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Synthesis of carboranyl derivatives of de :teroporphyrin IX
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Carboranylporphyrins, which can be used in boron neutron-c: ture therapy of cancer,
were prepared from natural deuteroporphyrin IX, 3-amino-o-carbora ¢, and 9-hydroxymethyl-

m-carborane.
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The ability of porphyrins! to be selectively accumu-
lated and retained inside malignant tumors over a long
period of time has aroused interest in the synthesis of
boron derivatives of natural and synthetic analogs of
porphyrins with the aim of searching for compounds
which satisfy requirements imposed upon specimens for
boron neutron-capture therapy. This method shows
promise for medical treatment of human malignant tu-
mors, belongs to binary methods for treatment, and
involves irradiation of a boron-containing substance,
present in a cancer cell and containing the 1B isotope,
with thermal neutrons. The nonradioactive B isotope
undergoes the nuclear reaction 'YB(n, a)’Li under the
action of neutrons to release a large quantity of energy
resuiting in destruction of cancer ceils.

First carboranylporphyrins were prepared? aimost 20
vears ago. Recently, the syntheses of carboranyl-con-
taining porphyrins for boron neutron-capture therapy
have been reported.3—5 The synthesis of tetracarbor-
anylporphyrins as complexes with Ni, Cu, and Mn was
also described.$ In the compounds studied,2—% carboranes
are bound to porphyrin through the C atom of the
carborane nucleus.

Previously, we have described”-8 the preparation of
carboranyl-containing porphyrins in which carboranes
are bound to porphyrin through the B atom of the
carborane. As part of continuing studies, we synthesized
(Scheme 1) carboranyl-substituted porphyrins contain-
ing one amidé group (4), two amide groups (5), or two’
ester groups (6) by the reaction of deuteroporphyrin IX
(1) with 3-amino-o-carborane (2) or 9-hydroxymethyl-
m-carborane (3), respectively. In the resulting com-
pounds, deuteroporphyrin IX is bound to the carborane
ring through the B atom of the polyhedron.

The reactions with the use of 1.6 molar equiv. of
pivaloyi chloride or 2 molar equiv. of ethyl chloroformate
afforded amide 4 and diamide 5 in ~30% and 3—5%

yields, respectiv y (after column chromatography on
Si0,).

When porph. -in 1 was activated with di-rerr-butyl
pyrocarbonate (I )C,0) (in a ratio of 1 : 2), diamide 5
was obtained in - 7% yield {Scheme 2).

Ester 6 was p :pared from compound 3 and porphy-
rin 1 in 58% yielc upon activation of the carboxyl groups
in compound 1+ -th BOC,0 according to Scheme 3.

Compounds « ~6 were isolated by column chroma-
tography as dark- 2d microcrystals, which are soluble in
MeOH, CHCl,, 7 4F, and Me,CO and are poorly soluble
in water, ether, a d nonpolar solvents. The structures of
4—6 were confir: ed by mass spectra, elemental analy-
sis, and electroni . IR, and 'H NMR spectra.

Comparison - [ the electronic spectra of carbor-
anylporphyrins 4- 6 with the spectra® of dimethyl ester
of deuteroporph: in IX revealed no changes in the
positions of the 1axima of the absorption bands but
showed a decrea @ in the extinction coefficient. The
'H NMR spectrz data confirmed the structures of the
compounds synth sized.

The 'H NMR i;pectra of porphyrins 4-—6 have sig-
nals for the meso- ~rotons and signals for the p-protons
of the pyrrole rin; as well as signals for the NH protons
at high field (3 - .42 (4), —3.45 (5), and —3.82 (6)),
which confirm the tructure of the porphyrin macrocycle.
In addition, the ignals for the CH protons of the
carborane nucleus n the '"H NMR spectra are substan-
tially shifted (8 = —=3) compared to the corresponding
signals of the init: .| compounds 2 and 3. The protons
attached to the B ¢ oms of the carborane polyhedron are
observed as a broadened muitiplet signal at
8 3.1—1.1 centere. at § 2 with an intensity of 9 H for
porphyrin 4 and 1¢ H for porphyrins § and 6. The signal
for the proton of he COOH group of porphyrin 4 is
averaged due to e: change with H,0 that is present in
CsDsN.
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Thus, the mixed anhydride formed from deutero-
porphyrin IX and BOC,0 is an efficient acylating agent
for the synthesis of carborane derivatives of deutero-
porphyrin 1X. In the future, we plan to prepare water-
soluble forms of these porphyrins.

Experimental

The 'H NMR spectra were recorded on a Bruker
AMX-400 instrument in CsDsN (for porphyrins 4 and 5) or

CDCl, (for 6) as the solvent. The IR spectra were obtained on
a UR-20 instrument in KBr peliets. The electronic spectra
were recorded on a Hitachi UV-557 instrument. The mass
spectra were measured on an MSBKh spectrometer by plasma
desorption spectrometry for porphyrins 4 and 5 and on a
Varian MAT-731 specirometer by field desorption for 6. Com-
pounds 2 ¥ and 3 ' have been prepared previously. The
purities of the compounds were checked by TLC on Silufol
plates with a 9 : | CHCl;—MeOH solvent system. Column
chromatography was carried out on L silica gel (40—100 um)
using. the same solvent system. The solvents were. purified
according to standard procedures.
1,3,5,8-Tetramethyl-6(7)-{2-N-(o-carboran-3-yl)carba-
moylethyl}-7(6)-(2-carboxyethyl)porphyrin (4). 4. Et;N
(46 mg, 0.46 mmol} was added to a solution of porphyrin 1
(100 mg, 0.20 mmol) in a mixture of THF (8 mL) and Py
(8 mL) at 0 °C. The reaction mixture was cooled 10 —15 °C.
Then a solution of CICO,Et (45 mg, 0.41 mmol) in THF (3
mL) was added dropwise over 30 min and the reaction mixture
was kept at this temperature for 30 min. In this case, mixed
anhydride was formed (TLC data, a 15 : 1 CHCl;—-McOH
mixture). Then amine 2 (62 mg, 0.39 mmol) was added to the
reaction mixture at 0 °C, and the mixture was kept for 1.5 h
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with a gradual increase in the temperature to 20 °C. After
removal of the solvents in vacuo, the residue was
chromatographed on a column with SiO,. Amide 4 and di-
amide 5 were obtained in yields of 38 mg (29%) and 8§ mg
(5%), respectively. For 4, found (%): C, 59.21: H, 6.38; N,
10.63. C5,Hy; B 1gNsO;. Caiculated (%): C, 58.99; H, 6.30; N,
10.75. Electronic spectrum (CHCI3), Apa/nm (e- 1073): 618
(1.47); 562.2 (3.25); 530.2 (3.75); 496.8 (5.50); 399.6 (64.5).
IR, v/em™!: 1720 (CO in COOH); 1723 (CO in CONH); 2587
(BH): 3070 (CH of carborane); 3320 (NH). 'H NMR, &: 10.52
(s, | H. meso-H); 10.18 (s, 2 H. meso-H); 10.14 (s, | H, meso-
H): 9.25 (s, | H, NHCO); 9.1t (s. 1 H, B-pyrrole): 9.08 (s,
I H, B-pyrrole); 4.40 (m, 2 H, CH,CH,CO); 438 (m, 2 H,
CH,CH,CO): 3.49 (s, 6 H, 2 Me); 3.44 (s, 6 H, 2 Me): 3.36
{m, 2 H, CH,CH,CO): 3.33 (m, 2 H, CH,CH,CO): 1.12
(brs. 2 H, CH of carborane); ~3.42 (brs, 2 H, NH of
porphyrin). MS, m/z 651.1 {M]™.

B. E13N (46 mg, 0.46 mmol) was added to a solution of
porphyrin 1 (100 mg, 0.20 mmol) in a mixture of CH,Cl,
(8 mL) and Py (8 mL) at 0 °C. The reaction mixture was
cooled to =15 °C, a solution of Me3;CCOCH (38 mg,
0.32 mmol) in CH,Cl; (3 mL) was added dropwise over
0.5 h, and the mixture was kept at this temperature for 0.5 h.
Then a solution of amine 2 (42 mg, 0.27 mmol) in CH,C),
(2 mL) was added and the mixture was stirred at 20 °C for | h.
Amides 4 and 5 were isolated as described previously in yields
of 42 mg (32%) and S mg (3%), respectively.

The 'H NMR, electronic, and IR spectra of both samples
of amide 4 are identical.

1,3,5,8-Tetramethyl-6,7-di[2- N-(o-carboran-3-yl)-
carbamoylethylJporphyrin (5). BOC,0 (100 mg. 0.46 mmol)
was added to a solution of porphyrin 1 (100 mg, 0.20 mmol) in
a mixture of Py (8 mL) and CH,Cl, (8 mL) at 0 °C and the
mixture was stirred for 10 min. Then compound 2 (76 mg,
0.48 mmol) and 4-dimethylaminopyridine (DMAP) (10 mg)
were added and the mixwure was stirred at 20 °C for 1 h,
poured into 2% HCI (400 mL), and extracted with CHCl;.
The extract was washed with water and concentrated /n vacuo.
The residue was chromatographed on a column with silica gel
and diamide 3 was obtained in a yield of 86 mg (57%). Found
(%) C.. 5l33, H, 6.71: N, 10.80. C34H53820N602. Calculated
(%): C, 51.31; H, 6.56; N, 10.61. Electronic spectrum (CHCl3),
Femax/PM (£ 1073): 619 (1.67). 594 (1.08); 564.8 (3.48); 529.8
(3.79); 496.8 (5.89); 398.4 (69.36). IR, v/em™}: 1718 (CO);
2591 (BH); 3060 (CH of carborane); 3305 (NH). 'H NMR, &:
10.42 (s, | H, meso-H); 10.32 (s, 2 H, meso-H); 10.28 (s, | H,
meso-H); 9.33 (s, 2 H, NHCO): 9.12 (s, 1 H, B-pyrrole); 9.09
(s, | H, p-pyrrole); 4.41 (m, 4 H, CH,CH;CO); 4.66 (s, 12 H,
4 Me); 3.31 (m. 4 H, CH,CH,CO); 2.07 (brs, 4 H, CH of
carborane); —3.45 (brs. 2 H, NH of porphyrin). MS, m/z
792.7 [M]}™.

1,3,5,8-Tetramethyl-6,7-di{2-(m-carboran-9-yt)methoxy-
carbonylethyl]porphyrin (6). BOC,0 (100 mg, 0.46 mmol) was
added to a solution of porphyrin 1 (100 mg, 0.20 mmol) in a
mixture of CHCI3 (8 mL) and Py (8 mL) cooled to 0 °C. The
reaction mixture was stirred for 10 min and then compound 3

(73 mg, 0.42 mmol) was added. After 3 min, DMAP (10 mg)
was added. The reaction mixture was stirred at 20 °C for 1.5 h,
poured into 2% HCI (400 mL). and extracted with CHCI,.
The chioroform extract was washed with water and the organic
layer was separaied and concentrated in vacuo. An excess of
compound 3 was washed off with a | : | pentane—E1,0
mixture and the residue was chromatographed on a column
with silica gel. Porphyrin 6 was obtained as dark-red micro-
crystals in a yield of 95.4 mg (58%). Found (%): C, 52.30;
H, 6.90; N, 6.99. C3sHs,B1pN;O,. Calculated (%): C, 52.55;
H. 6.32; N, 6.81. Electronic spectrum (CHCl3), Ap,/nm (- 1073
619 (2.08); 595 (1.58); 564.4 (4.68); 529.8 (4.87); 496.8 (7.57):
399 (101.33). IR, v/em™!: 1726 (CO); 2600 (BH): 3065 (CH
of carborane); 3313 (NH). '"H NMR, & 10.13 (s, 2 H, meso-
H); 10.06 (s, 2 H, meso-H); 9.16 (s, 1 H, B-pyrroie); 9.09 (s,
1H, p-pyrrole); 4.43 (1. 4 H, CH,CH,CO); 4.03 (s,
4 H, B—CH,); 3.65 (s, 6 H, 2 Me); 3.64 (s, 6 H, 2 Me): 3.43
(t. 4 H, CH,CH,CO); 2.70 (brs, 4 H, CH of carborane):
-3.82 (br.s, 2 H, NH). MS, m/z 822 [M]*.
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