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PRELIMINARY NOTE 

Synthesis of Fluorine Analogues of Protoporphyrln 
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SUMMARY 

With Intention of obtalnlng a porphyrin derlvatlve useful 

for dlagnosls and therapy of cancer, fluorine analogues of 

protoporphyrln, in which the vinyl group(s) were replaced by 

dlfluorovlnyl group(s), were synthesized by the reaction of 

the formylporphyrlns with sodium chlorodlfluoroacetate In the 

presence of trlphenylphosphlne 

It 1s well known that some porphyrin derlvatlves are 

localized by a tumor tissue and now photoradlatlon therapy 

using appropriate instruments of laser ray attracts the Inter- 

ests of cllnlcal side [l] Thus, the localized porphyrin 

sensltlzes the excltatlon of oxygen with laser The excited 

oxygen 1s believed to destroy the tumor cells On the other 

hand, the excited porphyrin emits a red fluorescence and It 

can be used for the dlagnosls of cancer For these purposes, 

'Hematoporphyrln derivative' (HpD), which 1s obtained by 

treating hematoporphyrln by acldlc condltlon, 1s widely lnves- 

tlgated [2] It was found to be a mixture of more than five 

porphyrin derlvatlves The main component of HpD which local- 
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lzes in tumor was reported to be a dlmer of hematoporphyrln 

[31 However, the structure of this dlmer was not fully 

ldentlfled Thus, If a pure porphyrin derlvatlve, which 1s 

localized by special tumor cells, 1s dlscovered, It ~111 be 

very useful for the dlagnosls and therapy of cancer We have 

already reported that methanol adducts of protoporphyrln, 3- 

(1-methoxy)ethyl_8_vlnyldeuteroporphyrln, obtalned by treating 

protoporphyrln with hydrogen chloride In methanol [4] showed 

lnterestlng physlologlcal property, this compound showed a 

similar photodynamic effect to JTC-16 cells on lrradlatlon of 

laser as HpD [5] On the other hand, the photo-rrradlatlon 

method 1s only useful when the light reaches to tumor tissues 

Therefore, if other method could be used to determine where a 

porphyrin 1s localized, dlagnosls using porphyrin derlvatlves 

would have a much more wide appllcablllty From this stand of 

view, new fluorine derivatives of protoporphyrln were synthe- 

sized Namely, If these compounds are localized by a tumor 

tissue, they ~111 be followed not only by the laser ray but 

also by 19 F-NMR and help flndlng an early stage of cancer 

Our synthetic procedure 1s shown in Chart 1 Protopor- 

phyrln (1) was photooxldlzed by white light in the presence of 

oxygen to so-called photoporphyrins, which was separated by 

column chromatography to compounds (2) and (3) These com- 

pounds were converted to 3-formyl-8-vinyl- (8) and 8-formyl-3- 

vinyl-deuteroporphyrln (9) by reduction followed by rearrange- 

ment and glycol flsslon according to the literature [6] with 

some modlflcatlons, since the yields of formyl compounds were 

much lower than reported Thus, reduction of 2 and 3 with 

NaBH4 was carried out at room temperature instead of heating 

on a steam bath, since formation of tarry substances was 

inevitable at a higher temperature Although the dlol com- 

pounds (6 and 7), which were obtained after acldlflcatlon of 

the reaction mixture followed by extractlon with CH2C12, were 

reported to be too unstable to be purlfled by a column chroma- 

tography, both compounds were isolated on an S102 column In 82 

and 817 yield, respectively Compounds 6 and 7 are only 

slightly soluble in benzene-CH2C12 Therefore, the lsolatlon 

yields of 8 and 9 by the oxldatlon with NaI04-H2S04 in this 



HO CHs 

H 
6, 7 8,9, 10 11, 12, 13 

a hv, 021 in CH2C12 b NaBH4, rt, 0 5 h c H+, rt 

d 0~04, rt, 24 h e HIOh or NaI04, rt, 15 mln - 2 h 

f CClF2COONa-PhxP, 16O"C, 0 5 h 

Chart 1 
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solvent (two-phase reactlon) were much lower than reported 

The oxldatlon with HIOh-2H20 In dloxane Improved the isolation 

yields of 8 and 9 to 79 and 82 I, respectively The dlalde- 

hyde compound 10 was prepared by oxldatlon of protoporphyrln 

by 0~04 followed by NaI04 [7] 

R’ R2 

-CHO -CH =CH2 

-CH=CH2-CHO 

3 PMe=CH2CH2COOCH3 

PMe PMe 

Fig 1 
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Physicochemical Data of 11, 12, and 13 

11: Dark red crystals, mP 203.5-205.5"C. 

Mass m/z: 626 CM+). 

High Resolution Mass Calcd. for C36H36N404F2: 626.2703. Found: 

626.2702. 

IR (KBr) cm-': 3324 (N-H), 1738 (C=O), 1198, 1176 (C-F), 

'H-NMR (400MHz, CDCl3): 9.99 (lH, s), 9.89 (lH, s), 9.87 (lH, 

S), 9.66 (lH, s), 8.18 11H, d-d, J=lIIHz, 11Hz). 6.47 (lH, d, 

JH_F=25Hzl, 6.33 (lH, d-d, J=17Hz, 1.4Hz), 6.17 (1H. d-d, 

J=llHz, 1.4Hz), 4.45 (4H, ml, 3.66 (3H, s), 3.65 (3H, s), 3.55 

(6H, s), 3.52 (3H, ~1, 3.46 (3H. d, J=2.4Hz), 3.23 (4H, m), 

- 4.09 (2H. b). 

"F-NMR (CDC13, ppm from CFC13): -82.14 (lF, d-d, JH_F=25Hz, 

JF-F 
=26Hz), -83.76 

12: Dark red crystals, 

(lF, d, J=26Hz) 

mp 204.0-205.5"~. 

Mass m/z: 626 CM+). 

High Resolution Mass Calcd. for C36H36N404F2: 626.2703. Found: 

626.2702. 

IR (KBr) cm-': 3324 (N-H), 1738 (C=O), 1194, 1170 (C-F). 

‘H-NMR (400MHz, CDC13): 9.98 (lH, s), 9.87 (lH, s), 9.85 (lH, 

S), 9.63 (lH, s), 8.17 (lH, d-d, J=lGHz, llHzl, 6.44 (lH, d, 

JH_F=25Hz), 6.32 (1H. d, J=lGHz), 6.16 (lH, d, J=llHz), 4.31 

(4H, m). 3.66 (3H, s), 3.65 (3H, s), 3.55 (3H. s), 3.54 (3H. 

s), 3.51 (3H.s). 3.45 (3H, d, J=2.4Hz). 3.23 14H, ml, 

- 4.10 (2H, b). 

"F-NMR (CDC13, wm from CFC13): -82.02 (lF, d-d, JH_F=25Hz, 

JF_F=26Hz). -83.64 (lF, d, J=26Hz) 



297 

13 Dark red crystals, mp 212-219 5°C 

Mass m/z 662 CM+) 

High Resolution Mass Calcd for C36H34N404F4 662 2523 Found 

662 2530 

IR (KBr) cm -1 3324 (N-H), 1736 (C=O), 1198, 1172 (C-F), 

*H-NMR (SOMHz, 9 92 (2H, s), 9 CDC13) 76 (2H. s), 6 65 (2H, d, 

JH_F=26Hz), 4 33 (4H, d-d, J=7Hz, 7Hz), 3 66 (6H. S). 3 54 (6H, 

S)r 3 48 (6H, s). 3 24 (4H, d-d,J=7Hz, 7Hz) 

"F-NMR (CDC13, ppm from CFC13) -81 86 (2F, d-d, JH_F=26Hz, 

JF_F=26Hz), -83 38 (2F, d, J=26Hz) 

A solution of sodium chlorodlfluoroacetate in N-methyl- 

pyrrolldone (NMP) was added to a solution of 8 and trlphenyl- 

phosphlne In NMP under argon atmosphere at 160°C and kept at 

this temperature for half an hour to give 3 2,32-dlfluoroproto- 

porphyrin dlmethylester(11) In 55 7 yield with recovery of 8 

(26 7) 19F-NMR of 11 showed presence of two kinds of vinyl 

fluorines at -82 14 and -83 76 ppm (internal standard CFCl3) 

Slmllar reactlons of 9 and 10 gave 82,82-dlfluoroprotoporphy- 

rln dlmethyl ester (12) and 3 2,32,82,82-tetrafluoroprotopor- 

phyrln dlmethyl ester (13) In 42 and 40 Y yields, respectlve- 

1Y The structures of compounds (8-13) are summarized In 

Fig 1 

Compounds 11, 12 and 13 were hydrollzed with NaOH In 

toluene-MeOH to sodium salts of the protoporphyrlns In a 

preliminary test, the Na salt from Ilwas found to be loca- 

llzed by stomach cancer more selectively than by liver or 

stomach These blologlcal results will be publlshed else- 

where 
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