl-8-

d i methyl es ter.

S i dech ain I ,3 -Propanediol

derivative (86)

i somers
GB

1,5-Pentanediol

derivative (87)

is omers
cx, p

1,10-Decanediol

derivative (8 8)

i somers
cLp

rins CH.J

CH^CH"

CH^CH.
-zJ

eH3cHocH2

cH HocH2

cH3cHoeH2

cHzcHzco2

cHzeHzco2

CO^CH.¿-J

CO^CH"
-zJ

CH"OH
-L

11.59 rr.27,

tr.64

1 1.58, 1 1.40,

17.71 tI.17

ll.t4,tl.46,
rt.59 ,tr.t 1

11.58,

rr.28

17.54 17.54 17.55 t7 .61.

19.14 19.68 19.80 19.7 4

25.44 25.43 25.44 25.5t

73.8 8 73.83 73.38 73.38

68.53 68.46 69.23 69.24

21.83 21 .8r 21.84 2r.9r

36.89 36.93 36.99 37.O2

5r.64 5 1 .65 51.69 5r.70

r13.5, t73.6,

t73.6 173.5

r13.5 r73.7

62.r8 62.12 62.64 62.64

17.60 17.54

19.7 4 19 .59

25.55 25.56

73.3r 13.37

69.44 69.44

21.82 21.77

36.9t 36.95

5r.64 5r.66

713.7, t73.6

173.5

62.64 62.58
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4 .2 .1.3 Pentane-1,5-diether-linked diporphyrin
(e0)

dimer

The title dimer (90) was prepared (7 6Vo yield) by

reacting the cr-isomer* of the 1,5-pentanediol derivative (87)

with the bromoethyl compound (77), by the same procedure as

that used in the synthesis of the monomer. No attempt was made

to synthesize the dimer (90) in a one step reaction by treating

the bromoethyl compound (77) with half equivalents of cror-diol

in order to effect in situ dimerization of initially formed diol

derivative (87) and unreacted bromoethyl compound (11)

because similar studies8 have indicated that the two step

reactions aÍe generally more controllable and provide better

yields of dimers than the in sítu reactions.8 Since the

bromoethyl intermediate <ìll was a mixture of regio- and

stereoisomers, the resulting dimer would also be a mixture of

regio- and stereoisomers. There was no distinct separation

between the isomers of the dimer (90) during chromatography

on silica.

The absorption spectrum of dimer (90), which was

similar to that of its precursor, was an etio-type spectrum with

maxima at 400 flffi, 499 ilffi, 533 Dfl, 568 nm and 621 nm. The

FAB mass spectrum showed a strong molecular ion at mlz I29O

* As the structural assignments of the rcgioisomers (section 4.z.l.l) are
only tentative, the compound(s) will continue to be represented by all
possible structures.
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and a peak of equal height at mlz 593, the latter a fragment

from the molecular ion.

R1 Me

R2

Me

CO2CH3 CO2CH3

(39) Rl = R2 = CH(CH3)OCH3
(77) R1 = CH(CH3)Br, R2 = CHzCH¡
(87) a. Rl = CHzCH3, R2 = CH(CH¡)O(CH2)5OH
(87) b. Rl = CH(CH3)O(CH2)sOH, R2 = CHzCH¡

Me Me

CH3O2C
CO2CH3

CH302C CO2CH3

R
)

R Me
Me

(90) X = O(CH)5O

Proton and 13 C NMR spectra were recorded

Me
Me

MeMe

Me

deuterochloroform on a solution of approximately 0.04 M.

chemical shift assignments

porphyrins,8,16 but

decoupling or COSY

1n

The

based on those of known

confirmed by off resonance

Most of the carbon signals

are

beenhave not

experlments
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appeared in regions that were similar to those of the

corresponding carbons on known porphyrins.l6" For example, the

carbons on the ethyl sidechain resonated at Il.4 ppm (CH2CH3)

and 19.7 ppm (CH2CH3) which was in good agreement with those

of the corresponding carbons on the ethyl groups in

mesoporphyrin IX dimethyl ester,16" which were at 17.7 ppm

and 19.8 ppm, respectively. The o-carbons on the ring pyrroles

gave broad (144 - 149 ppm) signals due to NH tautomerism,16c.17

while the B -carbon resonances were a complicated set of six

peaks ranging from 135 - 142 ppm. The meso carbons resonated

at" 96.10 - 98.59 ppm, the carbons of the ring methyls at 11.5

ppm and Il.7 ppm (in mesoporphyrin IX dimethyl ester16" they

also appeared at 11.5 and II.7 ppm, respectively). Similarty the

carbons of the propionates resonated at 21.83 ppm, 2I.93 ppm

(CH2CHTCO2), 37.00 pp^ (9H rCO2), 173.54 ppm (CO2CH3) and

5I.64 ppm (CO2QH3), all of which correlated well with rhose of

known porphyrins.8,16 The sidechains bearing the diether bridge

were assigned the following chemical shifts : the methyl group

(QH:CHOCH2), at 25.4 ppm on the basis of the chemical shifts on

the corresponding carbons on haematoporphyrin IX dimethyl
esre.l6c (CH3CHOH, at 26.0 ppm) and 3,8-di(1-

methoxy)ethyldeuteroporphyrin dimethyl ester8,l8 (39)

(QH¡CHOH, at 25.26 ppm). The peak at 13.32 ppm was assigned

to the benzylic carbon (CHE C H O CH z) on the sidechain. The

analogous carbon on its precursor (87) resonated at 73.38 ppm

while that of 3,8-di(1-methoxy)ethyldeureroporphyrin dimethyl

esters'18 (39) resonated at 14.g3 ppm. The upfield peaks af
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23.49 ppm and 23.30 ppm were rentarively assigned ro the

methylene carbons (oCH2qH 2CH2CHICH2]) of the bridge, because

of their distance from any electron-withdrawing groups. The

methylene group (cu) adjacent to the benzylic oxygen was

assigned the 69.32 ppm peak. This is considerably further

downfield than the methoxy c arbon of 3,8 -di( 1 -

methoxy)ethyldeureroporphyrin dimethyl esrer8'18 (39) which

resonates at 57.21 ppm but agrees quite well with the analogous

carbon in its precursor, the 1,5-pentanediol monomer derivative

(87), which was tentatively assigned rhe signal at 69.24 ppm.

Again, this downfield shift might be due to the "o-effect" of

neighbouring carbonr.l6c'36a A similar downfield shift of
comparable magnitude was observed in an ethoxy substituent

(compared to the methoxy) on a benzathiazole.L9

As expected there were no peaks around the 62 ppm

region in the 13c NvtR specrrum of the dimer (90). This supporrs

the assignment of the 62.64 ppm peak to the methylene carbon

under the hydroxyl group (qH2oH) in the precursor porphyrin

(see Section 4.2.1.2).

Despite the low concentration of the solution which, at

0.04 M, was below the minimum 0.05 M (in deuterochloroform)

that is necessary to minimize aggregation, the proton spectrum of

dimer (90) was not as well-resolved as that of its monomer

precursor (90) (Section 4.2.1.2), possibly due ro the presence of

regioisomers as well as the overlap of signals of protons with

similar environments from the two component porphyrins in the

t92



molecule. The signals appeared at chemical shifts which were

similar to those of the precursor monomer (87) (Section 4.2.1.2)

and other standard porphyrins.8,l6 The four pyrrole hydrogens

resonated in a broad signal at -3.81 ppm. A multiplet at 1.64 -
I.19 ppm, which was due to 10 protons, was assigned to the two

terminal methyl groups on the erhyl sidechains (CH2C H 3 ) and

possibly to two methylene groups on the linking group. The

complicated nature of the signals prevented a more definite

assignment of the resonances. The ubiquitous broad signals

between 0.5 1.5 ppm (due to solvent impurities) presumably

obscured the signals of some of the methylene protons on the

bridge. Two distinct sets of doublets at 2.OB ppm (J 6.6 }Jz) and

2.16 ppm (J 6.6 Ht) were assigned to rhe rwo merhyl groups

(CIL3CHOCH2) on the sidechain bearing the diether bridge. The

corresponding methyl protons on the precursor porphyrin (S7)

(Section 4.2.1.1) resonated at 2.26 ppm (I 6.6 IJz). A broad peak

at 3.23 ppm was assigned to the four methylene groups

(CIL2CH2CO2) on the propionic sidechain. The intense set of

overlapping signals at 3.3 3.7 ppm were assigned to the ring

methyls, the methyls of the four propionic esters (CO2CII3) and

possibly the two methylene groups next to the oxygen atoms on

the bridge (CH¡CHOCILz). The lamer is based on rhe proton

chemical shift of the methoxy group on 3,8-di(l -methoxy)-

ethyldeuteroporphyrin dimethyl esrer8,18 (39) which was at 3.67

ppm. The multiplet at 5.90 - 5.99 ppm due ro two prorons was

assigned to the two benzylic hydrogens (CH3 C H O C H 2) on rhe

bridge. The corresponding proton in the precursor porphyrin
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(87) resonated at 6.05 ppm. The merhylene group on the ethyl
sidechains (CH2CH3) gave a multiplet (due to the overlap of two

quartets) at 3.83 3.90 ppm. A broad singlet at 4.31 ppm due to
eight protons was assigned to the four methylene (cH2c H2co 2)
groups on the propionic sidechains. The eight meso proton

signals were distinct singlets at 9.92,9.95,9.96,9.99, 10.00,

10.47, 10.50 and 10.51 ppm.

4 .2.L.4 Propane-1,3-diether-linked dimer ( 8 9 )

The title dimer (89) was prepared in 67vo yield using

the cr-isomer of the 1,3-propanediol derivative (86) (Section

4-2.r.r) by the procedure used for the synthesis of the penrane-

1,5-diether-linked dimer (section 4.2.r..3). The title dimer (g9)

exhibited an etio-type absorption spectrum with maxima at 3gg

trffi, 499 rffi, 535 ûû, 566 nm and 622 nm. A strong molecurar

ion at mlz 1262 and a fragment peak at mlz 593 featu¡ed in its
FAB mass spectrum. The 13c and proton NMR spectra of dimer

(89) were, in all respects, similar to thos.e of the pentane-1,5-

diether-linked dimer (90) (Section 4.2.I.3).
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RI Me

R2

Me

co2cH3 co2cH3

(77) Rt = CH(CH¡)Br, R2 = CHzCHs

(86) a. Rl = CHzCH¡, R2 = CH(CH¡)O(CH)3OH
(86) b. Rl = CH(CH3)O(CH2)EOH, R2 : CHzCH¡

(8S) a. Rl = CHzCHs, R2 = CH(CH¡)O(CH)10OH
(88) b. Rl = CH(CH3)O(CH)1gOH, R2 = CHzCH¡

Me Me
Me

R
R

')

(89) X = O(CHz)¡O
(90) X = O(CH2)5O
(91) X = O(CH2)16O

Me
MeMe

Me

CO2CH3

C02CH3

Me
Me
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4.2.t.5 D ecan e - 1,10 - diether- link ed diporphyrin

dimer (91)

In order to determine if there was any difference in

the reactivity of the two regioisomers of the monomer (88), the

title dimer (91) was synthesized separately from the o- and B-

isomers of the 1,1O-decanediol monomer (88). The yields of

dimers from both dimerizations were similar: 53Vo from the ü,-

isomer and 5lVo from the p-isomer of the 1,1O-decanediol

derivative (88) indicating that there was no regioselectivity in

the reaction between the regioisomers of the 1 , 1O-decanediol

derivative (88) and the bromoethyl compound (71). As with the

other homologues, the TLC distance between the regioisomers of

the product was too small for adequate separation to be made.

Both isomeric dimer mixtu.res gave nearly identical etio-type

absorption spectra with maxima at approximately 399 - 400 nffi,

499 - 500 nm, 532 - 533 nm, 561 nm and 621 - 622 nm.

The FAB mass spectra of both dimer (91) mixtures

gave a molecular ion at mlz 136l ffi.u., a weak peak at mlz 767

(corresponding to the monomer (88) arising from the cleavage of

the benzylic C-O bond on the bridge) and a base peak at m I z

s93.

The similarity between the two dimer mixtures also

extended to the NMR specrra. The 13C NlvtR spectra of both dimer

mixtures were nearly identical, the the sidechain chemical shifts

were within a + 0.1 ppm range and were readily assigned on the
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basis of the chemical shifts of its pentane- 1,5-diether-linked

homologue (Section 4.2.1.3). Most of the proton signals of the

decane-1,10-diether-linked dimer (91) were broad while those

which were distinct were complicated multiplets because of the

overlap of signals. Nevertheless most of the signals appeared at

approximately similar chemical shifts as those of the pentane-

1,5-diether-linked homologue (90) (Section 4.2.I.3).

4.2.2 The synthesis of a symmetric diporphyrin

dimer linked by an ether- and ester-

containing bridge (92)

A preliminary investigation was done on a. TLC scale.

The o-isomer of the 1,5-pentanediol derivative (87) (Section

4.2.I.1) was dissolved in dichloromethane'and added to a mixture

containing an excess of malonyl dichloride (approximately 30

equivalents) and a catalytic amount of pyridine. It was not

possible, on the scale of the reaction, to accurately weigh out the

half molar equivalents of malonyl di.chloride that would

(presumably) be needed for maximum yields of the dimer. As a

result of the excess amounts of diacid chloride, it was anticipated

that there would be at least two products, namely the desired

dimer (92) and the acid-containing monomer (93).
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R1
Me

R2

Me

CH¡ CO2CH3

(87) a. Rl = CHzCH¡,R2 = CH(CH:)O(CH)5OH
(87) b. Rl : CH(CH3)O(CH2)5OH, R2 = CHzCHs

(93) Rl = CHzCHs, R2 : CH(CH3)O(CHz)
OR its regioisomer

Me
MeMe

Me

MeCH

MeMe

CH
CO2CH3

C02CH3
)

R
R Me

Me

(92) X = O(CH)5OCOCH2CO2(CH)5O

The crude product obtained after aqueous work-up

was shown by TLC to consist of two main components : a major
spot at RF 0.4 and a minor spot at RF 0.7. Separation by

preparative TLC followed by analysis of the fractions by FAB
mass spectrometry indicated that the high RF component was the

desired dimer (92) (molecular ion at mlz 1462). The MIKE

spectrum of the ion mlz 1462 showed major peaks at mlz 895

and 861, and minor peaks at mlz 851 and 765 , all of which

result from cleavages along the linking group, Fig 4.1. This
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Fig. 4.1 Fragmentations from dimer (92) (m/z 1462) under
MIKE conditions.

(e2)
766

867

851

89s

Abbreviations : I MeR

R
a

Rl R2

R3 Me

4 R
3

R

PM" = cH2cH2co2Me



fragmentation pattern is similar to that of the diether-linked

dimers (Sections 4.2.1.3 - 5).

The low RF fraction gave an intense molecular ion at

mlz 183 in its FAB mass spectrum. This corresponds to the

expected acid derivative (93). Under MIKE condirions, this mlz

783 ion underwent decarboxylation to give the ion at mlz 739.

In this reaction the monomer was the major product

because of the excess amounts of malonyl dichloride that was

used. It should be possible to increase the yield of dimer (92) by

decreasing the proportion of acid chloride accordingly. However

this was not pursued further because the main objective was to

determine if this approach would produce the desired dimer and

having done so, use the methodology to synthesize dimers with

amine- and amide-containing linkages. This was because the

dimer with the ester-containing linking group (92) was nor

expected to be very stable biologically, due to the likelihood of its
being cleaved by esterease s ín vivo. Therefore attention was

focused on the synthesis of the dimers with amine- and amide-

containing linkages by replacing the diol derivatives in the

reaction scheme with a diamino derivative.

4.2.3 1,3-Diarninopropane derivativ e QÐ of 3-ethyl-

8-vinyldeuteroporphyrin dimethyl ester

The title porphyrin (94) was prepared from 3-ethyl-

8-vinyldeuteroporphyrin dimethyl esrer (7 6) by essenrially rhe
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same procedure as that used for the synthesis of the diol

derivatives (Section 4.2.7.7), with the following modifications. A

smaller excess (10 mol equivalents) of 1,3-diaminopropane was

used and the reaction time was kept below 10 minutes. This was

done to minimize the aminolysis of the propionic esters, which

was found (chapter 3, section 3.2.3) to occur to a significant

extent when the reaction time was more than 10 minutes.

The crude product was found by FAB mass

spectrometry to contain the desired porphyrin (94) (molecular

ion at mlz 667), some 1,3-diaminopropane-linked dimer (95)

(molecular ion mlz 1260), srarring porphyrin (76) (mrz 593)

and some oxygen-containing by-products, (80) (mlz 610) and

(19) (m I z 1204), which were presumably formed during

aqueous work-up. Attempts to separate this mixture on silica

were frustrated by the polarity of the major portion of the

material.
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NH

NHN

RI Me

R2

Me

CO2CH3 CO2CH3

(7a) Rl = R2: CH=CHz
(7O Rl = CHzCH:, R2 = CH:CHz
(80) R1 = CHzCH¡, R2 = CH(CH3)OH
(94) Rl = CHzCH¡, R2 = CH(CH3)NH(CH)3NH2

Me
Me

CO2CH3

CH Me CO2CH3

R I

(79)X=O
(95) X = HN(CHz)rNH

Very little migration occurred on deactivated silica despite the

use of polar mixtures of eluting solvents (50Vo

methanol/dichloromethane or even methanol on its own). Grade

III alumina did not retain the material as strongly - most of the

material eluted with 70Vo methanol/dichloromethane - but there

was no resolution in the separation. Kieselguhr was the most

suitable adsorbent : the components were readily separated with

relatively weakly polar solvent combinations - the starting

Me
Me

MeMe

Me
Me

NHN

NH
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porphyrin (16) and by-products, (79) and (80), were elured with

dichloromethane, the 1,3-diaminopropane-linked dimer (95) with

2Vo methanol/dichloromethane and the most polar component,

namely the title monomer (94), was eluted with 10 50Vo

methanol/dichloromethane. Unlike rhe diol analogue (86)

(Section 4.2.1.1) there was no separation between the

regioisomers of (94).

The desired monomer (94) was the main product

(76Vo) from the reaction. The dimer (95) was formed in only 5Vo

yield. This was consistent with the results from the analogous

diol series (Section 4.2.I.1), and again indicates that the

aggregation of the porphyrins in aqueous reaction mixtures (see

Chapter 3) contributes significantly towards the formation of

dimers in the nucleophilic substitution of the bromoethyl

compound by a bifunctional''nucleophile.

This hydrobromination-nucleophilic substitution

procedure is a convenient method for attaching the diamine to

the 1-position of the ethyl sidechain of the porphyrin. Under

more vigorous conditions, such as those employed by 'White et.

al. ,47 which involved refluxing protoporphyrin dimethyl ester

(7 a) with either neat diamine or diamine in the presence of

catalytic amounts of hydrochloric acid, anti-Markownikov

addition of the diamine to the double bond occurs, along with

aminolysis of the propionates.4 7

The 1,3-diaminopropane derivative (9Ð exhibited an

etio-type absorption spectrum with maxima at 401 Dffi, 501 ûn,
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535 trfl, 569 nm and 622 nm. The FAB mass spectrum of the

derivative (94) showed a weak molecular ion at mlz 667 and a

base peak at mlz 593, the latter resulting from the loss of the

1,3-diaminopropane groups from the benzylic position. similar

fragmentation patterns were observed among the diol
derivatives (Section 4.2.1). The driving force for the cleavage is

probably the stabilization of the resulting daughter ion by

delocalization of the the charge onto the porphyrin ring. The

ratio of peak intensities (mlz 667 : 593) was approximately 8 :

2l . The low intensity of the molecular ion of the I,3 -

diaminopropane derivative (94) may have been due to its

incompatibility with the FAB marrix (3-nitrob enzyl alcohol3e)

that was used. The matrix is very effective with the oxygen-

containing systemsS but it appears to not work as well with the

amino compound.

MeR

R2

Me

CO2CH3 CO2CH3

(86) a. R1 = CHzCH¡, R2 : CH(CH¡)O(CHt3OH
(86) b. Rr = CH(CH3)O(CH2)3OH, R2 = CHzCH:

(94) R1 = CHzCH¡, R2 = CH(CH3)NH(CH)3NH2
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NMR spectra were recorded on an approximately O.O2

M solution. Despite this low concentration, the signals in the

proton spectrum were very broad and indistinct. The 13C NMR

spectrum was however more informative. The assignments of

the chemical shifts (see below) were based on those of known

porphyrins in the literatureS,l6 and by comparison with the 1,3-

propanediol derivative (Section 4.2.1.2).

o
H

(71)

o

Abbreviations :
RI Me

1R2 R2

R3 Me

R4 RJ

PM" - cH2cH2co2Me

Thc assignments are tentative and have not been checked with

off-resonance decoupling or CoSY studies. The carbons of the

ring methyls resonated at 1I.36 ppm. The methylene group next

to the nitrogen (-NHCH2CH2CH¡NH2) was tenratively assignedthe

peak at 32.61 ppm; the analogous carbon on the 1,3-propanediol

derivative (Section 4.2.1.2) resonared at 32.55 ppm. The carbons
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of the ethyl sidechain resonared at 17 .52 ppm (cH2 c H 3 ) and

19.73 ppm (e-HrcH3). By comparison rhe signals on the anarogous

carbons of the cr-isomer of the 1,3-propanediol derivative (g6)

(Section 4.2.1.2) appeared at 17 .54 ppm and Ig.7 4 ppm,

respectively. Good correlations were also obtained in the

chemical shifts of the propionic ester sidechains. However the

resonances of the meso carbons of the 1 ,3 -diaminopropane

derivative (94) were broad (96 98 ppm), as were those of the
pyrrole carbons (Ccr : 144.0 - 152.0 ppm; Cp ' 134.0 - 141.7 ppm).

The signar at 23.23 ppm was assigned to rhe carbon of rhe methyl
group (eH ¡ CHNH-) that was attached to the benzylic methine

carbon. This was based on the chemical shift of the analogous

methyl group on the diacetyl-terminated amino-linked dimer

(chapter 3, Secrion 3.2.9) which had been derermined by a 136-1¡¡

chemical shift correlation study to be in the range of 23.6 - 24.8

ppm. The chemical shift of the corresponding methyl carbon on

the 1,3-diaminopropane derivative (94) would be expected ro be

slightly upfield relarive ro rhar of rhe diacetyl dimer (7 r)
(Chapter 3, Section 3.2.9) because it does not have the electron-

withdrawing effect of rhe acetyl group. Similarly rhe benzylic
methine (cH3cHNH-) in the 1,3-diaminopropane derivative (94)

resonated at 41.81 ppm compared with 45.60 ppm in rhe diacetyl

dimer (71) (Chapter 3, section 3.2.9). The merhylene carbon nexr

to the primary amino group (-cH2NHz) was assigned the signal at

60.18 ppm. It was expected that this carbon would resonate at a

chemical shift that was upfield relarive ro the signal (-62.1 ppm)

of the corresponding carbon on the analogous 1,3 -propanediol
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derivative (section 4.2.r) because of the lower erectrone gativity
of nitrogen. This assignment was supported by the spectrum of
the 1,3-diaminopropane-linked dimer (95) (see later) in which,
as expected,the signal around 60 ppm was not present. A signal
at 41-09 ppm was tentatively assigned to the methylene carbon
next to the secondary amino group (-NHCH2 cH2). This was based

on a calculated chemical shift of 43.7 ppm for a similar strucrure
(96) using benzene as an approximation to the porphyrin ring
and standard chemical shift correlation tables2r for alkanes. The

corresponding carbon on the analogous 1,3 -propanediol
derivative (Section 4.2.r) had been assigned a chemical shift of
-68.5 ppm, bur there were no peaks in the 60 70 ppm region
(apart from 60.18 ppm which was assigned to the methyrene
carbon next to the primary amino group, -q H 2N H 2) in the

spectrum of the 1,3-diaminopropane derivative (g4). This big
difference berween the chemical shift of -NHqH zcHz- and

o e-rr zc}{z- is not without precedent : the methine carbon
( c H 3 c HoH) in haemaroporphyrin dimethyl esrer resonates at
65.03 ppm16" whire the analogous carbon (cH3qHNH2) in 3-(1-

aminoethyl)-s-ethyldeureroporphyrin dimethyl esrer (7g)
(Chapter 3, Section 3.2.9) resonates around 45 ppm.

NH(CHr3NH2

(e6)
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4 .2.4 1,3-Diaminopropane-linked diporphyrin dimer
(e5)

Reaction between the bromoethyl derivative (71) and

crude I ,3 -diaminopropane derivative (94) (section 4.2.3)

afforded a mixrure consisting of the desired dimer (95),

unreacted 1,3-diaminopropane derivative (94) (Section 4.2.3), 3-

ethyl-8-vinyldeuteroporphyrin dimethyl esrer (j6), all of which

were present in approximately equal amounts, and small

amounts of by-products (19) and (80), presumably formed

during the aqueous work-up procedure. The dimer (95) was

readily separated on Kieselguhr by elution with 2To

methanol/dichloromethane.

The dimerization 'did not proceed as efficiently as that

of the diol derivatives (Sections 4.2.4 - 6), which averaged a yield

of 62vo. The high percentage recovery of srarting 3-ethyl-g-

vinyldeuteroporphyrin dimerhyl esrer (i 6) suggested rhar rhe

1,3-diaminopropane derivative (94) had functioned more as a

base than a nucleophile. This is not unusual considering the size

of the molecule (94). In contrast the reaction between the

bromoethyl compound (11) and the much smaller and less

sterically demanding 1,3-diaminopropane (Section 4.2.3) had

produced mainly derivative (94) and 320o/o dehydrobromination

products, suggesting that in this case, the diamine was

functioning mainly as a nucleophile.
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(70) X = NH
(79)X=O
(89) X = O(CH2)3O
(95) X = HN(CHz)3NH

The title dimer (95) exhibited a rypical erio_rype

absorption spectrum with maxima at 402 flfl, 501 rffi, 53g rn,
568 nm and 622 nm. The FAB mass specrrum of dimer (95)

showed a molecular ion of medium intensity at mlz 1260, a

weak peak at mlz 661 and a base peak at mlz 593. This

Me

MeCH¡

MeMe

MeR
Me

NHN

NH
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contrasts with the FAB spectrum of the propane-1,3-diether-

linked dimer (89) (Section 4.2.6) where rhe dimer molecular ion

was the base peak in the spectrum. Again, this might be due to

the unsuitable FAB marrix (see Section 4.2.3).

The proton and 13C NMR spectra of dimer (95) were

recorded in a deuterochloroform solution with a concentration of

approximately 0.016 M. The proron NMR specrrum of dimer (95)

was very poorly resolved, similar to that of its precursor (94)

(4.2.3). Generally, signals were observed in the expectedl6 areas,

however, due to the broadness of the signals the actual chemical

shifts were difficult to determine.

The 13 C NMR spectrum was better resolved and the

signals could be readily assigned. The carbons of the methyl,

ethyl, and propionic ester .sidechains resonated at the expected

chemical shifts of 11.66 ppm (ring eHg) 11.54 ppm (cH2cH3),

19.72 ppm (e.H2CH3), 36.95 ppm (CHrCO2), 51.70 ppm (CO2CH3)

and 173.59 (e-ozcH3). These values correlated well with rhe

lite¡atur er6'20 and those of the diol derivatives (sections 4.2.1

and 4.2.2). The signal due to the merhyl on the bridge
(CH3CHNH-) appeared at 23.88 ppm while rhe corresponding

carbon in its precursor (94) (Section 4.2.3) resonared at 23.23

ppm; the methine carbon (cH3cHNH-) was tenrarivcly assigned

the signal 52.86 ppm, which is -10 ppm downfield from rhe

corresponding signal in the precursor monomer (94). There were

no peaks in the 40 - 50 ppm region where the (cH3qHNH-) signal

was expected to appear. This change in chemical shift of the
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CH3CHNH- signal is in contrast with the diether-linked dimers

(sections 4.2.r.3 - 5) where the resonance of the CH3eHoR carbon

remained the same after dimerization. The downfield shift of the

c H 3 c HNH- signal appears to be unique to the amino-linked

dimers : the chemical shift of the cH3cHNH- carbon (49.9 ppm) in

the diethyl-terminared amino-linked dimer (70) (chapter 3,

Section 3.3.5a.) was -4 pp^ downfield relative ro rhe signal (45.6

ppm) of the corresponding carbon in its monomer (78). In the

1 ,3 -diaminopropane-linked dimer (95), the presence of the

hydrocarbon chain appears to have enhanced the downfield shift
of the CH3CHNH- signal, possibly by a- and B-effecrs.3a

4.2.5 Attempted synthesis of a diporphyrin dimer

(97) linked by an amine- and amide-containing

bridge

An attempt was 
'made to synthesize dimer (g7) using

the procedure that had been esrablished in section 4.2.2. The

1,3-diaminopropane derivative (94) (section 4.2.3.1) was reacred

with adipoyl dichloride in the presence of a catalytic amount of
pyridine. After aqueous work-up, a solid was obtained which, by

TLC, appeared to be similar ro rhe srarting porphyrin (94) in rhat

the main portion (-607o) of it remained at the baseline. FAB mass

spectral analysis of the crude material was not very informative

because, apart from the base peak at m r z 593 (which

corresponds to 3 -ethyl-8 -vinyldeuteroporphyrin dimethyl ester

(76)), there were no other distinct peaks. However there were no

peaks corresponding to the starting porphyrin (94), suggesting

that reaction had taken place. A very weak peak at mlz 196,
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which corresponds to the acid-containing porphyrin (98), along

with the non-migration of the material on silica indicated that the

main product(s) of the reaction might contain acid functionalities.

Esterification of the crude material with acidified

methanol resulted in a product which gave a better FAB mass

spectrum. In addition to the base peak at mlz 593, other peaks

of medium intensity were detected at ml z 952, mrz Bro, mlz
152 and mlz 609. A weak peak in the dimer region of -1530
m.u. was also present. However the desired peak at mlz 1444

corresponding to dimer (97) was not present in the spectrum.

The peak at mlz 810 corresponds to (99), while that at mlz 952

corresponds to the diacylated monomer (100), both of which

were expected products due to the excess amounts of diacid

chloride that was used. The peak at mlz i52 matches the

molecular weight of the amide-containing monomer (101). If it is

the correct structure at all, its formation is puzzLing. Ilowever

peak at mlz 752 could also be the result of the fragmentation of

monomer (99), Fig 4.2. Fragmenration ar the position alpha to rhe

carbonyl group has been shown to occur in dialkyl adipates.2 6

The peak at approximately mlz 1530 could be due to dimer

(r02) or (103) which both have rhe molecular weight of 1528.

However an attempt to determine its monomer components by

Mass analysed Ion Kinetic Energy spectroscopy was not

successful because the mlz 1530 peak could not be detected in a

second measurement of the spectrum. This suggested that the

dimer peak might have been a spurious peak, but bearing in
mind the difficulty in obtaining a strong molecular ion for the
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Fig. 4.2 Possible fragmentation of monomer (99) leading to the ion at - mlz 750

750

(ee)
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amino derivatives (see, for example, Chapter 3 and Sections 4.2.3

and 4.2.4) it may, on the other hand, indicate the need for a

different FAB matrix. Another FAB matrix, namely glycerol, was

tried but no improvements were observed in the spectrum.

Gower38 has indicated that mixtures of glycerol and other

solvents aÍe effective alternatives to glycerol alone as a FAB

matrix.

4.2.6 Propanolamine derivative (104)

vinyldeuteroporphyrin dimethyl

of 3-ethyl-8-

e ster

The reason for this synthesis was two-fold : first, to
determine the relative reactivity of an amino group and a

hydroxyl group under the reaction. conditions and secondly,

because the product, whether'it was (104a) or (104b), would be a

useful starting material for other dimers. Scourides23 showed

that in the presence of excess amounts of hydrobromic acid in

acetic acid, the amino group of L-cysteine was effectively

prevented from functioning as a nucleophile by protonation. This

is not expected to occur under the conditions that have so far

been used because most of the excess hydrobromic acid is

removed from the reaction mixture before the addition of the

amino alcohol nucleophile and, in order to ensure that there

would be free amines in the reaction mixture, twenty equivalents

of propanolamine were used.
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The product that was obtained after aqueous work-up

was found by TLC (on silica) to consist mainly of a polar (Rr0.11)

component. This component was readily separated on a

preparative scale using deactivated silica and elution with 2Vo

methanoUdichloromethane. The FAB mass spectrum of this

material showed a peak at mlz 668 of moderate intensity and a

base peak at mlz 593. The mass of 668 corresponds to the

propanolamine isomers (1Oaa) and/or (104b), and on the basis

of previous results (Sections 4.2.3 - 5), the peak at mlz 593 was

probably the result fragmentation of the propanolamine

derivative(s) (104). The relative intensity of the two peaks (an

intense mlz 593 compared to the moderately intense mlz 668)

suggested that the derivative might have the structure (104a),

with the benzylic secondary amine. It. was expected, on the basis

of spectra of the diol derivatives (Section 4.2.1) and other

derivativesS'20 with benzylic oxygens that the st¡ucture (104b)

would give a base peak molecular ion. A MIKE spectrum of mlz

668 gave a weak peak at ml z 653 and a strong peak at m / z

593. The mlz 653 peak could be due to the loss of the benzylic

methyl group to give an iminium ion-type fragment, which is a

known pattern of fragmentation among secondary amines,22 and

has also been found to occur to the 1,3-diaminopropane-linked

bisporphyrin dimer (95) (Section 4.2.4) and the amino-linked

dimers in Chapter 3. On the other hand, the loss of 15 m.u. could

also be due to the cleavage of a methyl group from one of the

propionic ester groups, which is also known24 to occur. Hence it
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was not possible to unambiguously assign the structure of the

product by mass spectrometry alone.

The hydrolysis of the propanolamine derivative (104)

under standard25 acidic hydrolysis conditions which have been

shown25 to efficiently cleave benzyr ethers of porphyrins,2s Eave

a product which was then esterified using a mixture of
methanol/trimethyl orthoformate/concentrated sulphuric acid.18

The FAB mass spectrum and the TLC chromatogram of the final

product were very similar to those of the starting propanolamine

derivative. The stability of the material towards acidic

hydrolysis conditions indicated that it was much more likely ro
have been porphyrin (10aa) with the benzylic amino group than

the ether (104b), since amines are substantially less acid labile

than ethers.2 7

The structure was confirmed by the presence of a

signal at 41 .75 ppm in the 13 C NMR specrrum of the

propanolamine derivative. It was shown (Chapter 3, Section

3.2.9) by 1H- 13 c cosY experimenrs on rhe diacetyl-rerminared

amino-linked dimer (l l) (chapter 3, section 3.2.9) thar the
benzylic carbon alpha to the amino group (CH3cHNH-) resonated

at 49.2a ppm. The chemical shift of this carbon ranged from 41.8

49.20 ppm depending on the type of substituents on the

porphyrin and the class of the amine. The corresponding carbon

on the n-butylamine derivative (68) (chapter 3, Section 3.2.3)

resonated at 47.47 ppm. In contrast, the benzylic carbons

attached to an alkoxy group (CH3CHOCH2-) such as those in the
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diol derivatives (Section 4.2.I), resonated around 13 ppm.

Therefore the signal at 4l .l5 ppm in the 13 C NMR spectrum of

the propanolamine derivative (104) is due to the carbon attached

to an amino group and the absence of any signals in the 68 - 75

ppm region of the spectrum further proves that the group that is

attached to the benzylic carbon is not an alkoxy group. This was

confirmed by the signal at 62.64 ppm due to the methylene

(CH2OH) attached to the hydroxyl group. In contrast, a CH2NH2

signal is expected, on the basis of the analogous chemical shift in

the 1,3-diaminopropane derivative (94) (Section 4.2.3), to occur

near 60 ppm.

These results showed that the main products from the

reaction between the bromoethyl porphyrin (77) and

propanolamine was the derivative (104a) with the benzylic

amino group, and that in a'competing reaction between the amino

and hydroxyl group, the amino group was the more nucleophilic

of the two, as expected. The yield of the propanolamine

derivative (104a) was 89Vo.

The propanolamine derivative

typical etio-type absorption spectrum with

501 nm, 537 ilfr, 568 nm and 621 nm.

( 104a) exhibited a

maxima at 401 Dffi,

Proton and 13C NMR spectra were recorded on a 0.03

M solution. The proton spectrum was better resolved than most

of the other proton spectra (for example in Sections 4.2.1, 4.2.3

and 4.2.4) and the multiplicity of some of the signals were clearly

discernable. The pyrrole hydrogens resonated as a broad singlet
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at -3.84 ppm. The triplet due to the methyl group on the ethyl

sidechain (CH2CH3) occured at 1.85 ppm, which correlates well

with the chemical shift (-1.8 ppm) of the corresponding group in

mesoporphyrin dimethyl ester.16" The methylene protons

(CII-zCHg) of the ethyl group gave a distinct quartet at 4.Ol ppm,

again in good agreement with the literature16" chemical shift.

The protons of the methyl group attached to the benzylic carbon

(CIIaCHNH-) gave a doublet centred at 2.43 ppm. In contrast the

protons of methyl group CEL3CHOR in the diol derivatives (Section

4.2.I) resonated at -2.2 ppm. This downfield shift appears to go

against the general trend that has so far been observed (Chapter

3 and Sections 4.2.4 and 4.2.5), namely the upfield shift in the

signals of protons that aÍe near the nitrogen atom; a possible

reason for this is the through space effect of the electron

withdrawing hydroxyl grou.p in the other substituent on the

benzylic carbon. The proton on the benzylic carbon (CHaCIINH-)

gave a broad signal at 5.8 ppm. This is slightly upfield relative to

the chemical shift of the benzylic proton (CH¡CHOR) on the diol

derivative (Section 4.2.I) which resonated around 6.0 ppm. This

upfield shift is due to the lower electronegativity of nitrogen

compared to oxygen. Most of the other signals on the proton

NMR spectrum of the propanolamine derivative (10aa) were not

as well resolved but occurred in the general chemical shifts that

aÍe expectedl6 for those groups.

The signals in the 13 C NMR spectrum of the

propanolamine derivative (10aa) were readily assigned on the

basis of chemical shifts of analogous porphyrins (Sections 4.2.I,
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4.2.3, 4.2.4). The carbons of the ethyl, methyl and propionic ester

sidechains resonated at the expected chemical shifts of 11 .53

ppm (CHzÇHz), 1,9.13 ppm (CHrCH3), ll.l0 ppm (ring CII:), 21.87

ppm (CH¡CH¡CO2), 36.95 ppm (CHrCO2),51.65 ppm (CO2CH3) and

113.4I ppm (CO TCIJ). The benzylic methine carbon (CH3CHNH-)

resonated at 41 .15 ppm, the methyl carbon (QH:CHNH-) at 23.04

ppm and the methylene carbon under the hydroxyl group

(CH2OH) was assigned the signal at 62.64 ppm, which correlares

with the chemical shift (62.18 pp-) of the corresponding carbon

in the 1 ,3 -propanediol derivative (86).

Having established the structure of the propanolamine

derivative as (104a), attention was then focussed on using this

porphyrin to synthesize other bisporphyrin dimers. Due to the

earlier difficulties in the analysis of the dimer(s) linked by

amino- and amide-corrtainitrg bridges (Section 4.2.5), it was

decided to synthesize another dimer with an amino- and amide-

containing bridge and to compare its physical properties,

particularly its behaviour under FAB mass spectrometric

conditions, with that of the earlier dimer(s) '(Section 4.2.5).

4.2.7 Attempted oxidation of the primary alcohol on
the porphyrin sidechain

The proposed route, shown in Scheme 4.2, involved

the oxidation of the primary alcohol on the sidechain of the

porphyrin to a carboxylic acid group. The acid group was

subsequently converted to the reactive acid chloride which was

2t7



MeR

R
2

Me

C02CH3 CO2CH3

(87) a. Rl = CHzCH3, R2 - CH(CH3)O(CH'5OH
(87) b. Rl = CH(CH:)O(CII/5OH, R2 = CHzCH¡

(105) Rl = CHzCH¡, R2 = CH(CH3)O(CH)4CO2H



then reacted with

bisporphyrin dimer

bridge.

a terminal diamine to give the desired

linked by an amine- and amide-containing

Initial studies on the oxidation were done on the more

readily available diol derivatives (Section 4.2.1). An attempt was

made to oxidize the hydroxyl group on the 1,5-pentanediol

derivative (87) (Section 4.2.1) using neutral permang anate

solution.2s It was hoped that the mild conditions would not

cleave the propionic ester groups. Unfortunately oxidation did

not proceed at all after a 4.5 hour reflux, and the starting

porphyrin was recovered. It was then decided to investigate the

use of Jones reagent.29 The 1,5-pentanediol derivative (87) (from

Section 4.2.1) was stirred in an excess of Jones reagent for 5

minutes at room temperature. After aqueous work-up, the

product that was obtained was shown by TLC to consist of the

starting diol derivative (87) (Section 4.2.1) and another spot

below it, at RF 0.3, in a ratio of 3 : 2. FAB mass spectral analysis

of the crude material showed a base peak molecular ion at mlz
'llI, which corresponds to the desired acid'(105), and a peak of

moderate intensity at mlz 691 corresponding to the starting

porphyrin (87). When the reaction time was extended from 5

minutes to 7 minutes, the desired acid was obtained in

quantitative yield.
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4.2.8 Jones oxidation of the propanolamine
derivative ( 1 O4a)

The propanolamine derivative (104a) (Section 4.2.6)

was treated with Jones reagent for 7 minutes according to the

procedure that had been established in Section 4.2.7 using the

diol derivatives. After work-up the crude product was shown by

TLC to consist of two components, namely the starting material

(104a) and a lower Rp spot at ( RF 0.3), which were presenr in rhe

ratio of approximately 2:1. The FAB mass spectrum of the crude

material showed a base peak at mlz 593 and two other peaks at

mlz 668 and 682. The mlz 668 peak corresponds to the

starting porphyrin (104a), while the mlz 682 peak is the

molecular ion of the desired B-amino acíd derivative (106). The

presenqe of the mlz 593 base peak was characteristic of benzylic

amino-containing porphyrins "(see Sections 4.2.3, 4.2.4, 4.2.6 and

also Chapter 3). It is likely that the low Rp component was the

desired p-amino acid derivative (106) because it is expected to

be more polar than its precursor (10aa).

The crude product was treated with Jones reagent

again for a further 5 minutes. The product that was obtained

after aqueous work-up was similar by TLC to the partially

oxidised material in that both the starting propanolamine

derivative (10aa) (Section 4.2.6) and the low R¡ component were

present in the chromatogram, but the proportion of the low RF

component had increased so that the relative ratio of the two

components was approximately 1:1. In addition to that there was
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some polar material (-3OVo by TLC) on the baseline of the

chromatogram, possibly hydrolysed porphyrins. The crude

material was not completely soluble in dichloromethane and/or

methanol. The insoluble material was separated by filtration and

the filtrate was found by TLC to contain the starting

propanolamine derivative (104a) (Section 4.2.6) and the low RF

component which was found (see later) to be the desired p-amino

acid derivative (106). The residue from the filtration was

esterified using the orthoformate esterification procedurel8 and

the product was found (by FAB m.s.) to give the ions mlz 696

(the triester ( 107)) and 668 (the propanolamine derivative

(104a) (Section 4.2.6)). These results indicated that the triacid

( 108) and the hydrolysed propanolamine derivative (109) aÍe

insoluble in dichloromethane and/or methanol, and that the

oxidation had not gone to completion. However the reaction time

needs to be kept around 7 minutes in order to minimize the

products of competing hydrolysis of the propionic esters. The

hydrolysed by-products can be readily separated from the

desired product and unreacted propanolamine derivative (104a)

by filtration.

The p-amino acid derivative (106), which was the low

R¡ component, was readily separated from starting material by

preparative TLC on silica. The FAB mass spectrum of the

porphyrin ( 106) showed a molecular ion at m I z 682 of

moderate intensity and a base peak at mlz 593. Again, this is

consistent with the FAB mass specra of other amino derivatives

(see Sections 4.2.3,4.2.4,4.2.6 and also Chapter 3). The
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porphyrin ( 106) exhibired

spectrum with maxima at 401

622 nm.

a typical etio-type absorption

Dffi, 499 nm, 536 rffi, 568 nm and

The proton and 13C NVIR specrra of the B-amino acid

derivative ( 106) were recorded in deuterochloroform on a

solution of approximately 0.015 M. Despite this 1ow

concentration the proton NMR spectrum was uninformative due

to the broadness of the signals. On the other hand the 13C NMR

spectrum was well resolved and most of the signals could be

assigned on the basis of chemical shifts in the literaturel6 a n d

other similar porphyrins (Sections 4.2.3, 4.2.4 and 4.2.6). As with

the other amino derivatives, the ethyl, methyl, propionic ester

sidechains and the ring carbons resonated at chemical shifts that

were comparable to those of kn'own16 porphyrins. The

resonances of the carbons of the sidechain bearing the p-amino

acid group were also readily assigned. The methyl carbon

(q H 3 CHNH-) resonated at 25.64 ppm; by comparison the

corresponding carbon on the precursor propanolamine derivative

(10aa) (Section 4.2.6) was assigned rhe signal at 23.04 ppm. The

signal at 36.56 ppm was assigned to the methylene carbon next

to the carboxylic group (CH2CO 2H) because of the similarity of the

environment of this methylene group with that of CH2COzCH3 in

the propionic ester group. The latter resonated around 36.8 ppm.

The signal at 43.73 ppm was assigned to the benzylic methine

carbon (cH?cHNH-), which correlated well with with the chemical

shift of the corresponding carbon on the other amino-containing

porphyrins (see Chapter 3 and Sections 4.2.3, 4.2.4 and 4.2.6).
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The quaternary carbon in the carboxylic group (CO2H) resonated

at I16.16 ppm, which is similar to the resonances of the

quarternary carbon in the propionic ester groups (CO rC}l3) at

approximately I73.5 ppm. These assignments aÍe only tentative

as they have not been confirmed with off-¡esonance decoupling

experiments or correlation studies.

4.2.9 Attempted synthesis of a bisporphyrin

with an amine- and amide-containing

(110)

dimer

bridge

Having obtained the B-amino acid derivative (106)

(Section 4.2.8), the next step was to convert it to an acid chloride

and then Íeact the acid chloride with a terminal diamine (Scheme

4.2), to give the desired dinrer (110).

The acid chloride (111) was prepared by the standard

procedure 15u'" using oxalyl chloride and was treated with 1,3-

diaminopropane (-9 equivalents) without prior purification. A

smaller proportion (-0.5 equivalents) of diamine would have

been preferable but was not possible on the scale of the reaction.

However this was not expected to be a problem because it was

anticipated on the basis of an earlier study (Section 4.2.2) using

excess amounts of reagents that while the large excess of diamine

would'lower the yield of dimer (110) it would not prevent its

formation altogether.
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TLC analysis of the crude product showed trace

amounts of 3-ethyl-8-vinyldeuteroporphyrin dimethyl esrer (l6)
but most (>8OVo) of the material did not migrate from the

baseline. It was expected that the amino monomer (Il2) which

would be the main product (because of the excess amounts of

diamine that was used) would not migrate very far from the

baseline under the standard TLC conditions that have so lar been

used; the desired dimer (110) should have a higher RF rhan rhe

amino monomer (lI2) because it does not have any primary

amino groups. Therefore on this basis it appeared that that the

desired dimer (110) was not a significant product in this reaction.

The formation of the 3-ethyt-8-vinyldeuteroporphyrin dimethyl

ester (7 6) could be due to the initial reaction between the

secondary amino group in the benzylic position and oxalyl

chloride, Scheme 4.3, to form the ammonium salt which could

then be eliminated to give 3-ethyl-8-vinyldeuteroporphyrin

dimethyl ester.

The FAB mass spectrum of the crude product gave,

apart from the peak at ml z 5g3 corresponding to 3-ethyl-8-

vinyldeuteroporphyrin dimethyl ester (7 6), only very weak

peaks. It was only just possible to make out peaks around mlz

1330, 1300, 810, -135 and 680. There were rìo peaks arou¡rd

mlz 1402, which was the molecular weight of the desired dimer

(110). The peak at mlz 680 corresponds ro rhe srarring p-amino

acid derivative (106) (Section 4.2.8). The mlz -135 m.u. peak

could be due to the derivative (Il2) (molecular weight 138), or
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Fig. 4.3 Possible fragmentations from dimer (1lO) (m/z L402).
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it could be a fragment from the dimer (110), Fig. 4.3.

Fragmentation at the C-N bond of an amide is a known3O process

and would be expected to occur in a molecule that is as large as

dimer (110). Similarly, the peak at mlz -810 could be due to

fragmentation at the benzylic C-N bond, which has been found to

occur in all the derivatives with benzylic amino groups (Sections

4.2.4, 4.2.6 and 4.2.8). The weak peak around mlz 1330 in the

dimer region could also be due to a fragment of the desired

dimer (110), Fig. 4.3. On the other hand it could be the molecular

ion of the unsymmetrical dimer (110), which could have formed

from the substitution of the ammonium salt by the monomer

(Il2), Scheme 4.3. Similarly, the peak at mlz 1300 could be due

to the partially hydrolysed dimer (114) or the fragmentation of

dimer (110), Fig. 4.3. Fragmentation at the propionate group is a

common process.24 Attempts to test these postulates by a Mass

analysed Ion Kinetic Energy spectrum of the dimer ions was

unsuccessful because the dimer ions appeared to be very short-

lived and could not be consistently detected. Therefore it was

not known whether the dimer ions we.re genuine, transient

species or artefacts from the mass spectra. Under the synthesis

conditions, the dimers are not expected to be formed in

significant yields but it was anticipated, by analogy with the

work on diol derivatives (Section 4.2.2), that there would be

some dimer in the product mixture.

In order to esterify any free acid groups the crude

material was stirred in 5:5: 1 trimethyl
orthoformate/methanol/concentrated sulphuric acidls. After
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work-up TLC analysis of the crude product showed that it
consisted of 3-ethyl-8-vinyldeuteroporphyrin dimethyl ester

(7 6), the triester (107), as expected, and at least two other

components. FAB mass spectral analysis of the crude product

confirmed the presence of 3-ethyl-8-vinyldeuteroporphyrin

dimethyl esrer (76) (m/z 593) and the rriesrer (107) (mlz 694).

In addition, there were weak peaks at mlz 1374, 1336, l25B

and 750. However the peaks at mlz 1330, 1300 and -j35,
which wsre present in the FAB mass spectrum of the unesterified

materiâI, were not present in the spectrum of the esterified

material. This was unusual because they were not expected to be

altered by esterification. The desired peak at m I z l4oz

corresponding to the dimer ( 1 10) was not present in the

spectrum of the esterified material. Attempts to obtain a Mass

analysed Ion Kinetic Energy..specrrum of .the peaks at mlz 1374,

1316 and L258 met with the same difficulry as rhat which was

encountered before the peaks could not be detected in

subsequent runs. Similarly, âr attempt to obtain a LINK

spectrum of mlz 750 that would enable to determine the peak(s)

that it originated from was also unsuccessful because the peak

could not be detected in a later measurement. These results

highlight the need for investigations into the use of different

matrices3T'38 and/or mass spectrometric techniques because

existing techniques do not appear to give adequate molecular

ions of the products.

The presence, in the

containing the amine and amide

crude product, of the

groups (lI2) indicates

monomer

that acid
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chloride formation and subsequent substitution with the diamine

had proceeded as expected. The implication from the TLC

analysis of the crude product was that the desired dimer (110)

(which should have a moderate to high Ro value) was not a

significant product in the reaction, suggesting that it would be

more convenient to follow a two step synthesis, by preparing the

monomer (rl2) first and rhen treating it with rhe acid chloride

(111) in a separate step. The competing elimination reaction (to

give 3-ethyl-8-vinyldeuteroporphyrin dimethyl esrer (16))

presumably during the formation of the acid chloride will lower

the yield of the desired producrs bur it might be possible ro

minimize the reaction by doing this reaction af a lower

temperature. ljnfortunately, due to limited time optimization

studies could not be undertaken.

4.2.I0 Preliminary tests for intercalating ability

The diether-linked dimers (89), (90) and (91) as well

as the diaminopropane-linked dimer (95) were tested for

possible DNA intercalation using an assay involving spectral

titration at 400 nm with calf thymus DNA.44 All the dimers

showed small (<7vo) absorption changes, indicating that the

compounds were not significantly interacting with DNA by

intercalation.

This absence of any intercalating ability is not

unexpected because of the non-cationic nature of the component
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porphyrins in the dimers. Studies with
me so - te traki s (p hen yl su lf onato ) p orp hine

indicated that non -cationic porphyrins

HPD and the anionic

(H2TP P S 1+o have

efficiently with DNA as their cationic analogues.4O

4.2.IL Summary

The hydrobromination-nucleophilic substitution
reaction conditions that had been established in Chapter 3 were

used efficiently to synthesize the cr,co-diol derivatives (86), (87),

(88), 1,3-diaminopropane derivative (94) and the propanolamine

derivative (104a) in good yields. The regioisomers of the cr,co-diol

derivatives (86), (87) and (88) were readily separared on silica

by squat column chromatography. This derivatization of 3-ethyl-

8-vinyldeuteroporphyrin dimethyl ester (76) with aî cr,or-diol,

particularly the 1,5-pentanediol, represents a convenient and

efficient way of separating the regioisomers of 3-ethyl-8-

vinyldeuteroporphyrin dimethyl ester (76). Atl rhe compounds

were characterízed by u.v./visible and NIMR spectroscopy and

FAB mass spectrometry. The structures of the cr-isomers of the

diol derivatives (86), (87) and (88) were renrarively assigned

(86b), (87b), (88b) and the B-isomers to (86a), (87a) and (88a),

according to Fookes rule.

Diporphyrin dimers linked by diether bridges (89),

(90) and (91) were synthesized in moderare yields by a rwo srep

reaction involving the treatment of the bromoethyl compound

do not interact as
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(77) with the appropriate cr,ot-diol derivatives. The dimers were

characterized by u.v./visible and NMR spectroscopy and FAB

mass spectrometry. A dimer (92) linked by a bridge containing

ester and ether groups was synthesized; and analysed by FAB

and MIKE mass spectrometry.

The 1,3-diaminopropane-linked dimer (95) was

prepared in a low yield from the 1,3-diaminopropane derivative

(94) and the bromoethyl compound (77) by the same procedure

as that used for the synthesis of the diether-linked dimers (see

above). An attempt to synthesize the dimer (97) with an amine-

and amide-containing bridge using the procedure that had been

established for the synthesis of the analogous dimer (92) linked

by a bridge containing ester and ether groups (see above) gave

inconclusive results because of difficulties in analysing the

product by FAB and MIKE'mass spectrometry An alternative

approach (Scheme 4.2) to another dimer (110) linked by an

amine- and amide-containing bridge was investigated. Jones

oxidation of the propanolamine derivative (10aa) furnished the

monomer precursor ( 10ó) in low yield due to competing

hydrolysis of the reactant and product during the reaction.

Conversion of the acid group in (106) ro an acid chloride (107)

followed by reaction of the latter with 1,3-diaminopropane gave

a complicated product mixture of 3-ethyl-8-
vinyldeuteroporphyrin dimethyl ester (l6), the amine- and

amide-containing m onomer (l I2), and some unidentified

monomeric and dimeric material. Analysis of the crude material
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by mass spectrometry was hampered by difficulties in obtaining

reproducible spectra.

Preliminary analyses of the diether-linked dimers

(89), (90) and (91), and the 1,3-diaminopropane-linked dimer

(95) fo¡ DNA intercalating ability indicated that the dimers were

poor intercalators, possibly due to the non-cationic nature of the

component porphyrins. Future efforts in the synthesis of dimers

which aÍe potential DNA intercalators would have to be focussed

on obtaining long-bridged dimers of cationic porphyrins.
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4.3 Experimental$

4.3.0 General

The general experimental details are similar to those

outlined in Chapter 2, Section 2.3.0.

4.3.L 1,3-Propanediol derivative of 3-ethyl-8-vinyl-

deuteroporphyrin dimethyl ester (86)

To 3 -ethyl-8 -vinyldeuteroporphyrin dimethyl esrer

(0.17 g, 0.29 mmol) was added cold saturared

HBr/dichloromethane (10 ml) (see Chapter 3, Section 3.2.I) and

the resulting red-green solution was stirred at room temperature

under an atmosphere of nitr.ogen for 100 min. Then the excess

acid and solvent were removed under reduced pressure at Ooc.

The residual gum was redissolved in dry dichloromethane (2 ml)

and added dropwise with stirring to 1,3-propanediol (Z.Z E, 29

mmol, 100 equivalents) at Ooc. The mixture was stirred for a

further 35 min at Ooc, then diluted with dichloromethane (ca. 20

ml), poured into water and washed with water (3 x2O ml). The

organic phase was evaporated to dryness without chemical

drying, leaving a solid residue. The crude porphyrin was

chromatographed on a silica squat column. The first major band,

eluted with 2-4vo acetone/dichlo¡omethane, contained the a-

ísomer of the 1,3-propanediol derivative (S6) (79 mg, 4IVo) which

$ References, p. 251
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gave Àrr,u* (rel. abs.) 400 nm (lOOVo), 498 (8.9Vo), 533 (6.5Vo), 567

(5.17o), 621 (2.8Vo); 13C Ntr,tR, ô pp- 11.59 (ring CH3), 17.54

(cH2eH3), 19.14 (QHzCH3), 2t.93 (gHzCHzCOzCHe), 25.44

(gH3 cHO C H2-), 32.5 5 (OCH2 C H 2CH2OH), 3 6.89 (CH|CO 2CH3 ), 5 r .6 4

(co2qH3), 62.18 (qH2OH), 68.53 (OÇH2-), 73.88 (CH3CHO _), 96,3r,

96.81,98.17 (meso C), 134.9 - 14t.4 (m, Cp), t45-I50 (br, Co),

173.47, 173.59 (eOzCH3); lH NMR, ô pp- -3.g2 (br, 2H, Z x
pyrrole H), 1.86 (t, CH2CII3),1.93 (m, -OCHzCru2CH2O-),2.26 (d,,3lF..,

CIL3CHOR), 3.25 (t, 2 x CH2CO2CH3), 3.5 - 3.j (4 x ring CH3,2 *

CO2CH3),3.87 (br, OC!f2C}J2),4.08 (q, CH2CHù, 4.36 (2 x t,2 x
CE2CH1CO2CH3), 6.07 (q, lH, CH3CHOCH2-), 9.95, 9.98, 10.00, 10.03,

10,08, 10.52 (meso H); FAB m.s. mlz 669 (base peak), 593; while

elution with 4Vo acetone/dichloromethane afforded the B-îsomer
(70 mg, 36Vo) which had À*u* (rel. abs.) 410 (100Vo),499 (26Vo),

533 (19Vo), 566.5 (l3Vo), 621 (87o); 13C NVÍR, ô pp- II.Z7, 1t.64

(ring cH3), 77.54 (CH2CH3¡, ie.OS (CH2CH3 ), 2t.81 (gH2CH 2Co2),
25.43 (qH3cHocH2-), 32.49 (-ocH2cEz), 36.93 (cE2co zcH3), 5 1.65

(co2cH3), 62.12 (CHIOH), 68.46 (OCH2CH z), 73.83 (CH3CHOCH2),

96.14, 96.50, 98.16 (meso C), 134.20 140.5 (m, CB), 145 - 150

(br, Co), 173.60, 173.46 lCOrCH3); lH NMR, ô pp- -3.g2 (br, ZH 2

x pyrrole H), 1.80 (t, CH2CH3),I.92 (m, -OCH2Cru2CH1O-),* Z.Zj (d,

3H, CH3CHOCH2-), 3.15 - 3.28 (2 x t, CHICfl2CO2CH3), 3.41(s), 3.60 -
3.67 (m) (2 x CO2CEg, 4 x ring CIIg, -OCH-), 3.79 - 3.96 (m, CI!2CH3,

-OCH2CHz-),* 4.20, 4.31 (2 x t, CH2CHzCOzCH:), 6.06 (q, lH,

CH3CHOCH2-), 9.80, 9.92, 10.01 , 70.52 (4H, all s, 4 * meso H); FAB

m.s. was identical to that of the cr-isomer.

* Arbitrary
* Arb itrary

assignments.
assignments.
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4.3.2 3- ethyl- 8 -vinyl-

(87)

The title compound (87) was prepared by rhe merhod

previously described for the 1,3-propanediol derivative. 3-Ethyl-

8-vinyldeuteroporphyrin dimethyl esrer (76) (80 ffig,0.135
mmol) and 1,5-pentanediol (1.5 E, 14 mmol) produced the d,-

isomer of the 1,5-pentanediol derivative (81) (36 mg, 38Vo) which

had l-u*(rel. abs.) 399 nm (l0O7o), 499 (7.lVo), 533 (6.5Vo), 565

(6.IVo), 621 (3.6Vo); 13C NMR, ô pp- 11.58, tt.lt (ring CH3),

r1 .55 (cH2qH3), 19.80 (CH2CH3), 2r.84 (CH2CH2CO2CH3), 22.53

(bridge CHz), 25.44 (CH¡CHOCH2-), 36.99 (eHzC OzCHa), 32.42

(bridge CH2), 51.69 (CO2CH3), 62.64 (CH2OH), 69.23 (CH3CHOCH2),

13.38 (CH?CHOCH2), 96.16, 96.34, 96.80, 98.61 (meso C), 135 -
138 (br, Cp), 140 - I44 (br, Co), t73.541COrCH3); 1tt Nvtn, õ pp-
-3.80 (br, 2II, 2 x pyrrole H), 1.85 (t, CH2CILs), 2.26 (d,

CII3CHOCH2), 3.26 (t, CE¡CO2CH3), 3.35 - 3.76 (4 x ring CH3,2 x

CO2CH3, CHOCHz), 4.08 (q, CIIzCH), 4.04 - 4.I2 (4H,2 x t,2x
CH¡CH¡CO2), 6.05 (q, 1H, CH3CHOCH2), lO.O2, 10.04, 10.09, 10.58

(4 x meso H); FAB m.s. mlz 697 (M+, base peak),593 and the B-

isomer (52 mg, 55vo), l,*u*(rel. abs.) 399 nm (loovo), 498 (7.6vo),

532 (6.l%o), 567 (5.33o/o), 622 (3.27o); 13C NMR, õ pp- tI.4O,

Il.ll (ring CH3), Il .6I (CH2CH3), 19.74 (eHzCH3), 21.90

(CH2CH2CO2), 22.59, 32.43 (bridge CH2), 25.51 (CH3CHO CH2), 3i.02

(gH2co2cH3), 5t.10 (CO2CH3), 62.64 (CH2OH), 69.24 (OCH2CH),

13.38 (9H¡CHOCH2), 96.15, 96.56,98.68 (meso C), 134 - 138 (br,

1,5- Pentanediol

d euteroporphyrin

d erivative

d im ethyl

of

ester
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Cp), 141 - 146 (br, Co), ti3.65 lCOrCH3); lH NMR, ô pp- -3.g0 (s,

ZH,2 x py'role H), 1.84 (t, CH2CH3), 2.26 (d, 3H, CH3CHO CH2), 3.24

- 3.32 (m, 2 x CH2CO2CH3), 3.39 - 3.4I, 3.52, 3.56 -3.77 (4 x ring
CI{3, 2 x CO2CH3, OC!l2CH2),4.06 (q, CII2CH3), 4.35, 4.44 (2 x t, 4Ij^,2

x C[!2CHrCO2),6.06 (q, lH, CH3CHOCH2), 10.00, 10.04, 10.08, 10.60

(4 x meso H); FAB m.s. mlz 697 (M+, base peak), 593 (as above).

4.3.3 1,10 -Decanediol

deuteroporphyrin

d erivative

dimethyl

3 - ethyl-8 -vinyl-

(88)

of

ester

The title compound was prepared from 3-ethyl-8-

vinyldeuteroporphyrin dimethyl esrer (76) (l7o ng, 0.29 mmol)

and l,lO-decanediol (5 E, 29 mmol) by the method described in

section 4.3.2 above, with the following modifications : the 1,10-

decanediol was finely powdefed and suspended in dty TI{F (3 ml)

before the addition of the bromoethyl porphyrin. The resulting

reaction mixture was stirred at room temperature under an

atmosphere of nitrogen for 19 h, then diruted with
dichloromethane and washed with water in the manner

described in Section 4.3.2. An initiat attempt to chromatograph

the crude product on a silica squat column resulted in both the cr-

and P - isomers eluting together with 2Vo

acetone/dichloromethane. This fraction was re-chromatographed

by preparative TLC on silica developed in Zo/o

methanol/dichloromethane. This gave the a-isomer of the title
porphyrín (88) (50 mg,22vo) which had À,,'u^(rel. abs.) 399 nm

(100Vo), 498 (7.6Vo), 532 (6.4Vo), 567 (5.4Vo), 62t (3.2o/o); 13C NMR,
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ô pp- 11.58, 11.28 (ring eH3), 17.60 (CH2CH3), tg.t4 (CH2CH3),

21.82 (CHICH2CO 2), 26.35, -32.5 (bridge CH2), 25.55 (CH3CHO CH2),

36.9r (eHzco2cH3), 51.64 (CO2CH3), 62.64 (CH2OH), 69.44

(ocH2cHz), 73.31 (CH3CHOCH2), 96.04, 96.22, 96.54, 96.73, 9g.72

(meso C), 135.03, 135.50, 131.27, 139.09, t4I.4i (Cp), t45-I5t
(br, Co), 173.66, 173.53 lCOrCH3); lH Nl,tR, õ pp- -3.86 (br,2lH,2

x pyrrole H), 1.83 (t, CH2CH3), 2.25 (d, CH3CIIOCH2),3.2O (t,

Cru',CO2CHù,3.41 - 3.45 (OCH2CH2),* 3.50 - 3.73 (4 x ring C\,2 x

CO2CH3),4.03 (q, CIIzCHù,4.28 (2 x CW¡CH¡COT), 6.05 (e, 1H,

CH3CHOCH2), 9.9I,9.95, 10.02, 10.60 (4H, 4 x meso H)i FAB m.s.

mlz 767 (M+, base peak), 593 (as above); and the B-ísomer of
the title porphyrin (88) (90 mg,  OVo), À_ax(rel. abs.) 399 nm

(lO}Vo), 497 (7.4Vo), 533 (6.3Vo), 567 (5.4Vo),621 (3.lVo); 13C NMR,

ô ppm ll.I4, II.46, ll.5g, Il.7l (ring CH3), t7.54 (CH2CH3),

19.59 (gH2CH3), 21.77 (CH|CH|CO2), 25.56 (CH3CHO CH2), 26.38,

30.29, 32.42, 32.55 (bridge eHz), 36.95 (eHzC O zCH¡), 5I.66

(co2cH3), 62.58 (CH2OH) , 69.44 (CH3CHO CH2), 13.37 (CH3CHO CH2),

95.96, 96.28, 96.47, 98.73 (meso C), 134.20, 135.94, I37.32,
138.96, I4I.l7, 141.43 (CB), t42 - 147 (br, Co), t13.59 (COrCH3);
lH I.IMR, õ pp- -3.g4 (2H,2 x pyrrole H), 1 .7i (CH'CI!¡), Z.Zj (d,

CH3CHO CH2), 3.14 - 3.14 (2 x CH2CH zCOz,4 x ring CH3, 2 " CO2C\),
4.18 (q, CH2CH3),4.36 (CHZCH¡CO2), 6.05 (q, lH, CH3CHOCH2), 9.27,

9,89,9.98, 10.62 (4 x rneso H)i FAB m.s. mlz 761 (M+, base

peak),593.

* Tcntative assignment.
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4.3.4 Pentane-1,5-diether-linked diporphyrin dimer
(e0)

The bromoethyl compound (17) was prepared as

outlined in Section 4.3.r from 3-ethyl-8-vinyldeuteroporphyrin

dimethyl ester (30 ng, 0.05 mmol) and saturated

HBr/dichloromethane (3 ml). After evaporarion of most of the

HBr and solvent, the gummy residue was dissolved in dry

dichloromethane and added dropwise with stirring to a solution

of the s-isomer of the 1,5-pentanediol derivative of 3-ethyl-8-

vinyldeuteroporphyrin dimethyl esrer (87) (27 ffig, 0.04 mmor),

from Section 4.3.2, in dry dichloromerhane (1 ml) at OoC. The

mixture was stirred at ooc for 100 min, then diluted with

dichloromethane (20 ml) and poured into water. The mixture

was washed with water (2 x 10 ml) and then evaporated to

dryness leaving a sotid residue which was chromatographed on a

silica squat column. The títle dímer (90) (39 mg, ,l6Vo) À,,'u* 4OO

nm (I00Vo), 499 (8.3Vo), 533 (6.5Vo), 568 (5Vo), 6Zt (0.t33, 3Vo); 13C

NMR, ô ppm 1 1.53, Il.7l (ring CH3 ), 17 .47 (CH2CH 
3 ), t9.65

(CH2CH z), 21.83, 27.93 (CHICH2CO2), 23.49, 23.30 (bridge CH2),

25.38 (CH3CHOCH2), 37.00 (ÇH2CO), 5t.64 (CO2qH3), 69.32

(oqH2cH), 73.32 (CH3CHOCH2), 96.10, 96.2r, 96.4t, 96.74, 98.59

(meso C), 134.97, 135.56, 131.34, l39.lZ, 141.06, 141.46 (Cp),

143 - 148 (br, C*), t13.54 (CO'CH3); lH NMR, ô pp.n -3.g7 (br,

4H,4 x pyrrole H), 1.64 - 1.79 (m, 10H,2 x CH2CH3,2, bridge

CEz), 2.08,2.16 (Z * d,2 ' CH3CHOCH2), 3.23 (br, 4 x CH2CH2CO2),

3.34, 3.39 - 3.72 (8 x ring CII:, 4 " CO2CIfz,Z x OC!!2CH2), 5.90 -
5.99 (m, 2}l,2 x CH3CHOCH2), 3.83 - 3.90 (m, 2 x CIF^2CH), 4.31 (br,
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8H, 4 x CH¡CH2CO2), 9.92, 9.95, 9.96, 9.99, 10.00, 10.41, 10.50,

10.51 (8H, all s, 8 x meso H); FAB m.s. mlz 1290, 593 (equal

intensity); was eluted with 2 - 4vo acetone/dichloromethane and

unreacted 1,5-pentanediol monomer derivative (87) (ca. 10 mg),

with 4Vo acetone/dichloromethane.

4.3.5 Decane-1,10-diether-linked diporphyrin dimer
(a) From the o -isomer of the l,lO-decanediol derivative

(88)

The bromoethyl porphyrin was prepared by the

standard procedure (Section 4.3.1) from 3-erhyl-8-
vinyldeuteroporphyrin dimethyl esrer (7 6) (50 Dg, 0.084 mmol)

and saturated HBr/dichloromethane, and was redissolved (after

evaporation of the excess HBr/dichloromethane) in dry

dichloromethane (2 ml). The resulting solution was added

dropwise with stirring to a solution of the a-isomer of the 1,10-

decanediol derivative of 3 -ethyl-8-vinyldeuteroporphyrin

dimethyl ester (88) (60 mg, 0.078 mmol) from Section 4.3.3 in
dichloromethane (2 ml) at OoC. The mixture was stirred in the

dark at room temperature for 48 h,' then diluted with

dichloromethane (20 ml) and washed with water. The organic

phase was separated and evaporated to dryness. The residue

was chromatographed on a silica squat column. Initial elution

with 0.5vo acetone/dichloromethane afforded starting 3-ethyl-8-

vinyldeuteroporphyrin dimethyl ester. The decane- I ,l0-diether-
linked dimer (91) (56 mg, 53vo), which had I-u* (rer. abs.) 400

nm (l00Vo), 500 (9.2o/o), 532 (6.9Vo), 56j (5.5Vo), 621 (3.1Vo); 13C

NMR, ô pp- ll.5l, Il.7t (ring CH3), t7.54 (CH2CH3), t9.75
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(c H2c H3 ), 2t.93 (CIj2CII2CO 2), 25 .50 (C H3 C HO CIJ2), 26.36, 30.29

(bridge CH2), 37.00 (C.H¡CO2), 51 .64 (COzeH¡), 69.50 (OCH2CH2),

13.31 (CH3qHOCH2), 96.II, 96.27, 96.53, 96.74, 98.68 (meso C),

r35.04, 135.60, 137.37, L3g.tt, t4r.t4, 14I.51 (CB), 145-150 (br,

Cà, 113.57 (CO2CH3); ltt NtvtR, ô pp- -3.80 (4 x pyrrole H), 1.79

(br, 2 , CH2CIL¡), 2.20 (br, 2 x C&CHO C}J2), 3.24 (br, 4 x

CH2CO2CH3), 3.5 - 3.1 (8 x ring CII3, 4 x CO2CHz,2 x OCH2CH2), 4.OI

(m, 2 x CH2CH ), 4.35 (br, 4 x CH2CH 2CO2), 6.02 (m, 2 x CH3CHOCH2),

9.94, 9.97,9.98, 10.00, 10.02, 10.04, 10.55 (meso H); FAB ffi.S.,

mlz 1361 (M+, base peak),767,593; was eluted as a broad band

with lVo acetone/dichloromethane.

(b) From the B -isomer of the 1,10-decanediol derivative

(88)

The title dimer (91) was prepared as above from 3-ethyl-8-

vinyl-deuteroporphyrin dimethyl esrer (90 hg, 0.15 mmol) and

the p-isomer of the 1,1O-decanediol derivative of 3-ethyl-8-

vinyldeuteroporphyrin dimethyl ester (88) (82 ng, 0.107 mmol)

according to the procedure described in Section 4.3.3.

Chromatography (silica squat column) afforded the title dimer

(91) (83 mg, 57Vo), À-u*(rel. abs.) 4Ol nm (l\OVo), 499 (9.3Vo),

533 (7.IVo), 567.4 (5.6Vo), 622 (3.6Vo); 13C NMR, ô ppm 71.21,

11.59 (ring CH3), l1 .54 (CH2CH3), 19.68 (qHrC}{3), 21.87

(CHICHICO2), 25.50 (CH3CHO CH2), 26.34, 30.24 (bridge CH2), 36.9I

(cH2co2cH3), 5r.64 (CO2CH3), 69.49 (OCH2CH ù,13.31 (CH3CHOCH2),

96.04, 96.2I, 96.35, 96.41, 96.68, 98.65 (meso C), 134.31, 134.98,

135.48, 135.99, 137.33, t3g.O4, t41.16, 141.55 (Cp), 144 - t4g

(br, Co), 173.59, 113.41 (COrCH3); iU NVR, ô pp- -3.86 (br, 4 x
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pyrrole H), 1.77 (m,2 x C}{2CH),2.2t (d,2 x CII3CHOCH2), 3.Zl (br,

2xCH2CO2CH3),3.44- 3.70 (8 xring CII3, 4xCO2CHz,2" OC!{2CH2),

3.95 (m, 2 x CfuzCHs), 4.29 (br,2 x CHzCHzCOz), 6.02 (br,2 x

cHsclloCH2), 9.97, 9.93, 9.95, 9.96, 9.97, 10.01, 10.55, 10.56,

10.56 (meso H); FAB m.s. mlz 136l (s), 761 (s), 593 (as in

Section 4.3.5(a))r upon elution with l.25Vo acetonel

dichloromethane.

4 .3.6 Propane-1,3-diether-linked dimer ( 8 9 )

The product of the hydrobromination of 3-ethyl-8-

vinyldeuteroporphyrin dimethyl ester (4O ffig, 0.067 mmol) was

reacted with the B-isomer of the 1,3-propanediol derivative (86)

(35 Dg, 0.052 mmol) in the manner described for the preparation

of the other diether-linked dimers (Sections 4.3.5 and 4.3.5).

Chromatography of the crude product on silica, upon elution with

2Vo acetone/dichloromethane, afforded the title dimer (89),

which gave À,,'u* (rel. abs.) 399 nm (IO\Vo), 499 (8.lVo), 535

(6.4Vo), 566 (5.47Vo), 622 (3.2Vo); 13C NMR, ô pp.n 11.40 (ring

cH3), 17.42, 77.54 (CH2CH3), 19.74 (CH2CH3), 2t.93 (CH|CH2CO2),

25.11 (CH3CHOCH2-), 31.13 (bridge CH2), 36.38, 31.U (C.H2CO),

5t.64 (CO2CH3), 66.64 (OCH2CHz),73.31 (CH3CHOCH2), 96 - 96.5,

98.56 (meso C), 134 - 152 (br, Co + Cp), t73.601CO,CH3); lH NMR,

ô ppm -3.85 (br,4 x pyrrole H), 1.65 1.90 (br,2, CH2CI{3,

bridge OCHICru",CH2O), 2.15 -2.30 (br,ZxCH3CHOCH2),3.1 - 3.1 (4

" CH2CO2CH3, 8 x ring CE¡, 4 x CO2CH3), 3.8 - 4.1 (br,2 x CH2CH 3,2,
OCH2CH 2), 4.2 - 4.5 (br, 4 x CH2CH ,CO2), 5.7 6 (m, 2 " CH3CHOCH2-),

9.9 - 10.1, 10.45 (8H, I x meso H)i FAB m.s. mlz 1262 (M+, base

peak), 668, 593.
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4.3.7 A diporphyrin dimer (92) linked by an ether-

and ester- containing bridge - a preliminary

study
To malonyl dichloride (ca. 60 mg) was added dry

pyridine (3 drops) with stirring at 0oC. To rhe resulting pasre

was added the cr-isomer of the 1,5-pentanediol derivative of 3-

ethyl-8-vinyldeuteroporphyrin dimethyl ester (87) (ca. 10 mg)

(from Section 4.3.4) in dry dichloromethane (2 ml), with srirring

at OoC. The mixture was stirred at room temperature for 4 h.

Dichloromethane (20 ml) was added to the reaction mixture

which was then poured into water (50 ml). The mixture was

neutralized with dilute sodium hydroxide and extracted with

dichloromethane. The combined organic extracts were washed

with water and evaporated to dryness leaving a solid residue

which was chromatographed by preparative TLC on silica

developed in 5Vo methanol/dichloromethane. This afforded two

major bands: Band 1 (Rr, 0.36) which contained the monomer

(93) gave FAB m.s. mlz 783 (M+); MIKE specrrum of mlz 183

gave 739; Band 2 (Rn 0.72), containing the desired dímer (92),

gave FAB m.s. mlz 1462 (M+); MIKE ,O""rru- of mlz 1462 gave

mlz 895 (s), 867 (s), 1289 (w), 1155 (w), 851 (w), 765 (w), 592

(w).

4.3.8 1,3-Diaminopropane derivative of 3-ethyl-8-

vinyldeuteroporplyrin dimethyl ester (9 4)

The bromoethyl porphyrin which was prepared in the

standard manner (see Section 4.3.1) from 3-ethyl-8-vinyl-

deuteroporphyrin dimethyl ester (16) (90 ffig,0.15 mmol) was
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dissolved in dichloromethane and added dropwise with stirring

to 1,3-diaminopropane (0.12 g, 1.62 mmol, -10 equivalents) in

dichloromethane (1 ml) at 0oC. Stirring was continued at OoC for

9 min, then the mixture was diluted with dichloromethane (10

ml) and poured into water. The organic phase was collected and

the remaining aqueous phase was extracted with
dichloromethane; the extracts were combined, washed with

water, then evaporated to dryness. The crude product was

separated by flash chromatography on Kieselguhr. The first
fraction, containing 3-ethyl-8-vinyldeuteroporphyrin dimethyl

ester (76) (15 mg), was eluted with dichloromethane. The r,3-

diaminopropane-linked dimer (95) (10 mg) (see section 4.3.8)

was eluted with 27o methanol/dichloromethane and finally,
elution with 10 50vo methanol/dichloromethane afforded the

1,3-diaminopropane derivati.ve Q$ Q6 mg, 76Vo), À_u*(rel.

abs.) 401 nm (lOjVo), 501 (9.17o), 535 (6.5Vo), 569 (4.7Vo), 622

(2.7vo);. 13C NMR, ô ppm 1t.36 (ring CH3), l4.zg (possibly

NHCH2CH2CH2NH-), n.52 (CH2CH3), 19.73 (CH2CH3), 2r.90

(cH2cH2co2cH3), 23.23 (CH3CHNH-), 32.61 (NHCH 2C:H2), 36.96

(CH2CH2CO2CH3) , 41.09,41.81 (CH3CHNH-), 51.69 (CO 2CH3),60.1g
(CH2CHTNH2),96.15 (br, meso C), 134.0 - 141.7 (br, Cp), 144.0 -

152.0 (br, Co), 113.46 lCOrCH3); lH NMR, õ pp- (all peaks were

either broad or in clu s ters; the foll owing chemical shifts

correspond to the tallest peak in a clusrer) -4.22, -4.04, -3.j4 (br,

pyrrole H), 1.87 (CH2CHù,2.30 (CH3CHNH-),3.26 (br, CH2CO2CH3),

3.4 3.8 (ring CIL3, COzCIL:), 4.tI (q, Cfu2CH3), 4.30 (br,

CH1CH2CO2CH3), 5.8 (br, CH3CHNH-), 9.97, 10.04, 10.09 (br, meso
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H); FAB ms. mlz 667 (M+), 593 (base peak) (intensity rario was

8 : 21).

4.3.9 1,3-Diaminopropane-linked diporphyrin dimer

(e5)

The bromoethyl porphyrin, which was prepared by

the standard procedure from 3 -ethyt-8-vinyldeuteroporphyrin

dimethyl ester (76) (87 mg), was redissolved in dichloromerhane

and added dropwise with stirring to the crude I ,3 -

diaminopropane derivative (94) (91 mg) (from Section 4.3.8) in
dichloromethane (1 ml) at OoC. The reaction mixture was stirred

in the dark at room temperature for 22 h, then diluted with

dichloromethane (20 ml), washed with water (2 x2O ml) and

evaporated to dryness. The crude product was chromotographed

on Kieselguhr in the manner described in Section 4.3.8. 3-Ethyl-

8-vinyldeuteroporphyrin dimethyl ester (76) (60 mg), 3-ethyl-

8(1-hydroxyethyl)deuteroporphyrin dimethyl ester (80) and the

ether-linked diethyl-terminated dimer (19) (combined, 66 mg)

were eluted with dichloromethane. The .dímer (95) (55 mg),

which gave l-u*(rel. abs.) 402 nm (l\OVo), 501 (7.2Vo), 539

(6.4Vo), 568 (4.0Vo), 622 (I.5Vo); 13C NlrrtR, ô pp- 11.66 (ring CH3),

14.29 (possibly NHCH2qH 2CH2NH-), 11 .54 (CH2CH3), 19.72

(cH2cH ù, 27.86 (CH2CH|CO2CH3), 23.88 (qH¡CHNH-), 31.93

(NHCH2CH2-), 36.95 (CHLCH2CO2CH3), 51 .10 (CO}qHa), 52.86

(CH3CHNH-), 96.44 (br, meso C), 132 - 742 (br, Cp), 145 - 154 (br,

Cs), 173.59 (CO2CH3); lH NtttR, ô pp* (all peaks were broad) the

following chemical shifts correspond to the tallest peak in the
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broad signal(s); -4.42, -4.18, -3.89 (br, pyrrole H), 1.8 2.4

(CH2CH3, CII3CHNH-), 3.24 (br, CE2CO2CH3), 3.4 - 3.8 (ring CIL3,

CO2CH3), 4.05 (br, C!!2CH3), 4.2 - 4,5 (br, CH2CH2CO2CH3), 5.9 (br,

CH3CIINH-),9.7 - 10.1 (br, meso H); FAB m.s., mlz 1260 (M+, ffi),

667 (w), 593 (base peak); was eluted with 2Vo methanol/

dichloromethane and unreacted 1 ,3 -diaminopropane monomer

derivative ( ) (4o mg) (identical with the authentic sample from

Section 4.3.8) was eluted with lO-5OVo

methanol/dichloromethane.

4.3.10 Attempted synthesis of a diporphyrin dimer

(97) linked by an amine-and amide-containing

bridge
Dry pyridine (1 drop) was added with stirring to a

solution of adipoyl chloride (10 ng,0.055 mmol) in dry

dichloromethane (1 ml) at OoC. To the resulting suspension was

added a solution of the 1,3-diaminopropane monomer derivative

(94) (from Section 4.3.7) (15 ffig,0.022 mmol) in dry

dichloromethane dropwise with stirring at 0oC. The mixtu¡e was

stirred in darknes s at room temperature for 28 h.

Dichloromethane (20 ml) was added to the mixture which was

then poured into water, neutralized and extracted with more

dichloromethane. The combined organic extracts were washed

with water and evaporated to dryness, leaving a solid residue

which gave FAB m.s. ntlz 855 (w), 796 (w), 593 (base peak) but

no starting porphyrin (ntlz 661).
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The crude product was dissolved in concentrated

sulphuric acid/methanol (5Vo, 10 ml) and stirred in the dark at

room temperature for 28 h. The reaction mixture was diluted

with water, neutralized and extracted with dichloromethane. The

extracts were combined, washed with water and evaporated to

dryness leaving a solid residue which gave TLC (silica, l\Vo

methanol/dichloromethane): 5 components, at RF 0.38, 0.45-0.66,

0.73,0.81, 0.91; FAB m.s. mlz -1530 (w),952 (m), 810 (m), 753

(m), 609 (m), 593 (base peak).

4.3.1I Propanolamine derivative of 3-ethyt-8-vinyt-

deuteroporphyrin dimethyl ester ( 10aa)

(a) Synthesis

As before (see Section -4.3.I), the 1-bromoethyl

porphyrin was preparêd from 3-ethyl-8-vinyldeuteroporphyrin

dimethyl ester (7 6) (94 mg, 0.16 mmol) using sarurared

HBridichloromethane (10 ml). After evaporation of excess

HBr/dichloromethane the crude 1-bromoethyl porphyrin (77)

was redissolved in dichloromethane (1.5 mt) and added dropwise

with stirring to a solution of propanolamine (250 ñg, 3.3 mmol)

in dichloromethane at OoC. The reaction mixture was stirred at

OoC for 10 min after the addition, then dichloromerhane (20 ml)

was added and the mixture was poured into water, neutralized

and ext¡acted with more dichloromethane. The combined organic

extracts were washed with water and evaporated to dryness

leaving a solid residue which was chromatographed on

deactivated silica (silica gel which had been soaked in 5Vo
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methanol/dichloromethane for 2 h, then packed into a squat

column and the column was flushed with dichloromethane before

use). The title porphyrin (104a) (95 ñg, 89vo), which was eluted

with 4-8vo methanol/dichloromethane, gave À-u*(rel. abs.) 4ol

nm (lO\Vo), 501 (7.5Vo), 537 (6.3Vo), 568 ( .lVo), 621 (l.9To); 13C

NMR, ô pp- 11.70 (ring CH3), 11.53 (CH2CH3), tg.i3 (CH2CH3),

2r.87 (çH2CH2CO2CH3), 23.04 (CH3CHNH-), 30.00 (NHCH 2CIj^2:),

36.95 (CH2çH2CO2CH3), 47.75 (CH3CHNH-), 51.65, 52.87 (CO2CH3),

62.64 (CH2OH), (CH2CH2NH2), 96.4I - 91.4t (br, meso C), 138 -
141 (br, Cp), 145 - 150 (br, Co), 173.41 lCOrCH3); lH NtvtR, ô pp-
-3.84 (br, pyrrole H), L.69 (CE2CH2OH), 1.85 (t, 3H, CH2CH),2.05
(NHCH2CHù,2.43 (d, 3H, CH3CHNH), 3.05 (br,2}J,', CFI2OH), 3.26 (2 "
t,4IJ, CH1CO2CH3), 3.5 - 3.9 (18H, 4 x ring CII¡, 2xCO2CH3), 4.07 (e,

2H, CILzCH), 4.33 (m, 4H, 2 xCfu2CHzCOzCH:), 5.8 (br, lH,
cH3cIlNH-), 10.00, 70.02, 10.04, 10.05, 10.12, 10.34 (4H, meso H);

FAB m.s. mlz 668 (M+), 593 (base peak); MIKE specrrum of mlz

668 gave 653 (w), 593 (s).
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( b ) Acidic hydrolysis of the propanolamine derivative

of 3-ethyl-8-vinytdeuteroporphyrin dimethyl ester

(104) determination of the functional groups on

the benzylic position

The propanolamine derivative (104) (5 mg) from

Section a.3.ll(a) was dissolved in a mixture of 1 .0 M

hydrochloric acid/THF (2 I 1, 3 ml).; The resulting solution was

refluxed for 90 min. After cooling to room temperature the

mixture was diluted with water and extracted with

THFidichloromethane. The organic phase was washed with water

and evaporated to dryness. The residue was dissolved in a

mixture of methanol/trimethyl orthoformate/concentrated

sulphuric acid (5:5:1, 11 ml) and stirred at room temperature for

2 h. Then the mixture was diluted with water, neutralized and

extracted with dichlorom.ethane, washed with water and

evaporated to dryness leaving a solid residue which was similar

(TLC, FAB m.s. mlz 593 (base peak), 669) to the non-hydrolysed

material from Section 4.3.1I(a).

4.3.L2 Oxidation of the primary alcohol on the

porphyrin sidechain

( a ) Using neutral permanganate2 8

The B-isomer of the 1,S-pentanediol derivative (87) of

3 -ethyl-8-vinyldeuteroporphyrin dimethyl ester (see Section

4.3.2) (ca.5 mg) was dissolved in distilled THF (a ml). To this

was added aqueous potassium permanganate solution2s çlOVo, 2

ml) and the mixture was heated under reflux for 90 min. After
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the reaction mixture had cooled to room temperature, methanol

was added to quench the excess permanganate. Dichloromethane

was then added and the organic phase was separated and washed

with water (3 " 30 ml). Evaporation of the solvent afforded a

solid residue which (by TLC) was mainly srarting porphyrin. This

crude material was redissolved in THF (4 ml), aqueous potassium

permanganate (I}Vo, 2 ml) was added and the mixture was

heated under reflux for 4.5 h. After work-up (as above) a solid

residue was obtained which was similar (by TLC, FAB m.s.) to the

starting porphyrin (as above).

( b ) Jones oxidation2 e

To the B-isomer of the 1,5-pentanediol derivative (87)

(from section 4.3.4) (5 mg) dissolved in THF (1 ml) was added

Jones reagentzn (t0 drops.), with stirring. The mixture was

stirred at room temperature for 5 min, then poured into aqueous

sodium hydroxide (ljvo, 10 ml). The pH of the solurion was

adjusted to 5 and the mixture was extracted with

dichloromethane. The organic phases were combined, washed

with water and evaporated to dryness. The residue (TLC, silica,

5Vo methanol/dichloromethane : 2 spots at RF 0.54, 0.21)

contained the acid derivative (105), which had FAB m.s. mlz 7ll
( M + , base peak), 691 and TLC RF 0.3; and rhe srarting 1,5-

pentanediol derivative (87), RF 0.5.
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( c ) Jones oxidation the 1,3-propanediol derivative ( 8 6 )

The cr -isomer of the 1,3-propanediol derivative of 3-

ethyl-8-vinyldeureroporphyrin dimethyl esrer (86) (5 mg) was

dissolved in THF (1 ml). To this was added Jones reagent2e (10

drops) and the resulting mixture was stirred at room

temperature for 7 min. The reaction mixture was poured into

aqueous sodium hydroxide solution ( 10 ml) and dilute
hydrochloric acid was added to adjust the pH of the solution to

pH 4. This was then exrracted with rHF/dichloromerhane; rhe

combined organic extracts were washed with water and

evaporated to dryness. The residue, on silica TLC (5vo

methanolidichloromethane) : one spor (Rr 0.26): gave FAB m.s.

mlz 684.

4.3.13 Jones oxidation.. of the propanolamine

derivative (104a) of 3-ethyl-8-vinytdeutero-
porphyrin dimethyl ester

The propanolamine derivative (10aa) from Section

4.3.11 (78 mg) was dissolved in distilted rHF (a ml). To this was

added Jones reagent (30 drops) with stirring. The mixture was

stirred at room temperature for 7 min, then poured into aqueous

sodium hydroxide solution, neutrarized and extracted with

THFidichloromethane. The combined organic phases were

washed with water and evaporated to dryness. The residue,

silica TLC (LjVo merhanol/dichloromethane) gave RF 0.4 (starting

porphyrin) and RF 0.3 (þ-amino acid derivative (106), see later);

FAB m.s. mlz 682 (M+, p-amino acid derìvative (106), see later),

241



668 (M+, starting porphyrin), 5g3 (base peak), was redissolved in

THF/dichloromethane/ acerone (4:2;1, I ml). Jones reagent (1g

drops) was added with stirring. The mixture was stirred for 5

min a.t room temperature, then poured into aqueous sodium

hydroxide, neutralized and extracted as outlined above. The

crude product was only sparingly soluble in dichloromethane, so

it was filtered and the filtrate was chromatographed by

preparative TLC on silica developed in rovo

methanol/dichloromethane. Two major bands were separated :

band 1 (Rr, 0.3) contained rhe desired B-amino acíd derivative
(106) (10 mg), À-u*(rel. abs.) 4or nm (roovo), 4gg (B.7vo), 536

(6.6Vo), 568 (4.3Vo), 622 (2.3Vo); 13C NMR, ô pp- 11.33 - 11.7g

(ring CH3), 77.22, 17.48 (CH2QH3), 19.40, 19.68 (ÇH2CH3), Zt.4g,

21.93 (CH}CH|CO2CH3) , 25.64 (CH3CHNH -), 32.31 NHCH2CH2CO2H),

36.56 (NHCH2qHzCOzH),..36.83, 36.96 (gHzC OzCH¡), 43.78

(CH3CHNH-), 51.69 (CO2CH3), 96.48, 96.74, 91.t3 (meso C), t35.75,

736.17 , 138.60, r40.45, 14r.36 (Cp), r45.33 152.33 (br, Co),

113.40, 173.60 (CO2CH ), 176.76 (CO2H); 1H NtvtR, õ pp- -3.g9

(2H, pyrrole H), 1.76 (NHCH2C HzCOzH), 1.85 (CH2CH3), 2.44

(CHECHNH-), 3.22 - 3.21 (2 x CH2CO2CH3, CH2CO2H), 3.4 - 3.8 (4 x

ring CH3, 2 x CO2CHa), E.gg (br, CH2CHù, 4.34 (br, CH2CH2CO2CH),

5.98 (br, CH3CIINH-), 9.85, 9.89, t0.02, 10.18 (4H, meso H); FAB

ffi.s., mlz 682, 593 (base peak); and Band Z contained the

starting porphyrin (10aa) (15 mg). The residue from the

filtration was dissolved in a mixture of trimethyl
orthoformate/methanol/concentrated sulphuric acid (5:5: 1, 1 1

ml) and stirred in darkness at room temperature for t h. water
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(30 ml) was added, the mixture was neutralized and extracted

with THF/dichloromethane. The combined organic extracts were

washed with water and evaporated to dryness, leaving a. solid

residue which was a mixture of the triester (107), FAB m.s. mlz

696 (M+), 593 (base peak), and the propanolamine derivative

(104a) which was identical (TLC, FAB) to rhe mareriar from

Section 4.3.I1.

4.3.L4 Attempted synthesis of a diporphyrin dimer

(110) Iinked by an amine- and amide-

containing bridge, using the B -amino acid

substituted porphyrin (106)

The B-amino acid derivarive (106) from Section 4.3.13

(10 mg) was dissolved in dry dichloromerhane (3 ml). To this

was added oxalyl chloride.. ( 10 drops) . and the mixture was

refluxed for 15 min, then evaporated to dryness under reduced

pressure. The residue was redissolved in dry dichloromethane (z

ml) and pyridine (2 drops) was added with srirring at 0oC. To

this was added a solution of 1,3-diaminopropane (10 mg) in dry

dichloromethane (1 ml) dropwise with stirring at Ooc. The

mixture was stirred in the dark at room temperature, under an

atmosphere of nitrogen for 24 h. The reaction mixture was

diluted with dichloro-methane (ca. 20 ml), poured into water (25

ml), neutralized and extracted with rHF/dichloromethane. The

organic extracts were combined, washed with water and

evaporâted to dryness, leaving a solid residue whose TLC (silica,

lovo methanol/dichloromerhane) showed rhe main portion (-80vo)
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of the material on the baseline; FAB m.s. of the crude product

showed mlz -1327 (w), 1300 (w), 1158 (w), 898 (w), 866 (w),

810 (m), 792 (w), -736 (w), 680 (w), 593 (base peak); MIKE

spectrum of 738 gave mlz 721 (m),710 (m),593 (s),567 (w).

The crude material was dissolved in a mixture of

methanol/trimethyl orthof orm atelconcentrated sulphuric acid

(5:5:1; 5.5 ml) and stirred at room temperature for t h. Water

(ca.30 ml) was added to the mixture which was then neutralized

and extracted with dichloromethane. The organic extracts were

combined, washed with water and evaporated to dryness leaving

a solid residue which gave by silica TLC (IOVo

methanol/dichloromethane) : 4 major but poorly resolved

components, R¡ 0.8, 0.5, 0.5 - 0.3, 0.1 - 0; the residue gave FAB

m.s. mlz -1374 (w), 1316 (w), 1258 (w),750 (m), 694 (w), 593

(base peak).
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APPENDIX

NOMENCLATURE$

A Linear Tetrapyrroles

The fundamental linear (or open-chain) tetrapyrrole system

is the "bilane" (Fig. ltil). other oxidized forms are shown in Fig.

ltiil - [v]. The location of the double bond(s) and/or oxygen in

the oxidized bilanes is indicated by the letters a, b or c

corresponding to the bridge positions 5, 10 and 15, respectively.

$ Based on the 1986 IUPAC recommendarions (ref. 49, chapter 2), unless
otherwise indicated.
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B Porphyrin s

(i) Numbering

Semisystemic nomenclature was used throughout this

thesis although, in a few instances, systematic nomenclature was

also adopted, particularly in the Experimental Section of Chapter

2 (Section 2.3). In the Semisystematic Nomenclature, the

porphyrin ring is numbered according to the IUPAC 1- 24

numbering scheme (Fig. 2) but the numbering of the point of

attachment of substituents (locants) is based on that of the trivial

names in the Fischer nomenclature, which is different from that

of the IUPAC system on which systematic nomenclature is based.

In the semisystematic nomenclature, the propionic acid groups

(CH2CH2Co2H) are usually placed on the pyrroles in lower the half

of the molecule (positions 13, I7 and 18); while in rhe

systematic nomenclature these groups, being the principal group

named as suffix aÍe placed in the lowest locants (starting from

position 2). so for example, with the naturally occurring

protoporphyrin IX (see later for Type nomenclature), the

propionic acid groups are in the 13 and 17 positions according to

the semisystematic nomenclature, but they are in the 2 and 18

positions when numbered according to the semisystematic

nomenclature.

In the discussions of NMR spectra, the term "meso-

position" is used to refer collectively to positions 5, 10, 15 and 20.

Positions l, 4,6,9, 11, 14, 16 and 19 are referred to as the "cf,-
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positions" while positions 2,3, J,8, 12, 13, 17, and 18 are the "p-

positions ".

(ii) Type isomers

Although the use of Roman numeral type notation to

differentiate between the regioisomers of the porphyrins is

discouraged for systems with more than four possible

regioisomers, it is more convenient in this thesis to retain their

use, particularly for Chapter 2. The fifteen regioisomers of

haematoporphyrin aÍe listed in Table 1. The notation is also

applicable to derivatives of haematoporphyrin such as

protoporphyrin (for -CH(CH3)OH read -CH=CHz), deureroporphyrin

(for -CH(CH3)OH read H) and derivatives thereof. The narurally

occurring isomer of haematoporphyrin. is haematoporphyrin IX.
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Tahle 1 The fifteen regioisomers of haematoporphyrin
(locants are numbered according to the
semisystematic nomenclature)

HP isomers Substituents at positions

3782 12 t3 l7 18

I
II
III
IV
V

VI
VII
VIII
D(

X

)fl
XII
XIII
)QV

)(\/

Me

Me

Me

CHMcOH

CHMeOH

Me

CHMeOH

CHMgOH

Me

CHMeOH

Me

Me

CHMeOH

Me

CHMoOH

CHMeOH

CHMeOH

CHMeOH

Me

Me

CHMeOH

Me

Me

CHMeOH

Me

CHMoOH

CHMoOH

Me

CHMeOH

Me

Me CHMeOH

Me Cet

CHMeOH Me

Me CHMeOH

Me Cet

CHMoOH Me

Me Cet

Me CHMeOH

Me CHMeOH

Cet Me

Me CHMeOH

CHMeOH Me

Me CHMeOH

Me CHMeOH

Cet Me

Me Cet Me

Me CHMeOH Me

Me Cet Cet

Cet Me Me

CHMeOH Me Me

Me Cet Me

Me CHMeOH Me

Cet Me Cet

Me Cet Cet

CHMeOH Me Me

Cet Me Me

Cet Me Me

Me Cet Cet

Cet Me Cet

Me CHMeOH Me

Cet

Cet

Me

Cet

Cet

Cet

Cet

Me

Me

Cet

Cet

Cet

Me

Me

Cet

Abbreviations : Me, CH3 ; Cet, CHrCH 2COzH.

Fig.2 Porphyrin - IUPAC numbering scheme
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(iii) New compounds

In Chapters 1 and 2 the word "derivative" is used in a

different context from the usual generic sense. V/hen used in the

term "haematoporphyrin derivative" it is meant to refer

specifically to the material obtained from the Lipson procedure*

for the preparation of the anticancer drug HpD.

There are at present very few (if any) rules

concerning the naming of porphyrin dimers and porphyrins with

complicated sidechains. Attempts to use existing IUPAC rules to
name these compounds generally produce clumsy results. Also,

in most cases the compounds are mixtures of regio- and

diastereoisomers, therefore it is not accurate to ascribe one name

to the mixture. The common practice has been to name only one

regioisomer while implying that - the other regio- and

diastereoisomer(s) are also present in the mixture. Due to the

ambiguity of this method and the aforementioned limitations of
the IUPAC rules, the new porphyrins reported in this thesis,

particularly those in Chapters 3 and 4, have not been named, but

have instead been referred to by number and, where possible, by

general descriptions like "the diethyl-terminated amino-linked

dimer" for (70) (chapter 3, section 3.2.5) or "the propanolamine

derivative" for (104a) (Chapter 4, Section 4.2.6). In these cases

the word "derivative" is used in the usual generic sense. This

situation is' currently accepted by the Australian Journal of
Chemistry. * *

* refercnccs 6 and 1?, Chapter 1.** For example, in reference 2b, Chapter 3
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C Other Fundamental Parents

I

2t
N H HN

22 9

a6
5

H c
t9

to
zs ll

H2
¿

24
NH HN

ß t6 /4
/5

A2

Porphyrinogen

7 4

H
10

H
1

meso

11 formerly

Dipyrromethane 2,2' -dipyrry lmeth ane,

dipyrrolylmethane,

pyrrometha'ne

For convenience the use of the' Fischer nomenclature

for naming the pyrroles and dipyrrolic systems has been retained

in this thesis.
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