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m A &demethyl-8-formyl-_24-bis@-cklorosthyl) porphyrtu and its 8damatkyl dwivattve were obtained fmm the od- 

i?l%ze~&Z~~%tE~ l frfJy~~~$%Z~%~~%I~~S~~~~ 
reactton amditions the cycltzation tack place at 2X and the formylPorpl~yrm was obtained in 23% yield togs&r with the C-8 
unsubstituted porphyrin which was obtained in 50% yield. The latter could also be obtained in 65% yield by the mcidative cycli- 

~~~~~y,~~,~~~-~t~~y~~~~ diliydrobm~~ The mrmyia 
(ID chloride in DMF at 2% of the &unmab@tuted 17-his @ckloroeth 

ttz)++n=thc%S~&~~ n attemp at 
position of this porphyrin were ho- qmmckf& when either N,Ndiiaobutyl formemide Wlsmeier-Heek reactloti or 
dichloromethyl m&y1 ether (Fried& Crafts reactton) were used. The title porphyrins ware obtatmd from the afommentioned 

%%%%~%%?%!&mtkesis of heme 8. 
s by vinylation of the Iatter with kse. 8-DemethyWformyl protoporphyrin IX is e valuable in- 

Heme a (iron-porphyrin 3 is the prosthetic group of cytocluome ox&se, the terminal enzyme of the respi- 

ratory chain (warburgs atmungsferment). Removal of iron from heme 8 affords porphyrin & a porphyrin where 

the P-vinyl residue of the ubiquitous protoporphyrin fX * is replaced by an isoprene side chain and where its 8- 

methyl residue has been oxidized to a fonnyl group. Very little is known about the biosynthesis of porphyrin a. It 

is conceivable that it is originated in protoporphyrin lX either by a prior oxidation to 8-demethyl-8-forrnylproto 

porphyrin IX 1 followed by alkylation of the 2-vinyl residue by an isoprene pyrophosphate 6cheme D, or the other 

way around. 
Scheme I 

v Ma 

Protooorohurin IX 
Prenyl-@ 0 

-p+v, PwohYd!u 

M&:W3 

V:CH=CH2 
P : CH2CH2CO2H 

P P 
1 

Recent findings showed that rad@al type oxidations of heme b, the prosthetic group of widely distributed hemo 

proteins such as horseradish and cytochrome c 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 forrnyl 

residue at C-8 in hemea and could also be the starting step of its biosynthesis. An efficient synthesis of 1 will them 

fore be of help to probe into the biosynthetic pathway of heme L by making use of spe&cally labeled pnxunwm. 

Porphyrin 1 was obtained by Qezy and Fookes 3 through the synthesis of a porphyrin precursor substituted with 

an 8-acetyl residue which was then degraded to give the 8-fonnyl group. The same approach was used for the 

synthesis of porphyrin d We looked for a synthetic procedure where the formyl group could be introduced in a 

one-step reaction. 
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Ofthemanyporphyrin~~whichcanbefoundintheliterahw,5itisincressinglyclearthatsymme- 

trically substituted porphyrins can best be pmpared by condensation of two dipyrrylme&ane halves~ while asym- 

metrically substituted porphyrins can be obtained by the cyclization of 1’,5’dimethy&-biladiene salts in the pre- 

sence of oxidizing copper (ill salts7 The latter procedure was also used for the cyclimtion of b-bilene salt&u It was 

decided to prepare an knsubstituted porphyrin 11 conveniently substituted at C-2 and C-4 with 2-chloroethy 

side&tins as precursors of the vinyl residues fScheme II). Since regioselective formylations of t%ansubstituted 

porphyrins have been reported, 8~ the synthesis of 11 as a precursor of 1 seemed fully justifkd. 

The direct synthesis of 11 was approached through 5unsubstituted a,c-blladiene in view of the good rp 
suits reported for the synthesis of asymmetdc porphyrins starting with a,c-biladiene#.The former was first con+ 

tructed in such a way as to avoid that the l’&limethyl groups should be flanked by the &unsubstituted carbon, 

since ithas 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-hydroxymethylpyrmle 2 with the a-un- 

substituted pyrrole 3, the &unsubstltuted dipyrrylmethane 4 was obtained. Hydrogenolysis over I’d/C then affor- 

ded the acid 5. The attempted condensation of 5 with the formyl pyrrole 7rc 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 vacua, and the resulting dip- e 6 was condensed with 7 in the presence of hydrobromic acid to 

give the tripyrrene hydmbromide 5, This 9-unsubstituted tripyrrene 3 was unstable and could not be stored but 

had to be converted as soon as possible into the biladiene. By treatment of 3 with trifiuoroacetic acid (to cleave and 

decarboxylate the t-butyloxycarbonyl residue) in the presence of the 2-formyl pyrrole 9 and hydrobromic acid, it 

was postble to obtain the a,c-biladiene dihydrobromide 10. It has been reporb@ that tkmsubstituted biladienes 

are cleaved to by-products when the cyclizations are attempted in hot (15Orl dimethyl formamide in the presence 

of the copper salts ( the usual cyclization conditions?. Fortunately, the oxidative cyclization of 10 with copper chlo- 

ride in dimethyl formamide could be achieved at 2043. It was followed by the demetalation of the copper chelate of 

the porphyrin, and by a tram&ion step with methanol. It was thus posible to obtain the dlmethyl ester of 
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porphyrtn 11 in 65% yield from IO. 

The~~isofthenewpyrroleeemployedinthis~~aequencearesummarizedinscheme~.The 

efofinyl~12waecondensedwithellryimaloMtetogivetheacrytatewwhichwasreducedtothepropiona- 

te 14. Spontficatton gave the diadd 15, wl+h by treatment with benayl chloride in dimethyl formamide (d gave the 

dibenzyl ester 16.TheWer was trm with nuthanol in add medium to give 17. A Vilsmeier-Haack mac- 

tion on 17 gave 18, which was reduced with sodium borohydrtde in methanol-methylene chlortde to the hydroxy- 

methyl pyrrole 2. The formyl pyrrole 9 was obtatned from 2.benzyloxycarbonyl-3-(5&loroethyl)4,5- 

dimethylpyrrol@ by prior hydqenolysis to the add followed by treatment of the latter with t&thy1 orthoformate 

in acid medium. 

H CHO 

a 

H l?2Et 

Et O2C 

R 

‘H 
2 ko2H EtC2~:a~$:~Ph*2Cg: 

PY 
H H 

14, R=R’: Et 
12 13 

16, R=R’: CH2Ph 
lS,R=R’:H 17,R: CH2Ph R’:Me 18 

All attempts to formylate the C-5 position of 11 were unsuccesful. lbe htndered N,N-diisobutyl formamide 

was used in a Vilsmeier-Haak reaction to avoid substitution at the meso-mrbons O, but the yields of the obtained 8- 

formyl porphyrin were very low. The use of a Friedel-Uafts reaction with dichloromethyl methyl ether0 on the 

iron-porphyrin also failed to give the desired porphyrin. It was therefore decided to attempt the cyclization of an 

a,c-bib&ens &unsubstituted at a position flankmg the l’l’dimethyl residues, and to take advantage of the obser- 

vatioiQ” that if an oxidative cyclization with copper salts is carried out in the presence of iodine, a formyl residue is 

introduced at the unsubstituti 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 a-unsubstituted pyrrole 2O 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 decarboqdation), followed by in 

situ condensation with the formyl pyrro12 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 Zformyl 

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 I4 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 23. They were easily separated by chromatography. The chelates were 

then demetalated by add, and the porphyrins were transesterified with methanol-acid. The C-8 unsustituted 

porphyrin 11 was formed in 50% yield and the C-3 formyl pophyrin 23 was formed in 25% yield. The overall yield 

of the reaction can therefore be considered as very satisfactory. Vinylation of the P-chloroethyl residues of 11 to 

give 29 was achieved with base, while in 23 the formyl residue had to be protected by an in situ acetal formation 

with ethylene glycol during the basic treatment. The dimethyl ester of 1 was thus obtained in 90 96 yield from 23. 

This synthetic approach made posible the obtention of regioselective labelled 1 by a relatively simple sequence. 
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P P 

21 R:C02Ctt2Ph + 22 R:H 

4 

vc02 cwJ+I 
PE’ 

24 

2!5R:CHO 
27 R : c02Ph 

26 

PE’ : CH2CH2CO2@$H3 
11, R:U+CH2CI R’:H 
28 , R : CH2CH2Cl R’ : CHO 
29,R:CH=CH2 R’:H 

1 ,R:CWH2 R’: CHO [Dimethyl wkr) 

GanaraI procedwes: A4eJting points ware detarmined on a Kc&r mabing point apparatus and ara uncon~M.lH-!+IMR qec- 
tra ware rout!ue!y moxdad on a Vatiaa lT-60 A sy, excqtfertbespectraoftri~es,b~andpcq!tyr!as 
whichwarerefordedat270MHzonaBrulraWH-270.Masss~wereobtainedwithaV~CH-7~..The 
ge! usad in co!umn chnunatograpby was TLC !&se&l (Merck!. TLC was performed on precvated si!tca ge! F-254 plate3 
(Mercb,O25 mm layfr t!ticbmss~. The substances were spotted by spraying the plates with Rbrl!ch’s teagent (2% p(dtmethy!a- 
mine) benzald&yde ia 6N HCD, or by treatmeat with brom!ue vapor which gave orange or red co!ora with the d@yrrylmatba- 
nea. 

Ethvl2&hoxvcarkmvl4nvnvleacrvlate 1l 
A so!ut!on of 16.7 g (O.lmol) of the 4iformyl pyrrole 12 ** In 100 mL of dry pyr!dtne to which 2 mL of pipe- 

ridine and 75 mL of acid et!tyl 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 W was filtered and crystallized 
from ethanol-water: 22.1 g (93%); mp 104 “c; ‘H-NIv!!Z ( 

CDclj 
1 S 7.47(d,lH, &!=CHCO!, 7.05 (m, 2H, H-3 and H-5!, 

6.03 (d, lH, -CO), 4.20 (m, 4H, SC!-!& 1.2t3(m,6H,CHr . Anal.Cakd. for C&&NO, : C&0.76; K6.33; N, 5.91. 
Found C, 60.83; H, 6.39; N,5.99. 
Et!wl2_ethoxvcarbonv!4o~o!e_~~oM~ 14 

The acrylate W (20 g! was dissolved in’200 mL of ethanol and was reduced with hydrogen over 2 g of 10% 
Pd on charma! 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’ - 

‘c”L !-Sk 

CO C$!JOO); IH-!WR (CRC&) S 6.77,6.74(s, s, lH, lH, H-5 and H-3), 4.20 (m, 4H, Q&C!iJ, 3.22 (m,4H, 
), 1.?30 (m, 6H, G&j. 

2-Carboxv-4_% 
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 Oc. The residue was redis- 
solved in 20 mL of water, the solution was adjusted to pH 2 with hydrochloric acid, the precipitate of 13 was f!lte 
red, dried; and crysta!!tzed from ethanol-water: 15 g (98%); mp 173-174 “c. AnalCalcd. for CJ-JNO,: C, 52.46; H, 
4.92; N, 7.65. Found: C, 52.50; H, 4.98; N,7.70. 
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Qf5oOmLofcRmsthyl fwmamide,2tklmLdtriethylmntne 

Calcd. for C&&O&72.73; H, 

ItWasulenpouredQverLQf~~~a;ld500mLofchlorof;;rm,theQrganic~Wps~~theaqueous 
layer was ree&acM with chlor&& (250 mLI, the organtc layers were poolecl washed firat with a saturated 
sodium~~~lu~nlutionandthanwithwpter,andfiheSlywapMatedtodryness.lhereaiduawasdissolvedin 
asnrallvrvlYmeofl%methanotin~epfidchr;omatoga~onasillca~column~asdeecribedabove~ 
the same solvent.The fractions contatntngl7 were peeled and evaporated to drynesh The restdue was uystallimd 
from w l73g (788); 55-56 oC;lH+MR KDUJ 6 7.40 tb, 5% PM, 6.82fm, W, H-5 and H-3). 530 
fb, 2H, gYr), 3.70 fsJH, CKHJ, ?& fm#l,C&$&&CO~. Anal. Calcd. for C&NO,: C, 66.90; H5.92; NP.88. 
FouM1: C,, 6685; I-I, 5.9& NR.97. 

of dry dimethyl formamtde waskeptat2OoC 
tionof1Seofl7tn2OPmLafl&di&lo- 

methane was then slowly added to the fQrmer mixture with constant stining. The &ultittg s~IutiQn was -heated at 
85 DC during 4 h; it was then diluted by additionof crushed ioe and adjusted to pH 8 with a concentrated sodium 
hydroxide solution. J’he mixture was further beated& 70 “c: during lh, cook& ex&act@ withchlomfonn (200 mW, 
the organic layer was separated, washed with water to neutrat, and evaporated to dryness The residtw of l8 was 
aystallized from benmne-heptane: 14.6 g (89 %I; mp, 67-68 “c; ‘H-NMR t 
ph), 675fd, IYHdI, 5.30 &2H, aph), 3.65 (s, 3H, CU-f$, 3.05(t 2Y 
G&d. for C,,H,,NOr,z C, 64.76; H, 6.40; hL4.44. Found: C, 64.72; H, 5.36; N, 4.35. 

2.60 (t, 2H, ~CoMnal. 

small volume of 5% methanol in &lorQform and chromatogmphed on a silica gel cohunn as de&i above using 
the same solvent. The fractions containing 2 were pool&, evaporated to dryness, and the residue was crystallized 

The dtpyrrybne&ane was obtained by cmtdensatton of 1.58 g (5 mmol) of 2 and 1.40 g (5 nunol) of 3 M dis- 
solved in 150 mL of dry methylene cl&ride in the presence of 250 mg of p-toluenesulfontc add. The solution was 
heated under a stream of nttmgen at 4OC for 4 h after which it was poured over 300 mL of water, the organic layer 
was separated, the aqueous layer was extracted with cNomform (3 xlOOmL~, the orf@c layers were pooled, was- 
hed With an 8% sodium bicarbonate solutton, then with water, and finally evaporated to dryness in vacua. 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 wNch contained 4 were pooled, 
evaporated to dryness, and the residue crystaIhx.ed from ethanol-water; 2.2 R (70 96); mu 112-114°C; 1 H-NMR 
CCDCl,, 8 7.35( b,5H, Ph), 6.75 fd, lH, H-4$5.26 (s,2H, 

CY OCHJ, 2.70 (m, 8H, C!$J&a), 2.30 (s, 3I-L CH,-4), 1 
h), 4.07fq, W, 

Y?! (s, 9H, CCHJJ, 1. 
-&I& 9.96 ts; 2H, -Cy ), 3.70 (s, 3H, 

CjJ&O~ C, 66.21; H, 6.89; N, 483. Found C, 66.18; H, 6.78; N5.00. 
5(t, 3H, CH&&). Anal. Calcd. for 

carboxv? 
&rt-Bu I-3-(~-(ethoxycarbonylethyl~l-3’_i8-(methoxyca~nylethyl~l~-methyl-~~ar~xydip~lmet~n~~ 

ate Z 
A solution of 4 (2 g) in 200 mL of ethanol Was reduced with hydrogen over 400 mg of 10 96 Pd on charcoal 

at 50 psi during 4 h. The catalyst “was filtered off, the solution was evaporated to dryness at 4OC in vacua and the 
residue was dissolved in a small wohune of 5% methane] in chlorofom and chromatogmphed 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 them&due was crystaRized from methanol-water; 1.57 g (92%); mp 148149°C; ‘H-NMR (DMSCMJ 8 



11.0 (b,lH, CO&I), 6.65 (d,lH, H-4’), 4.15 (4, w, =CHr), 3.94 (4 q-C& 1~ 3.75 (st’3Ht 
g&Q&),,223 (a, 3H, C&I&-4), I.75 (e, 9K (CH& 127 (t, 3H, CH&&LAnaLcalc&rw 
N, 5B’L Foundr C, 6L35; H,7.0& N, 3.93. 

d~1~under~~~~~~Biakirtionwclll~~~~watff;~equeous~~was~~~’ 
to pH 3 wtth sodium bkmbonate, and ‘Was extmcki w&b dtiorofonn 8 x 2.3 mL1. ‘Ike d’brofbmN~~W~!ls w@2 
dried (Na$OJ, concentrated in vacua at 4WC to05 mL, a drop of the hydrobromk-aoeuc acid s@$ortwas added, 
and the solution was finally evaporated to dryneea in vacua. The residue was dissolved in mathytene’&loride and 
the hydride 3 was - pitated by &y et&cm &O%& 142-1W ‘H-b&AR 
-CM=), 6.82( b,lH,~H& 4 JtF B, 2H, -CH& 4.13 (q, rrtt G$$j, 3.3,3K ,CC&L 35r(t, 
2.67 (m 6~, cm&&a, QJ$H&O~, MO b, 3H, CH$, 2.4~ 2H, CqCO), 232(t, 2K CWQ 2. 
2.18(5,3H, 

z!k C&&Q 
$562 9si$ p l.Wt, 3H, 

. ; ; di 
~vlsIhn(Mcz),49omn(e:92poo1.~.‘~~.for 

. Pwnd: C57.1 ; ,669; N6.10. 

Trtpyrmne hydrobromfde 8 (417 mg, 0.6 
previoualyd~bybubblingnitrogenduring20~aolutlonwass~withnitrogen~~2ocd~~10 
mm (m&l the tripyrrene dissohred). A solution of f&my1 pyrrole 9 (111 mg, 06mmoif m 15 mL of dry methanol 
was~addedfollowedby1mLof33%~~add~~aceded,~themirturr!w~~at~d~ 
2.5 h. Dry ether was then #lad to the eolution cooled to OT, the predpitated a&riladiene dthydrobromide wslg 

N, 6.70. 

dry dimeth$ formami&. lhe mixture was-stirred at 2OT during 2 h, chloroform (400 mLI Was then added, the 
solution was washedwith water (2 x 200 mL) and evaporated to dryness in vacua. ‘Iha residue was diskolved in a 
small vohune of 05 96 of methanol in chloroform and was filtered through a silica gel columu The red ehrates 
which contained the copper &elate of 11 were pooled aud evaporated to dryness~ The residue (X56 * 7@%I was 
dissolved in a cooled mixture of 1.5 mL trifluomacetk add ,and 7.5 mL of conkntrated sultiui~ add, ‘and the &I- 
tion was kept at 2OT during 30 mm. It was then poured over water (100 mL) and the porphyrin was WraWd with 
chloroform, the organic Layer was washed with a saturated solution of sodium bicarbonate, then with water, dried 
or;qsO,,, and evaporated to dryness iu vacuo.The residue was dissolved in 10 rnL of anhydrous methanol Whkb 
contained 5% suhuric add e and the solution was kapt at MK: Wing 15 h. It was then diluted with 30 mL of chlo- 
roform, the organic layer was washed with water, then with a satumted sodium bicarbonate solutiun, again with 
water, and evaoorated to drvnem. Porohvun 11 dimethvl ester was crystahi!ced from chloroform-rMhano1: 158 mg 
(93%b mp 171~i73q ‘H-Nk(CD CIj 810.14,lO.a!& 9.99‘ 9.97 (s, s, s 9, iH,i~, lH, lH, meso-m, 9.o9 WY H-3), 
452 (t,‘4H, Qj&H.&l~, 4.49,437 (;, t, 2f-Q 2H, Q&Cf-&CO>, 434 (t, 4H, CH&&Cb, 3.79,3& 3.63,3.61 (s, s, a, s, 
3H, 3H, 3H, 6H, CL-$, CXXJ, 343,3.27 (t, t, 2H, 2H, CHQ&CO), -4.03 (s, 2H, NH); mas8 spectrum m/e (retative 
intensity) 649 (M+,43), 643 (W-1,93). Anal. Calcd. for C&J&J, 0.4 : C,64.7l; H, 5.55; N, 3.63. M C, 64.32; W, 
5.90; N, 8.75. 

A mluuon of 3.5 5 (0.01 mol) of the acetate I9 in 30 mL of dry methylene chloride was added dropwiSe to 
a stirred solutionof 2.3 (O.OI~WI) of the a-unsubstituted pyrrole ?o u and 160 mg of ptoluensulfd~c acid in 30 
mL of dry methylene chi5 oride, The soiution was then heated at 4(K: during lh. It was then punrdinto 100 mL of 
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water,theo~clayerwaeseperated,theequeouslayerwas~~wi~melhyfcne~~(3x~DmL~,the 
pooledorgankanlventswerewasbedwlthrsaturatedsodtum bica&mate sol* then with water, dried 
(Na.$O,), and evaporated to dryness in vacua. The dlpyrrylmethane 21 was purified byflltratkm througha TLC 
silica,~el~~4xx3oan)uelsrg2%~l$benzeneMelusnt.Thefrectionecm\tplinln(gthe 
T1(~~byTtll)waspmledand~~‘tadryne%.~ally~(cg7wb)ludtha 
spactrum. m/e fselatlve in- 551 WJ91.570 Wl, 515 &I+ -isobutylers?, 57$470 (SC- COv 1OO);WNMR 

3H,3H,CH& 1.43 (s, 9H, C(CH&, 1.15 (t 3H, CH#&l 

Dipyrrylmethane 2l (lJ4 g, 2mmnll dissolved in 150 mL of ethanol was reduced with hydrogen over 0.25 
g of 10 % Pd on charcoal during 2 h at 58 psi. The catalyst was filtered, the so-t evaporated to dryness in vacua, 
and the residue was dlsaolved in ethanol and precipitated by addition of water. The acid 22 (895 mg, 93%,1.86 
mmoll thus obtamed was dissolved in 48 mL of dry methylene chlorkle, formyl pyrrole 23 ra (353 mg, 1.90 mmol) 
and 900 mg of ptol~ulfonic acid hydrate dissolved in 10 mL of methanol were added, and the solution was 
kept during lh at2OT while flushed v&h nitrogen. The solution was then poured over 100 mL of water, the orga- 
nic layer was washed with a saturated scdium bicarbonate solution, then again with water, dried @Ia$O,l, and 
evaporated to dryness in vacua at 25”c.The residue was dissolved in dry methylene chloride and hydrogen bromi- 
de was passed through the solution during 10 set while the latter was cooled in ice-waterThe hydmbromide was 
precipitated by addition of dry ether, filtered off, and washed with dry ether to give 1.02 g (80%): mp 132-133°C; 
&&spectnun m/e (relative intensity) 6051 M*- Br,A21,603 (Wl, 568 i605-HCl, ih; W-hjiclR ( -) 6 13.57, 

%k 13.58 (b, b, lH, tH, NH). 10.25 (b, lH, NH), 7.08 (s,lH,=CH-1,435( s, 2H, -US-l, 4.08 (u2K C)C& 13.62.3.31 
(t, t, 2H, 2I-L &&I-l.@,, 3.11 (t, 2H, Q@-I.$O,, 2.95 (t, W, CH&&Cll, iti (t, 2& CI-I&&C.lX 2.46 (t, 2H, 
CH&J&CO), 2.67,2.26,2.06,2.03 (s, s, s, s ,3H each, CI-I,,. 1.57 (s, 9H, C(CH.&, 1.2I(t, 3H, U-I&&l; vis max (CHC&) 
495 ran (E: 79,200). AnalCalcd. for C&H,,NaO,B~ : C, 36.06; H,6.42; N, 6.13. Found: C, 56.00; H, 6.38; N,6.16. 
ABs(n-c 2 -i hl hl -e ‘-nentamethvl ac-bil diene 

vdrobromide 2& 
The trlpyrrene 24 (685 mg 1 mm011 was hydrolyzed and decarboxylated with trifluoroacetic acid as des- 

cribed for the synthesis of 10 and then condensed with 195 mg (1 mmoll of 25 following the described procedure. 
The disappearence of the vis absortion of 24 (494 nml and its replacement by the vis max of 26 (446 nm and 521 
nml was complete in lh, after which the diiydrobromide 26 was pred@ated by addition of dry ether: 672 mg 
(80%); mp > 3&C; vis (CHC4) maxt 4% NII 6:104,CW, 5214~1(@0; lH-NMR (CD, 8 7.50,7.13 (s, s, lH, lH, 
=CH-), 622 (s,lH, H-81,5.21(9,2I-I, CH& 4.04 (q, 2H WS.&HJ, 3.64 (s, 3H, WI-I& 2 3. (t, 2H, Q&CI-I&h, 3.16 
2.91(m, 10 H, U-I&&CO, Q&Cl-I$ll, 2662.48 (t, t, 2I-L 2I-L Cl-I.&&ll, 2.70,2.28,2.03,1.98 (s, S, 9 S, 3H, 3H, 3H, 
6H, CH,), 1.16 (t, 3H, OCH&&l. Anal. ‘Calcd. for C,,H,& 0, Br2 Cl+ C, 52.67; H5.69; N,6.64. Found: 
C,52.63H,5.65; N, 6.70. 

of 11 with 2.8 e 
of dry copperchloride and 5.8 g of &dine ii 260 mL of”&ne&yl formamide. The copper ihelates of 11 and of g 
were separated by the chromatography stepon 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 &elate 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 
lO.Sl( s,lH, H-d), 10.25,9.92,9.89 (s, s,. s, lH, lH, lH, meso-HX 4.63 (t, 2H, ~CI-I$Of, 4 

18 11.48 (s, lH, Cl-IO), 
52 (t, 4H, CHCI-I$ll, 

4.38 (t, 2H, ~HCI-I.$Ol, 435( t, 4H, C&Cl), 3.67,3.65,3.61,3.56 (s, s, s, s, 3H, 3H, 3H, 6H, CI-J, OCHJ, 3.35,3.27 (t, 
t, 2H, 2H, C&CO), -3.84 (s, 2H, NH); mass spectrum, m/e ( relative intensity); 677 &I+. 37). 676 (M+-1.100). Anal. 
Calcd. for C.&&O$J: C, 63.81; H5.61, N,8.27.Found: C, 6375; H, 5.68; N,8.30. 

6,7-Bis IISmethoxycarbonvlethvll-1,3&rimethvl- 2.4divinvlwrnhvrin 29. 
The bis@-chloroeth 11 porphyrin ll(200 mgl was dissolved in a mixture of 120 mL of p 

water, and 25 mL of a 3% soz nun brcarbonate solution. The mixture was heated to reflux during 
‘dine 20 mL of 

Srr h under a strem 
of nitrogen. It was then cooled, 25 mL of a 25% acetic acid solution was added, and the solution was concentrated 
in vacua 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 vacua. The residue of 29 was crvstalllzed 
from &lo&form-methanol: 174 mg (90%); rnR 21~21lT; ‘H-Nk4R (CDCI 18 10.06,10.03,10.00,9.97 (s, s: s, s, lH, 
lH, lH, lH, meso-I-l), 9.03 (s, lH, H-8), 8.30818 (m, 2H, Q$CI-IJ, 6.43-d.15 (m, 4H, CH=cH), 4.49,4.46 (t, t, 2H, 
2H, Q&CI$CO,, 3.81, 3.68, 3.66,3.61,3.58 (s, s, s, s, s, 3H, 3H, 3H, 3H, 3H, CH, OCHJ, 3.47, 3.25 (t, t, 2H, 2H, 
CI-IJO), -4.17 (s, 2H, NH); mass spectrum, m/e (relative intensity) 576 (M*,80). Anal. Calcd. for C,H,N, 0,: C, 
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;;ar, kdded to the co0kd soWion, the o+kc mixhve was washed w&h waier, d&d 
(Na.$OJS and evaporated in vacua. The residue was dissolved in 100 mL 0f pyidina, and the schM0n was flushed 
with nitmgen during 15 min while heated to refhrx. It was then cooled, 50 mL of a 13% sodhuH Nydrdide sola- 
tion was added, and the mixture was @ted under reflux during 2 h: It was tIwr~ cooled, a&Iffi& with 25 mL of 25 
% acetic a&i, reduced to a small vohrme in vacua, the porphyrin predpitate was f&red, dried, a@ dissolved in 
300 mL of5% suBuric acid in methanoI. After 18 hat ZODC, the sohrtion was dihrted with an equaI v~h@ of&h- 
rofom the 0rganic ti0Zution was washed wiff~ water, then with a saturated sodium bicarbonate aotutI0tb again 
with water, dried @k$Qevaporated ta drynass in vacua, and the msidue of i was crpW@d from inethyhe 
chloridem&anoI?3~m~ @E&I; mp223-22X f&t? 22%229Q%WM’R K!LJ F8 11-26 WY Wo), IoiI4 k 13% 
H-d~,9.64,9.s, 9.46 Q s# s, ry IN, 1% zMo-H>, Lfs-?.93 fm, 2W~MqX s-6. 54 fm, 4s Cx5Jq)” 4.42,4zB 
b, t, w, w, $&CHp x 3.6Q 3.s& 3% %49,3& b, s, s, s, a, 3H, 3H, 3H, 3H, 3% OQI, -$>I 3zwJIJ 1% 4H, 
CHp>, 5.27 ts, 2H, MH); zw-vjs max-Kxqk 64s lim <* wmo,, 5s &12,aoo), 565 <az t9-, ‘522 Q ~#5fx8, 
421&?%5#oa% An&. C&x% for C&$,U~~ C,?zJz; Ii, 3.%; N, 9.27.Ibundz C, 77.50; H, 6.% N, 9%. 
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