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Abstract Treatment of octaethylporphyrm (OEP, 1) urlth N-bromosuccmlmtde m the presence of 2,2’-azobls(2- 
methylproplonltnle) (AIBN) affords the trans-(2-bmmovmyl)-heptaethylporphynn 10 m high peld When pmnary 
and secondary alcohols are present m the reaction nuxture the correspondmg (1 -alkoxyethyl)-heptaethylpoqhyrms are 
formed The trans-(2-bromovmyl)-heptaethylporphyrm undergoes some of the reactions charactenstlc of the vmyl 
groups m porphyrms and several reactions of tins compound are described 

The porphyrm macrocycle pmvtdes an excellent system for spectroscopic and synthehc studies of orgamc and 

organometalhc chemistry, and also for related mvestlganons of a number of biological phenomena and natural 

products In this regard, octaethylporphynn (OEP, 1) has been used extensively as a probe for chemtcal, physical, 
and blolog& properties of the free base and a plethora of metal complexes 1 Numerous important dlscovenes 
concerning heme structure and function can be credited to model stu&es usmg octaethylporphyrm and Its metal 
complexes * In addmon, the reactions of porphynn subsntuents are of conslderable chermcal Interest since the 
fundamental properties of the porphynn macrocycle can be altered by small changes in these subsmuents However, 
with the exception of meso-substltuclon,3 methods for functlonahzatlon of octaethylporphyrm (l), the prototyplcal 
alkylporphyrm, appear to have fallen behmd. 

Et Et Et R 

OEP (1) reacts4 with tert-butyl hypochlonte and 2,2’-azobls(2-methylproplorutrde) (AIBN) m chloroform to 
gave a low yield of a mixture of products which have undergone reactton at an ethyl group From the reachon nuxture, 
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7% of 1-(l-chloroethyl)-heptaethylporphyrm 2, 37% of 1-vmyl-heptaethylpoqhynn 3,4% of l-(l-hydroxyethyl)- 
heptaethylporphyrm 4 and 7% of l-(l-ethoxyethyl)-heptaethylpoqhyrm 5 were isolated In a related reacaon. 
treatment of OEP 1 with sodium chloroaurate(II1) m pyndme was shown to gve5 the l-(Zchlorovmyl)- 
heptaethylporphyrm 6 m 15% yield Another method6 for the func~onahzatmn of an ethyl group of OEP has also been 
described,, the &hydroxychlorm 7 was prepared from oxldahon of OEP wth osmmm tetroxlde, m 67% yleld,T and 
upon heatmg m the presence of acid. the monc+( 1-hydroxyethyl) denvanve 4 was obtamed m 49% yield When glacial 
acetic acid or methanol were used, the mono-( 1-acetoxyethyl)-porphyrm 8 or the mono-( l-methoxyethyl)-porphyrm 9 
were produced m 85% and 78% ydd, respecnvely The 1-vinyl-heptaethylporphynn 3 was also obtamed m 90% 
yield, by heating compound 7 m benzene contammg HCl In the present paper we descnbe a number of efficient 
procedures for the functlonallzatlon of OEP, with the keystone intermediate being the (2-bromovmyl)- 

heptaethylporphynn 10 Recently, brommation of OEP with Brz, Hz-r, or NBS has recently been mvesagat&* 
m the case of NBS, a high yleldmg route to the (l-ethoxyethyl)-heptaethylporphyrin 5 was described,, but because of 
the different reacaons con&noons employed, the trans-(2-bromovmyl)-porphyrm 10 was not observed 8 

The Reaction of OEP with N-Bromosuccinimide 

Et R 

Et 

Et 

Et Et 

10 R = CH&H-Br 
11 R = CH(Br)CHa 
12 R = CH(CCH,CH,CH )CH, 
13 R = CH(CCH&H@fe,)CH, 
14 R = CH[CCH(Me2)]CH3 

Treatment of OJZP with two molar eqmv of N-bromosucclmnude m the 

presence of AIBN produced the correspondmg trans-(2-bromovmyl)- 

heptaethylporphyrm 10 III 85% yield (93% based on recovered startmg matenal) 
The structure of compound 10 was assigned l~nally on the basis of the proton 
NMR spectrum which showed two vmyhc protons at (8 67 ppm and 7.33 ppm) 
coupled to each other with J=l4 1 Hz, confiing the tram arrangement at the 
olefimc double bond The proposed mechamsm for the formation of the tram 
compound 10, the thermodynamically most stable isomer, 1s shown m Scheme 1, 

after benzyhc brommation of OEP to gwe 11. elmunauon of hydrogen bronude 

presumably occurs to produce the mono-vmyl denvatlve 3 Ad&tion of 
bromontum ion to the vmyl group would yield the bromovmyi denvatlve 10 after 

loss of a proton from the secondary carbocation 
Br 

1 11 3 10 

Scheme 1 Proposed mechamsm for transfomtion of OEP (1) into trans-(2-bromovmyl)-heptaethylporphvn (10) 

When the reaction was carned out under the same condmons, usmg commercial chloroform (contannng 0 75% 
of ethanol as a stablhzer) as the solvent, no trans-(2-bromovmyl)-heptaethylporphynn 10 was formed The mam 
product obtamed under these conditions was (1-ethoxyethyl)-heptaethylporphyrm 5 obtamed m 47% yield (73% based 
on recovered OEP), and also 1-vmyl-heptaethylporphynn 3 m 10% yield Presumably, the ethanol displaces the 

bromme atom m the mlual product 11 to form compound 5, whde 5 simply elnmnates ethanol under the reaction 
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con&noons to give product 3 We have also shown that compound 5 gves 3 upon refluxmg m toluene When the same 
reaction was camed out m the presence of 1-propanol(3% of 1-propanol m dlchloromethane), compound 12 was 
obtamed m 82% yield In thus case, no I-vmyl-heptaethylporphynn 3 was detected smce I-propanol does not ehnunate 
under these reaction cotitlons In the presence of 2-(mmethylsdyl)ethanol. the mmethylsdylethoxy denvauve 13 was 
obtamed m 50% yield (83% based on recovered OEP) Compound 13 did not react with tetra n-butylammonmm 
fluonde in tetrahydrofuran9 but treatment of the tnmethylsdylethoxy-porphynn 13 with an excess of mmethylsdyl 
Itide gave a 50% yield of the (1-hydroxyethyl)-porphynn 4 (85% based on recovered startmg mater@ Compound 
4 was dehydrated by heatmg m toluene for 3 h, to provide an almost quantltanve yield of the mono-vmyl-porphynn 3 

Use of a secondary alcohol, such as 2-propanol, m place of 1-propanol afforded porphyrm 14 in 40% yield 
(89% based on recovered OEP) In this case a longer reaction time 1s needed and the yield obtamed for the ether 
denvauve was lower When tert-butyl alcohol was used the correspondmg ten-butyl ether was not detected and the 
trans-(2-bromovmyl)-porphyrm 10 was the only product, obtamed m 77% yield Use of 1% of water In 
hchloromethane as the solvent also afforded the tmns-(2-bromovmyl)-compound 10 as the only product, and m 77% 
yield 

The zmc(II) complex of OEP behaved differently from the free-base 1 under the same condmons, treatment of 
zmc(I1) OEP ~nth N-bromosucammlde m the presence of AIBN afforded product 15 in 28% yield (72% based on 
recovered startmg mate&) after removal of the chelated zmc Only a trace of the tmns-(2-bromovmyl)-porphynn (10) 
was produced Addmon of pnmary alcohols to the reacnon nuxture did not affect the formanon of 15 The reactlon 
mechamsm may involve formanon of the x-cation tical of zmc(I1) OEP 1, followed by attack of succmnmde as a 

nucleophde Smular zmc(II) porphynn canon rad& reacnons with nucleophdes have been reported m the hterature 10 

When OEP 1 was reacted under the same 

reactlon condlnons, but with N-chlorosuccmmude m 
place of N-bromosuccm~mide, the meso-dlchloro- 

porphynn 16 was the mam product (obtained m 30% 
yield), along with 17% of the mono meso-chlonnated 
porphyrm 17 and a 50% recovery of OEP The 
structures of compounds 16 and 17 were assigned on 

16 R’=R* =Cl 
the basis of their mass spectra and proton NMR spectra 

15 17R’=CI,R*=H 
(presence of only two or three meso protons, 
respectively) The two chlonne atoms of compound 16 

are sited m opposite meso posmons as lticated in the symmemc proton NMR spectrum 

Treatment of etloporphynn-I (18) with N-bromosuccmlmlde gave only a complex mixture of polar 
decomposmon matenals However, In the presence of ethanol, compounds 19 and 20 were obtamed m the raao of 
3 1, respectively Upon heaung m toluene, compound 20 gave the mono-vmyl denvatrve 21 m good yield 
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Compound 10 IS very stable, IS 
resrstant to many reagents and reactron 
conditions (e g. high temperatures) wrth 
very little decomposmon, and so proved to 
be a keystone intermedtate for further 

transformatrons Attempts to obtain the 

saturated (2bromc&hyl)-porphynn 22, a 
useful vmylporphyrm precursor, by 
hydrogenation of 10 were unsuccessful 
However, the trans-(2-bromovmyl)- 
heptaethylporphyrm 10 underwent several 
of the reacttons known to the vinyl group 
of porphyrms 11 Thus, compound 10 
reacted with osmium tetroxrde in the 
presence of sodium penodatel2 to give the 
P-formylporphyrm 23 m 62% yield (97% 

based on recovered OEP precursor) The uon(II1) complex from compound 10 also reacted with resorcmol m the 
classtcal Schumm prouodevmylauonl3 to gtve the P_unsubsututed porphyrm 24 m 68% yield, after demetalatton Both 

compounds 23 and 24 can be further funcuonahzed and used m the preparation of numerous other OEP denvauves l4 

The zmc(I1) complex of 10 reacted wtth mckel(I1) chlortde, mphenylphosphme, and phenyl magnesium 

chlortdels at -3oC, to grve compound 25 m 50% yield after removal of the chelatrng zmc A number of drffemnt OEP 
denvattves can be obtained usmg different Gngnard reagents, only typtcal examples are grven here Treatment of 

zmc(I1) 10 wrth benzaldehyde or 4-(dtmethylammo)-benzaldehyde m the presence of anhydrous chromutm(II) 
chlondele gave low yrelds (5-12%) of compounds 26 and 27, respecuvely 

Me26 
\ 

q 

\ 
\ Et R 

Et Et 

H-C-OH 

27 

1-Vmyl-heptaethylporphynn 3 was obtamed from reactron of zmc(II) 10 wth tert-butyl or n-butyl lithium (at - 
78oC and -39W, respecovely) followed by quenchmg of the resultmg vinyl amon with water However, the yreld of 
1-vinyl-heptaethylphynn 3 never exceded 35% and decomposition products were mvanably observed 
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Experimental 

Melnng pomts were measured on a ThomasiBnstohne nucroscop~ hot stage apparatus and were uncorrected 
Silica gel 60 (70-230 and 230-400 mesh, Merck) or neutral alumma (Merck; usually Brockmann Grade III, 1 e. 
deachvited wnh 6% water) were used for column chromatography Reparative thm layer chromatography was camed 
out on 20 x 20 cm glass plates coated wrth Merck G 254 s&a gel (1 mm thick). Analytical thm layer chromatography 
was performed usmg Merck 60 F254 slhca gel (precoated sheets, 0 2 mm duck) Reactions we= monitored by dun 
layer chromatography and specaophotomeny and were camed out under mtrogen and m the dark Proton and carbon- 
13 NMR spectra were obtamed m deuterochloroform solution at 300 MHz using a General Elecmc QE300 
spectromet~, chernlcal shtits are expressed m ppm relative to chloroform (7 258 ppm) Elemental analyses were 
performed at the Mtdwest Wcrolab, Ltd , Indiana. and at the Mcrochermcal Analysis Laboratory, U C Berkeley 
Electromc absorption spectra were measured in chchloromethane solution usmg a Hewlett-Packard 8450A 
spectrophotometer Mass spectra were obtamed at the Mass Spectrometry Facility, Umversity of Cahforma, San 
Franc~~~ 

l-Vinyl-2,3,4,5,6,7,8-heptaethylporphyrin (3). 1-(1-Hydroxyethyl)-2,3,4,5,6,7,8_heptaethylpor- 
uhvnn (4) (20 mg, 0 04 mmol) was heated at reflux m toluene for 2 h The solvent was removed under vacuum and 
ihe’ pro&& was ;kcrystalhzed from &chloromethane/methanol to gve 18 mg (95% ydd) of the htle compound, mp 
294-295°C (ht 8 296-298W) UV-Vls X - 402 (e 149 400), 502 (18 400), 538 (17 900), 570 (13 600) and 622 nm 
(10 4OO), NMR 6~ 10 30 and 10 18 (s, 1 H each, 2 meso-H), 10 12 (s, 2 meso-H), 8 33 and 8 27 (dd, 1 H, 
CH=CH2, J = 117 Hz), 6 40 and 6 19 (dd. 1 H each, CH=C& J = 117 Hz, J’ = 1 2 Hz), 4 13 (overlappmg q, 14 
H, CH2 of Et), 1 96 (overlapping t, 21 H. CH3 of Et), -3 66 (s, br, 2 NH), Anal calcd for C3&I44N4. C, 81 16, H, 
8 32, N, 10 52 Found C, 81 54, H, 8 40, N. 10 39, HRMS m/e (%), C36H44N4 reqmres 532 3566, Found 
532 3566 

l-(l-Hydroxyethyl)-2,3,4,5,6,7,8-heptaethylporphyrin (4) Trlmethylsllyl lodtde (0.06 mL, 0 44 
mmol) was added dropwlse to a solution of l-[ 1-(2-tnmethylnlyl)ethoxy]-2,3,4,5,6,7,8-heptae~ylpo~h~n (13) 
(17 3 mg, 0 03 mmol) m chloroform (10 mL) at OW The reaction mixture was allowed to warm up slowly to room 
temperature and then heated to UPC for 24 h It was washed ~th 20% aqueous NaHC03 (1x100 mL) and ~th water 
(2x100 mL) The orgamc nuxture was drted over anhydrous sodmm sulfate, the solvent was evaporated under vacuum 
and the re&due was chromatographed on an alumrna (Brockmann Grade III) column, usmg duzhloromethane for 
elutlon The manor band was collected and recrvstalhzed from &chloromethane/hexane to vleld 7 5 rng (50%) of the 
ntle compound,-mp > 25BC (dec ) UV-Vis X,,& 400 (e 159 IOO), 498 (15 400), 534 (12 ?OO). 566 @Boo> Ad 620 
nm (7 2OO), NMR 6~ 10 64 and 10 12 (s, 1 H each, 2 meso-H), 10 10 (s, 2 meso-H), 6 58 (q, 1 H, CH(OH)CH$, 
4 14 and 4 10 (overlappmg q, 14 H, CH2 of Et), 2 86 (s, br, 1 OH), 2 36 (d, 3 H, CH(OH)C&), 192 and 193 
(overlapping t, 21 H. CH3 of Et), -3 75 (s, br, 2 NH) HRMS m/e (%I,), C36H&N& requires 550 3671, Found 
550 3626 

l-(l-Ethoxyethyl)-2,3,4,5,6,7,8-heptaethylporphyr~n (5). N-Bromosuccmmnde (33 1 mg, 0 186 
mmol) was &ssolved m commercial chloroform (5 mL) and added to a solunon of octaethylporphyrm (1) (90.1 mg. 
0 168 mmol) in chloroform (75 mL) AIBN (3.74 mg, 0 023 mmol) was dissolved m chloroform (2 mL) and added to 
the reaction rmxture with contmous stunng. The final nuxture was refluxed for 4 h, concentrated and chromatographed 
m preparative TLC s&a gel plates usmg dzhloromethane for eluaon The maJor band was collected and recrystalhzed 
from &chloromethane/petroleum ether to gve 46 mg (47%) of the htle compound (73% based on recovered startmg 
matenal that was obtamed m 35% yield) 1-vmyl-heptaethylporphyrm (3) was a rnmor product obtamed 111 this 
reaction m 10% yield For the We compound, mp > 26ooC (dec ) UV-Vu h max 390 (e 198 600), 498 (19 550). 532 
(15 700). 566 (11 900) and 620 nm (6 800). NMR 6~ 10 80 and 10 15 (s, 1 H each, 2 meso-H). 10 17 (s, 2 H. 2 
meso-H), 6 11 (q. 1 H, CH(OEt)CH$, 4 18 and 4 16 (overlappmg q, 14 H, CH2 of Et), 3 86 (q, 2 H, CH:! of 
ethoxy gp), 2 38 (d, 3 H, CH(OEt)C&), 199 (t, 21 H, CH3 of Et), 140 (t. 3 H, CH3 of ethoxy gp), -3 65 (s, br, 2 
NH), MS m/e (%) 578 8 (66) and 534 7 (lOO), Anal calcd for C38H5oN40 C, 78 84, H, 8 70, N, 9 67 Found C, 
78 65, H, 8 70, N, 9 60 

trans-(2-Bromovinyl)-2,3,4,5,6,7,8-heptaethylporphyrin (10). N-Bromosuccmnnlde (39 5 mg, 
0 22 mmol) was chssolved in 1,Zdlchloroethane (3 mL) and added to a solution of OEP (614 mg, 0 12 mmol) m 1,2- 
dlchloroethane (40 mL) AIBN (2 7 mg, 0 02 mmol) was dissolved m l,Z&chloroethane (0 5 mL) and added to the 
OEP soluaon with contmuous stmmg The reactlon rmxture was refluxed for 5 h and then after evaporation of the 
solvent the residue was chromatographed on preparaave TLC slhca gel plates usmg 30% petroleum ether m 
dlchloromethane for elutlon The front-runnmg band was collected. evaporated to dryness, and recrystalhzed from 
dlchloromethane/methanol to gve 57 9 mg (83% yield) (92% based on recovered starting material) of the title 
compound, mp > 35oOC UV-Vls hmax 402 (e 192 400), 504 (24 300), 542 (26 200). 570 (19 300) and 624 nm (13 
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900), NMR 6~ 10 15 and 10 11 (s, 1 H each, 2 meso H), 10 10 (s, 2 H, 2 meso-H), 8 67 (d, 1-H of vmyl, J = 14 1 
Hz). 7 33 (d, 2-H of vinyl, J = 14 1 Hz). 4 16 (10 H) and 4.05 (4 H) (q. CH2 of Et). 1 94 and 191 (21 H, 
OverlappIng t, CH3 of Et), -3 71 (s, broad, 2 NH), 8~ 18 20, 18 55 and 19 70 (9, CH3 of Et), 18 70. 19.85 and 
20 40 (& CH2 of Et), 96 50 (d, 2 meso-C), 97.05 and 97 30 (d, 1 meso-C each), 109 10 (dd, 1 vinyl-C, J’ = 185.9, 
J2 = 9 2). 131.30 (dd, 1 vmyl-C, J’ = 153.8, 52 = 4 3). 135.20-149 80 (br, rmg Cs), MS m/e (46) 612.9 (99.7). 
6119 (84.6). 610.9 (100) and 5310 (40 8). Anal calcd for &I-&BrNq: C, 70.69; H, 7 09, N, 9 16 Found C, 
70.30, H, 7 03. N, 9.09. 

l-(l-n-Propoxyethyl)-2,3,4,5,6,7,8-heptaethylporphyrin (12). The same procedure was followed 
as for the synthesis of compound 5 OEP (35 8 mg, 0.07 mmol), NBS (26 0 mg, 0 14 mmol) and AIBN (2 8 mg, 
0.02 mmol) m 3% 1 -propanol/&chlommetbane were used. The reaction nuxturt was refluxed for 3 h, then the solvent 
was removed under vacuum and the residue chmmatographed on an alumna, Broclanann Grade V, column (elutlon 
with dxhloromethane). The mam product was furtbex purified by chromatography on pxeparaave TLC s&a gel plates, 
using 20% petroleum etherkkhloromethane for eluaon The above compound was collected and rezrystalbzed from 
&chloromethane/methanol to @ve 32 mg (82% yield) For the atle compound, mp > 25ooC (dec.) W-VU X,,,= 400 
(E 168 400). 498 (18 900). 534 (15 700), 566 (12 500) and 620 mn (9 600). NMR 8~ 10 72 and 10 10 (s, 1 H each, 
2 meso-H). 10.11 (s, 2 H, 2 meso-H). 6.02 (q. 1 H, Cfl(OR)CHs), 4.05-4 22 (overlappmg q, 14 H, CH2 of Et), 
3 68 (t. 2 H. OC&CHZCH~), 2 32 (d, 3 H. CH(OR)C&), 1.93 (t, 21 H, CH3 of Et), 177 (m, 2 H, 
OCHzC&CH3), 0.88 (t. 3 H, OCH2CH#&), -3 72 (s, br. 2 NH), HRMS m/e (%), QgHszN40 requires 
592 4141. Found 592 4153 (100) 

l-[l-(2-Trimethylsilyl)ethoxyl-2,3,4,5,6,7,8-heptaethylporphyrin (13). N-Bromosuccummde 
(a0 1 mg, 0 34 mmol) was dissolved III 2% 2-(tnmethylsdyl)-ethanol/&chloromethane and added to a soluaon of OEP 
(85 0 mg, 0 16 mmol) in the same solvent (70 mL) AIBN (5 3 mg, 0 03 mmol) was dissolved m the same solvent (2 
mLJ and added to the reaction rmxture with contmous stmmg After 48 h stlmng at room temperature the solvent was 
evaporated under vacuum and the residue was passed through an alumma column to remove the excess NBS The 
residue was chromatographed on preparative TLC sdica gel plates using 1 1 petroleum ether/&chloromethane for 
eluaon The maJor product was collected and recrystallized from d~chloromethane/methanol. gwmg 50 mg (50%) of 
the atle compound (85% based on recovered startmg materu&zcovered 1n 41% yield), mp > 3ooOC (dec ) W-Vo 
hmax 400 (e 190 700). 498 (16 600), 532 (13 800), 566 (10 550) and 618 MI (7 200); NMR 8H 10 95, 10 31, 10 28 
and 10.27 (all s, 1 H each, 4 meso-H), 6 24 (q, 1 H, CH(OR)CH3), 4 29 and 4 26 (overlapping q, 14 H, CH2 of Et), 
4 02 (m, 2 H, OC&CH2TMS), 2 50 (d, 3 H, CH(OR)C&), 2.09 (overlappmg t, 21 H, CH3 of Et), 1.46 and 128 
(m, 1 H each, OC!H2C&TMS), 0 06 (s, 9 H. Si(CH3)3). -3.52 (s. br, 2 NH); 8~ 19 00 (q. 3 SI-CH3). 19 06, 
19 19, 19 99, 20 20 and 20 25 (overlappmg t and q, penpheral CH2 and CH3). 26 96 (d, GH(OR)CH3). 66 87 (t, 
OCHflYlMS), 73 11 (t. XH2CH$l’MS), 96 72,% 86,96.95 and 99 44 (all d, 4 meso-C), 140.20-147 20 (br, 
nng Cs). MS m/e (%) 650 9 (lOO), 534 8 (42), 533 8 (47) and 267 4 (43), Anal calcd for QlH58N40Sl C, 75 64, 
H, 8 98, N, 8 61 Found C, 75 73, H, 8 85, N, 8 90 

l-[l-(i-Propoxy)ethyl]-2,3,4,5,6,7,8-heptaethylporphyrin (14). The same procedure as above 
was followed OEP (50.4 mg, 0 09 mmol), NBS (48 9 mg, 0 27 mmol) and AIBN (3 9 mg, 0.02 mmol) were used, 
in 3% 2-pmpanolkkhlommethane. The reactmn rmxture was refluxed for 5 h, the solvent was removed under vacuum 
and the residue chromatographed on an alumna, Brockmann Grade V, column (eluaon with duzhloromethane) The 
products were further punfied by chromatography on preparative TLC s111ca gel plates, usmg 20% petroleum 
ether/&chloromethane for elution The above compound was collected and recrystalked from 
dichloromethane/methanol to give 22 mg (40% yield) along with 27 mg (54%) recovery of OEP For the tale 
compound, mp > 26ooC (dec ) W-Vls 1 max 400 (E 161900). 498 (15 lOO), 532 (12 050), 566 (9 400) and 620 nm 
(6 500), NMR 6~ 10 77 and 10 10 (s, 1 H each, 2 mesa-H), 10 09 (s, 2 H, 2 meso-H), 6.14 (q, 1 H, QI(OR)CH$, 
4 03-4 20 (overlapping q, 14 H, CH2 of Et), 3 97 (m. 1 H, OCH(CH3)2), 2 30 (d, 3 H, CH(OR)C&). 1 92 (t, 21 
H, CH3 of Et), 1.45 and 1 16 (both d, 3 H each, OCH(C&)& -3 73 (s, br, 2 NH), HRMS m/e (%). C3gH52N40 
requues 592 4141, Found 592 4167 (100) and 532 3611 (35). Anal calcd for C3gH52N40 C, 79 01, H, 8 84, N, 
9 45 Found C, 78 90, H, 8 88, N, 9 41 

Meso-(N-succinimidyl)-octaethylporphyrin (15). N-Bromosuccmlmide (57 mg, 0.32 mmol) was 
dissolved m chchloromethane (4 mL) and added to a solution of the zmc(II) OEP (101.6 mg. 0.170 mmol) in 
Qchlommethane (200 mL) AIBN (4 4 mg, 0 027 mmol) was Qssolved m dxhloromethane (1 mL) and added to the 
zmc(I1) OEP soluaon The reactlon rmxture was refluxed for 20 h. cooled down to room temperature. and then the 
solvent was removed under vacuum The residue was chromatogmphed on a slhca gel column, usmg 10% petroleum 
ether m dlchloromethane for eluuon. The product was collected and nxrystalhzed from &chloro-methane/methan~l to 
gwe 30 mg (27%) of the title compound (72% based on recovered startmg material, recovered m 65% yield), mp = 
259-26ooc UV-Va hmax 402 (e 161000), 502 (16 lOO), 536 (12 050). 572 (9 100) and 624 nm (8 lOO), NMR 6~ 
10 21 (s, 2 meso-H), 10 02 (s, 1 meso-H), 4 05-4 16 (overlappmg q, 12 H, CH2 of Et), 3 65 (q, 4 H, CH2 of Et), 
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3 46 (s, 4 H, CH2 of succmmude), 1 94 (t, 18 H, CH3 of Et), 162 (t, 6 H, CH3 of Et), -3 21 and -3.30 (br. 1 H 
each, 2 NH); 6~ 17 11, 18 88, 18 96, 20 12, 20 19, 20 29, 22 27 and 30 17 (penpheral Et), 30.22 (t, CH2 of 
succmlrmde). 97 55 (d, 1 meso-C). 97 88 (d, 2 meso-C), 106 33 (s, quaternary meso-C). 138 89, 142 01. 142 52, 
142 83, 143 85, 145 96 and 146 00 (all s, rmg Cs), 180 14 (s, CO of succunmlde); MS m/e (%), OH&N502 
reqmres 6313886 Found 631 3844 (100). Anal calcd for C4$-I49N5@ Hz0 C, 73 93, H, 7 91, N, 10 78 Found 
C, 74 03, H, 7 82, N, 10 70 

1-FormyL2,3,4,5,6,7,&heptaethylporphyrin (23). trans-(2-Bromovmyl)-2,3,4,5,6,7,8_heptaethyl- 
porphyrm (10) (88 mg, 0 144 mmol) was dissolved m tetrahydrofuran (12 mL) and 1,4-dloxane (8 0 mL) and the 
resulang solution was added to a sturmg solution of osnuum tetmxlde (4 6 mg, 0 018 mmol) m dlethylether (0 4 mL) 
The nuxture was stmed at room temperature, under argon, for 5 mm before a solunon of sodium penodate (60 mg, 
0 28 mmol) m 2 mL of water was added Another solution of sodium penodate (100 mg, 0 47 mmol) m 2 mL of water 
was added after a penod of 12 h The final reaction rmxture was heated to 5oOC for another 12 h The soluuon was 
washed with 20% acenc acid/water and extracted with rllethylether (3 x 50 mL) The organic extracts were washed 
with water (3 x 200 mL). dned over anhydrous sodmm sulfate, and the solvent was evaporated under vacuum The 
residue was chromatographed on a slhca gel column, using 30% petroleum ether m &chloromethane for eluuon The 
desired product was collected and recrystalhzed from dlchloromethane/methanol to yield 48 mg (62%) of the title 
compound (97% based on recovered startmg material, obtamed m 36% yield). mp = 298-299X! UV-KS &nax 412 nm 
(E 189 500), 516 (14 700), 556 (28 000), 578 (19 700) and 636 nm (4 900), NMR SH 1147 (s, 1 H, CHO). 10 95, 
10 01.9 95 and 9 93 (all s, 4 meso-H), 4 33 (q, 2 H, 2-CH2 of Et), 3 98-4 15 (overlapping q, 12 H, CH2 of Et), 
1 89-197 (overlapping t, 21 H, CH3 of Et), -3 65 (s, br, 2 NH), & 18 76, 18 93, 20 01. 20 05, 20 22 and 30 17 
(penpheral Et), 96 40,96 82,98 56 and 10126 (d, 4 meso-C), 133 94-145 20 (br, rmg C’s), 188 67 (d, CHO), MS 
m/e (%), QH42N40 requires 534 3358 Found 534 3363 (100) and 505 2755 (lo), Anal calcd for 
C35IQ2N40 Hz0 C, 76 05, H, 8 02, N, 10 13 Found C, 76 35, H, 7 87, N, 9 81 

2,3,4,5,6,7,&Heptaethylporphyrin (24). The lron(II1) chlonde complex of trans-(2-bromovmyl)- 
heptaethylporphyrm (10) (154 3 mg, 0 23 mmol) was added to resorcmol (430 mg, 3 83 mmol) and the two solids 
were stmed to rmx well, under argon With contmuous stmmg, the reaction mixture was heated to 14ooC untd both 
solids melted and then to 165OC for 1 h The dark reaction rmxture was allowed to cool down to room temperature 
before it was dissolved m 10% sulfunc ac&TFA and poured into water The aqueous layer was extracted with 
tichloromethane (6 x 50 nL) and the organic extracts were neutralized with 20% aqueous sodmm bicarbonate (100 
mL) and washed wth water (3 x 200 mL) After drymg over anhydrous sodium sulfate the solvent was evaporated 
under vacuum and the residue was chromatographed on an alurnma (Brockmann Grade V) column (elunon with 1 1 
petroleum ether/&chloromethane) The mam red fraction was collected and crystalhzed from ~chloromethan&nethanol 
to give 80 mg (68%) of the htle compound, mp = 266-267oC UV-VIS hmax 399 (E 183 400), 498 (15 900), 532 (12 
OOO), 566 (9 100) and 618 nm (6 300), NMR 6~ 10 28, 10 26, 10 25 and 10 19 (all s, 4 meso-H), 9 23 (s, br, 1 H, 
/3-H), 4.37 (q, 2 H, CH2 of Et), 4 23 (overlapping q, 12 H, CH2 of Et), 2 21 (t, 3 H, CH3 of Et), 2 05-2 19 
(overlapping t, 18 H, CH3 of Et), -3 62 (s, br, 2 NH), MS m/e (96) 506 5 (lOO), Anal calcd for C@&N4 C, 80 59, 
H,835,N,1106Foun&C,8055,H,830,N,1102 

trans-(2-Phenylvinyl)-2,3,4,5,6,7,8-heptaethylporphyrin (25). To a solution of the zmc(I1) 
complex of trans-(2-bromovinyl)-2,3.4,5,6,7,8-heptaethylporphynn (10) (37 5 mg, 0 056 mmol) in dry THF at - 
78oC under nitrogen, was added anhydrous mckel(I1) chlonde (0 75 mg, 0 006 mmol). mphenyl phosphme (3 0 mg, 
0 01 mmol), and phenyl magnesium chlonde (0 70 ml of a 2 M solution m THF. 140 mmol) The reacuon rmxture 
was allowed to warm up to -3oC and was kept at thus temperatuxe for 38 h, under mtrogen and mth contmous shrrmg 
The reacaon rmxture was quenched with water and the aqueous layer was exaacted with dlchloromethane (4 x 50 mL) 
After drymg the orgamc extracts over anhydrous sodmm sulfate and evaporation of the solvent under vacuum, the final 
residue was chromatographed on a sdlca gel column usmg 1 2 petroleum ether/&chloromethane for elunon The maJor 
fast-running red compound was fiuther purdied on preparanve TLC s&a gel plates The mle compound was collected 
and recrystallized from &chloromethane/methanol to give 16 5 mg (50%), mp = 238-239oC W-Vls X,,,,, 404 (E 163 
900), 506 (14 000). 544 (17 400), 572 (11300) and 628 nm (6 lOO), NMR 8~ 10 35 and 10 18 (s, 1 H each, 2 meso- 
H), 10.11 (s, 2 meso-H), 8 66 (d, 1 H, CEF=CH-Ph, J = 16 5 Hz), 7 79 (d, 1 H, CH=CJ&Ph, J = 16 5 Hz), 7 99 
(d, 2 H, orrho-phenyl H’s, J = 7 2 Hz), 7 63 (t, 2 H. m-phenyl H’s, J = 7 5 Hz), 7 48 (t. 1 H, p-phenyl H, J = 7 2 
Hz), 4 06-4 32 (overlappmg q, 14 H. CH2 of Et), 1 90-2 05 (overlappmg t, 21 H, CH3 of Et), -3.62 (br, 2 NH), k 
18 51,18 89, 18 99,20 16,20 24 and 20 86 (overlappmg t and q. CH2 and CH3 of Et), 96 80 (d, 2 meso-C). 97 33 
and 98 20 (d, 2 meso-C), 122 91 and 135 34 (d, 2 vmyl C’s), 127 15 and 129 39 (d. 2 C each, o- and m-Cs of 
phenyl). 128 19 (d, p-C of phenyl), 138 99 (s. C-l of phenyl). 134 SO-144 00 (br, nng Cs). HRMS m/e (%), 
C42H48Nq reqmres 608 3879 Found 608 3863 (lOO), Anal calcd for a2H48N4 C, 82 84. H, 7 95, N, 9 20 
Found C, 82 67, H, 7 96, N, 9 13 
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