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Synthesis of a Porphyrin Having Eight Carborane Cages
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It has long been known that some macrocyclic nitrogerfour OHs of bisglycol of deuteroporphyrin and four carbox-
heterocycles such as porphyrin phthalocyanine show a prgic acid chlorides of bigp-carboranyl acid chlorides. This
pensity for localization in malignant tumors, remaining thereproduct is expected to be a potential BNCT agent having
in the long ternt. many boron atoms. As shown in Scheme 1 and 2, the synthe-

The use of boronated porphyrins as boron carriers in BNCBis of 2,4-bis-r,3-bis(1,1'-bis-1,12-dicarbaclosododecabo-
(Boron-10 Neutron Capture Therapy) has been explored singanecarboxy)ethyl]deuteroporphyriX dimethyl ester &)
the early 1980%° Representative derivatives synthesized forcomprises four steps. The issarborane can be obtained
this purpose are based on tetraphenylporphyrin (B)fal by the dimerization of the mono lithiated clgsara-carbo-
hematoporphyrin (VCDPand BOPP. As boron sources, rane through the carbon-carbon coupling with anhydrous cupric
carborane cluster compounds have been preferred due to rdtloride followed by the acidic workup.
only their ability to move many boron atoms at a time but The removal of salts and then column chromatography on
also their chemical stability and metabolic inertness. Thealumina with hexanes as eluents lead to a moderate yield of
carborane cluster BOPP (2,4-bisff-bis(1,2-dicarbacloso- pure bisp-carboran€. The preparation of bis-carborane
dodecaboranecarboxy)ethyl]Deutero-porphyiin disodium  carboxylic acid3 is based on the literature meth8dBhe
salt (Figure 1), which contains four closo carborane cagesarboxylation of2 was accomplished by stepwise lithiation
shows very high selective localization in tumors and is aand CQ carboxylation followed by acidificatiochThe lim-
leading compound for the clinical test of BNERepresen-  ited use of-BuLi can prevent the formation of undesirable
tative examples of boron clusters are shown in Figure 2.  dicarboxylated big-carborane. The conversion of the car-

In this paper we report the synthesis of a novel boronatetorane carboxylic acid to the carborane acid chloride is usu-
porphyrin where eight closocarborane cages are appendeddtly achieved by treating the acid with phosphorous penta-
the porphyrin macrocycle through four ester bonds betweenhloridel® However, the separation of the formed isar-

boranyl acid chloride has been hampered by its high boiling
OR point. Therefore we studied other chlorination methods. Phos-
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Figure 1. BOPP. 25°C, 3 days, yield 40%. (b) 1 eq nfBuLi, CO,, ether, 0-10C,
2h, yield 41%. (c) excess CQCEN, 90-100°C, ortho-dichlorc
benzene (0-DCB).
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Figure 2. Boron Clusters. Scheme 2 (a) 4 eq of DMAP, ChkCl,, 25°C, 24h, yield 50%.
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Table 1. 300 MHzH FT-NMR Data 0% (CDCk) decaborane)carboxyethyl] deuteropo-rphyrin IX dimethyl

ester (6) 220 mg (0.33 mmol) of 2,4-big(3-dihydroxy-

Chemical Shift §) Multiplicity Assignment : .
10.03. 10.04 10.06. 10.09 s 2H o ethyl)deuteroporphy-rimX dimethyl ester¥) and 179 mg
Do, 1044, 1000, 1009 S, mes (1.46 mmol) of DMAP were dissolved in 40 mL @Eb.
7.17 m, 2H a-CH; . . . .
After bubbling the solution with argon, the Ipszarborane
5.27, 4.57 m, 4H [-CH, . . .
4.38 m. 4H CH,CH.CO.CHs acid chloride obtained from the above procedure was added
3.60, 3.63 s, 6H CO,CHs to the reaction mixture. The solution was stirred over night
3.62, 3.65 m, 12H Porphyrin Gis at room temperature and poured into water. The organic
3.25 m, 4H CH,CO,CHs layer was separated, washed with 0.5 M HCI solution, satu-
1.55 s, 4H carborane-€ rated sodium bicarbonate solution and water, and then dried
-0.7-3.3 broad, 80H BH over anhydrous sodium sulfate. The solution was filtered
-3.8 s, 2H NH and evaporateih vacuoto give dark violet powder that was

purified by flash chromatography on silica (MC eluent) to

gene has been safely used in our lab., and excess phosgeiee 6 (315 mg, 50% yield)*H NMR (300 MHz, CDG)) &
was effectively employed in the chlorinaiton®&nd bisp- 10.03, 10.34, 10.06, 0.9 (s, 4H, méBo7.17 (m, 1Ha-CH),
carborane acid chloridewas formecdjuantitatively. 5.27, 4.57 (m, 4HB-CH,), 4.38 (m, 4H, €I, CH,CO,CHs),

The end product compoudvas obtained by the reaction 3.60, 3.63 (s, 6H, C&L«Hs3), 3.62, 3.65 (m, 12H, Porphyrin
of the deuteroporphyrin bisglycélwith the bisp-carbora-  CHj3), 3.25 (m, 4H, G,CO,CHs), 1.55 (s, 4H, carborane-
nyl acid chloride. To take the reaction to full substitution, anCH), -0.7-3.3 (broad, 80H, ), -3.8 (s, 2H, M); FAB MS
excess amount of acid chloride was used in the presence wif/z1910 (M)
excess DMAP. Without DMAP in excess quantity, the reac- Acknowledgment We gratefully acknowledge the sup-
tion will not go to completion even over extended period ofport for this work by the Oriental Chemical Industries. We
time, yielding only di or tri-substituted compounds. thank Dr. Jong-Shin Yoo of Korea Basic Science Center for

The end produds was purified with a single washing of performing mass spectral measurements. We also thank Pro-
the prodcut mixture with 0.5 N HCI solution followed by a fessor S. B. Kahl of UCSF for helpful discussions.
double washing with the saturated sodium bicarbonate solu-
tion, and the drying of the organic layer over the anhydrous
sodium sulfate, and finally stripping the solvent. The flash col-
umn chromatography afforded analytically pure product in 1. (a) Dougherty, TPhotochem. Photobioll987, 45, 879.
50% yield by weight. The structural evidencebafias con- (b) Delaney, T. F.; Glafstein, Eompr. Ther1989 14, 43.
firmed by proton NMR spectroscopy and fast atom bom- 2- Woodburn, K. Phadke, A. S.; Morgan, A. BoMed.
bardment mass spectrometry. Chem. Lett1993 3, 2017.
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Experimental Section
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three necked flask fitted with dry ice-acetone condenser con-7.

taining both 50 mL of 0-DCB and a catalytic amount of tri-
ethylamine. An excess amount of the 40% prepared phosgene
solution in 0-DCB was introduced into the reaction flask and
the mixture stand for 1 hour to allow phosgene reflux. After
the reaction, excess phosgene and solvent were stiipped
vacuq resulting in a crude big-carborane acid chloridd.
The crude product was used for the next step without further
purification.
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