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Abstract: Novel ahers of chlorophyll compounds (phcophorbide a, chlorin pa) and model porphyrin with 

ether linkage were synthesizd and separated into components A and B (less and more polar). The rado of these 

components was the same for all dimers and irrespective of reaction conditions. Method of dimerization 

through trifluoroacetogethylderivative gave higher yields. 

A great number of porphyrin and chlorin dimeric compounds for the modelling of photosynthetic 

reaction centers have been synthesized and studied. t-2 Recently, several new dimeric porphyrins with ether 
linkages have been synthesized to determine the activity of such compounds as photosensitisers for 

photodynamic therapys-6. Chlorophyll compounds ate also promising photosensitisers7, but their electronic 

structure differs from that of porphyrins. This has prompted us to study the ability of chlorophyll 
compounds to form dimers, already described for porphyrins. The present article is devoted to synthetic 
aspects of the formation of chlorin dimers with an ether linkage, including the comparison of their 

physiccchemical pmperties with porphyrin analogs. 
We studied various methods of dimerization with methylpheophorbide u & and chlorin p6 trimethyl 

ester llb, and with a simpler compound - porphyrin 6b. 

tPrcsenf address: Department of Horticultttt+ Hebrew Univmity of Jendem. P.O.Box 12. Rehovot. 76100. Israel 

6485 



6486 A. S. BRANDIS et al. 

Results and discussion 

The starting porphyrin 6a was prepared by rlng synthesis from the symmetrical dipyrrolylmethane 
2c and the formyl pyrrole 1 to yield 86% of tripyrrene 3 (Scheme 1). Further addition of another formyl 
pyrrole 4 gave the biladiene-u,c 5. in 88% yield. The biladiene-a,c 5 with methyl and benzyloxycarbonyl 
groups at positions 1 and 19. was cyclized to the porphyrin 6a in nitrohenzene under reflux in the presence 
of bromine and iodine (42% yield). Porphyrin 6a was then treated with sodium borohydride to give 3-(1- 
hydroxyethyl)-porphyrin 6b in 55% yield. 

Monomeric chlorins were obtained by the following ways. Pheophorbide a 8a (Scheme 2) was 
isolated from the blue-green algae Spiruha platensis by acidic treatment of the chlorophyll a that is the only 

chlorophyll in this type of algae.* The isolation scheme included the following steps: treatment of the frozen 
biomass (algal suspension) with phosphate buffer to remove water-soluble proteins, extraction of pigments 
with acetone, acidic hydrolysis followed by separation of carotenoids with petroleum and, lastly, flash 
chromatography on silica. The overall yield was no less then 65% based on chlorophyll content. 

Pheophorbide a 8a was converted into purpurin I8 10 by alkaline oxidation in pyrinine-ethanol 

solution followed by acidic treatment.9 The yield was cu. 90%. The addition of KOH solution in methanol 
cleaved the purpurin lactonic ring to give chlorin pa which was converted to its nimethyl ester lla by 

diazomethane treatment. 
The treatment of methylpheophorbide a 8a and chlorin p6 trimethyl ester lla with 33% HBr in acetic 

acid solution gave 3-(l-hydroxyethyl)derivatives of each compound in yields of 52% and 56% respectively. 
The attempts to increase the yields using a higher concentration of HBr in acetic acid were unsuccessful due 
to occurence of secondary reactions (decarboxylation, etc.). 

Dimerization of the porphyrin 6b was achieved in two ways: condensation of 6b with its 3-(1- 

bromoethyl) derivative 6c in 53% yield as well as with 3-( I-trifluomacetoxyethyl)derivative 6d in the same 

yield. Both methods have been developed bef0re.V Dimeric compounds in the reaction mixture were 

identified by gel chromatography. 10 In agreement with a recent report6 we found that the porphyrin dimer 7 
consists of two species. Using preparative thin layer chromatography both dimers were isolated and 
characterized. Surprisingly we found that the more mobile dimer (dimer A) formed in lower amounts than the 
other dimer (B) and the ratio of dimers was 2f3 (A/B) irrespective of reaction conditions. 

Dimers A and B were stable under ordinary conditions, and were not transformed into one another by 
keeping them in solvents, boiling in chloroform or irradiation with visible light. 

The absorption peaks of the visible spectra for both dimers were broader than those of the monomer. 
The relationship of the Soret absorption to visible peaks was also decreased for both dimers, but the peak 
maxima were not changed drastically. 

FAB (fast atom bombardment) mass spectra gave molecular ions for dimers A and B and showed 
identical molecular weights for both isomers. Electron impact mass spectra gave fragmentation only. 

The NMR spectra of the dimers exhibited some interesting results. It was found that signals of the 
methine group in the ether bridge for dimer A were shifted (by 0.3 p.p.m.) to high field compared with the 
corresponding signals for dimer B. On the other hand, the meso-proton signals of dimer A were found at 
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lower field (by 0.2 p.p.m.) with respect to dimer B (Table 1). 
The results of fluorescence studies also showed differences between the dimers (Table 2). Both 

dimers had weaker fluorescence than the monomer (data not showed), but for dimer B it decreased more 
strongly than for A, suggesting a stronger interaction between macrocycles . 

Dime&&ion of the chlorins was found to be more complicated than the above dimerization of 
porphyrin 6b. The yields were lower, the highest being only 30% using trifluoroacetate derivatives & and 

lld. Other methods - catalysis with p-toluene sulfonicll or trifluoroacetic acid - gave insignificant yields 
(~5%). Each of the chlorin dimers 9 and 12 consisted of two species as expected from the porphyrin 

experiments. 

Using preparative chromatography on HPTLCXieselgel6OH plates each dimer was separated into 
components A and B (less and more polar). We found that the ratio of these species was the same as for 

porphyrin dimers - 213 (A/B). 
All the chlorin dimers synthesized here gave satisfactory mass spectra and showed identical 

molecular weigths for corresponding isomers. 
The NMR spectra of the pheophorbide 9 and the chlorin pa 12 dimers (Table 1) exhibited the same 

trends as those found for the porphyrin dimers A and B. The signals of methine protons at the ether bridge 
were shifted for dimers A about 0.4 p.p.m. to high field compared to dimers B. In contrast, the neso-H 

signals of dimers A were shifted to the opposite direction by 0.2 p.p.m.. It therefore appears that this is a 
general trend for both porphyrin and chlorin dimers. Apparently, in spite of conformational flexibility the 
configuration(s) of the dimers A tends. to screen the bridge protons in the magnetic field, while the 
configuration(s) of dimers B leads presumably toward the screening of macrocycle’s protons. At the same 
time, the analysis of NMR spectra of hydroxyethylchlorins &,llb and their dimers 9,12 was complicated 
because of the splitting a number of signals. The splitting can be caused by “intermolecular diastereomery”, 

similar to that described for methylpyropheophorblde derivatives,12 leaving split signals for dimers 9,12 in 

dilute solution. 
Effects of peak broaden and relative decrease of Soret absorption in the visible spectra and the 

different weakening of intensity in the fluorescence spectra (Table 2) for chlorin A and B dimers 9 and 12 
were very similar to those of the porphyrin dimers 7. 

In general, it is possible to suggest that the chlorin dimers B are the stereoisomers with a 

configurational tendency to form the “more cofacial” arrangement of the macrocycles in comparison with the 
‘#more open” stereoisomers A. The dependence of this phenomenon upon different preferred arrangements of 
the macrocycles for R,S (S,R) isomers at the ether linkage, on the one hand, and for R,R and S,S isomers, 
on the other hand, will he reported later. 

Experimental Section 

W-visible spectra were mcorded on a Shhnadzu W-240 spectmphotometer. IR-spectra were recorded cm a Shim&u IR- 

435 insaume.nt_ *H-NMR spectra wem re~~rdc.d on Bruker-WM 250 (250 MHz) and an Brukex MSL 200 (2@OMHz) for scdutions 

in deutexiochloroform. Fluorescence spectra were recorded on a Shimadzu PF-540 specImfluorimete.r in air-equilibrated acetone. 

Acemnewaspm&asedtirxnh4erck(HFLC@ade).Nofl uorescence impurities were detecIed. h&s spectra were recorded on a 
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Tablo 1. NMR chemical shifts (6 [p.p.m.] from TMS) of dlmers (I), (0) and (12). 

pwvl A 10.18 6.26 
10.06 
9.66 
9.66 (br) 

B 10.06 6.60 
9.65 (br) 
9.66 
9.44 

m(9) A 9.50 10 6.05 
9.30 S(br.sp) 
6.55 20 (sp) 

B 9.25 5.10 6.43 
6.40 20 (br) 

Cln (12) A 9.70 10 (ap) 5.97 
9.40 S(br.ap) 
6.67 20 (sp) 

6 9.50 5.10 (sp)6.42 
6.55 20 (br) 

3.17 6 3.17 2 
2.32 7 

:I;; 13.17 3.6’ 3.49 ‘2 16 
3.29 6 3.29 2 

2.34 7 

1.65 16 

I.77 16 

4.27 13 1.93 16 
4.21 15 1.60 63 

4.51 13*.17* - 2.37 -3.62 
3.67 61 
3.42 132.17) 
3.17 62 

4.46 131,171 - 2.49 -3.66 
3.66 61 
3.44 133.172 
3.29 63 

6.35 131 2.20 
4.5 1 a 
4.3 17 

6.30 132 2.35 
4.4 16 
42 17 

5.25 16 2.18 -1.02 
4.42 17 

4.27 13 1.24 62.18 5.15 16 2.31 -1.05 
4.21 15 

Table 2. Fluorescence data of the dlmers (7),(S) and (12) In 
acetone. 

4X’, hcu, 
nm nm 

Ratio 
A:8 

CI) A 397.5 624 124 
3.9 

B 395 625 31.5 
--------._______________________________------------ 
(@) A 405 675 75 

1.65 
B 406 675 40.5 

--__________________-~~---~~~~~~~~~.-..---~-...~~-~~~ 
(12) A 394 672 66 

2.0 
B 394 692 43 

‘These wavelenplhs were seleded be- lhey correspond 10 dimer 
absathn maxima. 
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Varian MAT-731 (electron impact), Kratos MS-50 (FAB), and time-of-fliiht Selmi mass spectrometer (USSR) (with 252cf 

ionization). M.p.s. were determined at a Kofler Boetius apparatus. Pmpamtive scale TLC was performed on Chemapol silica L.5- 

4Op and Merck IPTLCXieselgel60. Analytical gel chromatography was performed on a Laboratcrne Rriatroje Rraha machine 

with Merck Fractogel HW-40@) column, eluent toluene-DMSO-acetic acid (1:l:l. v/v/v) with 0.05 ml/mitt, and bis- 

(etioporphyrin I -I-yl)propane (M.W. 941) and etioporphyrin I (M.W. 479) as standards. 

1,3,7,13-Tetramerhy1-2-occ~/-8,12-di(2-nrc~hoxy-carbony1erhyl)tripy~e~-~ Hydrobromide 3. To vigorously stirred 

formylpytrole 1 (3% mg. 0.92 mmol) and dipyrrolylmethane 2 (930 mg. 1 mmol) solution in dry ether (150 ml). a mixture 

of 33% HBr in acetic acid (0.5 ml) and dry ether (30 ml) was added dropwise. Atier 20 mhr the precipitate was fdteted. washed 

with ether and dried to give 3 (1.2 g, 86%). m.p. 113-115oC (lit_.ta l13-114°C), &,,,,,(CHCl#rm 481. 

l,3,7,l3,l8-Pent~erhyI-2-acetyI-8.12.17-fri(2-~t~~car~nylethy~-~9-ben~lo~c~~nylbil~e~~ Dihydro- 

bromide 5. - Tripyrrene-a 3 (1.25g) and 3.4-dimethyL2-formyl-5-benxyloxycarbonylpyrrole 4 (715 mg) were vigorously 

stirred in acetic acid (10 ml) with 33% HBr in acetic acid (1.3 ml) for 15 min at 20°C. Dry diethyl ether (70 ml) was added and 

the precipitate was fdtered, washed with ether, and dried to yield biladiene 5 (1.85 g. 88%). (Found: C, 60.3; H, 6.0; N. 6.15; 

Br 17.1. C~HszN40~2HBr requires C, 60.1: H, 5.9; N, 6.1; Br, 17.4%); &,,&CHCl$hrm (relative absorbance) 450 (1.2) and 

518 (1.0). 

3-Acetyl -8-(Z-methoxycarbonylethyl )deuferoporphyrin 13.17~dimethyl ester 6a.-A solution of the foregoing 

biladiene dihydrobromide 5 (360 mg, 0.37 mmol), bromine (117 mg, 0.72 mmol), and iodine (400 mg, 1.6 mmol) in nitro- 

benxene (60 ml) was heated under reflux for 10 min. After cooling to room temperature the solution was treated with triethyl 

amine (1.6 ml), diluted with tight petroleum ether (600 ml), and the precipitate was formed. The solution was filtered through a 

silica column (60 x 20 mm diam.), which was washed with petroleum ether and then with chloroform to elute the product The 

precipitate was dissolved in chloroform, combined with eluate, and concentrated by evaporation. The residue was 

chromatogmphed on silica column (268 x 30 mm diam.) with chloroform-acetone (982, v/v) and then recrystallized from 

chloroform /methanol to give 6a (104 mg, 42%), m.p. 179-182°C (lit.,14 180-182°C); &,,,,(CHCl$/nm (relative absorbance) 

637 (0.15). 577 (0.83). 550 (1.28). 511 (1.0) 411 (Soret). 

3-(l-Hydroxuethy~-8-(2-methoxycarbonylethyWeuieroporphyrin 13.17~dimethyl ester 6b.-The sodium borohydride 

(130 mg), suspended in ethanol (13 ml) was added to the porphyrin 6s (50 mg) in chloroform (40 ml). l’be mixture was heated 

at 35°C for 15 mm. Then aqueous 0.01 M HCI solution (70 ml) was added and after that it was neutralixcd with 5% ammonia in 

water. The organic @uion was washed with water, dried and evaporated. The product was chmmatogmphcd on a silka column 

(150 X 15 mm diam.) with chloroform-acetone (955, v/v), and then re-precipitated from chloroform /hexane to give 6b (28 mg, 

55%) (Found: C, 68.0; H, 6.6: N. 8.2. C3sH.t.tN.07 trqdres C. 68.3; H, 6.5; N, 8.4%), &,,,(acetone)/nm 621 (E/dm3mol- 

tcm-t 3 600). 567 (5 3OO), 528.5 (7 200). 497 (10 900), 3% (122 400); 6 (CF3COOD traces) 11.25, 10.88, 10.67, 10.54 (each 

1H. s, 5,10,15,20-H), 6.45 (lH, q, 31-H) 4.43 (6H. m, 8t-, 13*-, 17*-H), 3.64, 3.52, 3.32 (ZlH, m, 7 x CH3). 3.12 (6H, m, 

82., 132- and 172-H). 2.13 (3H, d, 32-H); m/z 669 (M++l). 

Bis{ I-[8-(Z-methoxycarbonylethy&feuteroporphyrin 13, l7-dimethyl ester -3-yl]efhyl)ether 7.-u The 

porphyrin 6b (10 mg) was dissolved in 33% HBr in acetic acid (3 ml). After 1 h the solvent was distilled off in vacuum. The 

bromoethylporphyrin 6c in fresh distilled dry chloroform (3 ml) was mixed with the porphyrin 6b (10 mg) in quai amount of 

chloroform. The mixture was stirred at 40°C for 8 h. Then the solution was diluted with chloroform (20 ml), washed with water, 
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dried and evapcaed. The dima frdon was ckmatogaphed on a silka column (150 x 15 mm diam.) with chlorofam to give 

7 (10 mg. 53%). Method The porphyrin 7 (10 mg) was dissolved in triflmnoacedc anhydride (3 ml). After 15 min the 

sob!ent was evaporated in vacuum. Product 6d in fresh distikd dry chloroform (3 ml) was mixed with the porphyrin 6b (10 

mg)inanequalamolntofdiloroform.Thcmixtlncwasstimdarroom~~for8h.~the~lulutionwasdiluteciwith 

chloroform (28 ml) and worked up as in Method I to give the same 7 (10 mg. 53%) (Fotmd C, 69.5; H, 6.7; N, 8.8. 

C7&3&0~3 requires C, 69.2; H, 6.5; N, 8.5%). 

The dimer fraction (10 mg) was chromatographed by preparative TLC on a silica (Chemapol) ( plate.s 20 x u) cm &OI&XI 

0.75 mm). eluted with carbon tetrachloride-acetone (1511, v/v). Two substances were collected, and then rc-prscipitited from 

chlorofonn/hexane to give dimer A (3.5 mg) and dimer B (5.5 mg). Dimer A: .k,,,&cetone)/nm 622.5 (e&msmoWcm-1 3 

100). 569 (5 400). 531 (7 300), 498 (11 500). 397.5 (110 000); 8 10.18. 10.06, 9.86. 9.66 (br) (each 11-t. s, 

5,10.15,20-H). 6.28 (lH, q. 31-H). 4.51 (4H. m. 13t- and 171-H). 3.73.3.69 (each 3H. s, 133-and 17J-DCHs), 3.67 (28 m, 

81-H). 3.65 (3H. S, 12’~H). 3.61 (3H. s, 181-H). 3.42 (4H, m. 13*-and 172-H). 3.17 (8H, m, 82-H, 21-H and 8WCH3), 2.37 

(3H. d, 32-II), 2.32 (3H. S. 7l-H), -3.82 OH, S. N-H); m/z 1319 (M++l). Dimer B: I,,,&cetone)~ 622.5 (e&Grnol-km- 

’ 3 300). 570 (3 800). 531 (7 600). 499 (11 689). 395 (113 000); 8 10.06.9.85 (hr). 9.68.9.44 (each IH, s, 5,10,15,20- 

H). 6.60 (lH, q. 3t-H), 4.46 (4H, m, 13t- and 171~H), 3.73, 3.69 (each 3H, s, 133~and 17WCH3), 3.66 (2H m, 81-H), 3.61 

(3H. s, 12’~H), 3.49 (3H, s, 181-H). 3.44 (4H, m, 132- and 172-H). 3.29 (8H, m, 82-H. 21-H and ~~-ocH~), 2.49 (3H, d, 32 

H), 2.34 (3H, s, 71-H). -3.88 (2H. s, N-H); m/x 1319 (M++l). 

Pheophorbide Q Sa.-Frozen biomass of Sp. plafensis algae (dry weight 17%) (600 g) was thawed out at room 

temperature, mixed with phosphate buffer pH 6.0 (6 1) and centrifuged (3000 rpm. 35 min). The supematam was separated, and 

the residue was stirred with acetone (900 ml). The suspension was filtered through filter paper under vacuum.The chlorophyll 

extract was vigorously shaken with petroleum ether (1 I). The petroleum phase which contained chlorophyll was collected and 

evaporated. The residue was redissolved in acetone (0.5 I). concentrated hydrochloric acid (0.75 I) was added and the mixture was 

stirred for 1.5 h. Then water (1 I) was added and camtenoids were extracted with petroleum ether (3 x 11). Tbe water phase was 

collected, neutralixed with 10% aqueous NaOH to pH 6.0 and pheophorbide a was extracted with dichloromcthane (600 ml). 

pheophorbide was purikd by flash chromatography on silica, and then recrystallixed from ethanol to give 8a (0.95 g. 67%). 

m.p. 190-195°C (lit.>5 190-195oc); &,,.x (acetone)/nm 667 (e/dnGmol-km-t 55 700). 610 (7 980). 535 (9 50). 507 (12 000). 

408.5 (119 500) (bt.,ts 667 (55 200) 409 (119 200)): 8 9.53 (IH. s. 10-H). 9.38 (1H. s. 5-H). 8.59 (lH, s, 20-H). 7.98 (lH, 

m, 31-H&, 6.28 and 6.21 (2H. dd. 32-H& 6.25 (lH, s, 132-H). 4.46 (lH, m, 18-H). 4.23 (1H. m, 17-H). 3.87 (3H, s, 132 

OCH3). 3.68 (3H, S, 12t-H), 3.66 (2H. q. 81-H). 3.42 (3H, s, 21-H). 3.23 (3H, s. 71-H), 2.50 (2H, m. 171-I-l), 2.27 (29 m, 

172-H). 1.82 (3H, d, 18t-H), 1.68 (3H. t, 82-H) and epimer 1~’ signals 9.48 (s, 10-H). 9.32 (s, 5-H). 8.50 (s, 20-H). 3.79 (s, 

132-OCHs). Treatment 8a with diimethane gave pheophorbide a methyl ester 8b; m.p. 205-206°C (t&n chloroform/ 

methanol) (lit.,te 2O5-206oc); I,,,,x (CHzClz)/nm 668 (e/dms mol-lcm-l 46 lOO), 610 (6 900). 535.5 (9 700). 505.5 (11 

200), 409 (116 100) (ht.,16 666 (45 Ooo), 406 (118 Ooo)) nm. 

3132-DidehydrorhodocN-15~arboxylic acid-&c&m 10 @upurin 18).-To pheophorbide a (60 mg) in pyridine (5 

ml) were added diethyl ether (40 ml) and 30% KOH in methanol (30 ml). The solution was stirred with for 30 min while air was 

bubbled through it, and then diluted with water (500 ml) and neutmhxcd. Pigments were extracted with chkuoform , washed with 
water and evaporated. The precipitate was mdiilved in acctonediethyl ether (l:l,v/v) and evaporated again. lkse operations 

were repeated until purpmin 18 was completely formed (using TLC control). The product was chromatographed on a silica 

column (100 x 20 mm diam.) with chloroform-acetone (61, v/v) and recrystalhxed from chloroform /bexane to yield 10 (51 mg, 
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9ow)S m.P. >uK)‘C (Ii&l’ 270-28m) (Found C, 68.8; H. 5.6; N, 8.8. C33H3zN40S. C&. C, 70.2; H. 5.7; N, 8.8%); 

v&KWcm-13300 0.1740 and 1700 (CO); & (acetone)/nm 696 (e&m3mol-rem-146 200). 646.5 (9 800), 544 (22 

700), 506.5 (6 300). 479 (4 m). 407 (116 000). 361 (45 400) (lit.9 695 (41 800), 407 (104 OW)); 6 9.58 (lo, s, lo_~), 9.35 

(1HB s* 5-H). 8.56 (lH, 8.20-H). 7.86 (1R m. 31-Hx). 6.27 and 6.19 (2H. dd. 32H&. 5.18 (lH, m, 18-H). 4.38 (1s m, 17_ 

H), 3.77 (3K s. 12’-H). 3.67 QH, q. @-H). 3.33 (3H, 8.21-H). 3.15 (3H. S, 71-H). 2.78 (2H, m, 171-1~ 2.47 (w, m, 1% 

H). 1.72 (3H. d. @HI, 1.65 (3& 1,82-H). -0.76 (2H. 8, N-H); mh (relative intensity) 564 (M+, 100%). 538 (M+--cH=CH, 

35). 519 (M+-C~H, 26). 506 (-M+-CHCOzH, 35), 491 (M+-CH2CH2C&H. 61). 

313Wi&hydrorhodochlorin-15-carboxylic ucid 13.1Si,17-ti-methyl esm llr (chlorin p6 trimethyl ester).-Purpti 

18 10 (50 mg) in Wrahydrofuran (30 ml) was stirred with 5% aqueous KOH (20 ml) for 10 min, and water (200 ml) was added. 

The solution was neutmlixed with HCl and the product was extracted with chloroform. The organic phase was washed with 

water. dried and treated with diamme&ane. After chromatography on a silica cohunn’(100 x 20 mm diam.) with chlomfonw 

acetone (99, v/v) and re-precipitation from chloroform /petroleum ether lln was obtained (47 mg, 87%), m.p. 236-238°C 

OiL1’ 236oc); &x (CHCb) 670 (t?/ dm3mol-~cm-1 41 000), 615 (4 600). 564 (1 800). 529 (5 300). 499 (11 000), 

403.5 (143 Ooo); 6 9.65 (lH, s, 10-H), 9.38 (1H. a, 5-H), 8.63 (lH, s, 20-H). 7.88 (lH, m, Y-Hx), 6.15 and 6.05 (2H. dd, 32 

HAB). 5.14 (H-L m. 18-H). 4.44 (1H. m, 17-H). 4.16 and 4.11 (6H, d, 13t- and ISt-OCH3). 3.60 (2H, q, 8WH& 3.57 (3H, 

S, 173~OCH3). 3.47 (3H. S, 121-H). 3.31 (3H. S, 2*-H), 3.12 (3H, s, V-H), 2.20 (4H, m, 17t- and 172-H). 1.81 (3H. d, 181- 

H). 1.63 (3H. t, 82-H). -1.40 (2H. s. N-H). 

3-oe~yl-~(l-hydroxuclhy[lphcop~r~ P 17-mthyl ester &.-Methylpheophorbide Q 8b was disolved in 33% 

HBr in acetic acid (15 ml) and the mixture was kept in the dark for 12 h. Then water was added (50 ml), and 2 h later the 

mixture was mAI’a&d With 30% apueouS NaOH. The precipitate was extr&Xed witi chloroform, washed with water, d&j and 

~tcdwithdiazomethaneinether.lbepmductwasduomatographed on a silica column (150 x 15 mm diam.) with chloroform- 

acetone cI:l. v/v) and re-precipitated fmm chloroformlhexane to give 8c (27 mg. 52%) (Found C, 68.3; H, 6.0; N, 8.8. 

C36Hti406 Wh C, 69.2; H. 6.4; N, 9.0%); & (CHCI#nm 657 (tidm3mol-tcm-144 800), 600.5 (6 600). 532 (8 

400)~ 501 (9 800). 471 (3 600). 405 (104 200); 6 9.66 (lH, a, 10-H). 9.52 (H-I, s. 5-H). 8.54 (1H. a, 20-H). 6.41 (lH, q, 

3’-H), 6.215 (1H. s, 132-H). 4.40 (1H. m, 18-H). 4.28 (1H. m, 17-H), 3.92 (3H. S. 132~0CH3), 3.68 (3~. s, 173_ocH3), 3.65 

(2Hs 9. @-HL 3.63 (3H. s, 12l-H). 3.45 (3H, S, 21-H). 3.23 (3H. S, 71-H). 2.50 (2H, m, l’#‘UQ, 2.20 (2H, m, lp-~), 2.11 

(3H. d, 32-H). 1.77 (3ti d, 18W. 1.67 (3H. t. 82-H); m/z (relative intensity) 625 (M++l, 85%). 567 (M++~-_co~CH~, 

100). 

3-11-Hydroxyerhyl)rhodochlorin-1S-carboxylic add 13.15, ljrrrimlhyl ester llb (hydroxyethylchlorin pa tm.e.).- 

Chlorin IJ~ t.m.e. lla (50 mg) was treated as described for 8c to yield llb (25 mg, 52%) (Found: C, 66.7; H, 6.8; N, 8.4. 

C36H42N& requires C, 67.3; H, 6.5: N, 8.7%); & (CHCl#m 662 (e/dm3mol-tcm-138 100). 609 (5 200). 560 (9 100). 

527 (4 900). 497 (9 Wo), 399 (94 MO): 6 9.66 (lH, s. 10-H). 9.60 (1H. s. 5-H). 8.74 (lH, s. 20-H). 6.12 (lH, q, Y-H), 5.17 

(1H. m. 18-H), 4.41 (lH, m, 17-H). 4.25 (3H. s, 13t-OCHA 4.18 (3H, s, 15t-OCH3), 3.67 (2~. q. 81-19.3.63 (3~. s, 121- 

H), 3.55 (3f% 3, 173-oCH3). 3.30 (39 S, 2*-H), 3.18 (3H, S, 71-H). 2.41 (2H. m, 171-H). 2.08 (2H, m, 172-H), 2.00 (3H, d, 

3W),1.86 (3H, d, 181-H). 1.67 (3H. t, 8U.I). 0.07 (2H. s, N-Ii); m/z 643 (M*+l). 

Bis[l-(3-&winylpheophorbide a 17-methyl ester -3-yl)ethyll ether 9.-Phmphorbide SC was condensed ss &&bed for 

porphyrin 7 using method II to yield dimer 9 (14 mg, 28%) (Found C. 69.95; H, 6.15; N, 9.0. C~H-&.O~~ requires C, 702; 
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H, 6.3; N, 9.1%). The prcdwt WBP chroroatographed on plates with HPTLGKicselgel60 (10 x 20 cm) with chlomfam-c&on 

khxhkde-a~tone (7:7: 1, v/v/v) to give dimer A (5.0 mg) and dim& B (7.5 mg). JXma A: & (xetow.)b 663 (t@‘$mo~ 

‘cm-’ 41400). 606.5 (6 400). 533 (8 Ooo). 504 (8 800). 469 Q 800). 405 (79 800); 6 9.50 (1~. S. 10-1-r). 9.30 (1~. br s. 5- 

H). 8.55 (1H. s. 20-H). 6.35 (IH. S. 13rH). 6.05 (lH, q. 31-H), 4.5 (1H. m. 18-H). 4.3 (lH, m. 17-H), 2.20 (3~. d, 3UJH3), 

1.85 (3H. d, 181-H); m/z (nlativ~ intensity) 1230.6 (M++l. 90%). 1172.7 (M+-CO2CH3, 100). 1114.3 (la), 609.7 

(M+&H, 47). 550.8 (40). D&r B: & (acctone)/mn 661.5 (e./dm3mol-km-’ 42 100). 605 (7 500). 533 (9 800). 504 (lo 

100). 467.5 (4 700). 406 (91 600): 6 9.25 (2H, m. 10-H and 5-H). 8.40 (lH, br s, 20-H). 6.43 (lH, m. 31-H). 6.30 (la S, 132. 

H), 4.4 (lH, m. 18-H). 4.2 (lH, m. 17-H). 2.35 (3H, d. 32-HM.77 (3H. d, 181-H); nt!z (telative intensity) 1231.0 (M++l, 

100%). 1173.0 (M+-C02CH3, 70). 608.1 @4+&H, 40). 549.7 (19). 

~is~l-(rho&chkwin-l5-car~~iic acid 13.15,17-ni-methyl ester -3-yl)ethyflelher 12.-Chlorin llh (50 mg) was 

COIIdensed as deSCribd for porphyrin 7 using method II to yield dimer 12 (15 mg, 30%) (Found C, 68.0; H, 6.45; N, 8.9 . 
C3dS3zN8014 quirks C, 68.2; H. 6.5; N. 8.8%). The product was chromatographed on plates with HFILC-Kiesel&l60 (10 x 

20 cm) with cbloroformcarbon tetrxhloride-acetone (7~9: 1, v/v/v) to give dimer A (5.0 mg) and dimer B (7.5 mg). Dimex A: 

b, (ticetone)/nm 663 (eldm3mol-1cm-* 36 700). 609 (4 400). 526 (4 800). 4% (10 300). 394 (108 700); 8 9.70 (1~. S, lo- 

H). 9.40 (lH, br S, 5-H). 8.67 (lH, S. 20-H). 5.97 (lH, q, 3 *-II), 5.25 (lH, m, 18-H). 4.42 (lH, m, 17-H). 4.27 (3H. s, 13t- 

OCH3), 4.21 (3H. s, 15-OCH3). 2.18 (3H, d, 32-HL1.93 (3H, d, 18t-I-0, 1.60 (3H, t, 82-H). -1.02 (2~. S. N-H); m/z (relative 

intensity) 1267.0 (M++l, 100%). 1236.5 (M++l-OCH3, 9). 1222.4 (M+-C02H, 4). 1209.0 (M+-CO~CH~. 5). 1179.4 

(M+-CH2CH2C02CH3, 2), 641.0 (M+ttt,-H, 3), 633.1.625.7 (M+ ttb+H, 13). Dimer B: & (acetone)/nm 661.5 (E/ 

dm3mol-km-t 38 000). 609 (4 900). 525.5 (5 300), 4% (10 900). 394 (121 300); 8 9.50 (2H, m, lo-~ and 5-H), 8.55 (1~. 

br S. 20-H). 6.42 (1H. 9. 3’-H). 5.15 (lH, m, 18-H). 4.35 (lH, m, 17-H), 4.27 (3H, s, 13 t-0CH3), 4.21 (3H, S, 15t-OCH3), 

2.31 (3H, d. 32-H),l.84 (6H, m, 18t-Hand 82H). -1.05 (2H, s. N-H); m/z (relative intensity) 1266.8 @f++l, lct~%), 1236.0 

(M++l-OCH3.6). 1229.9 (M+-C02H. 4). 1209.5 (M+- CO$H,, 2). 1179.9 (M+-CH2CH2C02CH3, 2), 640.5 

(M+ttt,-H. 13). 625.5 (M+ttb--OH, 18). 
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