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Pyrroles and Related Compounds. Part XX.l Syntheses of Copropor- 
phyrins 
By A. H. Jackson,t G. W. Kenner," and J. Wass, The Robert Robinson Laboratories, University of Liverpool, 

Coproporphyrin-I has been synthesised by modifications of Fischer's original methods ; Coproporphyrin-I I has 
been synthesised by three methods including a variant of the MacDonald method, involving self-condensation of a 
5-formylpyrromethane-5'-carboxylic acid. Coproporphyrins-l I I and -1V and a related porphyrin tricarboxylic acid 
have been synthesised by application of the a-oxobilane route. The products in each case were single isomerically 
pure species as shown by spectroscopic, chromatographic, X-ray, and m.p. comparisons with each other and with 
authentic samples prepared by other workers. 

Liverpool L69 3BX 

THE coproporphyrins (1)-(4) are important reference 
compounds in biochemical work, but it is difficult to 
distinguish the four isomers on the basis of m.p. determin- 
ations alone (particularly if the compounds are not pure 
and in view of the tendency of porphyrins to exhibit 
polymorphism 2s3). For this reason we undertook an 
intensive study of their 1H n.m.r. spectra and showed 
that the four isomers could be easily distinguished from 
one another by comparing the fine structure of the spectra 
of the free bases in deuteriochloroform, and of the dica- 
tions in trifluoroacetic acid.4 We now describe the 
related synthetic studies, in the course of which we ex- 
tended the use of our then newly developed a-oxobilane 
route to p~rphyrins .~ 

The problems inherent in designing unambiguous 
syntheses of pure porphyrin ' type ' isomers were adum- 
brated several years ago by MacDonald with particular 
reference to the copro- and uro-porphyrins.2y6 All four 
coproporphyrin isomers were originally synthesised by 
variants of the classical Fischer method, by fusion of 
pyrromethenes, or by thermal decarboxylation of the 
corresponding uroporphyrins ; coproporphyrin-I1 had 
also been prepared by condensation of a pyrromethane- 
5,5'-dicarboxylic acid with formic acid 7 (see later). 

t Present addvess: Department of Chemistry, University 
College, Cardiff. 
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In  the present work, we employed the Fischer method 
in the case of coproporphyrin-I. Bromination of the 
pyrrolecarboxylic acid (5b), obtained by hydrogenolysis 
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of the corresponding benzyl ester (5a), afforded the 
pyrromethene hydrobromide (6a), and the latter, on 

A. H. Jackson, G. W. Kenner, and G. S. Sach, J .  Chem. 
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H. Fischer and H. Orth, ' Die Chemie des Pyrroles,' vol. I1 
(i), Akademische Verlag, Leipzig, 1937. 
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fusion in succinic acid, gave coproporphyrin-I, isolated 
as its tetramethyl ester in 35% yield. Heating of the 
same pyrromethene (6a) in formic acid gives only a 
19% yield of coproporphyrin-I tetramethyl ester after 
methanolysis. This yield can be improved * to 50% by 
addition of 1 equiv. of free bromine to the reaction 
mixture; in essence the system then contains the per- 
bromide of the pyrromethene (6a).9 

An alternative preparation lo involved bromination of 
the pyrrole t-butyl ester (5c) to give the bromomethyl- 
pyrromethene (6b), fusion of which in succinic acid also 
afforded coproporphyrin-I, but in lower yield.ll 
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Here and e lsewhere  PR = CH2.CH2tC02R 

Coproporphyrin-I1 tetramethyl ester (2) was syn- 
thesised by three methods. Burbidge originally investi- 
gated l1 a simple variation of one of Fischer’s syntheses 
viz. heating the pyrromethanedicarboxylic acid (7a) 
with formic acid in presence of 48% hydrobromic acid in 
acetic acid for 1 h. After work-up and esterification, 
coproporphyrin-I1 tetramethyl ester was obtained in 8% 
yield, and was shown to be a single pure isomer by m.p., 
n.m.r., and chromatographic comparisons with other 
samples, and other coproporphyrins. This method some- 
times gives mixtures of isomers, depending on the nature 
of the p-substituents in the pyrromethane, because 
cleavage at the methane bridge can occur under the 
acidic conditions of the reaction.12 In later work, there- 
fore, we modified the conditions of condensation in the 
light of our extensive studies of the use of one-carbon 
units for cyclisation of open-chain tetrapyrrolic inter- 
mediates in the a-oxobilane route to p~rphyr ins .~  Use 
of trimethyl orthoformate as the one-carbon unit and 
trichloroacetic acid as the catalyst in the cyclisation of 

8 K. M. Smith, preceding paper. 
9 K. M. Smith, Tetrahedroiz Letters, 1971, 2325. 
lo Cf .  J. Ellis, A. H. Jackson, A. C. Jain, and G. W. Kenner, 

l1 P. ,4. Burbidge, M.Sc. Thesis, Liverpool, 1963. 
12 Cf.  D. Mauzerall, J .  Amer .  Chem. Soc., 1960, 82, 2601; 

l3 A. PI. d’A.R. Gonsalves, G. W. Kenner, and K. M. Smith, 

J .  Chem. Soc., 1964, 1935. 

A. Treibs and H. G. Kohn, Amtalen,  1958, 614, 199. 

Chela. Comm., 1971, 1304. 

the dicarboxylic acid afforded pure coproporphyrin-I1 
tetramethyl ester in 25% yield. No attempt was made 
to optimise the conditions of this reaction, but the new 
procedure seems likely to prove of value in syntheses of 
other isomerically pure porphyrins with ‘ type-I1 ’ 
symmetry. 

The second method was a simple extension of the 
MacDonald synthesis, which he first applied to the 
syntheses of the uroporphyrins-11, -111, and -1V.6 The 
required dif orm ylpyrromet hane (7 b) was prepared 
directly from the dicarboxylic acid (7a) by the Gatter- 
mann reaction, although the yield (28%) was low. 
Attempts to decarboxylate the diacid (7a), either therni- 
ally or by acid catalysis, led to mixtures of products (as 
shown by n.m.r., t.l.c., etc.), presumably because of 
cleavage reactions at  the methane bridge. Condensation 
of the dialdehyde (7b) with the diacid (7a) in glacial 
acetic acid containing a little hydriodic acid (cf. ref. 6) 
followed by aeration then gave pure coproporphyrin-I1 
tetramethyl ester (2) in 42% yield. Cyclisations of this 
type can now be accomplished l3 with toluene-p-sul- 
phonic acid and zinc acetate in methanol, giving yields 
of porphyrin in the region of 3540%, and these are 
more consistently obtained than by the conventional 
hydriodic-acetic acid method. 

Shortly after this phase of the work was completed, 
Russian workers described a much improved synthesis 
of the diformylpyrromethane (7b), involving decarb- 
oxylation of the diacid (7a) in hot alkali (in the presence 
of hydrazine as stabiliser) followed by direct formylation 
of the resulting 5,5’-diunsubstituted pyrromethane ; 14 

more recently Clezy has reported l5 that decarboxylation 
may be effected by heating in dimethylformamide, and 
formylation is then readily carried out in situ by activa- 
tion of the dimethylformamide with phosphoryl chloride 
or benzoyl chloride. 

The third route to coproporphyrin-I1 was a variant l6 

of the MacDonald porphyrin synthesis in which the 
5’-formylpyrromethane-5-carboxylic acid (7c) was self- 
condensed in glacial acetic acid containing hydriodic 
acid; the yield of pure type-I1 porphyrin obtained was 

We originally hoped to extend the MacDonald method 
to syntheses of coproporphyrins-I11 and IV. However, 
owing to the difficulties experienced a t  the time in the 
preparation of the required diformylpyrromethane (7b), 
we turned instead to the a-oxobilane route, which had 
just been de~eloped .~  The route adopted is shown in 
the Scheme; in addition we also synthesised the ana- 
logous porphyrintripropionic acid (18a). 

The key intermediates required for the syntheses of 
the pyrroketones (11) were the pyrrole amides (8) and 
(9) and the 5-unsubstituted pyrrole (1Oc). The amides 

21y0. 

R. P. Evstigneeva and N. A. Preobrezhenskii, Zhuv. 
obshchei Khim., 1966, 806. 

1 5  R. Chong, P. S .  Clezy, A. J. Liega, and A. W. Nichol, 
Austral. J .  Chem., 1969, 22, 229. 

16 cf. also H. H. Inhoffen and J .  Ullrich, unpublished work 
referred to in H. H. Inhoffen, J. W. Buchler, and P. Jiiger, 
Fovtschv. Chem. oyg. Naturstoffe, 1968, 26, 284. 
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(8a) and (8b) had been synthesised previously by tri- 
chlorination of the corresponding 2-methylpyrrole 
followed by treatment with dimethylamine, but in the 
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case oi (Sb), better results were obtained by the more 
conventional route from (lo), i . c .  CH, ---P CCl, + 
CO,H ----t C 0 C l - w  CO*NMe,. A similar method 
could have been employed for the preparation of the 
amide (9), but the reported synthesis requiring the 
2-methylpyrrole precursor l8 was lengthy, and we turned 
to an alternative approach from the pyrrole (loa). 
Hydrogenolysis and decarboxylation, followed by succes- 
sive treatment with phosgene and dimethylamine 
afforded the amide (10d); the a-methyl group of the 
latter was then chlorinated with t-butyl hypochlorite 
and the resulting trichloromethyl derivative on treatment 
with benzyl alcohol gave the amide (9). 

Coupling of the amides @a), (Sb), and (9) with the 
a-unsubstituted pyrrole (1Oc) was effected with phos- 
phoryl chloride, and afforded the required pyrroketones 
(1 la-c) in yields of 77, 66, and 75y0, respectively. The 
corresponding chloromethylpyrroketones (12) mere 
readily prepared by chlorination with t-butyl hypo- 
chlorite in 80-85% yields, and the desired pyridinium 
salts (13) were each coupled with the lithium salt of the 
pyrromethanecarboxylic acid (7e) in formamide a t  50”. 
The initial oily products were crystallised from ether and 
afforded the desired a-oxobilanes (14) in yields of 26, 35, 
and 38%, respectively; the structures of these com- 
pounds were confirmed by elemental analyses, and by 
lH n.m.r. spectrometry. 

The oxobilanes (14) were then converted into the 
porphyrins (18) by the same sequence of reactions as had 
been developed in the earlier work,5 i.e. reduction by 
diborane of the 0x0-function [to (15)], hydrogenolysis of 
the terminal benzyl ester groups [to (IS)], oxidation to 
the bilenes (17) with t-butyl hypochlorite, and cyclisation 
to the porphyrins (18) by treatment with trimethyl 
orthoformate and trichloroacetic acid in methylene 
chloride followed by aeration. Each of the various 
stages was monitored spectroscopically, and the por- 
phyrins (18a), (18b) [ie. coproporphyrin-I11 tetramethyl 

J. A. Ballantine, A. H. Jackson, G. W. Kenner, and G. 
McGillivray, Tetrahedron, 1966, 22, Suppl. I, 241. 

ester (3)], and (18c) [Le .  coproporphyrin-’IV tetramethyl 
ester (4)] were obtained in overall yields of 23, 23, and 
24%, respectively, from the corresponding a-oxobilanes 
(14). Only one porphyrin was obtained in each case, and 
isomeric purity was established by thin-layer and paper 
chromatography, and by lH n.m.r. spectrometry; satis- 
factory elemental analyses were obtained. 

Dr. S. F. MacDonald compared the m.p.s of our tetra- 
methyl esters of coproporphyrins-I11 and -IV, with his 
own samples 2*6 in Ottawa, and we made similar com- 
parisons in Liverpool. He also prepared the copper 
complexes from our samples, and compared them with 
his own; X-ray powder photographs were also taken in 
Ottawa by Dr. M. Pryzbylska. Good overall agreement 
was obtained, although the m.p.s of the Liverpool 
samples were a little lower than those of the Ottawa 
samples. However, there was no doubt of the identity 
of our specimens, and of their isomeric purity, particu- 
larly in the light of the IH n.m.r., X-ray, and t.1.c. data. 

R 2  2 Me 

(12) x = C I  ( 1 4 1  
(13) X = C5H5N’ 

pMe pMc pMr p M e  

( 1 7 )  ( 1 5 )  R = C H 2 P h  
( 1 6 )  R = H  

a; R’ = M e , R 2  = Et 
b; R1. = Me, R 2  = P M c  
c ;  R 1  = PMc,R2  = M e  

p M c  p M c  

(181  
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This was gratifying in view of the polymorphism shown 
by porphyrins, especially unsymmetrical derivatives 
such as coproporphyrin-I11 tetramethyl ester. The four 
coproporphyrin esters all exhibited virtually identical 

l8 Cf. A. Hayes, G. W. Kenner, and N. R. Williams, J. Chem. 
SOL, 1958, 3779. 
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visible and mass spectroscopic properties; l9 data for 
naturally derived materials were very similar. 

By comparing n.m.r. spectra of solutions in deuterio- 
chloroform and in trifluoroacetic acid , the four copro- 
porphyrins can be easily distinguished from one a n ~ t h e r . ~  
However, separation of a mixture of coproporphyrins is 
difficult, and the best chromatographic procedure so far 
discovered, i.e. paper chromatography in lutidine- 
ammonia only achieves a partial separation into three 
fractions: coproporphyrins-I11 and -1V are not re- 
solved md run at an intermediate RF value between the 
isomers I and 11. We hoped that application of electro- 
phoresis or counter-current distribution might be a more 
useful way of distinguishing between the four isomers, 
and might even be of use preparatively, as mixtures of 
coproporphyrins are readily available by polperisation 
of suitable monopyrroles. However, electrophoretic 
experiments in a variety of buffer solutions were dis- 
couraging; no evidence of separation was obtained. 
Following earlier workJ1l we developed a new system for 
the counter-current distribution of porphyrin carboxylic 
acids, namely isobutyl methyl ketone-t-butyl alcohol 
(I : 1 vlv) and dilute sulphuric acid (ca. 06---2~, depend- 
ing on the porphyrins concerned). This system has two 
main advantages over the more common ether-hydro- 
chloric acid used by earlier workers: 2O (i) the higher 
solubility of porphyrins and (ii) its greater chemical 
stability (ether tends to form peroxides and thus de- 
composition of porphyrins results unless special pre- 
cautions are taken to exclude light and oxygen). Un- 
fortunately, this new system failed to give any separation 
of mixtures of coproporphyrins, even after one thousand 
transfers. However, it is useful for separating other 
porphyrin carboxylic acids , e.g. harderoporphyrin 21 and 
the S-411 ' porphyrin from meconium.22 

EXPERIMENTAL 

M.p.s are uncorrected and were determined for samples in 
capillaries, except for those of the porphyrins, which were 
determined with a Kofler hot-stage apparatus and are 
corrected. Neutral alumina (Woelm grade 111) was used 
for all chromatographic separations, and reactions were 
followed by t.1.c. and by spectroscopy as described in earlier 
parts of this series. Electronic spectra were determined 
with a Unicam SP 800 spectrometer, lH n.m.r. spectra with 
Varian A-60 and HA 100 spectrometers, and mass spectra 
with an A.E.I. MS9 spectrometer (at 50 PA and 70eV; 
direct inlet heated to  200-220"). 

Pyrroles 
Benzyl 5-Dimethylcarbamoyl-4- (2-methoxycarbonylethyl) -3- 

methylpyrrole-2-carboxylate (8b) .-(a) 5-Benzyloxycarbonyl- 
3- (2-methoxycarbonylethyl) -4-methylpyrrole-2-carboxylic 
acid (12.0 g) was dissolved in thionyl chloride (96 ml) with 
gentle warming a t  40" for 30 min. Removal of the solvent 
under reduced pressure at 20" yielded a pale yellow oil 
which crystallised on triturating with light petroleum 

l9 A. H. Jackson, G. W. Kenner, K. M. Smith, R. T. Aplin, 
H. Budzikiewicz, and C. Djerassi, Tetrahedron, 1966, 21, 2913. 

2* Cf. J. E. Falk, ' Porphyrins and Metalloporphyrins,' Else- 
vier, Amsterdam, 1964. 

(b.p. 60-80") to give the $yrrole acid chloride (11.3 g, 89%) 
as needles, m.p. 96" [from light petroleum (b.p. 60-SO")], 
z (CDC1,) 7.70 (4-Me), 6.95(m), 7*39(t), and 6-34 ([CHJ,*- 
C02Me), 2.60 and 4-61 (PhCH,), and ca. 0-45 (NH). 

A solution of the foregoing chloride (8.5 g) in dry benzene 
(100 ml) was saturated with dimethylamine gas. After 
30 min at  20" the benzene layer was washed thoroughly 
with water, 2~-hydrochloric acid (2 x 100 ml), and water 
again until the washings were neutral, dried (MgSO,), and 
evaporated under reduced pressure. The resulting oil 
crystallised on triturating with ether to give the pywole 
dimethylamide (8.0 g, 92%) as pale yellow needles, m.p. 
76-78' [from benzene-light petroleum (b.p. 60-8O0)] 
(Found: C, 64.4; H, 6.5; N, 7.6. C2,H,,N205 requires C, 
64-5; H, 6-5; N, 7-5y0), T (CDC1,) 7.70 (3-Me), 7-0-7.6 (m) 
and 6.34 ([CH,],*CO,Me), 6.96 (NMe,), 2.59 and 4.68 
(PhCH,), and cat. 0.5 (NH). 

(b)  Benzyl 4- (2-methoxycarbonylethyl)-3,5-dimethyl- 
pyrrole-2-carboxylate (10.0 g) was dissolved in dry ether 
(400 ml) and a catalytic quantity of benzoyl peroxide was 
added. Sulphuryl chloride (8.4 ml, 3.25 mol. equiv.) was 
then added during 1 h to the stirred solution, which was 
then stored overnight a t  20' under anhydrous conditions. 
The solution was boiled under reflux for 2 h and then con- 
centrated to dryness under reduced pressure at  20". The 
residual green oil was dissolved in dry benzene (100 ml) and 
dimethylamine gas was passed into the solution until 
saturation was reached. Water (100 ml) was introduced and 
the heterogeneous mixture vigorously stirred under reflux 
for 1 h. After work-up as in (a) the pyrrole dimethylamide 
(6-3 g, 53%) was obtained as needles, m.p. 76-78" identical 
with the material prepared as in (a) (mixed m.p. and i.r. 
spectrum). 

Bemy1 5-Dimethylcarbamoyl-3- (2-methoxycarbonylethyl) -4- 
.w~ethylpyrrole-2-carboxylate (9) .-2-Dimethylcarbamoy1-4- 
(2-methoxycarbonylethyl) -3,5-dimethylpyrrole ( 17.0 g) dis- 
solved in carbon tetrachloride (680 ml) was stirred a t  0' 
under nitrogen while a solution of t-butyl hypochlorite 
(24.1 ml, 3.0 mol. equiv.) in carbon tetrachloride (120 ml) 
was added during 30 min. After a further 15 min stirring 
at 0" followed by 40 min a t  20" a starch-iodide reaction 
gave a negative result. Removal of the solvent under re- 
duced pressure yielded orange crystals, which were not 
isolated but dissolved in a mixture of methylene chloride 
(170 ml) and carbon tetrachloride (800 ml) . Benzyl alcohol 
(2 1 * 1 ml) dissolved in methylene chloride (1 70 ml) was added 
at  room temperature, during 15 min, to the stirred solution 
of trichloromethylpyrrole, which was subsequently heated 
under reflux for 90 min. Removal of the solvent under 
reduced pressure yielded a brown oil which crystallised on 
triturating with ether to give pyrrole dimethylamide (13.7 g, 
55%) as pale yellow needles, m.p. 123.5-125" [from benzene 
-ether-light petroleum (b.p. 60-80°)] (Found: C, 64.6; H, 
6.3; N, 7.5. C2,H2,N,O, requires C, 64.5; H, 6.5; N, 
7-5%), T (CDCl,), 7.91 (3-Me), ca. 7.0 (m), ca. 7-55 (m), and 
6-32 ([CH,],*CO,Me), 5-13 (NMe,), 2.66 and 4.74 (PhCH,), 
and ca. 0.4 (NH). 

In another experiment the trichloromethylpyrrole was 
isolated as colourless needles (69%), the structure being 
confirmed by n.m.r. spectroscopy: T (CDCl,) 7.76 (3-Me), 
ca. 6-85 (m), ca. 7.35 (m), and 6-20 ([CH,],-CO,Me), and 
6.72 (NMe,) (NH not observed). 

21 G. Y. Kennedy, A. H. Jackson, G. W. Kenner, and C. 
J. Suckling, FEBS Letters, 1970, 6,  9; 1970, 7, 206. 

2% P. Couch and A. H. Jackson, unpublished work. 
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2-DimethylcarbamoyZ-4 (2-methoxycarbonyZethyZ)-3,5-di- 
methylpywole (10d) .-4-(2-Methoxycarbonylethyl)-3,6-di- 
methylpyrrole-2-carboxylic acid (35.3 g) was decarboxylated 
by heating at 120-140" under nitrogen until no further 
effervescence took place. Phosgene gas was passed into a 
stirred, ice-cold solution of the resulting a-unsubstituted 
pyrrole in dry ether (300 ml) for 10 rnin and through the 
solution at room temperature for 10 min. Nitrogen was 
bubbled through the solution to remove excess of phosgene; 
evaporation of the solvent at 20" under reduced pressure 
then gave a brown solid, which was dissolved in dry benzene 
(720 ml). The solution was saturated with dimethylamine 
gas and set aside at  5" overnight. It was then washed 
with water (until the washings were neutral), dried (MgSO,), 
and evaporated under reduced pressure to yield a brown oil 
which crystallised on triturating with ether to give pyrrole 
dimethyzanzide as pale yellow needles (22.8 g, 58%), m.p. 
105.6-106.5° [from benzene-light petroleum (b.p. 60- 
SO")] (Found: C, 62.0; H, 7-9; N, 11.2. C1,H2,N20, re- 
quires C, 61-9; H, 8.0; N, 11.1%), 't (CDCl,) 7-93 (5-Me), 
7.80 (3-Me), 7.1-7.7 (m) and 6.28 ([CHJ,-CO,Me), and ca. 
0.5 (NH). 

Attempts to prepare the intermediate pyrrole acid 
chloride from the carboxylic acid and thionyl chloride were 
not successful. 

oxylic Acid (lob) .-Benzyl4-(2-methoxycarbonylethyl)-3,5- 
dimethylpyrrole-2-carboxylate ( 10.0 g) dissolved in dry 
tetrahydrofuran (125 ml) was hydrogenated at atmospheric 
pressure and room temperature over 10% palladium- 
charcoal (1.0 g) with triethylamine (2 drops) added as 
catalyst. Within 30 rnin the theoretical uptake of hydrogen 
had occurred (730 ml at  N.T.P. including 20 ml for catalyst). 
Filtration and evaporation gave the pyrrolecarboxylic acid 
as a solid (7.0 g, 98%), m.p. 131" (decornp.), which was used 
without further purification. 

5- DimethyZcarbamoyl-4-ethyZ-3-u)zethylpyrroZe-2-ca~boxyZ~c 
-4 cid.-Benzyl 5-dimethylcarbamoyl-4-ethyl-3-methyl- 
pyrrole-2-carboxylate (8a) (14.0 g) was dissolved in dry 
tetrahydrofuran (250 ml) containing triethylamine (6 drops) 
and the solution was hydrogenated over 10% palladium- 
charcoal (1.4 g )  a t  room temperature and atmospheric 
pressure. After 20 rnin 1180 ml of hydrogen had been 
taken up. Filtration and evaporation gave the pyrrole- 
carboxylic acid (9-9 g, 100%) as a crystalline solid, m.p. 
205" (decornp.), which was used without further purification. 

Pyrronaethanes 
5, 5'-Di fornzyl 3,3'-bis-( 2-methoxycarbonyZethyl)-4,4'-di- 

uaetJLyZfiyvronzethane (7b) .-&4 slow stream of dry hydrogen 
chloride was passed through a suspension of 3,3'-bis- (2- 
me thoxycarbonyle thyl) - 4,4'-dime thylpyrromethane- 5,5'-di- 
csrboxylic acid (800 mg) in methylene chloride (100 ml) at 
0". After 1 h hydrogen cyanide (6 ml) was added and 
hydrogen chloride was slowly bubbled through the suspen- 
sion at  0" for a iurther 6 h. The mixture was stirred in a 
stoppered flask a t  20" for 13 days, during which time com- 
plete dissolution was never obtained. The solvent was 
removed under reduced pressure at 20" and a solution of 
dipotassium hydrogen phosphate (6 g) in water (75 ml) was 
added to the brown viscous residue. The heterogeneous 
mixture was heated under reflux for 5 min with stirring. 
Methylene chloride (75 ml) was added and the mixture was 
vigorously stirred under reflux for a further 5 min. The 
organic layer was separated, washed with water until the 

4-( 2-Methoxycarbony Zethyl) -3,5-dimethylpyrroZe-2-carb- 

washings were neutral, dried (MgS04), and evaporated 
under reduced pressure. Crystallisation of the residue from 
ether afforded the fiyrromethane (207 mg, 28%) as needles, 
m.p. 184-185° (Found: C, 62.4; H, 6.4; N, 7.0. CzlH26- 
N,06 requires C, 62.7; H, 6.5; N, 7.0%), T (CDCl,) 7.76 
(4,4'-Me,), 7.26 (t), 7-59 (t), and 6.39 ([CH,],CO,Me), 6.01 
(CH,), 0.61 (CHO), and -0.72 (NH). 

Pyrromethenes 
5-Bromo-3,4'-bis- (2-carboxyethyl) -3', 4, 5'-trimethyZpyrro- 

inethene Hydrobromide (6a) (with P. BURBIDGE) .-Benzyl 
4- (2-benzyloxycarbonylethyl) -3,5-dimethylpyrrole-2-carb- 
oxylate (3.0 g) in dry tetrahydrofuran (50 ml) containing 
triethylamine (10 drops) was hydrogenated a t  room tem- 
perature and atmospheric pressure over 10% palladium- 
charcoal (0.33 g) until uptake was complete. Filtration 
and evaporation afforded the corresponding diacid, which 
was just wetted with glacial acetic acid and then treated 
with a solution of bromine (1.08 ml, 2 mol. equiv.) in glacial 
acetic acid (8 ml). The pyrromethene hydrobromide (1.1 g, 
58%) slowly crystallised and was obtained as a deep red 
granular product after washing with light petroleum (b.p. 
40-60") ; m.p. 205-210" (decomp.) [lit.,23 220" (decornp.)]. 

5-Bromo-5'-bromomethyl-3,4'-bis- (2-ethoxycarbonyZethy1)- 
3,4-dimethyZpyrromethene Hydrobromide (6b) (with P. 
BURBIDGE) .-t-Butyl 4-(2-ethoxycarbonylethyl)-3,5-di- 
methylpyrrole-2-carboxylate (5 g) was dissolved in dry 
ether (200 ml) and stirred with anhydrous potassium 
carbonate during the rapid addition of bromine (0.98 ml, 
1 equiv.) in dry ether (200 ml). The mixture was stirred 
for a further 1 h, then filtered from potassium carbonate, 
and added dropwise during 1 h to a stirred solution of 
bromine (1.96 ml, 2 equiv.) in dry ether (400 ml). The 
solution was stirred for a further 0.5 h and then kept over- 
night a t  0". Evaporation under reduced pressure afforded 
a viscous red oil, which crystallised on triturating with light 
petroleum (b.p. 60-80") t o  give the FyrrometJzene hydro- 
bromide (1.9 g, 36%) as deep red granular crystals, m.p. 
155" (Found: C, 42.2; H, 4-7; N, 4.3. C,,M2,Br,N,O4 re- 
quires C, 42.2; H, 4.7; N, 4.5%), 't (CDC1,) 8-79, 8.75, 
5.94, 5.83, and 6.8-7-8 (m) (EtO,C-[CH,],), 7.92 and 7.61 
(2 x Me), 5.03 (CH,Br), 2.52 (CH=), and -4.0br (NH). 
This material was used directly without further purification. 

Pyrroizetones 
3-Ethyl-4'- (2-rnethoxycarbonylethy I) -3', 4,5'-tri- 

methylpyrroketone-5-carboxylate (1 la) .-Benzyl 5-dimethyl- 
carbamoyl-4-ethyl-3-methylpyrrole-2-carboxylate ( 15.5 g) 
was dissolved in dry ethylene dichloride (75 ml) with warm- 
ing, and phosphoryl chloride (5.1 ml, 1-1 mol. equiv.) was 
added rapidly. The solution was stirred under nitrogen for 
60 rnin a t  20" and subsequently heated on a water-bath 
(at 88") for 5 h. Examination of the U.V. spectrum of a 
sample at a concentration of 40 pmol 1-1 then indicated 
that the peak at  283 nm had reached a minimum and that 
a t  370 nm a maximum. 
3-(2-Methoxycarbonylethyl)-2,4-dimethylpyrrole (9.9 g, 

1.1 mol. equiv.) in dry ethylene dichloride (10 ml) was 
added during 20 min to the stirred solution at room tem- 
perature, while a slow stream of nitrogen was bubbled 
through. The solution was boiled under reflux until the 
U.V. spectrum of a sample at  a concentration of 80 pmol l-1 

Benzy 1 

23 Ref. 7, p. 86. 
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indicated that the peak a t  400 nm had reached a maximum 
(90 rnin). A solution of sodium carbonate (10%; 100 ml) 
was added and the heterogeneous mixture was vigorously 
stirred under reflux for 2 h. The organic layer was sepa- 
rated, washed with water until the washings were neutral, 
dried (MgSO,) , and evaporated. The resulting viscous red 
oil crystallised on triturating with methanol to give the 
pyrroketone (14.2 g) as pale yellow prisms, m.p. 153-154" 
[from chloroform-ether (charcoal)]. Concentration of the 
mother liquors yielded a residue, which crystallised from 
ether to give a second crop of the pyrroketone (2-8 g), m.p. 
152-154' (Found: C, 69.0; H, 6.7; N, 6.2. C,,H,,N,O, 
requires C, 69.3; H, 6.7; N, 6 ~ 2 % ) ~  T (CDC1,) 8.95 and 
7.35 (3-Et), 8.03, 7.76, and 7.67 (3 x Me), ca. 7.1-7.7 (m) 
and 6.33 ([CH,],CO,Me), 2.61 and 4.68 (PhCH,), and 
0.55br and 0.75br (2 x NH). 

Benzy 1 3,4'-Bis (2-methoxycarbonylethyl) -3',4,5'-trimethyl- 
pyrroketone-5-carboxylate (1 lb) .-Benzyl Ei-dimethylcarb- 
amoyl-4- (2-methoxycarbonylethyl) -3-methylpyrrole-2-carb- 
oxylate (8.9 g) was dissolved in dry ethylene dichloride 
(25 ml) with warming, and phosphoryl chloride (2.5 ml, 1.1 
mol. equiv.) was added rapidly. The solution was stirred 
under nitrogen for 60 min a t  20" and subsequently heated 
under reflux on a water-bath a t  88" for 4 h. The U.V. 
spectrum of a sample a t  a concentration of 40 pmol l-1 then 
indicated that the peak at 285 nm had reached a minimum 
and the peak a t  368 nm a maximum. 

3-( 2-Methoxycarbonylethy1)-2,4-dimethylpyrrole (4- 7 g, 
1.1 mol. equiv.) in dry ethylene dichloride (5 ml) was added 
during 10 rnin to the stirred solution a t  20", while a slow 
stream of nitrogen was bubbled through. The solution was 
stirred a t  20' for 45 min and then boiled under reflux until 
the U.V. spectrum of a sample at  a concentration of 80 pmol 
1-1 indicated that the peak a t  400 nm had reached a maxi- 
mum (ca. 2 h). A solution of sodium carbonate (10%; 60 
ml) was added and the heterogeneous mixture was vigorously 
stirred under reflux for 2 h. The organic layer was washed 
with water until the washings were neutral, dried (MgSO,), 
and evaporated. The resulting viscous purple oil crystal- 
lised on triturating with methanol to give the flywoketone 
(8.0 g, 66%) as pale yellow prisms, m.p. 122" [from chloro- 
form-ether (charcoal)] (Found: C, 66.3; H, 6.5; N, 5.6. 
C,,H,,N,O, requires C, 66.1; H, 6.3; N, 5.5%), v,, 
(Nujol) 1560, 1680, and 1725 cm-l, T (CDC1,) 8-04, 7.77, and 
7.68 (3 x Me), 7.0-7.7 (m), 6.43, and 6.35 ([CH,],*CO,Me), 
2.61 and 4-69 (PhCH,), and 0.45br and O.65br (2 x NH). 

Benzyl 4,4'-Bis- (2-methoxycarbonylethyl)-3,3', 5'-tri- 
methyl$yrvoketone-5-cnrboxylate ( 1 lc) .-Benzyl 5-dimethyl- 
carbamoyl- 3- (2-methoxycarbonylethyl) -4-methylpyrrole-2- 
carboxylate (8.9 g) was coupled (as its phosphoryl chloride 
complex) with 3-(2-methoxycarbonylethyl)-2,4-dimethyl- 
pyrrole (4.7 g, 1.1 mol. equiv.) as in the foregoing experi- 
ment. Recrystallisation from chloroform-ether afforded 
the pyrroketone (9.1 g, 75%) as pale yellow prisms, m.p. 
123-124" (Found: C, 66.1; H, 6.3; N, 5.8. C,,H,,N20, 
requires C, 66.1; H, 6.3; N', 5.5%), vmax. (Nujol) 1575, 1680, 
and 172Ocm'-1 ( G O ) ,  7 (CDC1,) 8.00, 7.83, and 7-74 (3  x Me), 
7.2-7-7 (6H, ni), ca. 7.0 (ZH, m), 6.35, and 6-33 ([CH2],*- 
CO,Me), 2-62 and 4.67 (PhCH,), and -0.lbr (NEI). 

Benzyl5'-Chloromethyl-3-ethyl-4'- (2-methoxycarbonylethyl) - 
3',4-diutzethylpyrroketone-5-carbon.ylate (12a) .-Benzyl 3- 
ethyl-4'- (2-methoxycarbonylethyl) -3', 4,5'- trimethylpyrro- 
ketone-5-carboxylate (2-4 g) was dissolved in the minimum 
volume of dry tetrahydrofuran; dry ether was added 
(60 ml) and the solution cooled to 3". The stirred solution 

was treated with t-butyl hypochlorite (0.7 ml, 1.1 mol. 
equiv.) dissolved in dry ether (30 ml) during 4 min, with 
the temperature kept below 3'. Within 5 min of the 
addition a negative starch-iodide reaction was obtained, 
indicating that all the t-butyl hypochlorite had reacted. 
The solvent was removed under reduced pressure, dry ether 
(25 ml) was added, and the solution was again evaporated to 
dryness under reduced pressure. Trituration with dry 
ether afforded pale orange crystals, which were filtered off 
and washed with a little ice-cold dry ether. The mother 
liquors were concentrated under reduced pressure and a 
second crop was obtained after trituration with light 
petroleum (b.p. 40-60'). Recrystallisation from benzene- 
light petroleum (b.p. 60-80') gave the chloromethylpyrro- 
Ketone (2.2 g, 85%) as fawn needles, m.p. 114-116' (Found: 
C, 64.5; H, 6.1; N, 5.7. C,,H,,C1N,O5 requires C, 64.4, 
H, 6-0; N, 5-8%), T (CDCl,), 8.90 (t) and ca. 7-5 (m) (Et), 
8.02 and 7.69 (2 x Me), 7.1-7-7 (m) and 6.33 ([CH,],*- 
CO,Me), 2.61 and 4.68 (PhCH,), and ca. 0-5br and ca. 1-lbr 
(2 x NH). 

Benzyl 5'-Chloromethyl-3,4'-bis-(2-methoxycarbonylethyZ)- 
3',4-dimethyl~yrroketone-5-carboxylate (12b) .-This was pre- 
pared like the foregoing compound in 86% yield. It formed 
pale cream needles, m.p. 108-109" [from benzene-light 
petroleum (b.p. 60-80')] (Found: C, 61.9; H, 6-0; N, 
5.0. C2,H31ClN,0, requires C, 61.9; N, 5.8; N, 5*2%), 
T (CDCl,) 8.02 and 7.65 (2 x Me), 6.9-7.3 (2H, m), 7.3- 
7.6 (6H), 6-36, and 6-31 ([CH,],*CO,Me), 5.35 (CH,Cl), 
2.61 and 4.69 (PhCH,), and ca. 0.1 and ca. 0.7 (2 x NH). 
Benzyl5'-C1doro~nethyl-4,4'-bis- (wzethoxycavbonylethy 1) -3,3 '- 

dirrzethylpyrroketone-5-carboxylate (1 2c) .-This was prepared 
in SOYo yield like its analogues. Crystallisation from 
benzene-light petroleum (b.p. 60-80') gave pale cream 
needles, m.p. 92-94' (Found: C, 61.9; H, 5.8; N, 4.9. 
C,,H,lCIN,O, requires C, 61.9; H, 5.8; N, 5.2%), T (CDCl,) 
7.96 and 7.83 (2 x Me), 6-8-7.1 (2H, m), 7.1-7.7 (6H), 
6.30, and 6.25 ([CH,],-CO,Me), 5.27 (CH,Cl), 2.52 and 
4-61 (PhCH,), and 0.2 and -0.1 (2 x NH). 

Oxob ilanes 
l', 8'-Bisbenzyloxycarbonyl-2-ethyl-l,3,5,8-tetravnethyl-4,6,7- 

tris-( 2-methoxycarbonylethy1)-a-oxobilane (14a) .-Benzyl 5'- 
chloromethyl-3-ethyl-4'- (%me thoxycarbonylethyl) - 3', 4-di- 
methylpyrroketone-5-carboxylate (6.4 g) was dissolved in 
pyridine (12 ml) by warming gently on a water-bath. 
5'-Benzyloxycarbony1-3,3'-bis (2-methoxycarbonylethyl) - 
4,4'-dimethylpyrromethane-5-csrboxylic acid (6.92 g) was 
suspended in formamide (200 ml), lithium methoxide (0.502 
g) was added, and the suspension was shaken until the solid 
had dissolved. The reactsnts were combined and the 
resulting clear amber solution was heated a t  50' under 
nitrogen for 18 11. An oil slowly precipitated during the 
heating period and formed a viscous lower layer. After a 
further 17 h a t  room temperature under nitrogen the oil 
had partially solidified and the supernatant was decanted. 
The gummy deposit was washed thoroughly with water and 
then dissolved in niethylene chloride (100 ml) . The solution 
was washed thoroughly with water, dried (RlgSO,) , and 
evaporated under reduced pressure. Re-concentration 
of the residue with dry peroside-free ether (50 ml) under 
reduced pressure yielded a brown solid foam, which was 
redissolved in dry peroxide-free ether (100 ml) and set 
aside overnight under nitrogen. The crystallised material 
was filtered off and washed with a little ice-cold ether to 
give the yellow product (3-22 g, 26y0), m.p. 119-122". 



1972 
Recrystallisation from methylene chloride-light petroleum 
(b.p. 40-60") afforded the a-oxobilane as yellow prisms, 
m.p. 120-122" (Found: C, 68-3; H, 6-5; N, 6.0. C,,H,,- 
N,O1, requires C, 68.5; H, 6.5; N, 6-Oy0), v,,, (Nujol) 1550, 
1655, 1695, and 1730 cm-l (GO) ,  T (CDCI,) 9.03 (t) and 
GU. 7.5 (m) (Et) 8-12, 8.04, 7.78, and 7-71 (4 x Me), 7.2- 
7.7 (m), 6.42, and 6.38 ([CH,],*CO,Me), 6.23 and 6.19 
(2 x CH,), 2.70, 2.64, 4.95, and 4-70 (2 x PhCH,), and 0-4, 
0.65, 0.85, and 1.35 (4 x NH). 

The forniamide layer from the reaction was poured into 
water (ca. 1.0 1) and set aside for 24 h ;  a black viscous oil 
separated. After decantation of the aqueous phase the oil 
was taken up in methylene chloride (100 ml), washed 
thoroughly with water, and dried (MgSO,). Removal of the 
solvent under reduced pressure followed by reconcentration 
of the residue with dry peroxide-free ether (50 ml) afforded 
a dark brown foam, which was redissolved in dry ether (50 
ml) and set aside for 48 h under nitrogen. A crystalline 
product (0.8 g) was filtered off and washed with a small 
volume of ice-cold ether to give prisms, m.p. 119-121", 
identical (i.r. spectrum and mixed m.p.) with the main crop 
of a-oxobilane (total yield 32%). 

onylethyl)-l,3,5,8-tetramethyl-a-oxobilane ( 14b) .-This was 
prepared in the same manner from the appropriate chloro- 
methylpyrroketone. The product (3.2 g ,  35%) crystallised 
froin methylene chloride-ether-light petroleum (b.p. 40- 
60") as yellow prisms, m.p. 123-124" (Found: C, 66.8; H, 
6.4; N, 5-7. c55H62N,01, requires C, 66-9; H, 6.3; N, 
5.7%), v~,,,~. (Nujol) 1550, 1645, 1690, and 1730 cm-1 ( G O )  
7 (CDC1,) 8.05, 8.03, 7.75, and 7.69 (4 x Me), 7.0-7.7 (m), 
6.41, 6.37, 6.36, and 6-35 ([CH,],-CO,Me), 2.59, 2.65, 4.66, 
and 4.84 (PhCH,), and ca. l.Obr (NH). 

l', 8'-Bisbe.tzzyloxycarbonyl-1,4,6,7-tetrakis-(2-methoxycarb- 
onylethyl) -2,3,5,8-tetramethyZ-a-oxobilane (14c) .-This was 
prepared similarly. The product (38%) crystallised from 
methylene chloride-ether-light petroleum (b.p. 40-60") 
as yellow prisms, m.p. 121-122.5" (Found: C, 66.9; H, 
6-6; N, 5.7. C5,H6,N,01, requires C, 66.9; H, 6-3; N, 
5.7",), v,,, (Nujol) 1560, 1660, 1710, and 1735 cm-l ( G O ) ,  
T (CDCI,) 8.08, 8.04, 8.04, and 7.80 (4 x Me), 7.0-7.3 (m), 
6.44, and 6.42 ([CH,],*CO,Me), 6.26 and 6.20 (2 x CH,), 
2.67, 2-75, 4.75, and 5.0 (2 x PhCH,), and 0.3-0.5 (NH). 

l', 8'-Risbenzyloxycarbo~yl-2,4,6,7-tetrakis- (2-methoxycarb- 

Porplyvilzs 
Coproporphyrin-I Tetramethyl Ester (1) .-(a) 5-Bromo- 

3,4'-bis- (2-carboxyethyl) -3', 4,5'- trimethylpyrroniethene 
hydrobromide (1.0 g) was ground intimately with succinic 
acid (5-0 g) and dried overnight (NaOH pellets) in zlacuo. 
The mixture was fused by heating in an oil-bath at 200°, 
with frequent stirring to ensure that the subliming succinic 
acid re-entered the melt. After 1 h the melt was extracted 
with hot aqueous alkali, and filtered from a small amount 
of insoluble material. (The ' spectroscopic ' yield of 
porphyrin a t  this stage was about 35% .) 

The alkaline extract was cooled in ice and acetic acid was 
added until pH 5.5 had been attained. A dark brown solid 
precipitated which was separated from the supernatant by 
centrifuging and dried overnight a t  100" in  vacuo. After 
esterificstion with methanolic hydrogen chloride (120 ml) 
for 12 h the methanolic solution was evaporated to dryness 
under reduced pressure. The residue was taken up in a 
little methylene chloride and filtered through alumina 
(TVoelm activity 111), and the porphyrin fraction was evap- 

orated to dryness (yield 224 mg, 33%). Rechromatography 
on alumina (Woelm activity 111) in benzene-chloroform 
(70 : 30 v/v) gave a red solid (126 mg) which was recrystal- 
lised from chloroform-methanol to give the porphyrin 
(110 mg, 16%) as purple needles, 1n.p. 252-255" (lit.,24 
248-252'). After hydrolysis ( ~ M - H C ~ )  paper chroma- 
tography in lutidine-aqueous ammonia showed only a single 
spot with an RF value consistent with that for copropor- 
phyrin-I. 

During the chromatographic purification in benzene- 
chloroform it  was observed that a quantity of porphyrinic 
material was retained a t  the top of the alumina column. 
The porphryrin was removed from the column by elution 
with methanol and the eluate evaporated to dryness under 
reduced pressure to give a red residue (38 mg). Paper 
chromatography indicated that this material was copropor- 
phyrin-I free acid. 

(b) 5-Bromo-5'-bromomethyl-3,4'-bis-(2-ethoxycarbonyl- 
ethyl) -3', 4-dimethylpyrromethene hydrobromide ( 1-0 g) 
was ground intimately with succinic acid (5.0 g) and dried 
(NaOH pellets) in vacuo overnight. The fusion mixture 
was heated in an oil-bath at 200" with frequent stirring 
to ensure that subliming succinic acid re-entered the melt, 
and after 1 h the melt was extracted with hot aqueous 
alkali, any soluble residue being removed by filtration 
(' spectrophotometric ' yield 7%). 

The porphyrinic product was isolated as in (a) and 
coproporphyrin-I tetramethyl ester (40 mg, 5%) was ob- 
tained as purple needles, m.p. 252-254", identical with the 
previous sample (mixed m.p., i.r. spectrum, and paper 
chromatography of the free acid). 

Coproporphyrin-11 Tetramethyl Ester (2) .-(a) (with 
P. BURBIDGE) Dibenzyl 3,3'-bis- (2-methoxycarbonylethy1)- 
4,4'-dimethylpyrron~ethane-5,5'-dicarboxylate (3 g) was 
converted into the corresponding 5,5'-dicarboxylic acid 
by catalytic hydrogenation and the residue, after filtration 
and evaporation, was heated on a steam bath with formic 
acid (98%; 10 ml) and hydrobromic acid-glacial acetic 
acid (48%; 5 ml) for 1 h. The solution was evaporated 
to dryness and the residue esterified with methanolic 
hydrogen chloride overnight. The methanolic solution 
was poured into water, neutralised with ammonia, and 
extracted with chloroform. The extracts were washed 
with water, dried (MgSO,), evaporated to low bulk, and 
chromatographed on alumina in chloroform. The por- 
phyrin fraction was re-chromatographed on alumina in 
chloroform-benzene (30 : 70 v/v) and the coproporphyrin-I1 
tetramethyl ester (135 mg, 8%) crystallised as purple 
needles, m.p. 282-284" (lit.,25 287"). 

(b) 3,3'-Bis- (2-methoxycarbonylethyl) -4,4'-dimethylpyr- 
romethane-5,5'-dicarboxylic acid (550 mg) was treated with 
hi-trichloroacetic acid in methylene chloride (72 ml) and 
trimethylorthoformate (2.5 g) in methylene chloride (408 
ml). The solution was stirred overnight a t  20" in the dark, 
under oxygen, during which period the original absorption 
at 285 nm decayed, and a broad absorption a t  505 nm due 
t o  methene formation first increased and then also decayed 
as porphyrin salt (Amx, 410, 550, and 595 nm) was formed. 
The solution was then washed with sodium carbonate 
solution (10%; 200 ml) and water (2 x 200 ml), dried 
(MgSO,), and evaporated to dryness. The residue was 
chromatographed on alumina (grade 111) in methylene 
chloride, and the porphyrinic eluates were evaporated to give 

24 Ref. 7, p. 483. 
25 Ref. 7, p. 487. 
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coproporphyrin-I1 tetramethyl ester (104 mg, 24%) as a 
violet solid. Recrystallisation from methylene chloride- 
methanol gave purple plates (63 mg), m.p. 285-288". 

(c) 5,5'-Diformyl-3,3'-bis (2-methoxycarbonylethyl) -4,4'- 
dimethylpyrromethane (1 10 mg) and 3,3'-bis-(2-methoxy- 
carbonylethyl) -4,4'-dimethylpyrromethane-5,5'-dicarboxy- 
lic acid (120 nig) in glacial acetic acid (100 ml) were treated 
with 56% hydriodic acid (1 ml) in glacial acetic acid (40 ml), 
and the mixture was kept a t  20" in the dark for 3 h. An- 
hydrous sodium acetate (2-8g) in glacial acetic acid (40 
ml) was then added and the mixture was aerated over- 
night. It was then diluted with water (200 ml) and cooled 
in ice, and dilute sodium carbonate solution was added until 
pH 5 was attained. The porphyrin was extracted with 
methylene chloride (4 x 40 ml) ; the combined extracts 
were washed with water, dried (MgSO,), and evaporated. 
The residue was chromatographed twice on alumina 
(activity 111) in methylene chloride, and the violet eluates 
were concentrated to give the porphyrin as a purple solid. 
Recrystallisation from methylene chloride-methanol gave 
the coproporphyrin-I1 tetramethyl ester (88 mg, 42%) as 
violet needles, m.p. 286-289". 

(d) 5'-Formyl-3,3'-bis- (2-methoxycarbonylethyl)-4,4'-di- 
methylpyrromethane-5-carboxylic acid (1.0 g) in glacial 
acetic acid (500 ml) was combined with 56% hydriodic acid 
(4 ml) in glacial acetic acid (200 ml), and the mixture was 
kept a t  20" in the dark for 3 h. The product was then 
worked up as in (c) and after chromatography on alumina 
(activity 111) in methylene chloride (twice) the porphyrinic 
eluate was concentrated to give a purple solid (1 89 mg, 22 %) . 
Crystallisation from methylene chloride-methanol afforded 
the porphyrin (120 mg) as purple plates, m.p. 286--288", 
identical with that prepared in (a) .  

(e) 3,3'-Bis-( 2-methoxycarbonylethyl)-4,4'-dimethylpyr- 
romethane-5,5'-dicarboxylic acid (2- 12 g) was decarb- 
oxylated under nitrogen by heating a t  195-200" in an oil- 
bath until evolution of carbon dioxide had ceased (ca. 1 h). 
The resulting red-brown oil was heated on a steam-bath with 
formic acid (5 ml) and hydrobromic acid-glacial acetic acid 
solution (5 ml) (0.3 ml of 45% hydrobromic acid solution 
diluted to 10 ml with glacial acetic acid) for 1 h under 
nitrogen and then for 1 h in oxygen. The solution was 
evaporated to dryness; the residue was dried at  100" over- 
night under reduced pressure and then esterified with 
methanolic hydrogen chloride (120 ml) for 12 h. The 
product was worked up as in the other coproporphyrin 
preparations and gave a mixture of coproporphyrin tetra- 
methyl esters (420 mg), as violet needles, m.p. 140--200". 
The n.m.r. spectrum showed that this product was a mix- 
ture, and this was confirmed by paper chromatography of 
the free acids in lutidine-aqueous ammonia (cf. ref. 20). 

Coproporphyrin-I11 Tetramethyl Ester (3) .-1', 8'-Bis- 
benzyloxycarbonyl-2,4,6,7-tetrakis- (2-methoxycarbonyl- 
ethyl)-l,3,5,8-tetramethyl-a-oxobilane (1.18 g, 1.2 mmol) in 
dry tetrahydrofuran (35.2 ml) and dry ethyl acetate (35.2 
ml) was reduced with diborane [generated from sodium 
borohydride (0.58 g) in bis-(2-methoxyethyl) ether (21 ml) 
and boron trifluoride ether complex (5.8 ml) in bis-(2-meth- 
oxyethyl) ether (16 ml)] during 5 rnin in an apparatus 
similar to that described previously. The diborane was 
swept into the reaction vessel by a slow stream of nitrogen, 
and initially the solution darkened due to the formation 
of a small amount of bilene borane complex (which is pre- 
sumably an intermediate in the reduction of the ketone 
group). After ca. 15 min the colour of the solution began 

to lighten and after 85 rnin the absorption (at A,, 360 nm) 
due to the pyrroketone system had disappeared. 

The resulting colourless solution was evaporated to dry- 
ness under reduced pressure (nitrogen), treated with methanol 
(26-0 ml), and set aside under nitrogen until the oil had dis- 
solved. Tetrahydrofuran (26.0 ml) was then added to- 
gether with 10% palladium-charcoal (520 mg) and a solu- 
tion of triethylamine in tetrahydrofuran (3% ; 8 drops). 
The solution was then hydrogenated at  atmospheric pressure 
and room temperature for 17 h ;  theoretical uptake was 
achieved. As a check on the completeness of hydrogenation 
a sample was removed from the flask (by means of a 
hypodermic syringe inserted through a serum cap in a side- 
neck) and diluted to a concentration of 50 pmol 1-1 with 
ethanol; the rapid disappearance of the absorption (at 
285 nm) due to the terminal pyrrolecarboxylic acid groups, 
on addition of a few drops of concentrated hydrochloric 
acid to the sample cell, then confirmed that the benzyl 
groups had been removed. The main solution from the 
hydrogenation was filtered through Hiflosupercel under 
nitrogen and then concentrated under reduced pressure, It 
was then reconcentrated with dry peroxide-free ether to 
remove traces of tetrahydrofuran and methanol, yielding the 
intermediate bilane diacid as a buff coloured gummy solid, 
which was used immediately in the next reaction. 

This bilane diacid was taken up in tetrahydrofuran (140 
ml) and the solution diluted to 280 ml with dry peroxide- 
free ether. Thereactionvessel was flushed with nitrogen and 
a slow stream of nitrogen was passed while the solution was 
cooled to -15". t-Butyl hypochlorite (0.144 ml) in dry 
peroxide-free ether (50 ml) cooled to 0" was then added 
during 60 min in the dark. A starch-iodide test gave a 
negative result 15 min after the end of the addition, and 
the bilene suspension formed was allowed to warm to room 
temperature. The suspension was evaporated to dryness, 
and the residue triturated with dry ether to give the purple 
bilene, [A,, (CH,Cl,) 505 nm]. 

The bilene (assumed 1200 pmol), dissolved in methylene 
chloride (240 ml) containing trimethyl orthoformate (2.56 
ml), was added to dry trichloroacetic acid (12-3 g) in 
methylene chloride (240 ml); the resulting mixture was 
stirred overnight under oxygen in the dark. The amounts 
of reactants (per ml of reaction mixture) were 2.5 pmol 
bilene, 50 pmol trimethyl orthoformate, and 150 pmol tri- 
chloroacetic acid. The methylene chloride solution was 
washed with N-sodium carbonate solution (4 x 100 ml) 
ancl then with water (5 x 100 ml), dried (MgSO,), and 
evaporated. The residue was taken up in a little methylene 
chloride, filtered through alumina (Woelm activity 111) to 
remove methene-like by-products, and finally chromato- 
graphed on alumina (Woelm activity 111) in benzene- 
methylene chloride (1 : 1). The porphyrinic eluate gave a 
purple solid (262 mg) which was triturated with ether; the 
mixture was filtered to give coproporphyrin-111 tetramethyl 
ester (198 mg, 23%). Crystallisation from methylene 
chloride-methanol (twice) gave the porphyrin (169 mg) as 
purple needles, softening a t  150-155' and melting at  
179-182O (lit.,2 153-155" and 178-182"; natural material, 
153-156" and 178-182") (Found: C, 67.3; H, 6-5; N, 
7.8. Calc. for C40H46N408: C, 67.6; H, 6 - 5 ;  N, 7.9%). 

Coproficwphyrin-IV Tetramethyl Ester (4) .-The corre- 
sponding a-oxobilane dibenzyl ester (0.90 g )  was carried 
through the same sequence of reactions as in the preparation 
of the isomeric coproporphyrin-111 tetramethyl ester. A 
solution of the intermediate bilene (695 mg) in methylene 
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chloride (168 ml) containing trimethyl orthoformate (0.88 
ml) was added to dry trichloroacetic acid (8-2 g) in methyl- 
ene chloride (168 ml), and the resulting mixture was stirred 
overnight under oxygen in the dark. (Amounts of reactants 
per ml of reaction mixture were 2.5 pmol bilene, 25 pmol 
trimethyl orthoformate, and 150 pmol trichloroacetic acid.) 
After chromatography the porphyrinic eluate was con- 
centrated to give a purple solid (220 mg), which on tritura- 
tion with ether followed by filtration gave coproporphyrin- 
IV tetramethyl ester (158 mg, 24%). Crystallisation from 
methylene chloride-methanol-ether gave the porphyrin 
(131 mg) as purple needles, m.p. 168-170 and 183-185' 
(lit.,a 183-184' and 182-184") (Found: C, 67.5; H, 6.3; 
N, 8-2. Calc. for CPOHPBN408: C, 67-6; H, 6.5; N,  7.9%). 

2-EthyZ-4,6,7-tris-(2-me~hoxyca~~onylet~zyZ)-l,3,5,8-tet~a- 
n/lethyZporphyrin.-The corresponding a-oxobilane dibenzyl 
ester (1.12 g ,  1.2 mmol) was carried through the same 
sequence of reactions as in the preparation of the foregoing 
coproporphyrin-I11 tetramethyl ester. In  the preparation 
of the intermediate bilene the bilane diacid was taken up in 
tetrahydrofuran (60 ml) and diluted with dry peroxide-free 

ether (288 ml). This stirred solution was cooled to -25' 
and t-butyl hypochlorite (0.144 ml) in dry peroxide-free 
ether (80 ml) cooled to 0" was added during 2 h in the dark. 
Cyclisation under the standard conditions afforded the 
poyphyyin (1 81 mg, 23%), which crystallised from methylene 
chloride-methanol as purple needles, m.p. 231-233" 
(Found: C, 70-3; H, 6.8; N, 8-6. C,,H,,N,O, requires C, 
69.9; H, 6.8; N, S-6%), T (CDCl,; 0 . 1 5 ~ ) ,  0.85, 0.87, and 
0.09 (2H) (4  x meso-H), 6.04 (m), 7.02 (m), and 6.61 
([CH,],-CO,Me), 6.73 and 6.80 (9H) (4 x Me), ca. 6.0 (m) 
and 8-37 (t) (Et), and 13.85 (NH). 
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