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Synthetic Approaches to Versatile Hemoprotein Model Compounds Built 
from Porphyrins and Peptides 
By Anthony H. Jacks0n.t (the late) George W. Kenner, Kevin M. Smith,$ and Colin J. Suckling,O The 

Robert Robinson Laboratories, University of Liverpool, P.O. Box 147, Liverpool L69 3BX 

Several strategies for the preparation of mono- and bi-functional porphyrins (amino and carboxylate) to which 
oligopeptides can be attached have been investigated. A porphyrinyl amino-acid derivative has been synthesised 
by coupling a porphyrin monopropionate with phenylalanine methyl ester. Routes to pyrroles bearing butoxy- 
carbonylaminoethyl side-chains via Curtius-type degradations, are described, and their potential for elaboration into 
porphyrins is discussed. The most promising bifunctional porphyrin with differentially protected amino and 
carboxylate side-chains was found to be the butoxycarbonylhydrazido methyl ester derivative of mesoporphyrin-11. 

ONE of the most remarkable features of hemoprotein 
chemistry is the way in which the electronic structure of 
the ubiquitous heme prosthetic group is modified by the 
protein environment around it, such that the various 
hemoproteins perform widely differing and unique 
functions. Thus, an iron(I1) porphyrin in solution is 
readily oxidized by oxygen whereas a similar complex 
embedded in a hydrophobic protein pocket becomes a 
reversible oxygen-carrier or, if a thiolate is attached as 
an axial ligand, the complex becomes a vital mono- 
oxygenase.3 Great progress in understanding the 
versatility of hemes has come from the study of model 
systems which reproduce, in part, the natural local 
environment of the protein-bound heme; 4-7 however, in 
none of these systems is the environment controlled by 
the natural medium, namely a polypeptide. We wished 
to synthesize a series of model compounds in which the 
environment around the prosthetic iron atom could be 
closely controlled with the wide variation of structures 
possible using peptides attached as loops to porphyrins. 
With a series of such compounds to hand, it would be 
possible to study the fine gradation of properties of the 
heme as its environment is altered by different peptides. 
In the present paper we describe routes which are cap- 
able of leading to porphyrinyl peptides and of achieving 
these objectives. However, the versatility of the planned 
model system imposes a penalty in complexity, and the 
synthetic programme needed to be approached in stages. 
Further developments of this work have already led to 
the stepwise synthesis of dipeptidylporphyrins.8 

RESULTS A N D  DISCUSSION 

Many of the amino-acids which act as ligands for iron 
in hemoproteins bear reactive side-chains (histidine, 
t yrosine, cyst ein e, and met hionine) and, accordingly, 
mild methods for coupling amino-acids to  porphyrins 
must be established. At the time this work was begun, 
such reactions were not well known, although some 
simple peptide derivatives of porphyrins had been 
r e p ~ r t e d . ~  We chose to study the coupling reactions of 
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porphyrins and amino-acids initially using monofunc- 
tional porphyrins. Accordingly, the synthesis of the 
monopropionate porphyrin (6) was attempted by the b- 
bilene route (Scheme 1) .lo The 2-acetoxymethylpyrrole 
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(1) was prepared from the corresponding 2-methyl- 
pyrrole l1 by oxidation with lead tetra-acetate in glacial 
acetic acid and was then coupled with the 2-unsubstituted 
pyrrole (2) in boiling glacial acetic acid to give the di- 
pyrromethane (3a). Hydrogenolysis of (3a) afforded the 
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dipyrromethanecarboxylic acid (3b) which was de- 
carboxylated and f ormylated (using the Vilsmeier pro- 
cedure) to give the dipyrromethane (3c). The key tetra- 
pyrrolic intermediate, the b-bilene (5 ) ,  was readily 
obtained by condensation of dipyrromethanes (3c) and 
(4) in methylene chloride containing toluene-9-sulphonic 
acid (66% yield). De-blocking of the t-butyl esters was 
accomplished using cold trifhoroacetic acid, and 
synthesis of the porphyrin (6) was completed by cycliz- 
ation with trimethyl orthoformate in the presence of 
trichloroacetic acid; a 43% yield of porphyrin was 
obtained from the b-bilene (5). Chromatographic 
purification of this material showed that a mixture of 
porphyrins had been obtained; 96% of the product was 
the required monopropionic porphyrin (6), and the by- 
product (4%) was shown to be mesoporphyrin-IV di- 
methyl ester by combustion analysis, spectroscopy, and 
mixed melting point determination. The latter pre- 
sumably arose from a symmetrical impurity in the bilene 
derived from the pyrromethane (4). 

Coupling of Amino-acids to Mono functional Porphyrins. 
-Exploratory coupling reactions were carried out using 
procedures typical of modem peptide syntheses using the 
methyl ester of phenylalanine as a representative amino- 
acid. Because the molecular ion of porphyrins is usually 
the base peak, and fragmentations are weak,12 it was 
convenient to conduct small-scale preliminary reactions 
using mass spectrometry as the primary analytical tool. 

Hydrolysis of the porphyrin ester (6) afforded the cor- 
responding acid (7) (Scheme 2). Although the carboxyl- 
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ate group could be activated via the 2,4,5-trichlorophenyl 
ester (8) or by dicyclohexylcarbodi-imide, very low yields 
of porphyrinyl amino-acid were obtained, and the 
acylurea (10) was a major by-product. In contrast to 
normal peptide synthesis the best results were achieved 
using the acid chloride (1 1) derived from the acid (7) with 
oxalyl chloride, when a 47% yield of the porphyrinyl 
amide (9) was obtained. Subsequently it was found that 
porphyrinylacyl imidazolides are superior to acid 
chlorides for this reaction.8 

Design of a Versatile Hemoprotein Model System- 
Having established in the preliminary studies that por- 
phyrins and amino-acids will couple under mild condi- 
tions, it was possible to  plan a synthetic route to a hemo- 
protein model system. Examination of molecular 
models showed that a pentapeptide would be the shortest 
polypeptide able to span a porphyrin ring through two 
ethyl substituents. Such a peptide could be synthesized 
conveniently with N-terminal benzyloxycarbonyl and C -  
terminal t-butyl ester protecting groups so as to be 
attached to the porphyrin using the data available from 
our preliminary work. The choice of protecting groups 
favoured the use of a base-labile blocking group for the 
C-terminus of the porphyrin and an acid-sensitive one (of 
comparable lability to a t-butyl ester) for the amino 
terminus (Scheme 3). 
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Two distinct approaches were available for the synthe- 
sis of a bifunctional porphyrin such as that illustrated 
schematically by (12) in Scheme 3. Firstly, the por- 
phyrin could be constructed from pyrroles which have 
the required protected side-chains already built in, or, 
secondly, differential protection of the ' ends ' could be 
accomplished at a later stage, presumably after form- 
ation of the porphyrin macrocycle. Studies of both 
approaches are discussed below. 

Synthesis via protected pyrroles. Since a porphyrin 
methoxycarbonyl-ester substituent is readily available 
from standard pyrrole syntheses, the key to success in 
this approach revolved around the preparation of an 
acid-labile aminoethylpyrrole. Although Fischer l3 had 
shown that the Curtius degradation applied to 2-methoxy- 
carbonylet hylp yrroles readily leads to aminoet hyl- 
pyrroles and Collier et aL1* had used a more lengthy route 
via 3-formyl- and 3-nitrostyryl-pyrroles, neither approach 
had led to compounds with the required acid-labile pro- 
tecting group. We therefore chose to develop a Curtius 
degradation method to produce t-butoxycarbonylamino- 
ethylpyrroles (Scheme 4). Treatment of the pyrrole di- 
ester (13a) with hydrazine hydrate in boiling ethanol 
afforded the hydrazide (13b) which was converted via 
the azide into the non-crystalline isocyanate (14). The 
compound was not usually isolated, but was converted 
directly into the t -but oxycarbonyl-protect ed amino- 
ethylpyrrole (15a) by acid-catalysed butanolysis.16 
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Dilute benzene solution was used to avoid self-condens- 
ation to form a bis-pyrrolylurea. 

The availability of the pyrrole urethane (15a) prompted 
an attempt to incorporate it into a stepwise porphyrin 
synthesis. Routes involving acidic conditions, such as 
the b-bilene l1 or a,c-biladiene l6 routes, were obviously 
inappropriate, but we had previously incorporated a 
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t-butyl ester l7 into a b-oxobilane synthesis,ls so this 
route was chosen. The remaining problem was the 
selective protection of the 5,5'-carboxylates in the di- 
pyrromethane intermediate (18) so that a single half-acid 
(18e) could be prepared. Following previous work,ll 
the pentachlorophenyl ester was chosen ; the pyrrole 
urethane (15a) was accordingly hydrogenolysed and the 
carboxylic acid was converted directly into the penta- 
chlorophenyl ester (15b). This compound was reluctant 
to undergo activation for dipyrromethane formation, 
lead tetra-acetate, N-bromosuccinimide, and t-butyl 
hypochlorite all reacting very slowly with the 2-methyl 
group. However, if the sequence of operations was 
reversed, namely that activation [(lsa) - (16a)l was 
carried out prior to transesterification [(l6a) - (16b)], 
then the required pyrrole (l6b) was obtained. Un- 
fortunately, the subsequent coupling of the pyrrole (16b) 
with the 2-unsubstituted pyrrole (17) to give the pyrro- 
methane (18b) took place in unacceptably low yield 
(15%). Presumably this was due to the low electro- 
philicity of the pyrrole (l6b) engendered by the strongly 
electron-withdrawing pentachlorophenyl ester. Un- 
fortunately the related trichlorophenyl ester (16c) fared 
little better in the coupling reaction, even though it 
could be prepared directly from the precursor pyrrole 
(15c). This approach to bifunctional porphyrin syn- 
thesis was therefore discontinued. 

Synthesis via diflerentially protected porphyrins. The 
first target in this alternative approach was the dif- 
f erentially protected mesoporphyrin-V di-ester (23) 
(Scheme 5 ) ,  which was approached by the b-bilene 
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route.1° Since this route to porphyrins utilises t-butyl 
esters of pyrrole-2-carboxylic acids, selective protection 
of the propionic side-chain was planned using trichloro- 
phenyl and methyl esters, introduced at  the dipyrro- 
methane stage. Dipyrromethane (20a), obtained from 
the 2-acetoxymethylpyrrole (19) and the 2-unsubstituted 
pyrrole (2) was hydrolysed specifically at  the methyl 
ester using aqueous dioxan containing sodium hydroxide, 
and afforded the carboxylic acid (20b) which was re- 
esterified using dicyclohexylcarbodi-imide, to give the 
dipyrromethane (20c) required for the b-bilene prepar- 
ation. This was accomplished by condensation of the 
formyldipyrromethane (21) lo with the carboxylic acid 
(20d) (derived by hydrogenolysis of (~OC)]  to yield the 
b-bilene (22). Disappointingly, cyclization of the b- 
bilene as described previously lo gave a mixture of por- 
phyrins, most of which did not contain a trichlorophenyl 
ester ; model reactions, reproducing the cyclization con- 
ditions, with pyrrole substrates revealed that trans- 
esterification of the active ester takes place readily. 

At this stage we turned our attention to the a,c-bil- 
adiene route developed by Johnson and his co-workers.l6 
The target was mesoporphyrin-11 dimethyl ester, which 
has since been synthesized more efficiently by Chang l9 
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using the dipyrromethane-formic acid procedure.20 
Our synthesis circumvents the problem of the reluctance 
of pyrroles bearing 2-formyl substituents to decarboxyl- 
ate and condense to form dipyrromethane salts. Al- 
though not the most direct route now available to meso- 
porphyrin-11, our approach 
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generality not otherwise available and is more useful 
where a less symmetrical porphyrin is required. The 
pyrrolecarbaldehyde (24a) cannot be decarboxylated 
directly, but conversion of the aldehyde into its semi- 
carbazone reduces the electron demand sufficiently to 
allow decarboxylation and condensation to form con- 
comitantly the dipyrromethane in methanolic hydro- 
bromic acid. This dipyrromethene was brominated to 
give the dibromo-derivative (26) and the two were 
coupled and cyclised in the usual way 8g16 to give meso- 
porphyrin-I1 dimethyl ester (28a) via the a,c-biladiene 
dihydrobromide (27). 

Conversion of mesoporphyrin-I1 dimethyl ester into a 
differentially protected amino-porphyrin-acid required 
half-hydrolysis. This was easily accomplished using 
methanolic barium or potassium hydroxide ; under 
these conditions the half-acid (28b) was precipitated. 

Either the ester or the acid side-chain could be converted 
into the arnino-function, by Curtius degradation, but a 
shorter route was found. The porphyrin half-acid (28b) 
was activated as its acid chloride (28c) using oxalyl 
chloride, and then converted into the substituted hydr- 
azide (28d) in high yield. The butoxycarbonylhydrazide 
(28d) possesses the required selective protection, a base- 
labile carboxy-group and an acid-labile amino-group, and 
is well-suited for elaboration to a versatile porphyrinyl- 
peptide model system. I t  remains for the reactions of 
protected pentapeptides with the porphyrin (28d) , after 
deprotection, to be investigated. 

EXPERIMENTAL 

M.p.s were measured on a microscopic hot-stage, and are 
uncorrected. Monitoring of all reactions was performed on 
glass slides coated with Merck GF 254 silica gel. Column 
chromatography was carried out using Woelm neutral 
alumina, Brockman grade 111. All reactions were per- 
formed under an atmosphere of nitrogen in dry conditions, 
and usually also in the dark (aluminium foil). Electronic 
absorption spectra were measured using a Unicam SP-800 
spectrophotometer, usually for solutions in methylene di- 
chloride. lH N.m.r. spectra were measured on a Varian 
HA- 100 or XL- 100 instrument, usually with deuteriochloro- 
form as solvent and tetramethylsilane as internal standard. 
Mass spectra (direct insertion probe, 70 eV, 50 p A, source 
temp. ca. 200 "C) were measured either on an AEI MS 12 or 
an A E I  MS 902 (high resolution determinations) instrument. 
Throughout, ether refers to diethyl ether. 

t-Butyl5-A~etoxyrnefhyl-4-ethyl-3-rnethylpyrrole-2-carboxyl- 
abe (1) .-To a solution of t-butyl 4-ethyl-3,Cj-dimethyl- 
pyrrole-2-carboxylate (22.3 g) in glacial acetic acid (600 ml) 
and acetic anhydride (50 ml) was added lead tetra-acetate 
(48.6 g) in portions with stirring during 4 h. After being 
allowed to stand a t  room temperature for 18 h, the solution 
was added dropwise to stirred water (2 1). The precipitated 
pyrrole was filtered off and dried in  vacuo; i t  recrystallized 
from hexane as colourless needles (25.8 g, 96y0), m.p. 115- 
116 "C (Found: C, 64.2; H, 8.0; N, 5.0. C,5H,,N0, 
requires C, 64.0; H ,  8.2; N, 5.0%); 7 0.54 (1 H, br s, NH), 
4.95 (2 H,  s, CH20), 7.56 and 8.90 (2 H, q, and 3 H, t, CH2- 
CH,), 7.99 (3 H, s, CH,CO), and 8.46 (9 H,  s, But). 

Benzyl 4- (2-Hydrazidoethyl)-3,5-dirnethyl~yrrole-2-ca~b- 
oxylate ( 13b) .-Benzyl4-(2-methoxyoxycarbonylethyl)-3,5- 
dimethylpyrrole-2-carboxylate (4.7 g) was dissolved in 
absolute ethanol (3 ml) containing hydrazine hydrate (1.2 g;  
95%) and the solution was heated under reflux for 3 h. 
The solution was cooled and ether added to produce a white 
crystalline precipitate; this was filtered off, washed success- 
ively with ethanol and ether, and then dried in vacuo. 
The required hydrazide was obtained as colourless needles 
(4.7 g, loo%), m.p. 154-155 "C, after recrystallization from 
aqueous ethanol (Found: C, 65.0; H, 6.9; N, 13.2. C17- 
H,,N,O, requires C, 64.7; H, 6.7; N, 13.3%); T (CF,CO,- 
H) 1.01 (1 H, b r s ,  NH); 2.62 and 4.65 (5H, s a n d  2 H ,  s, 
PhCH,), 6.9 and 7.5 (4 H, m, CH,CH,), and 7.70 and 7.76 
(each 3 H, s, CH,). 

4 (2-t- Butoxycarbonylauninoet hyl) - 3,5-dirnethyZ- 
pyrrole-2-carboxylate ( 15a) .-Benzyl 4-(2-hydrazidoethyl)- 
3,5-dimethylpyrrole-2-carboxylate ( 13b) (6.26 g) was sus- 
pended in dilute hydrochloric acid (0.5~; 50 ml) and the 
mixture was cooled to 0 "C whilst being stirred. A cold 

Benzy 1 
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solution of sodium nitrite (1.16 g) in water (20 ml) was added 
dropwise to  the suspension during 30 min, and the precipit. 
ated azide was extracted into methylene chloride (50 ml); 
this was then washed with water (100 ml), dried (MgSO,), 
and evaporated to  dryness, The pale brown syrupy residue 
was redissolved in dry benzene (400 ml), and the solution 
was heated under reflux for 2 h. t-Butyl alcohol (3 g) and 
trifluoroacetic acid (230 mg) were added and the solution 
was heated under reflux until the i.r. spectrum showed com- 
plete decomposition of the isocyanate (2-4 h).  The brown 
solution was evaporated to dryness to give a solid which 
recrystallized from methylene dichloride-hexane as fluffy 
white needles (4.66 g, 63%), m.p. 124-125 "C (Found: C, 
67.6; H, 7.5; N, 7.9. C,,H,,N,O, requires C, 67.7; H ,  
7.6; N, 7.5%); T 0.79 (1 H ,  br s, NH), 2.71 and 4.74 (5 H, 
s and 2 H, s, PhCH,), 5.40 (2 H, br s, CH,NH), 6.82 and 7.43 
( 2  H, q and 2 H, t, CH,CH,), 7.69 and 7.80 (each 3 H, s, CH,), 
and 8.58 (9 H, s, But). 

Pentachlorophenyl 3,5-Dimethyl-4- (2-t-butoxycarbonyl- 
aminoethyljpyrrole-2-cavboxylate ( 15b) .-Benzyl 3,5-di- 
methyl-4- (2-t- butoxycarbonylaminoethyl) pyrrole-2-carb- 
oxylate (15a) (4.7 g) was dissolved in tetrahydrofuran 
(250 ml) and hydrogenated over 10% palladised charcoal 
(1 g) in the presence of triethylamine (0.5 ml) for 2 h. The 
catalyst was then filtered off onto Celite and the residue was 
evaporated to dryness under reduced pressure. The residual 
colourless solid foam was dissolved in dry methylene 
chloride (150 ml) and the solution was cooled to 0 "C with 
stirring. l'entachlorophenol (3.0 g) and dicyclohexylcar- 
bodi-imide (2.6 g) were added and the solution was stirred 
a t  0 "C for a further 40 h. The precipitated dicyclohexyl- 
urea was filtered off and the filtrate was evaporated to 
dryness. Trituration with hexane crystallized a small 
quantity of pyrrolyl-acylurea by-product, and the remaining 
oil was filtered through alumina (100 g), the required penta- 
chlorophenyl ester being eluted with benzene. Recrystat- 
lization from methylene dichloride-hexane gave colourless 
plates (4.91 g, 73%) (Found: C, 44.8; H, 4.0; N, 5.1. 
C,,H,,Cl,N,O, requires C, 45.1; H ,  4.3; N, 5.3%); T 0.48 
(1 H, br s, NH), 5.30 (1 H I  br s, NHCO), 6.78 and 7.37 
(2 H, q and 2 H, t, CH,CH,), 7.64 and 7.79 (each 3 H,  s, 
CH,), and 8.57 (9 H ,  s ,  But). 

2,4,5-Trichlovophenyl 3,5-Dimethyl-4-(2-t-butoxycavbonyl- 
amznoethyl)pyrrole-Z-carboxylate ( 15c) .-This compound was 
prepared in the same manner as the one above, but using 
2,4,5-trichlorophenol. The yield was 7674 and reaction for 
only 20 h a t  0 "C was required. The tvichlovopheizyl ester 
was recrystallized from methanol, m.p. 152-153 "C 
(Found: C, 52.0; H,  5.3; N, 5.8. C2,H,,C1,N,0, requires 
C ,  51.8; H, 5.4; N, 6.0%); T 2.45 and 2.60 (each 1 H ,  s ,  
phenyl-H), 6.83 and 7.37 (2 H,  q and 2 H, t, CH,CH,), 
7.62 and 7.i4 (each 3 H, s, CH,), and 8.57 (9 H ,  s, Biit). 

Pentachlovopkenyl 5-Acetoxy^tnethyl-3-metl~yl-4-(2-t-bzrtoxy- 
cavbon~lami izoe th~~l )~~y1~vole-2-cavbox~la te  ( 16b) .-This com- 
pound was prepared in an analogous manner to the above 
pyrroles from benzyl 5-acetoxymethyl-3-methyl-4-(2-t- 
butoxycarbonylaminoethyl)pyrrole-2-carboxylate ( 16a) in 
70% yield; 48 h were required for the esterification and the 
product recrystallized from methanol as colourless pvisms, 
m.p. 180-181 "C (Found: C, 45.1; H ,  4.3; N ,  4.6. C,,H,,- 
Cl,N,O, requires C, 44.9; H, 3.9; N, 4.8%); T 0.50 ( I  H,  
br s, NH), 4.89 (2 H, s ,  CH,O), 5.30 (1 €3, br s, NHCO), 
6.72 and 7.28 (2 H ,  q and 2 H ,  t ,  CH,CH,), 7.61 (3 H, s, 
CH,), 7.89 ( 3  H, s, CH,CO), and 8.57 (9 H, s, But). 

Benzyl 5-Acetoxymethyl-3-methyl-4-(2-t-butoxycarbonyl- 

aminoethyl)pyrvole-2-cavboxyZate ( 16a) .-To a solution of 
benzyl-3,5-dimethyl-4- (2-t-butoxycarbonylaminoethyl) - 
pyrrole-2-carboxylate (13b) (4.8 g) in glacial acetic acid (75 
ml) containing acetic anhydride (2 ml) was added lead 
tetra-acetate (6.3 g) in small portions with stirring during 
2 h. The solution was set aside overnight and was then 
poured into water (500 ml) and chloroform (500 ml). The 
mixture was shaken and separated and the organic phase 
was then washed with saturated aqueous sodium carbonate 
(400 ml) and water (500 ml) and finally dried (MgSO,) and 
evaporated to dryness under reduced pressure. The 
residue was crystallized by trituration with hexane, and then 
recrystallized from methylene dichloride-hexane to  give the 
acetoxymethylpyrrole (4.8 g, 87 yo) as colourless needles, 
m.p. 115-116 "C (Found: C ,  64.0; H, 7.2; N, 6.6. C23- 
H,,N,O, requires C, 64.2; H, 7.0; N, 6.5%); T 2.71 and 
4.69 (5 HI s and 2 H, s, PhCH,), 4.97 (2 HI s, CH,O), 6.79 
and 7.38 ( 2  H, q and 2 H, t ,  CH,CH,), 7.71 (3 HI s, CH,), 
7.96 (3 H, s, CH,CH,CO), and 8.58 (9 HI s, But). 

methane-5-carboxylic A czd (3b) .-Benzyl 3-ethyl-2-iodo-4- 
methylpyrrole-5-carboxylate (1 6.3 g) was hydrogenated in 
methanol (250 ml) containing anhydrous sodium acetate 
(15 g) and Adams platinum oxide catalyst (200 mg) a t  room 
temperature for 3 h. The methanol was evaporated and the 
residue was extracted with methylene dichloride (400 ml) 
after addition of water (400 ml). The organic phase was 
dried (MgSO,), filtered, and evaporated to dryness to give 
benzyl 3-ethyl-4-methylpyrrole-5-carboxylate as an oil. 
This was heated with t-butyl 2-acetoxymethyl-3-ethyl-4- 
methylpyrrole-5-carboxylate (9  g) and anhydrous sodium 
acetate (15 g) in glacial acetic acid (200 ml) a t  120-130 "C 
for 45 min. The mixture was then cooled, poured into 
water (500 ml), and extracted with methylene dichloride 
(500 ml); this was then washed with water (3 x 200 ml), 
dried (MgSO,), and evaporated to dryness to give benzyl 
3,3' -diethyl-4,4'-dirvtethyl-5 '-t-butoxycarbonyldipyvromethane- 
5-cavboxylate (3a) (9.8 g, 71%) as an oil which could not be 
induced to crystallize [T 0.63 and 1.01 (each 1 H, br s ,  NH), 
2.71 and 4.77 (5 H, s and 2 H, s, Ph-CH,), 6.17 (2 H, s, 
methane-CH,), 7.54 and 7.76 (each 3 H, s,  CH,), 7.60 and 
9.10 (4 H, q and 6 HI t, CH2-CH,), and 8.51 (9  H, s ,  
But)]. 

A solution of the dipyrromethane (3a) (8.9 g) in tetrahydro- 
furan (1 250 ml) and triethylamine (0.8 ml) was hydrogen- 
ated a t  room temperature for 3 d over 10% palladised char- 
coal (1.8 g). The catalyst was filtered off onto Celite and 
the filtrate was evaporated to dryness to give an oily residue 
which crystallized upon trituration with ether. The 
dipyvvonzethane recrystallized from methylene dichloride- 
ether-benzene as colourless needles (7.2 g, 98yo), m.p. 
179-180 "C (dec.) (Found: C, 67.3; H, 7.9; N, 7.6. 
C,,H,,N,O, requires C, 67.4; H, 8.1; N, 7.5%); 7 -0.84 
and - 1.38 (each 1 H, br s ,  NH), 6.25 (2 H, s ,  niethane-CH,), 
7.51 and 8.93 (4 H, m and 6 H,  m, CH,CH,), 7.60 and 7.78 
(each 3 H,  s, CH,), and 8.45 (9 H ,  s ,  But). 

t-Butyl 3,3'-Diethyl-5-formyl-4,4'-dim~t~~yldipyv~o~~ethane- 
5'-carboxylatc (3c) .-The dipyrromethanecarboxylic acid 
(3b) (7.0 g) was dissolved in methylene dichloride (400 ml) 
and a solution of toluene-p-sulphonic acid hydrate (7.0 g) in 
methanol (100 ml) was added. After being stirred for 1 h 
a t  room temperature, the solution was washed with aqueous 
sodium carbonate (2%;  400 ml), dried (MgSO,), and then 
evaporated to dryness. The red residue was dissolved in 
dry methylene dichloride (400 ml) and added to a stirred 

3,3'- Diet~~yl-4,4'-dimethyl-5'-t-butoxyca~bonyld~~y~ro- 
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suspension of calcium carbonate (AnalaR; 1 g) and di- 
methylformamide (DMF) -phosphoryl chloride complex 
(1.25 g, DMF and 2.6 g POCl,), and then stirred for a further 
20 min at room temperature. A solution of sodium acetate 
in water (15%; 400 ml) was slowly added to the mixture 
which was stirred vigorously for 40 min. It was then care- 
fdlly neutralized with solid sodium carbonate and the organic 
layer was separated and washed with water (3 x 500 ml), 
dried (MgSO,), and evaporated to dryness. The residual 
oil was chromatographed on alumina (300 g, elution with 
benzene) and the appropriate eluates were evaporated to 
dryness. The residue recrystallized from hexane as colour- 
less needles (3.6 g, 50y0), m.p. 168-170 "C (Found: C, 
70.4; H, 8.4; N, 7.8. C,,H,,N,O, requires C, 70.4; H,  
8.4; N, 7.80/,), 7 -0.41 and 0.53 (each 1 HI br s, NH), 0.53 
(1 HI s, CHO), 6.08 (2 H, s, methane-CH,), 7.46 and 8.95 
(4 H, q and 6 H, t, CH,CH,), and 7.72 and 7.77 (each 3 H, s, 
CH,), and 8.50 (9 H, s, But). 

Benzyl 3-Ethyl-4,4'-dimethyl-3'-(2-t-butoxycarbonyZamino- 
ethyl) 5'-(2,4,5-trichoZorophenoxycarbonyl)dipyrromethane-5- 
curboxylute ( 18b) .-2,4,5-Trichlorophenyl 2-acetoxymethyl- 
4-methyl-3-( 2-t- butoxycarbonylaminomethyl)pyrrole-5- 
carboxylate (16c) was prepared in 95% yield by treatment 
of the corresponding 2-methylpyrrole ( 15c) with lead tetra- 
acetate in acetic acid and acetic anhydride, as described 
above for compound (16a). This material was not fully 
characterized, but its n.m.r. spectrum was compatible with 
the proposed structure [z 0.46 (1 H,  br s, NH), 2.49 and 2.63 
(each 1 H, s, phenyl-H), 4.98 (2 H,  s,  CH,O), 5.20 (1 H, t, 
NHCO), 6.79 and 7.34 (2 H, q and 2 H, t, CH,CH,), 7.67 
(3 HI s, CH,), 7.94 (3 H, s, COCH,), and 8.59 (9 H, s, But)]. 
Compound (16c) (10.4 g), benzyl 2-ethyl-3-methylpyrrole-5- 
carboxylate (4.84 g), and sodium acetate (12 g) were dis- 
solved in glacial acetic acid (200 ml) and the solution was 
heated under reflux for 40 min. It was cooled, poured into 
water (1 l), and then extracted with methylene dichloride 
(500 ml). The organic phase was washed with water (1 l), 
saturated aqueous sodium carbonate (1 l), with water again 
(1 l), and dried (MgSO,). Evaporation gave a brown oily 
residue which was chromatographed on alumina (elution 
with 10% ethyl acetate in benzene) to give the dipyrro- 
methane as a light brown solid foam (5.7 g, 4004), which 
could not be induced to crystallize; T 0.05 and 0.22 (each 
1 H, br s, NH), 2.69 (2 H), 2.72 (5 H), and 4.80 (2 H) ,  (each 
s, phenyl-H, Ph, and PhMCH,), 5.12 (1 H, s ,  NHCO), 6.11 
(2 H, s, methane-CH,), 6.6-7.8 (6 H, m, CH,CH, and 
CH,CH,), 7.73 and 7.75 (each 3 H, s, CH,), 8.61 (9 H,  s, 
But), and 9.00 (3 H, t, CH,CH,). 

Benzyl 3-Ethyl-3'- (2-methoxycarbonyZethy1) -4,4'-dimethyl- 
5'-t-butoxycavbonyZdipyvvornethane-5-carboxyZate (20a) .- 
This compound was prepared in an analogous manner to 
that described above from benzyl 3-ethyl-4-methyl- 
pyrrole-5-carboxylate (6.0 g) and t-butyl 2-acetoxymethyl- 
3- (2-methoxycarbonylethyl)-4-1nethylpyrrole-5-carboxylate 
(8.6 g)  in 71% yield. It was recrystallized from methylene 
dichloride-methanol and had m.p. 104-105 "C (Found: C, 
68.4; H, 7.1; N, 5.5. C,,H,,N,O, requires C, 68.9; H,  
7.3; N, 5.4%); 7 0.43 and 1.04 (each 1 H, br s, NH), 2.70 
and 4.78 (5 H, s and 2 H, s,  PhCH,), 6.11 (2 H, s, methane- 
CH,), 6.42 (3 H, s, OCH,), 7.2-7.8 (6 H, m, CH,CH, and 
CH,CH,), 7.71 and 7.79 (each 3 H, s, CH,), 8.53 (9 H, s ,  
But), and 8.90 (3 H, t, CH,CH,). 

Benzyl 3-Ethyl-4,4'-dimethyl-5'-t-butoxy~arbonyl-3'-[2- 
(2,4,5-trichlorophenoxycarbonylethyl)] dipyrromethane-5-curb- 
oxylate (2Oc) .-Benzyl 3-ethyl-3'-(2-methoxycarbonyl- 

ethyl) -4,4'-dimethyl-5'-t-butoxycarbonyldipyrromethane- 
5-carboxylate (20a) (5 g) was dissolved in dioxan (150 ml) 
and a solution of sodium hydroxide (1.2 g) in water (150 ml) 
was added. The solution was stirred a t  room temperature 
for 3 h and then neutralized with dilute hydrochloric acid, 
The pyrromethane was extracted into methylene dichloride 
(100 mi) and the extract was washed with water, dried 
(MgSO,), and then evaporated to dryness. The residue 
was then treated in either of two ways: 

(a) It was dissolved in ethyl acetate (200 ml) and 2,4,5- 
trichlorophenol (1.9 g) was added. After being cooled to 
0 "C with stirring, dicyclohexylcarbodi-imide (2 g) was added 
and the solution was stirred a t  0 "C for a further 30 min. 
The solution was allowed to warm to room temperature and 
was then further stirred for 3 h, after which time analytical 
t.1.c. showed the reaction to be complete. Glacial acetic 
acid (1.0 ml) was added and, after being stirred for 10 min, 
the precipitate of dicyclohexylurea was filtered off. The 
filtrate was evaporated to dryness and the residual oil was 
chromatographed on alumina (150 g, elution with benzene). 
Evaporation of the appropriate eluates gave the dipyrro- 
methane which recrystallized from methylene dichloride- 
hexane as colourless needles (1.6 g, 2Oy0), m.p. 70-71 "C; 
z 0.42 and 0.62 (each 1 H, br s, NH), 2.72 and 4.75 (5 H, s 
and 2 H, s, PhCH,), 2.53 and 2.90 (each 1 H, d, phenyl-H), 
6.12 (2 HI  s, methane-CH,), 7.07-7.85 (6 H, m, CN,CH, and 
CH,CH,), 7.64 (6 H,  s, CH,), 8.51 (9 H ,  s, But), and 9.01 (3 H, 
t, CH,CH,). 

(b) The residue was dissolved in dry benzene (50 ml) and 
oxalyl chloride (5 ml) was added. After 1 h the mixture 
was evaporated to dryness and then further portions of 
benzene (3 x 20 ml) were added and evaporated success- 
ively. The residue was dissolved in carbon tetrachloride 
(AnalaR; 200 ml) and 2,4,5-trichlorophenol (1.69 g)  and 
NN-dimethylaniline (1.22 g, redistilled) were added. The 
solution was heated under reflux for 4 h, cooled, washed with 
dilute sulphuric acid (2 x 100 ml; 6 ~ )  and water (3  x 1 l), 
and then dried (MgSO,), and evaporated to dryness. The 
residue was chromatographed on alumina (150 g, elution 
with benzene) and evaporation of the appropriate eluates 
gave the dipyrromethane (2.4 g, 25%) after recrystallization 
as described above. The material from methods (a) and (b) 
was identical by m.p., n.m.r., and t.1.c. comparison. 

4- Ethyl-3'- (2-methoxycarbonylethy I )  -3,4', 5-trimethyldipy vro- 
methene Hydrobromide (25) .-4-( 2-Methoxycarbonylethy1)- 
3-methyl-5-semicarbazidomethylpyrrole (24b) ( 12 g) was 
suspended in methanol (250 ml) and t-butyl 3-ethyl-2,4- 
dimethylpyrrole-5-carboxylate (9.2 g )  and aqueous hydro- 
bromic acid (48% ; 12 ml) were added. The suspension was 
heated under reflux for 5 h before being concentrated and 
chilled. The dipyrromethene salt slowly crystallized in 
many crops and was filtered off and dried. An alternative, 
more rapid work-up was developed whereby the reaction 
mixture was evaporated to dryness and then extracted with 
ethyl acetate (100 ml) . The undissolved semicarbazide 
salts were filtered off and the solution was concentrated 
until crystallization began. The crystals were filtered off 
and were dried under vacuum. This material was usually 
pure enough to use directly in subsequent reactions and the 
yield (17 g) was virtually quantitative. A small sample re- 
crystallized from ethyl acetate-hexane as black needles, m.p. 
118-119 "C (Found: C, 56.8; H, 6.4; N, 7.3. C,,Ha,Br- 
N,O, requires C, 56.7; HI 6.6; N, 7.4%); T (CF,CO,H), 
2.44 and 2.49 (each 1 H, s, 5'-H and methene-H), 6.18 (3 H, 
s, OCH,), 6.58-7.60 (6 HI m, CH,CH, and CH,CH,), 7.34 



J .  CHEM. SOC. PERKIN TRANS. I 1982 

(3 H, s, 5-CH3), 7.57 and 7.75 (each 3 H, s, 3,4‘-CH,), and 
8.80 (3 H, t, CH,CH,). 

5’- Bromo-5-bromomethyl- 3- (2-methoxycnrbonylethyl) -4‘- 
ethyZ-3’, 4-dimethyldipyrrornethene Hydrobromide (26) .-4- 
Ethyl-3’-2 (2-methoxycarbonylethyl) -3,4’, 5-trimethyldipyr- 
romethene hydrobromide (25) (5  g) was suspended in formic 
acid (Analali; 7 ml) and bromine (1.5 ml) was added. 
The suspension was allowed to stand a t  room temper- 
ature for 5 min and was then heated on a water-bath a t  
80-100 “C for 10 min. On cooling a red solid separated 
and, after addition of ether (10 ml) the solid was filtered 
off, washed with ether and then dried in vacuo. It 
was recrystallized from anhydrous formic acid as rust 
brown rhoinbs (4.5 g, 66%), m.p. 156-158 “C (Found: C, 
38.9; H, 4.4; N, 4.9. C,,H,,Rr,N,O, requires C, 38.8; H, 
4.0; N, 5.3%) ; T (CF,CO,H) 2.31 (1 H, s, methane-H), 5.29 
(2 H, s ,  CH,Br), 6.55-7.60 (6 H, m, CH,CH,, CH,CH,), 
7.59 and 7.81 (each 3 H, s, CH,), and 8.72 (3 H, t, CH,CH,). 

Di-t-butyl 2,3,7- Triethyl-6-(2-methoxycarbonylethyl) - 
1,4,5, 8-tetravnethyl-b-bilene- l‘, 8‘-dicarboxylate Hydrochloride 
(5 )  .-t-Bu tyl 3,3’-diethyl-5-formyl-4,4’-dimethyldipyrro- 
methane-5-carboxylate (3c) (2.9 g) and 3-ethyl-3’-(2-meth- 
oxycarbonylethyl) -4,4’-dimethyl-5’-t-butoxycarbonyldi- 
pyrromethane-5-carboxylic acid (3b) (2.98 g) were dissolved 
in methylene dichloride (700 ml) and a solution of toluene-p- 
sulphonic acid nionohydrate (5.2 g) in methanol (180 ml) 
was added. The mixture was stirred a t  20 “C for 30 min, 
then washed with aqueous sodium carbonate (2% ; 1 1) and 
water (1 l ) ,  dried (MgSO,), and evaporated to dryness. 
Dry benzene (2 x 300 ml) was added and then evaporated. 
The residual brown oil was dissolved in methylene dichloride 
(50 ml) and hydrogen chloride gas was blown through the 
solution until i t  was deep red (5  s). Benzene (300 ml) was 
again added and the solution was evaporated to dryness. 
The red oil crystallized on trituration with ether to give 
orange-red needles (3.4 g, 66%). Recrystallization from 
methylene clichloride-hexane gave the b-bilene salt, m.p. 
147-148 “C (decomp.) (Found: C, 67.7; H, 8.0; N, 7.1. 
C,,H,,,ClN,O, requires C, 67.6; H,  7.9; N, 7.3%); T 

-0.82 and 0.27 (each 2 HI br s, NH), 2.52 (1 H, s, methene- 
H), 5.66 (2 H, s ,  methane-CH,), 6.06 (3 H, s ,  OCH,), 7.36- 
7.71 (10 H,  ni, CH,CH,, CH,CH,), 7.70 and 7.75 (each 6 H, 
s, CH,), 8.60 (18 H, s, But), and 8.94 (9 H, t, CH,CH,); 
Al,,,,,. 51 6 nm (E 44 000). 

Di-t-butyl 3,7-Diethyl-6-(2-methoxycarbonyZethyZ)-l,4,5,8- 
tetramethyl 2- [2- (2,4,5-triclzlorophenoxycarbonyl)ethyl)] -b- 
bilene-l’,8’-dicarboxylate Hydrochloride (22) .-This com- 
pound was prepared in an analogous manner to the above b- 
bilene (5) in 7374 yield from 3’-ethyl-4,4’-dimethyl-5-t- 
bu toxycarbonyl-3-[2- (2,4,5-trichlorophenoxycarbonyl) - 
ethyl)dipyrromethane-5’-carboxylic acid (20d) (720 mg) and 
t-butyl 3-ethyl-5’-formyl-3’-(2-methoxycarbonylethyl)-4,4’- 
dimethyldipyrromethane-5-carboxylate (2 1) (480 mg) . Re- 
crystallization from ether gave orange-red needles of the b- 
bilene salt, m.p. 101 “C (Found: C, 60.7; H,  6.4; N, 5.6. 
C,,,H,,Cl,N,O, requires C, 60.7; H, 6.3; N, 5.7%); T 

- 0.50 and 0.89 (each 2 H, br s ,  NH), 2.48 (2 H, s, phenyl-H), 
2.54 (1 H, s, methene-H), 6.08 (2 H, s,  methane-H), 6.33 
(3 H, s, OCH,), 7.08-7.89 (12 H, m, CH,CH,, CH,CH,), 
7.70 (12 H, m, CH,), 8.51 (18 H, s, But), and 8.92 (6 H, t, 
(6 H, t, CH,CH,); A,,,. 508 nm ( E  54 000). 

2,3,7-Triethyl-6-(2-methoxycarbonylethyl) - 1,4,5, 8-tetra- 
methylporphyrin (6) .-Di-t-butyl 2,3,7-triethyl-6-(2-meth- 
oxycarbonylethy1)-1 ,4,5,8-tetramethyl-b-bilene-1’,Sf-di- 
carboxylate hydrochloride (5) (2.1‘ g) was dissolved in tri- 

fluoroacetic acid (30 ml) and nitrogen gas was bubbled 
through the solution for 20 min. The solvent was then 
evaporated under reduced pressure and traces of it were 
removed by evaporation of benzene (50 ml). The residual 
red oil was dissolved in methylene dichloride (1 020 ml) and 
triethylamine (4.2 ml) was added. After a few minutes, 
trimethyl orthoformate (6.3 ml) was added and the solution 
was treated with a solution of trichloroacetic acid in dry 
methylene chloride ( 1 ~ ;  180 ml). After being stirred over- 
night at room temperature, the solution was washed with 
aqueous sodium carbonate (2%; 400 ml), dried (MgSO,), 
and evaporated to dryness. The residue was chromato- 
graphed on alumina (100 g, elution with 1 : 1 benzene- 
methylene chloride). The first band to  be eluted yielded 
the porphyrin monopropionate (667 mg, 43%), m.p. 263 “C, 
after recrystallization from methylene dichloride-methanol 
(Found: C, 76.1; H, 7.5; N, 10.3. C,,H,oN,O, requires C, 
76.1; H, 7.5; N, 10.4%); T ( 0 . 1 ~ ) ~  0.00 (4 H, s, meso-H), 
5.66 (2 HI m, Ar-CH,CH,), 6.34 (3 H, s, OCH,), 6.73 (2 H, 
m, CH,CH,CO), 6.40 (12 H, s, CH,), and 5.91 and 8.15 (6 HI 
q and 9 H, t, 3 x CH,CH,); lmx. 400 (e 123 000), 500 
(10 300), 530 (6 700), 568 (3 goo), and 621 nm (1 000) ; Amax 
(CH,CC12-5% CF,CO,H), 416 (E 268 000), 554 (11 800), and 
597 nm (5 400); m/z 536 (loo%), 521, 504, 478, 463, 268, 
239, and 231.5. 

The second band to be eluted from the column was shown 
to contain mesoporphyrin-IV dimethyl ester (34 mg, 2%), 
and was crystallized from methylene dichloride-methanol, 
m.p. 241-242 “C (lit.,,l 238 “C; mixed m.p. with an authen- 
tic sample 242-244 “C, corrected) (Found: C, 72.5; H, 
7.2; N, 9.0. Calc. for C,,H,,N,O,: C, 72.7; H, 7.1; N, 
9.4%), T ( 0 . 1 ~ )  0.05 (4 H, s, meso-H), 5.57-6.20 (8 H, m, 
Ar-CH,CH,, CH,CH,), 6.37 (3 H, s, OCH,), 6.45 and 6.49 
(each 6 H, s, CH,), 6.80 (4 H, t, CH,CH,CO) and 8.16 (6 H, 
t, CH,CH,); Am,. 399 ( E  133 000), 500 (11 200), 532 (7 600), 
567 (5 000), and 620 nm (3 100) ; Am, (CH,C1,-5% CF,CO,- 
H) 417 (E 279 000), 554 (12 SOO), and 597 nm (5 900); mfz 
594 (looyo), 577, 561, 534, 520, 478, 463, 297, and 296. 

2,6-Diethyl-4,8-di-(2-methoxycarbonylethyl)-l, 3,5,7-tetra- 
methylporphyrin, Mesoporphyrin-I1 Dimethyl Ester (28a) .- 
1 ’ -Bromo-6-( 2-carboxyethyl) -4, %die thyl-2- (2-me t hoxycar- 
bonylethy1)- 1,3,5,7,8’-pentamethyl-a,c-biladiene (27) (3.0 g) 
was finely powdered and suspended in dry o-dichlorobenzene 
(300 ml) before being heated under reflux for 15 min. After 
cooling the solvent was evaporated to dryness and the 
residue was treated with methanol containing sulphuric acid 
(5% v/v; 50 ml) for 16 h. Water (200 ml) and ether (200 
ml) were added and the mixture was shaken vigorously to 
remove traces of o-dichlorobenzene. The layers were 
separated and the aqueous phase was poured into chloro- 
form (200 ml) and the mixture was carefully neutralized with 
saturated aqueous sodium carbonate (200 ml). The organic 
layer was separated, washed with water (200 ml), dried 
(MgSO,), and then evaporated to dryness. The residue was 
chromatographed on alumina (200 g, elution with methyl- 
ene dichloride) and evaporation of the appropriate eluates 
gave a residue which crystallized from methylene dichloride- 
methanol as purple needles, m.p. 223-234 “C 233 “C) 
Found: C, 72.8; H, 6.9: N, 9.1. Calc. for C,,H,,N,O,: C, 
72.7; H, 7.1; N, 9.4%), T (O.~M), 0.07 (4H,  s, meso-H), 5.56 
-6.17 (8 H, m, CH,CH,CO, CH,CH,), 6.34 (6 H, s, OCH,), 
6.45 and 6.49 (each 6 H, s, CH,), 6.80 (4 H, t ,  CH,CO), and 
8.19 (6 H, t, CH,CH,); m/z 594 (loo%), 577, 561, 534, 520, 
478, 297, and 286; A,, 400 (E  133 000), 500 (10 500), 532 
(7 600), 568 (5 000), and 622 nm (2 500) ; A,, (CHCl,-5% 



J. CHEM. SOC. PERKIN TRANS. I 1982 

CF,CO,H), 416 (E 282 OOO) ,  555 (12 400), and 598 nm 
(5 400). 
4-(2-CarboxyethyZ-2,6-diethyl-8-(2-methoxycarbonylethyl) - 

1,3,5,7-tetramethyZporphyri~ (28b) .-Mesoporphyrin-I1 di- 
methyl ester (28a) (1 10 mg) was dissolved in tetrahydrofuran 
(1 1 ml) and ether (1 10 ml). A solution of barium hydroxide 
in dry methanol (saturated; 5.5 ml) and barium acetate in 
dry methanol (saturated ; 11 ml) was added and the solution 
was heated under reflux until all of the porphyrin had pre- 
cipitated from solution (4-6 h) . Hydrochloric acid ( 2 ~  ; 
120 ml) was added and the aqueous porphyrin-containing 
layer was separated. Methylene dichloride (200 ml) was 
added and the solution was neutralized with solid sodium 
carbonate. The organic layer was separated, washed with 
water (200 ml), dried (MgSO,) , and the solvent was evapor- 
ated. The residue was crystallized from tetrahydrofuran- 
benzene (or hexane) to give the half-acid (28b) as its tri- 
hydrate (101 mg, 96y0), m.p. >300 "C (Found: C, 66.6; 
H, 7.3; N, 8.8. C,,H4,N,0,*3H,0 requires C, 66.2; H, 7.3; 
N, 8.6%; T (CF,CO,H), -0.96 and -0.81 (each 2 H, s, 
meso-H), 5.26,6.02 (8 H, m, CH,CH,CO, CH,CH,), 6.22 
(15 H, s, CH, and OCH,), 6.67 (4 H, t, CH2CO), and 8.15 
(6 H, t ,  CH,CH,); A,, 400 (E 133 000), 501 (10 000), 671 
(4 500), and 622 nm (2 000). 

2,6-Diethyl-8-(2-methoxycarbonyZethyE)-l,3,5,7-tetramethyl- 
4-(2-t-butoxycarbonyZhyd~azidoethyl)po~phyrin (28d) .-The 
porphyrin half-acid (28b) (137 mg) was suspended in dry 
methylene chloride (30 ml) and oxalyl chloride (5 ml) was 
added. The solution was set aside at  room temperature for 
1 h and then evaporated to dryness under reduced pressure. 
Residual traces of oxalyl chloride were removed by evapor- 
ation with dry ethanol-free chloroform. The residue was 
redissolved in dry methylene dichloride (100 ml) and a solu- 
tion of di-isopropylethylamine (66 mg) in methylene di- 
chloride (10 ml) was added, A solution of t-butoxycar- 
bonylhydrazine (35 mg) in methylene chloride (10 ml) was 
finally added and the solution was stirred at  room temper- 
ature for 3 h. The solution was heated under reflux for 10 
min and then evaporated to dryness under reduced pressure. 
The residue crystallized from tetrahydrofuran-cyclohexane 
to give the porphyrin ( 2 M )  as flocculent needles (152 mg, 
92%), m.p. >300 "C (Found: C, 68.2; H, 7.5; N, 12.1. 
C,BH,,N,Os requires C, 68.6; H, 7.4; N, 12.3%) ; T 
pyridine) 0.65 (4 H, s, meso-H), 5.74-6.17 (8 H, m, CH2- 
CH,CO, CH,CH,), 6.39 and 6.46 (9 H and 6 H, each s, 
CH,,OCH,), 7.02 (4 H, t ,  CH,CO), 8.14 (6 H, t, CH,CH,), 
and 8.54 (9 H, s, But); m/z 594 (100%; M +  - BOC), 579, 
521, 297, 276, and 260; A,, 400 (E 156 000), 501 (13 000), 
568 (6 000), and 621 nm (3 500). 

2,3,7-TriethyZ-lI4,5, 8-detramethyZ-6-(2-~-phenylalanylcarb- 
amoyl MethyZ Ester (9) .-6-Carboxyethyl-2,3,7-triethyl- 
1,4,5,8-tetramethylporphyrin (10 mg) was dissolved in 
oxalyl chloride (1 ml) and the solution set aside at  room 
temperature for 1 h. The excess of oxalyl chloride was 
evaporated off under reduced pressure and the last traces 
were removed by evaporation of benzene (20 ml) . The por- 

phyrin was redissolved in methylene dichloride and a 
solution of L-phenylalanine methyl ester hydrochloride ( 18 
mg) in chloroform (5 ml) through which gaseous ammonia 
had been bubbled, was added. After 30 min the solution 
was evaporated to dryness and the residue was chromato- 
graphed on alumina (50 g, elution with methylene di- 
chloride). Evaporation of the appropriate eluates gave a 
residue which was crystallized from methylene dichloride 
methanol to give the arnide (6.4 mg, 47%) as purple 
needles, m.p. 258-259 "C (Found: M + ,  683.385. Calc. for 
C,,H,,N,O,: M ,  683.384); m / z  683 (looyo), 549, 478, 463, 
and 341.5; A,, 399 (E 165 000), 500 (15 700), 532 (11 300), 
568 (7 loo), and 630 nm (4 400) ; A,,,. (CHC1,-5% CF,CO,- 
H) 417 (E 318 000), 555 (16 000), and 597 nm (8 000). 
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