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ABSTRACT: A 8-demethyl-8-formyl-2,4-bis(B-chloroethyl) porphyrin and its 8-demethyl derivative were obtained from the oxi-
ti tion of 2,4-bis (B-chloroethyl! lethyl)-7-(B-methoxycarbonylethyl)-1',1 tametll‘uxla,o-bi-
g‘:ﬁgecﬂ;.dmbrgnﬂée witl(\Ba:)pper (H)y m m’;orm};l;ld—(&m i the gxt‘gmcyelz:f {03361/3;;3\ air. Under these
reaction conditions the cyclization cock place at 25C and the formylporphyrin was obtained in 25% yield together with the C-8
unsubstituted porphyrin which was obtained in 50% yield. The latter could also be obtained in 65% yield by the oxidative cycli-

ti h hloride in DMF at 25°C of the B-unsubstituted 1,7-bis (B-chloroeth lethyl)-5-(B-
pereecs S 1R S s S kAt Ly i ek i Nt L S by SR Lt e
position of this porphyrin were however unsuctesful, when either N,N-diisobutyl formamide (Vilsmeier-Haak reaction) or
dichloromethy] m:thy) ether (Friedel Crafts reaction) were used. The title porphyrins were obtained from the aforementioned

2,4-bis(B—chloroethyl) mhglns by vinylation of the Iatter with base. 8-Demethyl-8-formyl protoporphyrin IX is a valuable in-
termediate to probe in e biosynthesis of heme a.

Heme a (iron-porphyrin a) is the prosthetic group of cytochrome oxidase, the terminal enzyme of the respi-
ratory chain (Warburg’s atmungsferment). Removal of iron from heme a affords porphyrin a, a porphyrin where
the 2-vinyl residue of the ubiquitous protoporphyrin IX ! is replaced by an isoprene side chain and where its 8-
methyl residue has been oxidized to a formyl group. Very little is known about the biosynthesis of porphyrin a. It
is conceivable that it is originated in protoporphyrin IX either by a prior oxidation to 8-demethyl-8-formylproto-
porphyrin IX 1 followed by alkylation of the 2-vinyl residue by an isoprene pyrophosphate (Scheme I), or the other

way around.
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Recent findings showed that radical type oxidations of heme b, the prosthetic group of widely distributed hemo-
proteins such as horseracﬁsh and cytochrome ¢ peroxidases, result in the formation of iron-porphyrin 1 due to the
oxidation of the exposed C-8 edge in the protein pocket.2 This fact could explain the unusual presence of a formyl
residue at C-8 in here a and could also be the starting step of its biosynthesis. An efficient synthesis of 1 will there-
fore be of help to probe into the biosynthetic pathway of heme a by making use of specifically labeled precursors.
Porphyrin 1 was obtained by Clezy and Fookes * through the synthesis of a porphyrin precursor substituted with
an 8-acetyl residue which was then degraded to give the 8-formyl group. The same approach was used for the
synthesis of porphyrin a.* We looked for a synthetic procedure where the formy! group could be introduced in a
one-step reaction.
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Of the many porphyrin syntheses which can be found in the literature, it is increasingly clear that symme-
trically substituted porphyrins can best be prepared by condensation of two dipyrrylmethane halves,* while asym-
metrically substituted porphyrins can be obtained by the cyclization of 1',8'-dimethyl-a,c-biladiene salts in the pre-
sence of oxidizing copper (II) salts.” The latter procedure was also used for the cyclization of b-bilene salts. It was
decided to prepare an 8-unsubstituted porphyrin 11 conveniently substituted at C-2 and C4 with 2-chloroethy

side-chains as precursors of the vinyl residues (Scheme II). Since regioselective formylations of p-unsubstituted
porphyrins have been reported, & the synthesis of 11 as a precursor of 1 seemed fully justified.
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The direct synthesis of 11 was approached through B-unsubstituted a,c-biladiene in view of the good re-
sults reported for the synthesis of asymmetric porphyrins starting with a,c-biladienes”.The former was first cons-
tructed in such a way as to avoid that the 1',8'-dimethyl groups should be flanked by the B-unsubstituted carbon,
since it has been reported that when this is the case the cyclization with copper salts in hot dimethyl formamide
leads to the formation of secondary porphyrins.” By condensation of the 2-hydroxymethylpyrrole 2 with the a-un-
substituted pyrrole 3, the p-unsubstituted dipyrrylmethane 4 was obtained. Hydrogenolysis over Pd/C then affor-
ded the acid 5. The attempted condensation of 5 with the formyl pyrrole 77 in the presence of p-toluensulfonic acid
failed since 5 was not decarboxylated under these reaction conditions. Decarboxylation of 5 was achieved by hea-
ting in vacuo, and the resulting dipyrrylmethane 6 was condensed with 7 in the presence of hydrobromic acid to
give the tripyrrene hydrobromide 8. This -unsubstituted tripyrrene 8 was unstable and could not be stored but
had to be converted as soon as possible into the biladiene. By treatment of 8 with trifluoroacetic acid (to cleave and
decarboxylate the t-butyloxycarbonyl residue) in the presence of the 2-formyl pyrrole 9 and hydrobromic acid, it
was posible to obtain the a,c-biladiene dihydrobromide 10. It has been reported!® that B-unsubstituted biladienes
are cleaved to by-products when the cyclizations are attempted in hot (150°C) dimethyl formamide in the presence
of the copper salts ( the usual cyclization conditions”). Fortunately, the oxidative cyclization of 10 with copper chlo-
ride in dimethy! formamide could be achieved at 20°C. It was followed by the demetalation of the copper chelate of
the porphyrin, and by a transesterification step with methanol. It was thus posible to obtain the dimethyl ester of
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porphyrin 11 in 65% yield from 10.

The synthesis of the new pyrroles employed in this synthetic sequence are summarized in Scheme IIL. The
4-formylpyrrole 12 was condensed with ethyl malonate o give the acrylate 13 which was reduced to the propiona-
te 14. Saponification gave the diacid 15, which by treatment with benzyl chloride in dimethyl formamide “ gave the
dibenzyl ester 16.The latter was transesterified with methanol in acid medjum to give 17. A Vilsmeier-Haack reac-
tion on 17 gave 18, which was reduced with sodium borohydride in methanol-methylene chloride to the hydroxy-
methyl pyrrole 2. The formyl pyrrole 9 was obtained from 2-benzyloxycarbonyl-3-(B-chloroethyl)-4,5-
dimethylpyrrole® by prior hydrogenolysis to the acid followed by treatment of the latter with triethyl orthoformate
in acid medium.
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All attempts to formylate the C-8 position of 11 were unsuccesful. The hindered N,N-diisobutyl formamide
was used in a Vilsmeier-Haak reaction to avoid substitution at the meso-carbons &, but the yields of the obtained 8-
formyl porphyrin were very low. The use of a Friedel-Crafts reaction with dichloromethyl methyl ether’ on the
iron-porphyrin also failed to give the desired porphyrin. It was therefore decided to attempt the cyclization of an
a,c-biladiene B-unsubstituted at a position flanking the 1'8'-dimethyl residues, and to take advantage of the obser-
vation'® that if an oxidative cyclization with copper salts is carried out in the presence of iodine, a formyl residue is
introduced at the unsubstituted carbon. The formyl group is very likely originated in one of the methyl
residues™.The sequence leading to the needed a,c-biladiene 26 is summarized in Scheme IV. Condensation of the 2-
acetoxymethyl pyrrole 19 with the o-unsubstituted pyrrole 20 in acetic acid in the presence of p-toluensulfonic acid
gave the dipyrrylmethane 21 in 70% yield. Catalytic hydrogenation of 21 over Pd gave the dipyrrylmethane acid
22, Treatment of 22 with p-toluensulfonic acid in methylene chloride (to achieve decarboxylation), followed by in
situ condensation with the formyl pyrrol 2 3 afforded the tripyrrene 24. Treatment of 24 with trifluoroacetic acid to
achieve the cleavage of the t-butyloxycarbonyl residue, followed by an in situ condensation with the 2-formyl
pyrrole 25 in the presence of hydrobromic acid gave the a,c-biladiene dihydrobromide 26 in 80% yield. The formyl
pyrrole 25 was prepared from the benzyloxycarbonyl pyrrole 27  as described above.

The a,c-biladiene 26 was cyclized following the procedure described for the synthesis of 11 and gave a
mixture of the copper chelates of 11 and 28. They were easily separated by chromatography. The chelates were
then demetalated by acid, and the porphyrins were transesterified with methanol-acid. The C-8 unsustituted
porphyrin 11 was formed in 50% yield and the C-8 formyl pophyrin 28 was formed in 25% yield. The overall yield
of the reaction can therefore be considered as very satisfactory. Vinylation of the 2-chloroethyl residues of 11 to
give 29 was achieved with base, while in 28 the formyl residue had to be protected by an in sifu acetal formation
with ethylene glycol during the basic treatment. The dimethy] ester of 1 was thus obtained in 90 % yield from 28.
This synthetic approach made posible the obtention of regioselective labelled 1 by a relatively simple sequence.
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EXPERIMENTAL SECTION

General procedures: Melting points were determined on a Kofler melting point apparatus and are uncorrected.1H-NMR spec-
tra were routinely recorded on a Varian FT-80 A spectrometer, except for the spectra of tripyrrenes, biladienes, and porphynns
which were recorded at 270 MHz on a Bruker WH-270. Mass spectra were obtained with a Varian CH-7

gel used in column chromatography was TLC Kieselgel (Merck). TLC was performed on precoated silica gel F254 plntes
(Merck,0.25 mm layer thickness). The substances were spotted by spraying the plates with Ehrlich’s reagent (2% p-{(dimethyla-
mino) benzaldehyde in 6N HCD), or by treatment with bromine vapor which gave orange or red colors with the dipyrrylmetha-
nes.

Ethyl nyl-4-

A solution of 16.7 g (0.1mol) of the 4-formyl pyrrole 12 ! in 100 mL of dry pyridine to which 2 mL of pipe-
ridine and 75 mL of acid ethyl malonate were added, was heated at 90 °C during 6 h and then at 130 °C for additio-
nal 3 h. The solution was then poured over 500 mL of ice-water, the precipitate of 13 was filtered and crystallized
from ethanol-water: 22.1 g (93%); mp 104 °C; TH-NMR ( ) § 747(d,1H, CH=CHCO), 7.05 (m, 2H, H-3 and H-5),
6.05 (d, 1H, =CHCO), 4.20 (m, 4H, CH,CH,), 1.28(m,6H,CH,). Anal. Calcd. for CH,NO, : C,60.76; H,6.33; N, 5.91.
Found: C, 60.83; H, 6.39; N,5.99.

Ethyl 2-eth rbonyl-4-| )t

The acrylate 13 (20 g) was dissolved in 200 mL of ethanol and was reduced with hydrogen over 2 g of 10%
Pd on charcoal at 50 psi during 2 h. The catalyst was filtered off and after evaporation of the solvent 19.8 g (98%) of
14 were obtained as a colorless oil; mass spectrum, m/e (relative intensity) 239 (M*80), 152 (M* -
CH,CH,CO,C,H,,100); '"H-NMR (CDCL,) § 6.77, 6.74(s, s, 1H, 1H, H-5 and H-3), 4.20 (m, 4H, CH,CH,), 3.22 (m4H,

), 130 Gm, 6H, CH,).
2-Carboxy-4- pyrrolepropionic_acid 15.

The diethyl ester 14 (18.9 g) was dissolved in a mixture of 100 mL of ethanol and 100 mL of 10 % sodium
hydroxide. The solution was evaporated to dryness in an open vessel by heating at 100 °C. The residue was redis-
solved in 20 mL of water, the solution was adjusted to pH 2 with hydrochloric acid, the precipitate of 15 was filte-
red, dried; and crystallized from ethanol-water: 15 g (98%); mp 173-174 °C. Anal.Caled. for CH;NO,: C, 5246; H,
4.92; N, 7.65. Found: C, 52.50; H, 4.98; N,7.70.
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A solution of 15 g of the diacid 15 in a mixture of 500 mL of dimethyl formamide, 200 mL of triethylamine
and 200 mL of benzyl chloride were kept at 20 °C during 48 h. The solution was then evaporated in vacuo at 99°C
the residue was partitioned between chloroform (200 mL) and water (100 mL), the. ic layer was separated,
washed again with water (30 mL} ind evaporated to dryness. The residue was inastnadl volume of ben-
zene containing 0.5 % of methanol; and was chromatographed through a silica column (3x40 cm) packed, prewas-
hed, and -eluted with the same splvent. The fractions containing 16 were pooled and evaporsted to dryness. The
residue of 16 was ﬂnmrbmme-l'ghnz 28.3 g (95%); ;}‘f 51-52 «C; "H-NMR ( 5741733 (b,
b, 5H, 5H, Ph), 6.78, 6.70( m, m, 1H, 1H,H-5 and H-3 ), 5.33, 5.14 (s, 5, 2H, 2H, CH Ph), 2.73 (m, 4H, . Anal.
Caled. for C,H,NO,; C.72.73; H, 5.78; N, 3.86. Found: C,72.70; H, 5.81; N,3.90.

ethyl 2 ¥ arbonyl nlepropionate 17:

A solution of 28 g of 16 in 1 L of dry methanol containing 5% of sulfuric acid was kept during 18 h at 20°C.
It was then poured over 2 L of ice-water and 500 mL of chloroform, the organic layer was separated, the aqueous
layer was reextracted with chioroform (250 mL), the organic layers were pooled, washed first with a saturated
sodium bicarbonate solution and then with water, and finally evaporated to dryness. The residue was dissolved in
a small volume of 1% methanol in benzene and chromatographed on a silica gel column as deseribed above using
the same solvent.The fractions containing 17 were pooled and evaporated to dryness. The residue was crystallized
from benzene-hepiane; 172g (78%); mp 55-56 °C; 'H-NMR (CDCL,) 8 740 (b, 5H, Ph), 6.82(m, 2H, H-5 and H-3), 5.30
(b, 2H, CH,Ph), 3.70,(3,3H, OCH,), 2.70 (mAH,CH,CH,CO). Anal. Calcd. for C,;H,,NO,: C, 66.90; H,5.92; NA.88.
ound: C, 66.85; H, 5.90; N4.97.

Benzyl

hosphorous oxychlo 38 mL of dry dimethyl formamide was kept at 20 °C
during 1h and was then diluted with 75 mL of 1,2-dichloroethane. A solution of 15 g of 17 in 200 mL of 1,2-dichlo-
roethane was then slowly added to the former mixture with constant stirring. The resulting solution was heated at
85 °C during 4 h; it was then diluted by addition of crushed ice and adjusted to pH 8 with a concentrated sodium
hydroxide solution. The mixture was further heated at 70 °C during 1h, cooled, extracted with chloroform (200 mL),
the organic layer was separated, washed with water to neutral, and evaporated to dryness. The residue of 18 was
crystallized from benzene-heptane: 14.6 g (82 %); mp, 67-68 °C; 'H-NMR ( ) 8 9.75 ( 5, 1H, CHO), 7.33 (b, 5H,
Ph), 6.75(d, 1H,H+4), 530 (s,2H, CH,Ph), 3.65 (s, 3H, OCH,), 3.05(t, 2H, CH,CH,CO), 2.60 (t, 2H, CH,CO).Anal.
ed. for C,,H, NOg: C, 64.76; H, 5.40; NA44. Found: C, 64.72; H, 5.36; N, 4.35.

FOITITY 1-D- - INeNOX YCATRORYICHIY] PYIIOICCA)

1 : tution of 10 g of 1 2-formyl- n
ethyl)-5 POl ottt & Trte oF SR, of Sy waetianel Erd 200, o o methocarbonyt
mixture was stirred at 20°C during 20 min, it was then poured over water (500 mL), the solution was adjusted to
pH 6 with dilute hydrochloric acid, the organic layer was separated, and the aquecus solution was extracted with
chloroform (100 mL). The pooled organic layers were evaporated to dryness, and the residue was dissolved in a
small volume of 5% methanol in chloroform and chromatogrephed on a silica gel column as described above using
the same solvent. The fractions containing 2 were pooled, evaporated to dryness, and the residue was crystallized

from benzene-hexane: ] 63-64°C; 'H-NMR (C] 7. , Ph), 6.78 (d H+4), 531 (s, 2H,
TRy, 500, S L By 3 b 30, OCTL) 308 (o TH Ok, ottt i ST L B, 521 o 2
NO;: C, 64.35; H, 5.99; NA4.42, Found: C, 64.30; H, 6.02; N, 4.60.
tert-Bu B-{etho arbonyleth ‘

The dipyrrylmethane was obtained by condensation of 1.58 g (5 mmol) of 2 and 1.40 g (5 mmol) of 3 “ dis-
solved in 150 mL of dry methylene chloride in the presence of 250 mg of p-toluenesulfonic acid. The solution was
heated under a stream of nitrogen at 40°C for 4 h after which it was poured over 300 mL of water, the organic layer
was separated, the aqueous layer was extracted with chlotroform (3 x100mL), the organic layers were pooled, was-
hed with an 8% sodium bicarbonate solution, then with water, and finally evaporated to dryness in vacuo. The
residue was dissolved in a small volume of 2% methanol in benzene and was chromatographed through a silica gel
column which was packed and eluted with the same solvent. The elution fractions which contained 4 were pooled,
evaporated to dryness, and the residue crystallized from ethanol-water; 2.2 g (70 %); mp 112-114°C; ! H-NMR
(CDCl,) § 7.35(b, 5H, Ph); 6.75 (d, 1H, H4'), 5.26 (s,2H, h), 4.07(q, 2H, CH.,), .96 (s, 2H, -CH, ), 3.70 (s, 3H,
OCH,), 2.70 (m, 8H, CH.CH CO), 2.30 (s, 3H, CH,4), 1.55(s, 9H, (CH,),), 1.35(t, 3H, CH,CH,). Anal. Calcd. for
C HN,O;: C, 66.21; H, 6.89; N, 4.83. Found: C, 66.18; H, 6.78; N,5.00.

tert-Butyl-3-{B-(ethoxycarbonylethy)]-3"-{B-(methoxycarbonylethyl)]-4-methyl-5'-carboxydi Imethane-5-
- g y ylethy y ylethy y ydipyrry.

ethoxycarbonylethyl)}-4-methyl-5'-

A solution of 4 (2 g} in 200 mL of ethanol was reduced with hydrogen over 400 mg of 10 % Pd on charcoal
at 50 psi during 4 h. The catalyst was filtered off, the solution was evaporated to dryness at 40°C in vacuo and the
residue was dissolved in a small volume of 5% methanol in chloroform and chromatographed through a silica gel
column (3 x40 cm) packed and eluted with the same solvent. The fractions containing 5 were pooled, evaporated to
dryness, and the residue was crystallized from methanol-water; 1.57 g (92%); mp 148-149°C; 'H-NMR (DMSO-d,) &
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110 ®1H, COF, ;,.&(‘d,im HA), 415 (q 2H, CH.CH), 39 (6 2H.CH, ) 375 (5, SH, OCH), 2656, B4,
CHCH), 225, 4), 175 (s, 9H, (CHy),), 127 (, 3H, CHCH,). Anal Calcd.for CH,N,0; C61.22; H.94;
i 572 Foundt & 6135, BT 00 N, 598 7 o o e

tert-Butyl 3-{8-{ethtveycirbonylethy]

% < AMEINOXYLATDONY A Ay I DY I VAINCU ARG - CarDO X YR (C
B [miethane acid v it g, 1 Yack Tach

Pyn‘y . ,,. acuons 8 Y
mL of methano! contaitiig 0.1 mL of triethylamine, the solution wo?sevaporatedmﬂryness a round bottomed
flask, the latter was repeatodly evacuated and flushed with nitrogen,‘and the residue was heated at 185C/ 0.1 torr
during 6 min. The decarboxylated fractions were pooled, dissolved in a.small volime of 2% methanol th benzene
and chromatographed on'a silica-gel ¢olumn (2 x15 cm) using the same solvent. Dipyrrylmethane 6'was recovered
from the eluate as a.colorless oil: 990 mg (73%); mass spectrum, m/e (reldtive intensity ) 446 (M*43); 'H-NMR
¢ ) 8 6.60(t, 1H, H-57, 6.00 (t, 1H, H4), 4.12(q,2H, QiﬁC , 3:94 (s, 2H, , 3.74 (s, 3H, OCH,J, 2.78(m, §H,
CH,CH.,),2.32(s, 3H, CH,4), 1.60 (s, 9H, C(CH)), ?’12;?0&,3 '({Ii-)lﬂi,), ) » B
ert-Butyl-1,5.6-trimethvl-2-[B(ethoxycarbonylethyD1-3-{B-(methoxycarbonylethyil-6-8-chloroethylltripvirene-b-
carboxylate hydrobroinide 8. ; R RE T T
, 6 (446 mg, 1mmol) and the aldehyde 7 * (186 mg,1mmol) were dissolved in 25 mL of dry
methanol, 0.2 mL of 33% hydrobromic acid in acetic acid was ddded, and the mixture was kept in the datk at 20°C
during 1 h under moisture exclusion. The solution was then poured into watet, the aqueous solution was'adjusted -
to. pH 8 with sodium bicarbonate, and 'was extracted with: chidroform (3 x 25 mL). The chioroform:extracts were
dried (Na,SO,), concentrated in vacuo at 40°C t0'0.5 mL, a drop of the hydrobromic-acetic acid solution'was added,
and the solution was finally evaporated to dryness in vacuo. The residue was dissolved in methylene chibride and
the hydrobromide 8 was precipitated by dry ether: 420 mg (60%); mp 142-143°C; 'H-NMR (CDCLY 87,00 (s, 1H,
-CHs), 6.82¢ b,1H, H-4), 4.38(s, 2H, -CH,"), 4.13 (g, 2H, cﬁ%&,}s s, 3H, OCH;), 352, 2H, CH,CH.CY), 2.88-
2.67 (m; 6H, CH,CH,Cl, CH,CH,C0), 260 (s, 3H, CH,), 248(t, 2H, CH,CO), 232(t, 2H, CH,CO), 2.23(¢, 3H, CH,),

2.18(s, 3H; ), 1.56 (s, 9H, C(%Lls(t’ 3H, CF ; vis max (CHCL,), 490 nim (e: 92,000). Anal. 'Caled. for
CoH N,08rc): C57.02; H,648; N.555. Found: C,57.18; H)6:60; N,6.10. TR
1.7-Bis(R-chloroethyD-4-(B-inethoxycarborm 5 (B-ethdxycatrbonvlethyl)-1'2.6 8 8'-pentamethyl-a.c-biladiene

diFydrobromide 1 G e S T

‘ Tripyrrene hydrobromide 8 (417 mg, 0.6 minol) was added to 15 mL of trifluoroacetic acid which had been
previously degassed by bubbling nitrogen during 20 min. The solution was stifred with nitrogen at 20°C disring 10
min (until the tripyrrene dissolved). A solution of formyl pyrrole 9 (111 mg, 0.6mmol) in 15 mL of dry methariol
was then added followed by 1 mL of 33% hydrobromic acidin acetlc acid, and the mixture was kept at 20°C during
2.5 h. Dry ether was then added to the solution cooled to (°C, the precipitated a,c-biladiene dihydrobromide was

filtered, dried, and ‘crystallized from methariol-ether: 354 mg (70%); mp > 300°C; 'H-NMR (CDCL) 8 7.11, 7.08(s,
s,1H 1H, =CH.), 68i(s,1H, H-3), 520, 2H, CH,), 389 (q,2H, CH.CH,), 3.62(t; 2H, CH,CH,Ch; 3.56 (¢, 2H,
CH,CH,CD); 3.62 (s, 3H, OCH,), 312 &, 2H, CH.CH,CY), 2.90t, 2H, CH,CH,CD), 2.87:2.70 (m, 8H, CH,CH.), 2.6 {s,

6H, 2 CH,),:2.30 (s, 3H, CH,), 2.24(s, 3H, CH,), 2.02 (s, 3H, CH,),1.08 (t, 3H, CH,CH,); vis max, (CHCL,) 447nm
(€:104,000), 522 mn (€:103,000): Anal.Caled. for C,;H,N,O.Br,CL;: C, 52.67; H, 5.69; N, 6.64. Found: C, 52.71; H5.73;
N,‘ 6.70. . :

arous Z + X mg
dry dimethyl formamide. The mixture was stirred at 20°C during 2 h, chloroform (400 mL) was then added, the
solution was washed with water (2 x 200 mL) and evaporated to dryness in vacuo. The residue was dissolved ina
small volume of 0.5 % of methanol in chloroform and was filtered through a silica gel column. The red eluates
which contained the copper chelate of 11 were podled and evaporated to dryness. The residue (186 mg, 70%) was
dissolved in a cooled mixture of 1.5 mL trifluoroacetic acid and 7.5 mL of concentrated sulfuric acid, and the sblu-
tion was kept at 20°C during 30 min. It was then poured over water (100 mL) and the porphyrin was extracted with
chloroform, the organic layer was washed with a saturated solution of sodium bicarbonate, then with water, dried
{(Na,50, and evaporated to dryness in vacuo.The residue was dissolved in 10 mL of anhydrous methanol which’
contained 5% sulfuric acid , and the solution was kept at 20°C during 15 h. It was then diluted with 50 mL of chlo-
roform, the organic layer was washed with water, then with a saturated sodium bicarbonate solution, again with
water, and evaporated to dryness. Porphyrin 11 dimethyl ester was crystallized from chloroform-methanok: 158 mg
(93%); mp 171-173°C; tH-NMR(CD,C1,) § 10.14, 10.05,9.99, 9.97 (s, 8, 5,5, 1H,1H, 1H, 1H, meso-H), 9.09 (s,1H, H-8),

452 (1, 4H, CH,CH,CY), 449, 437 &, t, 2H, 2H, CH,CH,CO), 4.34 (1, 4H, CH,CH,Cl), 3.79, 3.66, 363,361 (5,5, 5, 5,
3H, 3H, 3H, 6H, CH,, OCH,), 348, 3.27 (t, t, 2H, 2H, CHL,CH,CO), 4.08 (5, ZH, NH); mass spectrum, m/e (relative
intensity) 649 (M*/43), 648 (M*-1, 93). Anal. Calcd. for CuH,,N, O, CL : C64.71; H, 5.85; N, 8.63. Found: C, 64.82; H,
5.90; N, 8.75. ~
ort-Butyl-3.4

A solution of 3.5 g (0.01 mol) of the acetate 19 2 in 30 mL of dry methylene chloride was added dropwise to
a stirred solution of 2.8 g (0.01mol) of the o-unsubstituted pyrrole 20 ? and 160 mg of p-toluensulfonic acid in 30
mL of dry methylenie chloride. The solution was then heated at 40°C during 1h. It was then poured into 100 mL of
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water, the organic layer was separated, the aqueous layer was extracted with methylene chloride (3 x 50 mL), the
pooled organic solvents were washed with a saturated sodium bicarbonate solution, then with water, dried
(Na,SO)), and évaporated to dryness in vacuo. The dipyrrylmethane 21 was purified by filtration through a TLC

il nn and andesemace £4 « AN ame) sradomne V. vanthanal e hanoanas as alisant Tha fesstiane avnbainine tha Alrremdoothans

SIUAA B CUAMILUE V2 A JU LI USUIE, & 70 JICLLMLRUL I UCLOULIC B0 TIURS L L1153 84U D LA IWEALILAYE, VAN WAl ILyAMR i
f&o .

Wk\g- mass

21 (mortitored by TLC) were pooled and: evaposated to dryness. The oily residue (4g, 70%) had the

spectrum, m/e (selative intensity) 571 (M*,39), 570 (37), 515 (M -isobutylene, 57), 470 (514- CO,, 100)H-NMR
(CDCL,) 8 9.23, 928 (s, s, 1H,1H, NH), 7.15 (b, 5H, Ph), 5.14 (s, 2H, E&m 4.01¢ , 3.68(s, 2H, pyrr-
CH,-pym), 3.22 (¢, 2H, CH,CH,(D, 2.96-2.62 (m, 4H, CH,CH,CO, CH,CD), 2.37 (t, 2H, ), 2.17, 190 (s, s,
3H,3H,CH,), 143 (s, 9H, C(CH,),), 1.15 (t, 3H, CH,CH,)

Dipyrrylmethane 21 (1.14 g, 2mmol) dissolved in 150 ml. of ethanol was reduced with hydrogen over 0.25
g of 10 % Pd on charcoal during 2 h at 50 psi. The catalyst was filtered, the solvent evaporated to dryness in vacuo,
and the residue was dissolved in ethanol and precipitated by addition of water. The acid 22 (895 mg, 93%, 1.86
mmpl) thus obtained was dissolved in 40'mL of dry methylene chloride, formyl pyrrole 23 7 (353 mg, 1.90 mmol)
and 900 mg of p-toluensulfonic acid hydrate dissolved in 10 mL of methanol were added, and the solution was
kept during 1h at 20°C while flushed with nitrogen. The solution was then poured over 100 mL of water, the orga-
nic layer was washed with a saturated sodium bicarbonate solution, then again with water, dried (Na,SO,), and
evaporated to dryness in vacuo at 25°C.The residue was dissolved in dry methylene chloride and hydrogen bromi-
de was passed through the solution during 10 sec while the latter was cooled in ice-water.The hydrobromide was
precipitated by addition of dry ether, filtered off, and washed with dry ether to give 1.02 g (80%): mp 132-133°C;
mass spectrum m/e (relative intensity) 605( M- BrA2), 603 (87), 568 (605-HC1, 100); 'H-NMR (! ) 81357,
13.58 (b, b, 1H, 1H, NH), 10.25 (b, 1H, NH), 7.08 (s,1H,=CH-), 435( s, 2H, -CH,-), 4.08 (q, 2H, OCH,CH,) ,3.62,3.31
(t, t, 2H, 2H, CH.CH,CW), 3.1 (¢, 2H, CH,CH,CO), 2.95 (t, 2H, CH,CH,Cl), 2.85 (t, 2H, CH,CH,Cl), 2.46 (t, 2H,
CH,CH,CO), 2.67,2.26,2.06,2.03 (s, s, s, s ,3H each, CH,), 1.57 (s, 9H, C(CH,),), 1.21(t, 3H, CH,CH,); vis max (CHCl,)
495 nm (g: 79,200). Anal.Calcd. for C,,H N,OBrCl, : C, 56.06; H,6.42; N, 6.13. Found: C, 56.00; H, 6.38; N,6.16.
24-Bj hl hyl e carbonylethyl)-7(B-methoxycarbonylethyl)-1',1 "-pentamethy] a.c-biladiene

The tripyrrene 24 (685 mg, 1 mmol) was hydrolyzed and decarboxylated with trifluoroacetic acid as des-
cribed for the synthesis of 10 and then condensed with 195 mg (1 mmol) of 25 following the described procedure.
The disappearence of the vis absortion of 24 (494 nn) and its replacement by the vis max of 26 (446 nm and 521
nm) was complete in 1h, after which the dihydrobromide 26 was precipitated by addition of dry ether: 672 mg
(80%); mp > 300°C; vis (CHCL) max: 446 nm (£:104,000), 521(£:103,000); 'H-NMR (CD,Cl,) § 7.50, 7.13 (s, s, 1H, 1H,
=CH-), 6.22 (s,1H, H-8), 5.21(s, 2H, CH)), 4.04 (q, 2H, OCHL,CH,), 3.64 (s, 3H, OCH,), 3.62 (t, 2H, CH,CH.Cl), 3.16-
2.91(m, 10 H, CH,CH,CO, CH,CH,CD), 2.66,2.48 (t, t, 2H, 2H, CH,CH,Cl), 2.70, 2.28, 2.03, 1.98 (3, 5, 8, 3, 3H, 3H, 3H,
6H, CH,), 1.16 (t, 3H, OCH,CH,). Anal. Caled. for C,;H,N, O, Br, Cl,: C, 52.67; H5.69; N,6.64. Found:
C52.63;H,5.65; N, 6.70.

¢ a,c-biladiene 26 g) was cyclized using the proced synthesis of 11 with28 g
of dry copper chloride and 5.8 g of iodine irt 260 mL of dimethyl formamide. The copper chelates of 11 and of 28
were separated by the chromatography step on silica gel using chloroform as the elution solvent. The red chelate of
11 was eluted first, while the green chelate 28 followed. The chelates were recovered by pooling and evaporating
the eluted fractions, and each chelate was dissolved in a mixture of 6 mL of trifluoroacetic acid and 30 mL of sulfu-
ric acid. The work-up followed the procedure described for the obtention of 11 dimethyl ester: 236 mg (50%) of 11
were obtained, mp 171-173°C; as well as 123 mg (25%) of 28; mp 237-239°C; 'H-NMR (CD,CL) & 11.48 (s, 1H, CHO),
10.81( s,1H, H-d), 10.25, 9.92, 9.89 (s, s,. s, 1H, 1H, 1H, meso-H), 4.63 (t, 2H, CH,CH,CO), 4.52 (t, 4H, CH,CH,CD),
4.38 (t, 2H, CH .CH,CO0), 4.35( t, 4H, CH,CD), 3.67, 3.65, 3.61, 3.56 (s, 5, 5, 5, 3H, 3H, 3H, 6H, CH,, OCH,), 3.35, 3.27 (t,
t, 2H, 2H, CH,CO), -3.84 (s, 2H, NH); mass spectrum, m/e ( relative intensity); 677 (M*, 37), 676 (M*-1,100). Anal.
Caled. for C,;H,N,0,CL,: C, 63.81; H,5.61, N,8.27.Found: C, 63.75; H, 5.68; N,8.30.
6,7-Bis [§-methoxycarbonylethyl]-1 imethyl- 2 4-divinyl hyrin 29,

The bis(B-chloroethyl) hyrin 11 (200 mg) was dissolved in a mixture of 120 mL of pyridine, 20 mL of
water, and 25 mL&o% a3% soglurgo gﬁ:ayrtgiomte solutign. The mixture was heated to reflux dm'ingP hunder a strem

of nitrogen. It was then cooled, 25 mL of a 25% acetic acid solution was added, and the solution was concentrated
in vacuo to a small volume. The precipitate of the diacid porphyrin was filtered, washed with water, dried, dissol-
ved in 300 mL of 5% sulfuric acid in anhydrous methanol and the solution was kept at 20°C during 18 h. It was
then diluted with an equal volume of chloroform, washed with water, then with a saturated sodium bicarbonate
solution, again with water, and it was finally evaporated to dryness in vacuo. The residue of 29 was crystallized
from chloroform-methanol: 174 mg (90%); mp 210-211°C; 'H-NMR (CDCl,) & 10.06, 10.05, 10.00, 9.97 (s, s, s, s, 1H,
1H, 1H, 1H, meso-H), 9.03 (s, 1H, H-8), 8.30-8.18 (m, 2H, CH=CH,), 6.43-6.15 (m, 4H, CH=CH,), 4.49,446 (1, t, 2H,
2H, CH,CH,CO), 3.81, 3.68, 3.66, 3.61, 3.58 (s, s, s, 8, 5, 3H, 3H, 3H, 3H, 3H, CH,, OCH,), 347, 3.25 (t, t, 2H, 2H,
CH,CO), 4.17 (s, 2H, NH); mass spectrum, m/e (relative intensity) 576 (M*,80). Anal. Caled. for C,;H,N, O;: C,
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7292; H, 6.25; N, 9.72. Pomvd:C,72.98'H,6.20’N 279.

T e s A
Formyl bis mﬁ\D' hyrin 28 (200 my wasdlssolved mIMmLM% 4 mL of
refiux dus

ethylene egeoI and 2Zamg of p+ acid were and the mixture was heated uring 1
h. Cloraform (200 mL) was added fo the cooled solution, the organic mixture was washed with water, dried
(Na,S0,), and evaporated in vacuo. The residue was dissolved in 100 mL of pyridine, and the sclution was flushed
with nitrogen during 15 min while heated fo reflux. It was then cooled , 50 mL of a 1.5% sodium Hydrokide solu-
tion was added, and the mixture was heated under reflux during 2 h. It was then cooled, acidifiéd with 25 mL of 25
% acetic acid, reduced to a small volume in vacuo, the porphyrin precipitate was filtered, dried, and dissolved in
300 mL of 5% sulfuric acid in methanol. After 18 h at 20°C, the solution was diluted with an equal volume of chlo-
roform, the organic solution was washed with water, then with a saturated sodium bicarbonate solution, again
with water, dried (N,S0,) evaporated to dryness in vacio, and the residue of 1 was crystallized from methylene
chloride-methanol:157mg (90%); mp 223-225C {lit.* 228-229°C); *H-NMR {CD,C1,) B 11.26 (5,7H, CHO), 10.14 {5, 1H,
H-d), 564,952,946 (5 5,5 1H, 3H 1H, meso-H), 8.18-7.93 {m, 2H, CH=CH), 14 {m, 41, CH-Qj’z), 442,425
{1, 1, 28, 2H, CH,CH,CO ) 3.60, 358, 352, 3.49, 3.40 (5, 5, 5, 5, 5, 3H; 3H, 3H, 3H, 3H, OCH,, CH,), 3.21-3.10 m, 44,
CH,CO), 5.27 (s, 21, NH); av-vis max-{CHCL): 648 nm (& 2,300}, 587 {£:12,800), 565 {e: 19,5000, 522 {&: 3,500,
421{e:166,000). Anal. Caled. for C,H,N,O,: C.71.52; H, 5.9; N, 9.27.Found: C, 71.50; H, 6.00; N, 9:31.
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