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PRELIMINARY NOTE

Synthesis of Fluorine Analogues of Protoporphyrin
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SUMMARY

With intention of obtaining a porphyrin derivative useful
for diagnosis and therapy of cancer, fluorine analogues of
protoporphyrin, a1n which the vinyl group(s) were replaced by
difluorovinyl group(s), were synthesized by the reaction of
the formylporphyrins with sodium chlorodifluoroacetate in the

presence of triphenylphosphine

It 1s well known that some porphyrin derivatives are
localized by a tumor tissue and now photoradiation therapy
using appropriate instruments of laser ray attracts the inter-
ests of clinical side [1] Thus, the localized porphyrin
sensitizes the excitation of oxygen with laser The excited
oxygen 15 belaieved to destroy the tumor cells On the other
hand, the excited porphyrin emits a red fluorescence and 1t
can be used for the diagnosis of cancer For these purposes,
'Hematoporphyrin derivative' (HpD), which 1s obtained by
treating hematoporphyrin by acidic condition, 1s widely 1inves-
tigated [2] It was found to be a mixture of more than five

porphyrin deraivatives The main component of HpD which local-
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izes 1n tumor was reported to be a dimer of hematoporphyrain
[31] However, the structure of this dimer was not fully
1dentified Thus, 1f a pure porphyrin derivative, which 1is
localized by special tumor cells, 1s discovered, 1t will be
very useful for the diagnosis and therapy of cancer We have
already reported that methanol adducts of protoporphyrin, 3-
(l-methoxy)ethyl-8-vinyldeuteroporphyrin, obtained by treataing
protoporphyrain with hydrogen chloride 1n methanol [4] showed
interesting physiological property, this compound showed a
similar photodynamic effect to JTC-16 cells on i1rradiation of
laser as HpD [5] On the other hand, the photo-irradiation
method 1s only useful when the light reaches to tumor tissues
Therefore, 1f other method could be used to determine where a
porphyrin 1s localized, diagnosis using porphyrin derivatives
would have a much more wide applicability From this stand of
view, new fluorine derivatives of protoporphyrin were synthe-
s1zed Namely, 1f these compounds are localized by a tumor
tissue, they will be followed not only by the laser ray but
also by 19¢_NMR and help finding an early stage of cancer

Our synthetic procedure 1s shown 1n Chart 1 Protopor-
phyrin (1) was photooxidized by white light 1n 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-deuteroporphyrin (9) by reduction followed by rearrange-
ment and glycol fission according to the literature [6] with
some modifications, since the yields of formyl compounds were
much lower than reported Thus, reduction of 2 and 3 with
NaBH, was carried out at room temperature instead of heating
on a steam bath, since formation of tarry substances was
1nevitable at a higher temperature Although the diol com-
pounds (6 and 7), which were obtained after acidification of
the reaction mixture followed by extraction with CH2C12, were
reported to be too unstable to be purified by a column chroma-
tography, both compounds were 1solated on an 8102 column 1n 82
and 81 7 yi1eld, respectively Compounds 6 and 7 are only
slightly soluble an benzene-CH2C12 Therefore, the 1solation
yields of 8 and 9 by the oxidation with NaIOA—HZSO4 1in this
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solvent (two-phase reaction) were much lower than reported
The oxidation with HIO4-2H,0 1n dioxane improved the 1solation
yields of 8 and 9 to 79 and 827, respectively The dialde-
hyde compound 10 was prepared by oxidation of protoporphyrin
by 0s0, followed by Nal0, [71}
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a hv, 0y, 1n CHyCl, b NaBH,, rt, 05h ¢ HY, rt
d OSOA, rt, 24 h e HIOQ, or NaIOA, rt, 15 min - 2 h
f CClFZCOONa—Ph3P, 160°C, 0 5 h

Chart 1
1 R' RZ
R CHg,
8 -CHO -CH=CH2
CHg RZ 9 -CH=CH2-CHO
10 -CHO -CHO
11 -CH=CFz2 -CH=CHe
12 -CH=CHz2 -CH=CFe
CH, 13 -CH=CF2 -CH=CF2

CHs pMe=CH2CH2CO0O0CHS
PMe PMe
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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 (MY,
High Resolution Mass Calcd. for C36H36N404 2: 626.2703. Found:

626.2702.

IR (KBr) cm—lt 3324 (N-H), 1738 (C=0), 1198, 1176 (C-F),

1H-NMR (400MHz, CDC13): 9.99 (1H, s), 9.89 (1H, s), 9.87 (1H,

s), 9.66 (iH, s), 8.18 (1H, d-d, J=17Hz, 11Hz)}, 6.47 (1H, d,
JH_F=25HZ), 6.33 (1H, d-d, J=17Hz, 1.4Hz), 6.17 (1H, d-d,
J=11Hz, 1.4Hz), 4.45 (4H, m), 3.66 (3H, s), 3.65 (3H, s), 3.55
(6H, s), 3.52 (3H, s5), 3.46 (3H, d, J=2.4Hz), 3.23 (4H, m),

- 4.09 (2H, b).
19

F-NMR (CDCIS, ppm from CFC13): ~-82.14 (iF, d-d, JH—F=25HZ’
JF_F=26HZ), -83.76 (1F, d, J=26Hz)
12: Dark red crystals, mp 204.0-205.5°C.
Mass m/z: 626 (M').
High Resolution Mass Calcd. for C36H36N404 2: 626.2703. Found:
626.2702.
IR (KBr) cm'lt 3324 (N-H), 1738 (C=0), 1194, 1170 (C-F),

lH-NMR (400MHz, CDCIS)! 9.98 (1H, s), 9.87 (1H, s), 9.85 (1iH,
s}, 9.63 (1H, s), 8.17 (1H, d-d, J=16Hz, 11Hz), 6.44 (1H, d,

d =25Hz), 6.32 (1H, d, J=16Hz), 6.16 (1H, d, J=11Hz), 4.31

H-F
(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 (4H, m),

- 4.10 (2H, b).

19:_NMR (CDCl,, ppm from CFCly): -82.02 (IF, d-d, J,_.=25Hz,
Jp_p=26Hz), -83.64 (IF, d, J=26Hz)
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13 Dark red crystals, mp 212-219 5°C
Mass m/z 662 (M%)

High Resolution Mass Calcd for C36H34N4O4F4 662 2523 Found

662 2530

IR (KBr) cm !

1

3324 (N-H), 1736 (C=0), 1198, 1172 (C-F),

H-NMR (90MHz, CDC13) 9 82 (2H, s), 9 76 (2H, s), 6 65 (2H, d,

Jy_p=26Hz), 4 33 (4H, d-d, J=7Hz, 7Hz), 3 66 (6H, s), 3 54 (6H,
s), 3 48 (6H, s), 8 24 (4H, d-d,J=7Hz, 7Hz)

19k NMR (CDCl,, ppm from CFCly) -81 86 (2F, d-d. Jy_p=26Hz,
Jp_p=26Hz), -83 38 (2F, d, J=26Hz)

A solution of sodium chlorodifluorocacetate 1n N-methyl-
pyrrolidone (NMP) was added to a solution of 8 and triphenyl-
phosphaine i1n NMP under argon atmosphere at 160°C and kept at
this temperature for half an hour to give 32,32—d1f1uoroproto-
porphyrain dimethyl ester (11) 1n 557 y1eld 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 CFClgy)
Similar reactions of 9 and 10 gave 82,82—d1f1uoroprotoporphy—
rin dimethyl ester (12) and 32,32,82,82—tetraf1uor0protopor—
phyrain dimethyl ester (13) in 42 and 40 7 yields, respective-
ly The structures of compounds (8-13) are summarized 1n
Fig 1

Compounds 11, 12 and 13 were hydrolized with NaOH in
toluene-MeOH to sodium salts of the protoporphyrins In a
preliminary test, the Na salt from 1]l was found to be loca-
lized by stomach cancer more selectively than by liver or
stomach These biological results will be published else-

where
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