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Abstract - A modification aC the  'kcDonald route has been develoned i n  whlch 

a l l  four y r r o l e  un i t s  of urooophyrin-I11 have been derived from the  same 

conveniently n r e ~ a r e d  s t a r t i n g  nyrrole.  Related henta- and nenta- 

carboxylic porphyrins have a l s o  been synthesised by condensation of a m r o n r i a t e  

a-fomyl nyrrometh~e-a ' -carboxyl ic  ac ids ;  i n  each case other  nomhyrins with 

d i f f e r e n t  numbers of acidic  s ide -cha~ns  were a l so  ~ roduced  but the 

desi red products were e a s i l y  se?arated (as  t h e i r  methyl e s t e r s )  by h.n.1.c. 

Although the ?lacllonald route  f o r  nornhyrin synthesis was f i r s t  developed over twenty 

years ago, i t  is st111 the  most convenient method f o r  nrenarine a wide range of nornhyrins 

mcluding urommhyrin-111. In t h e  o r ig ina l  nrocedure the difomylnyrromethane (1) was 

condensed with the  di-a-free nyrromethane (Za) i n  a c e t i c  acid  containinq a c a t a l y t i c  amount of 

hydriodic ac id ,  and the  intermediate nomhodimethene was then autoxidised t o  uropornhyrin-111, 

i so la t ed  as the octamethyl e s t e r ( 3 ) .  (Scheme I )  

The Drecursors of the  two nyrranethanes were the  two isomerically subst i tu ted nyrroles  (4a) 

and (Sa) but the  preparation of5yi-roles with the  second type of subs t i tu t ion  pa t t e rn  (5) 1s 

somewhat more l e n ~ t h y  than tha t  of pyrroles  of t p e  ( 4 ) .  and i f  a-benzyl e s t e r  (Sb) is required, 

two ex t ra  trails-esterification s tens  a r e  required a t  t h e  end of the  svnthesis. ' Furthermore, 

the  route t o  the  nyrroles (4b) has recently been considerably imnroved by Kenner and Smith.' 

The re l a t ive  accessib:lity of nyrrole (4b) t o m a r e d  with nyrroles  of tyne (S ) ) ,  

therefore ,  l ed  us  t o  develop a new synthesis of u rawrhyr in -111  ( 3 )  using it a s  the  so le  

nrecursor of a l l  four r ings  (Scheme 2).  The vyrrole benzyl e s t e r  (4b) was t r i ch lo r ina ted  with 

sulnhuryl chlor ide  and the  intermediate trichloromethyl pyrrole  hydrolysed by aqueous 

sodium aceta te  a t  70' t o  the nyrrole-2-carboxylic acid (6a) .  Bste r i f i ca t ion  of the  l a t t e r  with 

diazomethane, followed by hydrogenolysis over oalladium-charcoal, then afforded the  

oyrrole-5-carbaxylic acid  (6b). Treatment of the sodium s a l t  of the  l a t t e r  with iodme and 

notassium iodide, followed by hydroqenolysis over n l a t i n m  oxide then afforded the  desi red 
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u-free nyrrole  (6c).  

The o r ig ina l  pyrrole (4b) was a l s o  converted by t r e a t m e n t w ~ t h  lead t e t r a -ace ta t e  

in to  the  acetaxyethy1 de r iva t ive  (6d) and t h e  l a t t e r  was counled with the  a-free pyrrole (6c) 

4 i n  dichloromethane i n  presence o f  s tannic  chlor ide  a t  -20' t o  give the desired unsymet r i ca l  

pyrromethane monobenzyl, pentamethyl e s t e r  (7) i n  good yie ld .  This was hydrolysed t o  the 

hexacarboxylic acid  (Zb) by heating with 10% aqueous s o d i m  hydroxide followed by ac id i f i ca t ion .  

Se l f  condensation of the  acetoxymethyloyrrole (6d) afforded the  s m e t r i c a l  pyrmmethane 

dibenzyl e s t e r  (8a) which was then hydrogenolysed t o  the corresnondinq di-acid (8b) over 

nalladim-charcoal.  Decarboxylation of the l a t t e r  i n  dirnethylformmide a t  180' followed by 

cooling and addi t ion of benzoyl chloride enabled the required diformyl pyrromethane (1) t o  be 

"relared i n  good y ie ld .  

Uropomhyrin-111 was then prepared by condensine the ~yrromethane hexa-acid (2b) 

with the  dialdehyde (1) i n  dichloromethanemethanolin nresence o f  n-toluene sulohonic ac id  a t  

23' for one day. Methanolic zinc ace ta t e  was then added and a f t e r  a fu r the r  two days the 

product was worked up and e s t e r i f i e d  with 5% sulphuric acid  i n  methanol t o  afford urnomhyrin-111 
1 

oc tmethy l  e s t e r  i n  good y ie ld  m.p. 261-262' ( l i t .  255-260'1. 

The nroduct was analysed f o r  isomeric pur i ty  both by d i r e c t  h.n.1.c. and by 

decarboxylation t o  coproporohyrin followed by naner chromatogranhy i n  l u t i d i n e - m o n i a .  T h i s  

showed t h a t  a small amount of the  tyoe-I1 isomer had been formed, n r e s m b l y  by s e l f -  

condensation of the  difonnyl nyrromethane (1) i n  accord with our e a r l i e r  emer iences5  of 

us ine  nyrromethane di-acids a s  intermediates i n  !lacDonald t y w  syntheses. 

1 k the  or iginal  procedure u t i l i s i n p  di-a-free pyrromethanes had given nroducts of high 

isomerlc our i ty ,  we therefore ,  decarboxylated t h e  ~yrrornethane (Zb) by heating with a l k a l i  i n  a 

1 sealed tube, i n  Dresence of hydrazine (as i n  the o r ig ina l  ?lacDonald nrocedure ) ,  and c o u ~ l e d  

the resul t ing di-a-free nyrramethane with the d i fomyl  Dyrromethane (1) by the  same method as 

described ahove. Uroporphyrin-111 was obtained i n  qood y ie ld ,  e s sen t i a l ly  uncontaminated with 

isomers, a s  shorn by h.n.l .c. ,  and by rimer chromatogranhx analysis of the  derived 

conro~omhyrin-111. These r e s u l t s  c l ea r ly  show a l l  four nyrrole r ings  of uroprphyrin-111 can be 

obtained from the  one read i ly  access ible  nyrrole  (4b). 

This amroach should a l so  be va l id  f a r  o ther  s imilar ly  subs t i tu t ed  mrphyrins  such as 

conronoqhyrin-111, but  the  synthesis  of comnletely unsymet r i ca l  nronhyrins such as  the  tyne-111 

hentacarboxylic m m h y r i n  (9) and the  r e l a t ed  Dentacarboxylic nomhyrin (10) cannot be carr ied 

out by t h e  o r iq ina l  Mac!hnald method because none of the  nossible d ipyr ra l i c  un i t s  f r m  which 

they might be constructed is s y m e t r i c a l .  

The nomhyrinopen hentacarbaxylic acid  corresmndinp t o  the  mrnhyrin  (9) is the  f i r s t  
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ln temedia te  in the biosynthetic conversion of urommhyrinogenn-I11 t o  conropo~hyrinojien-111. 

I t s  s t ructure  was elucidated by o u r s e ~ v e s ~ ' ~  and by other workers,"' by t o t a l  syntheses of the  

nomhyrin (g) v ia  r a t iona l ly  constructed onen-chain te t ranyrroles .  The methodiused were, 

however, r e l a t ive ly  lenqthy, and the  overal l  y ie lds  were low, so tha t  we sought another simnler 

mute  t o  such m s y m e t r i c a l  pornhyrins. 

The advent of h.p.1.c. and esnecial ly  the  noss ib i l i ty  of adanting it  t o  nrenarative 

scale  separations has now led us t o  develop a new var iant  of the %cT)onald synthesis involvlnz 

the condensation of two ccfomyl-nyrromethane-cE-carboxylic acids with each other.'' 5ur 

s t ra tegy required the two or iginal  nyrromethanes t o  have d i f fe ren t  nlonbers of ac id ic  (or e s t e r  

side-chains] so t h a t  the  three ?roducts formed (Scheme 2) would a lso have d i f fe ren t  nmbers 

of carboxylic side-chains, and hence would be readi ly  senarable from one another by h.p.1.c. I1  

Two of the yrromethanes required f o r  t h l s  work i .e.  (12b) and (13b) were synthesised 

i n i t i a l l y  by condensation of the  bromomethylpyrrole ( I l a )  with the  a-free-o'-fomylnyrrole 

Girard der ivat ives  (Ild) and (6q) i n  a c e t i c  acid  i n  nresence 06 s o d i m  acetate.12 Dilute 

acid hydrolysis of the  initially fomed nyrrmethane Girard der ivat ives  then gave the  

fomylnyrramethanes (12.3) and (13al and hydroqenolysis of  the  l a t t e r  over palladilan-charcoal 

afforded the desired a-formylnvrromethane-a'-carboxylic acids (12b) and (13b). Later we found 

t h a t  the  f a m y l  yrromethane benzyl e s t e r s  (12a) and (13a) could be ormared d i rec t ly  hy 

4 t i n  (1'0 chloride catalysed condensation of the  acetoxymethylnyrrole ( l l e )  with the  

fomylnyrroles  ( I l c )  and (6f).  The nyrromethane (14a) was a l so  !renared i n  a s imilar  manner from 

the a c e t o ~ e t h y l ~ y r r o l e  [6d) and the fomyl nyrrole (6f).  

Condensation of the fomylnyrromethane carboxylic acids (12b) and (13b), catalysed by 

toluene-n-sulphonic acid i n  methanol, then afforded a mixture of the  three pornhyrins (lo),  

(15) and (16) (Scheme 2 ) .  Theseyere  readi ly  senarated by small-scale  reparative h.n.1.c. 11  

by reason of t h e i r  differ in^ m l a r i t i e s  (because of the  dif ferent  side-chains) and the desired 

pentacarboxylic porphyrin "enta-methyl e s t e r  ( l o ) ,  m.q. 217-219' ( l i t .  m .0 .  218-219~,~211-212~ 7 ,  

was obtained i n  8% yleld  from the two nyrmmethanes, a s  well as  coprowmhyrin-I tetramethyl 

e s t e r  (15) and a t ) w - I 1  nomhyrin hexamethyl e s t e r  (16). Similar ly ' the  heptacarboxylic e s t e r  (9) 

m.". 223-224' ( l i t .  m.0. 225-~26O-~ ,  225-226' 223-225' ') was obtained i n  9 h i e l d  from the  

fomyl  uyrromethane carboxylic acids (ISb) and (14h), and senarated from the other  two narnhyrins, 

urowmhyrin I octamethyl e s t e r  (17) and the hexacarbxyl ic  nomhyrin (16). 

klthouch the ~ i e l d s  of each poehyr in  i n  the final sten of these syntheses are lo-', 

the  overal l  y ie lds  c m a r e  well with those i n  nrevious multi-stage and the 

annroach i s  very much more ranid. Further work i s  i n  nroqress t o  imorove the  yie lds  i n  the  

f i n a l  condensations, and other develonments of t h i s  new annroach inclu* the  synthesis of 



unsymetrical type-I pomhyrins, which will be described later in a full nublication. 
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