Journal of

Medicinal Chemistry

Subscriber access provided by American Chemical Society

Article

Potent Androgen Antagonists Based on
Carborane as a Hydrophobic Core Structure

Shinya Fuijii, Tokuhito Goto, Kiminori Ohta, Yuichi Hashimoto,
Tomoharu Suzuki, Shigeru Ohta, and Yasuyuki Endo

J. Med. Chem., 2005, 48 (14), 4654-4662+ DOI: 10.1021/jm050115j « Publication Date (Web): 17 June 2005
Downloaded from http://pubs.acs.org on March 28, 2009

SO OH
I .
N Potent androgen antagonist

bearing a boron cluster

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 5 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of Medicinal Chemistry is published by the American Chemical Society. 1155
Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/jm050115j

4654 J. Med. Chem. 2005, 48, 4654—4662

Potent Androgen Antagonists Based on Carborane as a Hydrophobic Core

Structure

Shinya Fujii," Tokuhito Goto,* Kiminori Ohta,* Yuichi Hashimoto,’ Tomoharu Suzuki,' Shigeru Ohta,' and

Yasuyuki Endo*#

Faculty of Pharmaceutical Sciences at Kagawa Campus, Tokushima Bunri University, 1314-1 Shido, Sanuki 769-2193, Japan,
Faculty of Pharmaceutical Sciences, Tohoku Pharmaceutical University, 4-4-1 Komatsushima, Aoba-ku, Sendai 981-8558,
Japan, Institute of Molecular and Cellular Biosciences, University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan,
and Graduate School of Medical Sciences, Hiroshima University, 1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551, Japan

Received February 7, 2005

Carboranes (dicarba-closo-dodecaboranes) are a class of carbon-containing polyhedral boron-
cluster compounds having remarkable chemical and thermal stability and hydrophobic
character. These features may allow application of carboranes as a new hydrophobic core
structure in biologically active molecules that interact hydrophobically with receptors. We report
here the design and synthesis of novel androgen antagonists bearing carborane. The most potent
compounds, the arylcarborane derivatives 6e and 6i, exhibited antiandrogenic activity greater
than that of the well-known antiandrogen hydroxyflutamide in reporter gene assay using
NIH3T3 cells transfected with a human AR expression plasmid, as well as in cell growth
inhibition assay using androgen-dependent SC-3 cells. Further development of the potent
carborane-containing androgen antagonists described here, having a new skeletal structure
and unique characteristics, may yield novel therapeutic agents, especially selective androgen

receptor modulators.

Introduction

Dicarba-closo-dodecaboranes (carboranes),! members
of the class of carbon-containing boron clusters, have
characteristic properties such as spherical geometry,
remarkable thermal and chemical stability, and a
hydrophobic molecular surface.2 Medical applications of
the carboranes have been mainly in the field of boron
neutron capture therapy (BNCT) of cancer, utilizing the
high boron content of the carboranes. We have inves-
tigated another approach to utilize carboranes in the
field of medicinal chemistry and have demonstrated that
their hydrophobic character and spherical geometry
make them available as a hydrophobic core for biologi-
cally active molecules. We have developed potent estro-
gen agonists® and antagonists,* and retinoid agonists®
and antagonists.® Our potent estrogen agonist bearing
a carborane, 1-hydroxymethyl-12-(4-hydroxyphenyl)-
1,12-dicarba-closo-dodecaborane (BE120),* has an activ-
ity greater than that of 17f-estradiol in luciferase
reporter gene assay and in estrogen receptor oo (ERa)
binding assay.? These results suggested that the hy-
drophobic interaction along the spherical carborane cage
produces a stronger interaction than that in the case of
17p-estradiol. The use of this new hydrophobic, spheri-
cal component, the carborane cage, for molecular drug
design should make it possible to develop a wide variety
of nuclear receptor ligands.

Androgen receptor (AR), a member of the nuclear
receptor superfamily, plays a key role of the develop-
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ment and maintenance of the male reproductive sys-
tem.” Since AR is closely related to prostate cancer,
androgen antagonists are used clinically for treatment
of prostate cancer.® Nonsteroidal agents, such as flut-
amide (1) and bicalutamide (3), are preferred, because
the steroidal antiandrogen cyproterone acetate (4) in-
duces adverse effects owing to its cross-activity at other
steroid hormone receptors.? Recently, we have presented
a new class of nonsteroidal androgen modulators,
represented by 5, which contains carborane in place of
the steroidal C, D rings. This design was based on the
successful results in the design of carborane-containing
ER modulators. The carborane-containing androgen
modulator 5 is an antagonist, with potency comparable
to that of hydroxyflutamide (2).19 On the basis of the
above results, we have examined a new design approach
to obtain more potent carborane-containing androgen
antagonists.

In our previous study,!? it was suggested that match-
ing of the carborane structure with the hydrophobic
region of the AR ligand binding pocket may account for
the high binding affinity to AR, and the resulting
conformation of the AR—ligand complex may not inter-
act with cellular coregulators, exhibiting antagonistic
activity. On the other hand, typical potent nonsteroidal
androgen antagonists with aromatic structure, such as
hydroxyflutamide (2) and bicalutamide (3), have two
characteristic moieties, i.e., a benzene ring bearing an
electron-withdrawing group (nitro, cyano, trifluoro-
methyl) and a hydroxyl group. These two polar func-
tionalities are assumed to be the anchors for binding to
AR and so are promising candidates for the hydrogen-
bonding components of new carborane-containing an-
drogen antagonists. On the basis of the above consid-
erations, we designed putative AR antagonists 6 and
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Figure 1. The structures of nonsteroidal androgen antago-
nists and designed molecules 6a—o and 7a,b.

Scheme 1. Synthesis of Nitro Compounds 6a—f*

ON 6a (3-NO,)
Aoy M

6b (4 NO,)
6k (3-NOy)

@vg
12 (4-NOy)

ON  6e (3-NOy)
6f (4-NO,)

NO,

@ (a) HNOs,c.HsSO4/CHCls, rt, 20%(6a), 67%(6b); (b) n-
BuLi,(PhCOO)yo/benzene, Etz0, rt, 50%; (c)HNO3, c.HoSO4/CHyCls,
rt, 63%; (d) n-BuLi,C1CO2sCHs/Et20, rt, 78%; (e) HNO3, c.HaSO4/
CHyCly, rt, 22%(6k), 63%(12); (f) LiBH4/Et20, reflux, quant.; (g)
n-BulLi, CuCl, 3-NOs-C¢Hyl, pyridine/DME, reflux, 22%.

7, in which a benzene ring with an electron-withdrawing
group and a hydroxyl group are placed at the appropri-
ate contralateral vertices of the hydrophobic carborane
cage, as shown in Figure 1. In icosahedral cage struc-
tures throughout this paper, closed circles (o) represent
carbon atoms and other vertices represent BH units.
Chemistry. The designed molecules with a nitro
group 6a—f were synthesized from 1-phenyl-1,12-di-
carba-closo-dodecaborane (1-phenyl-p-carborane, 8)!! as
shown in Scheme 1. Nitration of 8 gave a mixture of 6a
and 6b!? in the ratio of 1:3. Oxidation of the carborane
C—H of 8 employing benzoyl peroxide!3 followed by
nitration gave a mixture of nitro derivatives. The major
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product, p-nitro derivative 6d, was isolated in 63% yield.
While, the minor product, m-nitro derivative 6¢, was
not isolated in sufficient purity. Therefore, compound
6¢ was prepared by an alternative procedure. Coupling
of the C-copper(I) derivative!* of 1-hydroxy-p-carborane
(10)!® with 3-iodonitrobenzene gave 6¢. The compound
8 was also converted to the methoxycarbonyl derivative
11 by the reaction of the lithiated form of 8 with methyl
chloroformate. Nitration of the compound 11 gave a
mixture of 6k and 12 in the ratio of 1:3. The methoxy-
carbonyl group of 6k and 12 was converted to a
hydroxymethyl group quantitatively by reduction with
LiBH4 to give 6e and 6f, respectively. The designed
molecules with a cyano group 6g-6j were synthesized
by the coupling of the C-copper(I) form of p-carborane
derivatives as shown in Scheme 2. The compounds 6g
and 6h were obtained by the coupling reaction of 10
with 3-iodo or 4-iodobenzonitrile, respectively. On the
other hand, the compounds 6i and 6j were prepared by
the coupling reaction of 1-tert-butyldimethylsilyloxy-
methyl-p-carborane (15) with 3-iodo or 4-iodobenzo-
nitrile, respectively. The compound 15 was readily
prepared by reduction of commercially available p-car-
borane-1-carboxylic acid (13) followed by protection of
the hydroxyl group by tert-butyldimethylsilyl (TBS)
group. To investigate the relation between the activity
and separation distance between aromatic nucleus and
hydroxyl groups on the skeleton, we designed and
synthesized compounds bearing methylene units be-
tween the carborane cage and the hydroxyl group (6m—
o) as shown in Scheme 3. The compound 8 was con-
verted to 16 by reaction of the lithiate of 8 with 2-(2-
bromoethoxy)tetrahydro-2H-pyran followed by depro-
tection of the THP group with p-toluenesulfonic acid.
After acetylation of the hydroxyl group of 16, nitration
of 17 afforded 3-nitro derivative 18 (17%) accompanying
with 4-nitro derivative 19 (62%). Reductive cleavage of
the acetoxy group of 19 gave the compound 6m. The
compounds 6n and 6o were synthesized by the coupling
of the C-copper(I) form of p-carborane derivatives with
3-iodonitrobenzene. Reaction of p-carborane (20) lithiate
with 2-(3-bromopropyloxy)tetrahydro-2H-pyran or 2-(4-
bromobutyloxy)tetrahydro-2H-pyran followed by depro-
tection of the THP group with p-toluenesulfonic acid
gave 21 and 22. Protection of the hydroxyl group of 21
and 22 by TBS group gave 23 and 24, respectively.
Coupling of the compounds 23 and 24 with 3-iodo-
nitrobenzene followed by deprotection of the TBS group
afforded 6n and 60, respectively. The compounds bear-
ing m-carborane (7a and 7b) were prepared by the
similar procedure that in the case of 6e and 6f, but with
1-phenyl-m-carborane (27) as a starting material (Scheme
4).

Biology. A competitive binding assay using [1,2-3H]-
dihydrotestosterone ([*HIDHT) and hAR was employed
for initial screening of the new carborane-containing
molecules.1%:16 Table 1 shows the synthesized molecules
and their binding activity. The values indicate the
percent displacement of specific [PHJDHT binding to
hAR by each compound at the concentration of 10 uM.!"
Comparison of 6a and 6b with other molecules indicates
that a polar functional group at the C-vertex of the
carborane opposite the phenyl group was essential for
binding activity. A comparison of 6e and 6f, or 6i and
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Scheme 2. Synthesis of Cyano Compounds 6g—j*

H H
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@ (a) n-BulLi, CuCl, 3-CN-CgH4l, pyridine/DME, reflux, 34%; (b) n-BuLi, CuCl, 4-CN-C¢H4l, pyridine/DME, reflux, 41%; (c) LiAlH4/
Et20, reflux, 86%; (d) TBSC], imidazole/CHxCly, rt, 96%; (e) n-BuLi, CuCl, 3-CN-CgHgl, pyridine/DME, reflux, 22%; (f) HC/THF,MeOH,
rt, 95% (g) n-BuLi, CuCl, 4-CN-C¢H4l, pyridine/DME, reflux, 36%; (h) HCUTHF, MeOH, rt, 83%.

Scheme 3. Synthesis of Nitro Compounds 6m—o¢
H
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@ (a) n-Bu-Li,Br(CH2):OTHP/Et20, rt, 42%; (b) p-TsOH/MeOH,
rt, 96%; (c) n-Buli, AcCl/Et20, rt, 87%; (d) HNOs, c.HoSO4/CHyCls,
rt, 17%(18), 62%(19); (e) LiBH4/Et20, rt, quant; (f) n-Bu-Li,Br-
(CH2)nOTHP/Et20, rt, 29%(n = 3), 22%(n = 4); (g) p-TsOH/MeOH,
rt, 78% (n = 3, 21), 98% (n = 4, 22); (h) TBSC], imidazole/CHCls,
rt, 93%(23), 85%(24); (i) n-BuLi, CuCl, 3-CN-CgH4l, pyridine/DME,
reflux, 59%(25), 60%(26); (j) HC/THF, MeOH, rt, 90%(6n),
88%(60).

Scheme 4. Synthesis of Compounds with m-Carboranes

7a and 7b?

O/@COOCH:,,

29 (3-NO,) / Z 7a(3-NOy)
30 (4-NOy) 7b (4-NO,)

@ (a) n-Buli, CICO;CHyEt:0, rt, 68%; (b) HNO;, c.H,SO4/
CH3Cly, rt, 22%(29), 65%(30); (f) LiBH4/ Et,0, reflux, rt, 98%(7a),
86%(7b).

6j, indicated that substitution at the meta position was
more suitable than at the para position for effective
binding to the receptor. The m-carborane derivative 7a
was less potent than the corresponding p-carborane
derivative 6e. Compounds bearing a trifluoromethyl,
methoxyl, or amino group at the meta position in place

Table 1. Binding Affinity of Synthesized Molecules

entry Rle R2a binding affinity®
6a 3-NOg H 36
6b 4-NOg H 29
6¢c 3-NOg OH 75
6d 4-NOg OH 53
6Ge 3-NO, CH.0OH 97
6f 4-NOg CH;OH 55
6g 3-CN OH 66
6h 4-CN OH 50
6i 3-CN CH.OH 95
6j 4-CN CH,OH 54
7a 3-NOg CH.OH 54
7b 4-NOq CH,OH 60

Table 2. Binding Affinity of Synthesized Molecules Modified at
C12

entry Rle R2¢ binding affinity®
6a 3-NO32 H 36
6¢c 3-NO, OH 75
Ge 3-NOg CH0H 97
6k 3-NO; CO2CHs 18
61 3-NOq COH 35
6m 3-N02 (CHz)on 63
6n 3-NOg (CH2)s0OH 39
60 3-NOq (CH2),OH 20

of nitro or cyano showed only weak affinity for hAR, and
introducing a second substitution onto the aromatic ring
reduced the binding activity of the lead molecules (data
not shown). Therefore, the m-nitro or m-cyano derivative
was considered a reasonable candidate for analyzing the
structure—activity relationship. Table 2 shows the
synthesized 3-nitrophenyl-p-carborane derivatives with
altered substitution at the carbon atom (C12) on the
carborane cage and their binding activity. The binding
of the hydroxymethyl compound 6e was strong, whereas
compounds 6k and 6l had low binding activity; there-
fore, the hydroxyl group is indispensable for binding to
AR. The optimal distance between the hydroxyl group
and the carborane core was investigated by changing
the length of the methylene chain: a distance of one
methylene group was most appropriate, and a longer
chain reduced the binding affinity (6m, 6n, and 60).
To evaluate the activity of these carborane-containing
compounds as transcriptional agonists and antagonists,
cotransfection assay was conducted in mouse fibroblast
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Figure 2. Inhibition of transcriptional activation of DHT by the test compounds (6 and 7). NIH3T3 cells were transfected with
hAR expression vector, ARE/Luci (firefly Luciferase), and pRL/CMV (Renilla Luciferase) and incubated with the test compounds
(1077=1075 M) plus DHT(1071° M)(n = 2). Values are percentages of the transcriptional response of DHT (10~10 M).

NIHS3T3 cells, using an expression plasmid for hAR and
reporter plasmids, ARE/Luci (firefly luciferase) and pRL/
CMYV (Renilla luciferase).!® DHT at 1 x 10712 to 1 x
1072 M induced the expression of luciferase in a dose-
dependent manner, while none of the test compounds
at1 x 1077 to 1 x 107 M induced luciferase expression.
However, most of the test compounds (except for 60, 6k,
and 61) in the concentration range of 1 x 1077107 M
dose-dependently inhibited the activity of DHT. The
results on the inhibition of transcriptional activity of
1071 M DHT by the carborane-containing molecules (6
and 7) are summarized in Figure 2. The results of the
luciferase reporter gene assay are consistent with the
preliminary binding data. The most potent compounds
in the binding assay, 6e and 6i, also showed the highest
antagonistic activity in the transcriptional assay (Figure
2A). Alteration of the substituent at the carbon atom
on the carborane cage (6k and 61) and of the distance
between the hydroxyl group and the carborane core (6b,
6¢c, 6e, 6m, 6n, and 60) had similar effects on the
activity in both assays (Figure 2B)

The biological activity of the most potent compounds,
6e and 6i, was compared with that of hydroxyflutamide
(2), a well-known active metabolite of flutamide (1).
Dose—response curves in the competitive binding assay
using [PHIDHT and hAR were also obtained for com-
pounds 6e and 6i, whose affinities were approximately
10-fold higher than that of 4-hydroxyflutamide (Figure
3A). The antiandrogenic activity of the most potent
compounds, 6e and 6i, was confirmed by growth promo-
tion/inhibition assay using androgen-dependent SC-3
cells.’619 None of the compounds showed growth-
promoting activity in the absence of testosterone. On
the other hand, these compounds strongly inhibited
testosterone-promoted cell growth of SC-3 (Figure 3B).
The potency of the antagonistic activity of 6e and 6i was
over 10-fold higher than that of hydroxyflutamide.

Discussion

It is reasonable that the combination of a nitro- or
cyanophenyl group and hydroxymethyl group was op-
timal for nonsteroidal androgen antagonist activity, in
view of the reported structure—activity relationship of
flutamide.2® However, it is particularly noteworthy that
the compounds bearing a carborane cage as a structural
core exhibited more potent antiandrogenic activity than
that of hydroxyflutamide. Many nonsteroidal AR an-
tagonists, such as flutamide, bicalutamide, and their

A
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Figure 3. Biological evaluation of 6e and 6i. A. Competitive
binding assay using hAR and [3H]DHT. ([SHIDHT: 4 nM). B.
SC-3 cell growth inhibition in the presence of 10 nM testoster-
one. Cell number was normalized to that in the absence of
testosterone.

analogues, with a carboxamide backbone have been
developed, and recently nonsteroidal AR agonists have
been obtained by relatively small modifications of the
AR antagonist bicalutamide.2! However, modification of
the carboxamide moiety itself has not been investigated
much. The binding modes of these aromatic AR antago-
nists and agonists, and their interaction with cellular
coregulators after the binding, have not been clarified.
The novel aromatic, carborane-containing AR modula-
tors described here should be useful tools for the
analysis of AR—ligand interactions and also as scaffolds
for the development of clinically useful nonsteroidal
androgen antagonists.

In summary, we have developed novel carborane-
containing molecules with potent antiandrogenic activ-
ity, exceeding that of hydroxyflutamide. The unique
character of the carborane core may provide distinctive
characteristics of distribution and metabolism in vivo.
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Further structure—function studies could lead to the
development of highly selective and potent androgen
antagonists, which could be useful as therapeutic agents.

Experimental Section

General. Melting points were obtained on a Yanagimoto
micro hot stage without correction. Elemental analyses were
carried out in the Microanalytical Laboratory, Faculty of
Pharmaceutical Sciences, University of Tokyo, and were within
+0.3% of the theoretical values. 'TH NMR spectra were recorded
on a JEOL JNM-GSX-400 spectrometer (400 MHz). Chemical
shifts are reported in ppm from tetramethylsilane with tetra-
methylsilane as the internal standard. Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet,
t = triplet, = quartet, br = broad, m = multiplet), coupling
constants (Hz), integration.

1-Phenyl-1,12-dicarba-closo-dodecaborane (8). To a
solution of p-carborane (5.00 g, 34.7 mmol) in 1,2-dimethoxy-
ethane (120 mL) was added dropwise a 1.60 M solution of
n-Buli in n-hexane (22.8 mL, 36.5 mmol) at 0 °C under Ar.
The mixture was stirred at room temperature for 30 min, CuCl
(4.46 g, 45.1 mmol) was added in one portion, and stirring was
continued at room temperature for 1 h. Pyridine (21 mL) was
added, iodobenzene (7.43 g, 36.4 mmol) was further added in
one portion, and the mixture was heated at 100 °C for 48 h.
After cooling, the reaction mixture was diluted with diethyl
ether and stirred at room temperature for 3 h. Insoluble
materials were filtered off through Celite. The filtrate was
washed with 2 N HCI, water, and brine, dried over sodium
sulfate, and then concentrated. Purification by silica gel flash
column chromatography (eluent: hexane) gave 8 (2.67 g, 35%)
as a colorless solid. colorless prisms (n-hexane): mp 100.5—
101 °C; '"H NMR (CDCls) 6 7.23—7.14 (m, 5H), 2.78 (br s, 1H),
3.2—1.0 (br m, 10H); ¥3C NMR (CDCl3) 6 (ppm) 59.8, 86.4,
127.0, 128.0, 128.3, 136.8; HRMS Caled for CsH16B1o: 220.2255.
Found 220.2282.

1-(3-Nitrophenyl)-1,12-dicarba-closo-dodecaborane (6a)
and 1-(4-Nitrophenyl)-1,12-dicarba-closo-dodecaborane
(6b). A solution of 9 (220 mg, 1.00 mmol) in dichloromethane
(5.0 mL) was added to a mixture of HNO3 (0.75 mL) and
concentrated HoSO4 (4.25 mL) at 0 °C. The mixture was stirred
at room temperature for 30 min and then poured into ice—
water and extracted with dichloromethane. The organic layer
was washed with saturated aqueous NaHCOjs and brine, dried
over sodium sulfate, and then concentrated. Purification by
silica gel flash column chromatography (eluent: hexane/ethyl
acetate, 10:1) gave 6a (52 mg, 20%) and 6b (185 mg, 67%).
6a: colorless plates (hexane); mp 121-122 °C; 'H NMR
(CDCls) 6 8.10—8.08 (m, 2H), 7.53 (d, J = 7.3 Hz, 1H), 7.37 (d,
J =179 Hz, 1H), 3.3—1.6 (br m, 10H), 2.87 (br s, 1H); 3C NMR
(CDCly) o (ppm) 60.6, 83.9, 122.2, 123.3, 129.1, 132.9, 138.5,
147.9; HRMS Caled for CgHi5B19)NO2: 265.2106. Found
265.2090. 6b: colorless plates (hexane); mp 177—178 °C; 'H
NMR (CDCl3) 6 8.03 (d, J = 9.2 Hz, 2H), 7.38 (d, J = 9.2 Hz,
2H), 3.3—1.6 (br m, 10H), 2.87 (br s, 1H). 13C NMR (CDCls) 6
(ppm) 61.0, 84.2, 123.2, 128.3, 143.0, 147.7, HRMS Calcd for
CsH15B10NO2: 265.2106. Found 265.2091.

1-Hydroxy-12-phenyl-1,12-dicarba-closo-dodecabo-
rane (9). To a solution of 8 (264 mg, 1.20 mmol) in benzene/
diethyl ether (2:1, 3 mL) was added dropwise a 1.6 M solution
of n-BuLi in hexane (1.50 mL, 2.40 mmol) at 0 °C under Ar.
The mixture was stirred at room temperature for 30 min. The
solution was cooled at 0 °C and benzyl peroxide (145 mg, 0.601
mmol) in benzene/ diethyl ether (2:1, 2 mL) was added
dropwise, and then the mixture was stirred at room temper-
ature for 2 h. The reaction was quenched with 10% aqueous
HCI and extracted with AcOEt. The organic layer was washed
with brine, dried over NasSOy, and concentrated. Purification
by silica gel flash column chromatography (eluent: hexane/
AcOEt, 12:1) gave 9 (142 mg, 50%) as a colorless solid: 'H
NMR (CDCl;) 6 7.25—7.15 (m, 5H), 3.21 (br, s, 1H), 3.5—1.5
(10 H, br m); Caled for CsH16B100: 236.2204. Found 236.2232.

1-Hydroxy-12-(4-nitrophenyl)-1,12-dicarba-closo-dodeca-
borane (6d). A solution of 9 (200 mg, 0.85 mmol) in dichloro-
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methane (4.0 mL) was added to a mixture of HNOj3 (0.75 mL)
and concentrated HaSO4 (4.25 mL) at 0 °C. The mixture was
stirred at room temperature for 30 min and then poured into
ice—water and extracted with dichloromethane. The organic
layer was washed with saturated aqueous NaHCOs3 and brine,
dried over sodium sulfate, and then concentrated. Purification
by silica gel flash column chromatography (eluent: hexane/
ethyl acetate, 10:1) gave 6d (150 mg, 63%). 6d: colorless plates
(hexane); mp 170—171 °C; 'H NMR (CDCl3) 6 8.03 (d, J = 9.2
Hz, 2H), 7.38 (d, J = 9.2 Hz, 2H), 3.3—1.6 (br m, 10H), 2.87
(br s, 1H); 13C NMR (CDCls) 6 (ppm) 69.9, 108.1, 123.3, 128.7,
141.9, 147.8; Anal. Calcd for: CsB1oH15NO3Z N, 4.98; C, 34.16;
H, 5.37. Found: N, 4.90; C, 34.40; H, 5.37.
1-Hydroxy-12-(3-nitrophenyl)-1,12-dicarba-closo-dodeca-
borane (6¢). To a solution of 1-hydroxy-1,12-dicarba-closo-
dodecaborane (10, 100 mg, 0.63 mmol) in 1,2-dimethoxyethane
(5 mL) was added dropwise a 1.56 M solution of n-Buli in
hexane (0.88 mL, 1.38 mmol) at 0 °C under Ar. The mixture
was stirred at room temperature for 30 min, CuCl (161 mg,
1.63 mmol) was added in one portion, and stirring was
continued for 1 h. Pyridine (0.38 mL) and then 3-iodonitro-
benzene (171 mg, 0.69 mmol) were added to the solution. The
mixture was heated at 80 °C for 30 h. After cooling, the
mixture was diluted with diethyl ether and stirred at room
temperature for 3 h. Insoluble material was filtered off through
Celite. Then the filtrate was washed with 2 N HCI, water and
brine, dried over sodium sulfate, and then concentrated. Puri-
fication by silica gel flash column chromatography (eluent:
hexane/ethyl acetate, 5:1) gave 6¢ (39 mg, 22%). 6¢: colorless
powder (hexane—dichloromethane); mp 175.0—175.5 °C; 'H
NMR (CDCl3) 6 8.10 (m, 2H), 7.55 (ddd, / = 8.0, 2.0, 1.1 Hz,
1H), 7.37 (dd, J = 8.8, 8.0 Hz, 1H), 3.5—1.0 (br m, 10H), 3.43
(br s, 1H); 13C NMR (CDCls) 6 (ppm) 69.8, 107.9, 122.7, 123.4,
129.2, 133.4, 137.2, 147.9; Anal. Caled for: CgB1gH15NOs: N,
4.98; C, 34.16; H, 5.37. Found: N, 4.87; C, 34.39; H, 5.51.
1-Methoxycarbonyl-12-phenyl-1,12-dicarba-closo-dodeca-
borane (11). To a solution of 8 (100 mg, 0.45 mmol) in diethyl
ether (3.0 mL) was added dropwise a 1.60 M solution of n-BuLi
in n-hexane (0.38 mL, 0.57 mmol) at 0 °C under Ar. The
mixture was stirred at room temperature for 30 min, and
methyl chloroformate (70 mL, 0.91 mmol) was added dropwise
at 0 °C. The mixture was stirred at room temperature for 1.5
h, and then poured into water and extracted with diethyl ether.
The organic layer was washed with brine, dried over sodium
sulfate, and then concentrated. Purification by silica gel flash
column chromatography (eluent: hexane/dichloromethane, 3:1)
gave 11 (98 mg, 78%) as a colorless oil. colorless flakes (n-
hexane); mp 116—117 °C; 'H NMR (CDCl;) 6 7.25—7.15 (m,
5H), 3.5—1.5 (br m, 10H), 3.65 (s, 3H); 3C NMR (CDCls) 6
(ppm) 54.1, 76.0, 85.4, 126.9, 128.1, 128.5, 136.0, 163.0; HRMS
CalCd fOI‘ ClongBloozl 278.2310. Found 278.23217.
1-Methoxycarbonyl-12-(3-nitrophenyl)-1,12-dicarba-
closo-dodecaborane (6k) and 1-Methoxycarbonyl-12-(4-
nitrophenyl)-1,12-dicarba-closo-dodecaborane (12). A so-
lution of 11 (95 mg, 0.34 mmol) in dichloromethane (2.0 mL)
was added to a mixture of HNO;3 (0.30 mL) and concentrated
H,SO, (1.7 mL) at 0 °C. The mixture was stirred at room
temperature for 30 min and then poured into ice—water and
extracted with dichloromethane. The organic layer was washed
with saturated aqueous NaHCOj; and brine, dried over sodium
sulfate, and then concentrated. Purification by silica gel flash
column chromatography (eluent: hexane/ethyl acetate, 10:1)
gave 6k (25 mg, 22%) and 12 (70 mg, 63%). 6k: colorless
needles (hexane); mp 180.5—182.5 °C; 'TH NMR (CDCl;) 6 8.11
(ddd, J = 8.2, 2.2, 0.9 Hz, 1H), 8.06 (t, J = 2.1 Hz, 1H), 7.51
(ddd, J = 8.2, 2.1, 0.9 Hz, 1H), 7.39 (t, J = 8.1 Hz, 1H), 3.67
(s, 3H), 3.5—1.5 (br m, 10H); 3C NMR (acetone-dg) 6 (ppm)
55.0,78.1,84.2,122.4,124.8,131.1, 134.0, 138.2, 149.0, 162.9;
Anal. Caled for: C10B1pH17NO4: N, 4.37; C, 37.15; H, 5.30.
Found: N, 4.31; C, 37.30; H, 5.22. 12: colorless leaflets (n-
hexane—dichloromethane); mp 147—148.5 °C; 1H NMR (CDCls)
0 8.04 (d, J = 9.1 Hz, 2H), 7.36 (d, J = 9.1 Hz, 2H), 3.67 (s,
3H), 3.5—1.5 (br m, 10H); 13C NMR (acetone-ds) 6 (ppm) 55.0,
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78.2, 84.3, 124.3, 129.3, 142.7, 149.1, 162.8; HRMS Calcd for
CloH17B10NO4Z 323.2161. Found 323.2175.
1-Hydroxymethyl-12-(3-nitrophenyl)-1,12-dicarba-closo-
dodecaborane (6e). To a suspension of LiBH,4 (3.0 mg, 0.14
mmol) in diethyl ether (1.0 mL) was added a solution of 6k
(24 mg, 0.074 mmol) in diethyl ether (2.0 mL), and the mixture
was refluxed for 2 h. The mixture was poured into diluted
aqueous HCI and extracted with diethyl ether. The organic
layer was washed with water and brine, dried over sodium
sulfate, and then concentrated. Purification by silica gel flash
column chromatography (eluent: hexane/ethyl acetate, 8:1)
gave 6e (22 mg, quant.). 6e: colorless needles (hexane); mp
148.5—149.5 °C; 'H NMR (CDCl3) ¢ 8.10 (ddd, J = 8.1, 2.2,
1.1 Hz, 1H), 8.08 (t, J = 2.1 Hz, 1H), 7.53 (ddd, J = 8.1, 2.1,
1.1 Hz, 1H), 7.38 (dt, J = 0.9, 7.9 Hz, 1H), 3.56 (d, J = 7.5 Hz,
2H), 3.5—1.5 (brm,10H), 1.62 (t, J = 7.5 Hz, 1H); 13C NMR
(CDCls) 6 (ppm) 65.9, 80.1, 82.4, 122.4, 123.4, 129.2, 133.1,
138.1, 148.0; Anal. Caled for: C9B10H17NOs: N, 4.74; C, 36.60;
H, 5.80. Found: N, 4.70; C, 36.67; H, 5.63.
1-Hydroxymethyl-12-(4-nitrophenyl)-1,12-dicarba-closo-
dodecaborane (6f). Compound 6f was prepared from 12 by
the same method as that used for preparation of 6e. Puri-
fication by silica gel flash column chromatography (eluent:
hexane/ethyl acetate, 8:1) gave 6f (quant.). 6f: colorless
needles (hexane); mp 164.0—165.5 °C; 'TH NMR (CDCl;) 6 8.03
(d, J = 9.1 Hz, 2H), 7.38 (d, J = 9.1 Hz, 2H), 3.56 (d, J = 7.3
Hz, 2H), 3.5—1.5 (br m, 10H), 1.62 (t, J = 7.3 Hz, 1H); 3C
NMR (CDCls) 6 (ppm) 66.0, 80.3, 82.7, 123.3, 128.4, 142.6,
147.8; Anal. Caled for: CyB1oH17NOs: N, 4.74; C, 36.60; H,
5.80. Found: N, 4.74; C, 36.67; H, 5.62.
1-(3-Nitrophenyl)-1,12-dicarba-closo-dodecaborane-1-
carboxylic Acid (61). To a solution of 6k (90 mg, 0.28 mmol)
in tetrahydrofuran (3.0 mL) was added dropwise aqueous 1 N
potassium hydroxide (1.0 mL) at room temperature. The
mixture was stirred for 12 h at 40 °C, and then the reaction
was quenched with aqueous 2 N HCI and extracted with
AcOEt. The organic layer was washed with water and brine,
dried over sodium sulfate, and then concentrated. Purification
by silica gel flash column chromatography (eluent: hexane/
ethyl acetate/acetic acid, 10:4:1) gave 61 (46%). 61: colorless
needles (hexane—dichloromethane); mp 220 °C (decomp) 'H
NMR (CDCls) 6 8.11 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 8.06 (d, J
=20Hz, 1H), 7.51 (ddd, J = 8.0, 2.0, 1.1 Hz, 1H), 7.40 (t, J =
8.1 Hz, 1H), 3.5—1.0 (br m, 10H); *C NMR (CDCls) 6 (ppm)
83.4, 100.6, 122.2, 123.7, 129.4, 132.8, 137.8, 148.0, 166.2;
Anal. Caled for: CyBioH15NO4: N, 4.53; C, 34.95; H, 4.89.
Found: N, 4.40; C, 35.25; H, 4.81.
1-Hydroxy-12-(3-cyanophenyl)-1,12-dicarba-closo-dodeca-
borane (6g). Compound 6g was prepared from 10 and
3-iodobenzonitrile in the same manner as that used for the
preparation of 6c¢. Purification by silica gel flash column
chromatography (eluent: hexane/ethyl acetate, 10:1) gave 6g
(34%). 6g: colorless powder (hexane); mp 212.3-213.5 °C; 'H
NMR (CDCl;) 6 7.52 (m, 1H), 7.51 (m, 1H), 7.46 (ddd, J = 8.2,
2.0, 1.1 Hz, 1H), 7.30 (t, J = 8.2 Hz, 1H), 3.5—1.0 (br m, 10H),
3.31 (br s, 1H); 3C NMR (CDCl3) 6 (ppm) 87.5, 107.9, 112.5,
118.0, 129.1, 131.1, 131.9, 132.0, 136.8; Anal. Calcd for:
CoB1oH15NO: N, 5.36; C, 41.37; H, 5.79. Found: N, 5.39; C,
41.18; H, 5.77.
1-Hydroxy-12-(4-cyanophenyl)-1,12-dicarba-closo-dodeca-
borane (6h). Compound 6h was prepared from 10 and
4-iodobenzonitrile in the same manner as that used for the
preparation of 6c¢c. Purification by silica gel flash column
chromatography (eluent: hexane/ethyl acetate, 10:1) gave 6h
(41%). 6h: colorless needles (hexane); mp 218.0—219.0 °C; 'H
NMR (CDCls) 6 7.47 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.9 Hz,
2H), 3.5—1.0 (br m, 10H), 3.36 (br s,1H); 3C NMR (CDCls) 6
(ppm) 70.2, 108.2, 112.4, 117.9, 128.4, 131.9, 140.1; Anal. Caled
for: C9B10H15NO: N, 5.36; C, 41.37; H, 5.79. Found: N, 5.36;
C, 41.17; H, 5.68.
1-Hydroxymethyl-1,12-dicarba-closo—dodecaborane
(14). To a suspension of LiAlH4 (400 mg, 10.5 mmol) in diethyl
ether (10 mL) was added a solution of p-carborane-1-carboxylic
acid 13 (2.00 g, 10.6 mmol) in diethyl ether (10 mL), and the
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mixture was refluxed for 1 h. The mixture was poured into 2
N HCI and extracted with diethyl ether. The organic layer was
washed with water and brine, dried over sodium sulfate, and
then concentrated. Purification by silica gel flash column
chromatography (eluent: hexane/ethyl acetate, 10:1) gave 14
(320 mg, 86%) as a colorless solid. 14:colorless cubes (n-
hexane—dichloromethane); mp 209—211 °C; 'H NMR (CDCl3)
03.47 (d, J = 7.3 Hz, 2H), 3.5—1.0 (br m, 10H), 2.7 (br s, 1H),
1.55 (t, J = 7.3 Hz, 1H); 13C NMR (CDCl3) 6 (ppm) 59.3, 66.6,
84.9; HRMS Calcd for C3H14B100: 174.2048. Found 174.2071.
1-tert-Butyldimethylsilyloxymethyl-1,12-dicarba-closo-
dodecaborane (15). A mixture of 14 (1.59 g, 9.14 mmol),
imidazole (2.49 g, 36.6 mmol), and TBSCI (4.13 g, 27.4 mmol)
in dichloromethane (30 mL) was stirred at room temperature
for 30 min. The reaction was quenched with saturated aqueous
NaHCO; and extracted with dichloromethane. The organic
layer was washed with water and brine, dried over sodium
sulfate, and then concentrated. Purification by silica gel flash
column chromatography (eluent: hexane/ethyl acetate, 10:1)
gave 15 (2.54 g, 96%) as a colorless solid. colorless prisms (n-
hexane); mp 36 °C; 'H NMR (CDCls) 6 3.41 (s, 2H), 3.5—1.0
(br m, 10H), 2.7 (br s, 1H), 0.85 (s, 9H), —0.04 (s, 6H); 13C NMR
(CDCls) 6 (ppm) —5.6, 18.2, 25.7, 59.0, 66.7, 85.1; HRMS Calcd
for CoHgsB190Si: 288.2913. Found 288.2899.
1-Hydroxymethyl-12-(4-cyanophenyl)-1,12-dicarba-
closo-dodecaborane (6j). To a solution of 15 (300 mg, 1.04
mmol) in 1,2-dimethoxyethane (10 mL) was added dropwise a
1.56 M solution of n-BuLi in hexane (0.73 mL, 1.15 mmol) at
0 °C under Ar. The mixture was stirred at room temperature
for 30 min, CuCl (134 mg, 1.35 mmol) was added in one
portion, and stirring was continued at room temperature for
1 h. Pyridine (0.62 mL) was added, 4-iodobenzonitrile (261 mg,
1.13 mmol) was further added in one portion, and the mixture
was heated at 80 °C for 20 h. After cooling, the reaction
mixture was diluted with diethyl ether and stirred at room
temperature for 3 h. Insoluble materials were filtered off
through Celite. The filtrate was washed with 2 N HCI, water,
and brine, dried over sodium sulfate, and then concentrated.
Purification by silica gel column chromatography (eluent:
n-hexane—ethyl acetate, 20:1) gave 1-tert-butyldimethylsilyl-
oxymethyl-12-(4-cyanophenyl)-1,12-dicarba-closo-dodecaborane
(140 mg, 36%): colorless leaflets (n-hexane); mp 123—124 °C;
H NMR (CDCls) 6 7.47 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.3
Hz, 2H), 3.5—1.0 (br m, 10H), 3.49 (s, 2H), 0.87 (s, 9H), —0.01
(s, 6H).; HRMS Calcd for C16H31B1oNOSi: 389.3178. Found
389.3144. To a solution of the TBS ether (140 mg, 0.36 mmol)
in THF (5.0 mL) and methanol (4.0 mL) was added 2 N HCI
(1.0 mL), and the mixture was stirred at room temperature
for 3 h. Then the reaction was quenched with water and
extracted with ethyl acetate, and the organic layer was washed
with brine, dried over sodium sulfate, and then concentrated.
Purification by silica gel column chromatography (eluent:
n-hexane—ethyl acetate, 5:1) gave 6j (83.1 mg, 83%). 6j:
colorless needles (n-hexane -dichloromethane); mp 151.5—
153.0 °C; '"H NMR (CDCl;) 6 7.48 (d, J = 8.8 Hz, 2H), 7.32 (d,
J =8.8 Hz, 2H), 3.56 (d, J = 7.3 Hz, 2H), 3.5—1.0 (br m, 10H),
1.64 (t,J = 7.3 Hz, 1H), 3.5—1.0 (br m, 10H); 13C NMR (CDCls)
o (ppm) 66.0, 80.7, 82.6, 112.6, 118.0, 128.1, 131.9, 140.9; Anal.
Calced for: C10B1oH17NO: N, 5.09; C, 43.62; H, 6.22. Found:
N, 4.89; C, 43.43; H, 6.11.
1-Hydroxymethyl-12-(3-cyanophenyl)-1,12-dicarba-
closo-dodecaborane (6i). Compound 6i was prepared from
15 and 3-iodobenzonitrile in the same manner as that used
for the preparation of 6j. Intermediate,1-tert-Butyldimethyl-
silyloxymethyl-12-(3-cyanophenyl)-1,12-dicarba-closo-dodeca-
borane (22%). colorless leaflets (n-hexane); 'H NMR (CDCls)
0 7.5 (m, 2H), 7.44 (ddd, J = 8.1 Hz, 2.1 Hz, 1.1 Hz, 1H), 7.29
(ddd, J = 8.1 Hz, 8.1 Hz, 0.6 Hz, 1H), 3.5—1.0 (br m, 10H),
3.50 (s, 2H), 0.86 (s, 9H), —0.01 (s, 6H).; HRMS Calcd for
C16H31B10NOSi: 389.3178. Found 389.3139. After deprotection
of the TBS group, purification by silica gel flash column
chromatography (eluent: hexane—ethyl acetate, 20:1) gave 6i
(95%). 6i: colorless needles (hexane—dichloromethane); mp
131.0—132.5 °C; '"H NMR (CDC]l;) 6 7.52 (dt, J = 7.5, 1.4 Hz,
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1H), 7.49 (m, 1H), 7.44 (ddd, J = 8.3, 2.1, 1.1 Hz, 1H), 7.31
(ddd, J = 8.2, 7.5, 0.6 Hz, 1H), 3.56 (d, J = 7.3 Hz, 2H), 3.5—
1.0 (br m, 10H), 1.65 (t, J = 7.3 Hz, 1H); 3C NMR (CDCl;) 6
(ppm) 65.9, 80.2, 82.4, 112.6, 118.1, 129.1, 130.8, 131.6, 131.9,
137.7; Anal. Calcd for: Cq10B10H1zNO: N, 5.09; C, 43.62; H,
6.22. Found: N, 5.09; C, 43.59; H, 6.19.
1-(2-Hydroxyethyl)-12-phenyl-1,12-dicarba-closo-dodeca-
borane (16). To a solution of 8 (1.0 g, 4.55 mmol) in diethyl
ether (20 mL) was added dropwise a 1.59 M solution of n-BuLi
in hexane (3.43 mL, 5.46 mmol) at 0 °C under Ar. The mixture
was stirred at room temperature for 30 min and cooled to 0
°C, O-tetrahydropyranyl-2-bromoethanol (1.43 g, 6.83 mmol)
was added dropwise, and stirring was continued at room
temperature for 20 h. The reaction was quenched with water,
and the whole was extracted with diethyl ether. The organic
layer was washed with brine, dried over sodium sulfate, and
concentrated. Purification by silica gel flash column chroma-
tography (eluent: ethyl acetate, 20:1) gave the C-alkylated
product (42%). 'TH NMR (CDCl3) 6 7.2 (m, 5H), 4.5 (m, 1H),
3.8 (m, 1H), 3.55 (m, 1H), 3.5—1.5 (br, m, 10H), 3.45 (m, 1H),
3.2 (m, 1H), 2.0 (m, 1H), 1.7 (m, 1H), 1.5 (m, 6H); The
compound (550 mg, 1.58 mmol) was dissolved in MeOH (10
mL), and TsOH-H2O (15 mg, 0.08 mmol) was added. The
mixture was stirred at room temperature for 4 h. The reaction
was quenched with saturated aqueous NaHCO3, and then the
mixture was extracted with ethyl acetate. The organic layer
was washed with brine, dried over sodium sulfate, and
concentrated to give 16 (96%). 'H NMR (CDCls) 6 7.2 (m, 5H),
3.5—1.0 (br, m, 10H), 3.49 (t, J = 7.0 Hz, 2H), 1.96 (t,J = 7.0
Hz, 2H); HRMS Calcd for C10Hg0B100 264.2517, Found 264.2539.
1-(2-Acetoxyethyl)-12-phenyl-1,12-dicarba-closo-dodeca-
borane (17). To a solution of 16 (400 mg, 1.56 mmol) in diethyl
ether (12 mL) was added dropwise a 1.59 M solution of n-BuLi
in hexane (1.1 mL, 1.75 mmol) at 0 °C under Ar. The mixture
was stirred at room temperature for 10 min and cooled to 0
°C, acetyl chloride (150 mg, 1.91 mmol) was added dropwise,
and stirring was continued at room temperature for 20 min.
The reaction was quenched with water, and the whole was
extracted with diethyl ether. The organic layer was washed
with brine, dried over sodium sulfate, and concentrated to give
17 (87%). 'TH NMR (CDCls) 6 7.2 (m, 5H), 3.88 (t, J = 7.0 Hz,
2H), 3.5—1.0 (br, m, 10H), 2.02 (t, J = 7.0 Hz, 2H), 2.02 (s,
3H); HRMS Calcd for C12H22B1002 306.2622, Found 306.2643.
1-(2-Acetoxyethyl)-12-(3-nitrophenyl)-1,12-dicarba-closo-
dodecaborane (18) and 1-(2-Acetoxyethyl)-12-(4-nitro-
phenyl)-1,12-dicarba-closo-dodecaborane (19). Compound
18 and 19 were prepared from 17 (416 mg, 1.35 mmol) in the
same manner as that used for the preparation of 6k and 12.
Purification by silica gel flash column chromatography (elu-
ent: hexane—ethyl acetate, 10:1) gave 19 (297 mg, 63%) and
18 (81 mg, 17%). 19: 'H NMR (CDCls) 6 8.03 (d, J = 9.1 Hz,
2H), 7.37 (d, J = 9.1 Hz, 2H), 3.88 (t,J = 6.9 Hz, 2H), 3.5—-1.0
(br m, 10H), 2.04 (t, J = 6.9 Hz, 2H), 2.03 (s, 3H); 18: 'H NMR
(CDCls) ¢ 8.08 (m, 1H), 8.07 (m, 1H), 7.52 (ddd, J = 7.9 Hz,
1.9 Hz, 1.0 Hz, 1H), 7.37 (dd, J = 8.1 Hz, 7.9 Hz, 1H), 3.88 (t,
J =6.8 Hz, 2H), 3.5—1.5 (br m, 10H); 2.04 (t, J = 6.8 Hz, 2H),
2.03 (s, 3H); HRMS Calcd for C12H21B10NO4 351.2473, Found
351.2459.
1-(2-Hydroxyethyl)-12-(3-nitrophenyl)-1,12-dicarba-
closo-dodecaborane (6m). To a suspension of LiBH, (7.2 mg,
0.33 mmol) in diethyl ether (1.0 mL) was added a solution of
19 (100 mg, 0.33 mmol) in diethyl ether (2.0 mL), and the
mixture was refluxed for 30 min. The mixture was poured into
diluted aqueous HCI and extracted with diethyl ether. The
organic layer was washed with water and brine, dried over
sodium sulfate, and then concentrated to gave 6m (quant.).
6m: colorless needles (hexane—dichloromethane); mp 143.5—
145.5 °C; 'H NMR (CDCl3) 6 8.09 (m, 1H), 8.07 (m, 1H), 7.52
(ddd, J = 7.8, 2.0, 1.1 Hz, 1H), 7.37 (m, 1H), 3.5—1.0 (br m,
10H), 3.49 (t, J = 6.9 Hz, 2H), 1.97 (t, J = 7.0 Hz, 2H); 13C
NMR (CDCls) 6 (ppm) 40.0, 61.3, 78.8, 106.0, 122.4, 123.3,
129.2, 133.1, 138.1, 147.9; Anal. Calcd for: C10B10H19NO3: N,
4.53; C, 38.82; H, 6.19. Found: N, 4.57; C, 39.00; H, 6.12.
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1-(3-Hydroxypropyl)-12-phenyl-1,12-dicarba-closo-dodeca-
borane (21). To a solution of p-carborane 20 (2.0 g, 13.9 mmol)
in diethyl ether (30 mL) was added dropwise a 1.59 M solution
of n-Buli in hexane (9.18 mL, 14.6 mmol) at 0 °C under Ar.
The mixture was stirred at room temperature for 30 min and
cooled to 0 °C, O-tetrahydropyranyl-3-bromopropan-1-ol (4.65
g, 20.8 mmol) was added dropwise, and stirring was continued
at room temperature for 20 h. The reaction was quenched with
water, and the whole was extracted with diethyl ether. The
organic layer was washed with brine, dried over sodium
sulfate, and concentrated. Purification by silica gel flash
column chromatography (eluent: ethyl acetate, 5:1) gave the
C-monoalkylated product (29%). 'H NMR (CDCl3) 6 4.47 (t, J
= 3.6 Hz, 1H), 3.78 (m, 1H), 3.54 (m, 1H), 3.5—1.5 (br, m, 10H),
3.46 (m, 1H), 3.21 (dt, J = 9.6 Hz, 6.1 Hz, 1H), 2.64 (br, s,
1H), 1.8—1.4 (m, 10H); The compound (1.15 g, 4.02 mmol) was
dissolved in MeOH (10 mL), and TsOH-H;O (38 mg, 0.20
mmol) was added. The mixture was stirred at room temper-
ature for 4 h. The reaction was quenched with saturated
aqueous NaHCOj3, and then the mixture was extracted with
ethyl acetate. The organic layer was washed with brine, dried
over sodium sulfate, and concentrated to give 20 (78%). 'H
NMR (CDCl;) 6 3.5—1.0 (br, m, 10H), 3.48 (t, J = 5.9 Hz, 2H),
2.64 (br, s, 1H), 1.72 (m, 2H), 1.42 (m, 2H); HRMS Calcd for
C4H16B100: 188.2204. Found 188.2223.
1-(3-tert-Butyldimethylsilyloxypropyl)-1,12-dicarba-
closo-dodecaborane (23). Compound 23 was prepared from
21 and 3-iodobenzonitrile in the same manner as that used
for the preparation of 15. Purification by silica gel flash column
chromatography (eluent: hexane—ethyl acetate, 10:1) gave 23
(93%). 'H NMR (CDCls) 6 3.5—1.0 (br, m, 10H), 3.42 (t, J =
6.0 Hz, 2H), 2.63 (br, s, 1H), 1.69 (m, 2H), 1.36 (m, 2H), 0.85
(s, 9H), —0.01 (s, 6H).
1-(3-Hydroxypropyl)-12-(3-nitrophenyl)-1,12-dicarba-
closo-dodecaborane (6n). Coupling reaction of 23 with
3-iodonitrobenzene and deprotection of the TBS group were
carried out by the same procedure as that used for the
preparation of 6j. Purification by silica gel flash column
chromatography (eluent: hexane—ethyl acetate, 2:1) gave 6n
(563%). 6n: colorless needles (hexane—dichloromethane); mp
145.0—147.0 °C; 'H NMR (CDCls) 6 8.09 (ddd, J = 8.0, 2.1,
1.0 Hz, 1H), 8.07 (d, J = 18 Hz, 1H), 7.53 (ddd, J = 8.0, 2.0,
1.0 Hz, 1H), 7.36 (t, J = 8.5 Hz, 1H), 3.52 (q, J = 5.7 Hz, 2H),
3.5—1.0 (br m, 10H), 1.81 (m, 2H), 1.46 (m, 2H), 1.17 (t, J =
5.2 Hz, 1H); 13C NMR (CDCls) 0 (ppm) 32.4, 34.4, 61.8, 78.8,
81.7,122.4,123.3,129.1, 138.2, 147.9; Anal. Caled for: C11B1o-
H,:1NOs: N, 4.33; C, 40.85; H, 6.55. Found: N, 4.30; C, 40.72;
H, 6.59.
1-(4-Hydroxybutyl)-12-phenyl-1,12-dicarba-closo-dodeca-
borane (22). Compound 22 was prepared from p-carborane
20 and O-tetrahydropyranyl-4-bromobutan-1-ol in the same
manner as that used for the preparation of 21. Purification
by silica gel flash column chromatography (eluent: hexane—
ethyl acetate, 10:1) gave 22 (22%). 'H NMR (CDCl3) 6 3.56
(m, 2H), 3.5—1.0 (br, m, 10H), 2.63 (br, s, 1H), 1.63 (m, 2H),
1.38 (m, 2H), 1.24 (m, 2H). HRMS Caled for CsH1sB10O:
202.2360. Found 202.2379.
1-(4-tert-Butyldimethylsilyloxybutyl)-1,12-dicarba-closo-
dodecaborane (24). Compound 24 was prepared from 22 in
the same manner as that used for the preparation of 23.
Purification by silica gel flash column chromatography (elu-
ent: hexane—ethyl acetate, 10:1) gave 24 (85%). '"H NMR
(CDCls) 6 3.50 (t, J = 6.2 Hz, 2H), 3.5—1.0 (br, m, 10H), 2.62
(br, s, 1H), 1.60 (m, 2H), 1.30 (m, 2H), 1.21 (m, 2H), 0.89 (s,
9H), 0.04 (s, 6H).
1-(4-Hydroxybutyl)-12-(3-nitrophenyl)-1,12-dicarba-
closo-dodecaborane (60). Coupling reaction of 24 with
3-iodonitrobenzene and deprotection of the TBS group were
carried out by the same procedure as that used for the
preparation of 6j. Purification by silica gel flash column
chromatography (eluent: hexane—ethyl acetate, 2:1) gave 60
(53%). 60: colorless needles (hexane—dichloromethane); mp
121.0—122.5 °C; 'H NMR (CDCl3) 6 8.09 (dd, J = 8.0, 2.1, 1.0
Hz, 1H), 8.07 (d, J = 1.8 Hz, 1H), 7.53 (ddd, / = 8.0, 2.0, 1.0
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Hz, 1H), 7.36 (t, J = 8.5 Hz, 1H), 3.58 (q, J = 5.6 Hz, 2H),
3.5—1.0 (br m, 10H), 1.71 (m, 2H), 1.40 (m, 2H), 1.29 (m, 2H),
1.20 (t, J = 4.3 Hz, 1H); 3C NMR (CDC1;) 6 (ppm) 25.9, 32.0,
37.8, 62.3, 82.1, 98.5, 122.4, 123.2, 129.1, 133.2, 138.3, 147.9;
Anal. Caled for: C;12B10H23NOs: N, 4.15; C, 42.71; H, 6.87.
Found: N, 4.17; C, 42.58; H, 6.81.

1-Methoxycarbonyl-7-phenyl-1,7-dicarba-closo-dodeca-
borane (28). Compound 28 was prepared from 1-phenyl-m-
carborane (27) in the same manner as that used for the
preparation of 11. Purification by silica gel flash column
chromatography (eluent: hexane—dichloromethane, 5:1) gave
28 (68%). '"H NMR (CDCl;) 6 7.5—7.25 (m, 5H), 3.77 (s, 3H),
3.5—1.5 (br m, 10H); 13C NMR (CDCl;) 6 (ppm) 54.1, 76.0, 85.4,
126.9, 128.1, 128.5, 136.0, 163.0; HRMS Calcd for C19H1sB100s:
278.2310. Found 278.2336.

1-Methoxycarbonyl-7-(3-nitrophenyl)-1,12-dicarba-
closo-dodecaborane (29) and 1-Methoxy-carbonyl-7-(4-
nitrophenyl)-1,12-dicarba-closo-dodecaborane (30). Com-
pounds 29 and 30 were prepared from 28 in the same manner
as that used for the preparation of 6k and 12. Purification by
silica gel flash column chromatography (eluent: hexane—ethyl
acetate, 10:1) gave 30 (65%) and 29 (22%). 30: 'H NMR
(CDCls) 6 8.13 (d, J = 9.1 Hz, 2H), 7.62 (d, J = 9.1 Hz, 2H),
3.79 (s, 3H), 3.5—1.0 (br m, 10H); HRMS Calcd for C10H17B10-
NO,: 323.2161. Found 323.2184. 29: 'H NMR (CDCl3) 6 8.32
(dt, J = 2.0 Hz, 1H), 8.19 (ddd, J = 8.1 Hz, 2.0 Hz, 0.9 Hz,
1H), 7.76 (ddd, J = 8.1 Hz, 2.0 Hz, 0.9 Hz, 1H), 7.49 (dd, J =
8.1 Hz, 7.9 Hz, 1H), 3.79 (t, J = 6.8 Hz, 2H), 3.5—1.5 (br m,
IOH); HRMS Caled for CloH17B1oNO4Z 323.2161. Found
323.2181.

1-Hydroxymethyl-7-(3-nitrophenyl)-1,7-dicarba-closo-
dodecaborane (7a). Compound 7a was prepared from 29 in
the same manner as that used for the preparation of 6e.
Purification by silica gel flash column chromatography (elu-
ent: hexane—ethyl acetate, 6:1) gave 7a (98%). 7a: colorless
needles (hexane); mp 90.0—-92.0 °C; '"H NMR (CDCl3) ¢ 8.31
(t, J = 2.2 Hz, 1H), 8.18 (ddd, / = 8.1, 2.2, 0.9 Hz, 1H), 7.75
(ddd, J = 8.0, 2.0, 0.9 Hz, 1H), 7.47 (t, J = 8.1 Hz, 1H), 3.90
(d, J = 7.3 Hz, 2H), 3.5—1.5 (br m, 10H), 1.97 (t, J = 7.3 Hz,
1H); 3C NMR (CDCls) 6 (ppm) 66.1, 76.6, 78.4, 123.7, 124.5,
130.3, 134.5, 137.8, 148.9; Anal. Calcd for: Cy9B;oH;7NOs: N,
4.74; C, 36.60; H, 5.80. Found: N, 4.72; C, 36.67; H, 5.61.

1-Hydroxymethyl-7-(4-nitrophenyl)-1,7-dicarba-closo-
dodecaborane (7b). Compound 7b was prepared from 30 in
the same manner as that used for the preparation of 6e.
Purification by silica gel flash column chromatography (elu-
ent: hexane—ethyl acetate, 6:1) gave 7b (86%). 7b: colorless
needles (hexane); mp 98.0—99.5 °C; '"H NMR (CDCl3) ¢ 8.12
(d,J =9.1Hz, 2H), 7.61(d, J = 9.1 Hz, 2H), 3.89 (d, J = 7.2
Hz, 2H), 3.5—1.5 (br m, 10H), 1.95 (t, J = 7.2 Hz, 1H); 13C
NMR (CDCls) 6 (ppm) 65.3, 76.0, 77.6, 123.5, 129.0, 141.5,
148.0; Anal. Caled for: C¢BioH17NOs: N, 4.74; C, 36.60; H,
5.80. Found: N, 4.64; C, 36.71; H, 5.55.

Receptor Binding Assay. A hAR-LBD expression plasmid
vector which encodes GST-hARLBD (627—919 aa, EF domain)
fusion protein under the lac promoter (provided by Prof. S.
Kato, University of Tokyo) was transfected into E. coli strain
HB-101. An overnight culture (10 mL) of the bacteria was
added to 1 L of LB medium and incubated at 27 °C until its
optical density reached 0.6—0.7 at 600 nm. Following the
addition of IPTG to a concentration of 1 mM, incubation was
continued for an additional 4.5 h. Cells were harvested by
centrifugation at 4000g at 4 °C for 15 min and stored at —80
°C until use. All subsequent operations were performed at 4
°C. The bacterial pellet obtained from 40 mL of culture was
resuspended in 1 mL of ice-cold TEGDM buffer (10 mM Tris-
HCl pH 7.4, 1 mM EDTA, 10% glycerol, 10 mM DTT, 10 mM
sodium molybdate). This suspension was subjected to sonica-
tion using 10 x 10 s bursts on ice, and crude GST-hARLBD
fraction was prepared by centrifugation of the suspension at
12 000g for 30 min at 4 °C. This crude receptor fraction was
diluted with buffer (20 mM Tris-HCI pH 8.0, 0.3 M KCI, 1 mM
EDTA) to a protein concentration of 0.3—0.5 mg/mL and used
in binding assays as hAR-LBD fraction. Aliquots of the hAR-
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LBD fraction were incubated in the dark at 4 °C with [3H]-
DHT (NEN, 4 nM final concentration), triamcinolone acetonide
(1 uM final concentration), and reference or test compounds
(dissolved in DMSO). Nonspecific binding was assessed by
addition of a 200-fold excess of nonradioactive DHT. After 15
h, a Dextran T-70/y-globulin-coated-charcoal suspension was
added to the ligand/protein mixture (1% Norit A, 0.05%
y-globulin, 0.05% Dextran T-70 final concentration each) and
the whole was incubated at 4 °C for 10 min. The charcoal was
removed by centrifugation for 5 min at 1300g, and the
radioactivity of the supernatant was measured in Atomlight
(NEN) by using a liquid scintillation counter.

Transfection and Luciferase Assays. Assay of andro-
genic activity was performed by means of ARE-luciferase
reporter assay using NIH3T3 cells. Culture was conducted in
phenol red-free DMEM (Sigma Chemical Co.) containing
penicillin, streptomycin, and dextran-charcoal-treated calf
serum for 2—3 days. Transient transfections of NIH3T3 cells
were performed using Transfast (Promega Co., Madison, WI),
according to the manufacturer’s protocol. Transfections were
done in 48-well plates at 2 x 10* cells/well with 50 ng of pSG5-
hAR, 300 ng of p(ARE)s-luc, and 10 ng of pRL/CMV (Promega
Co.) as an internal standard. Twenty-four hours after addition
of the sample (final concentration, 107>-~10"7 M) and 1 x 10710
DHT, cells were harvested with 25 uL of cell lysis buffer
(Promega Co.), and the firefly and renilla luciferase activities
were determined with a Dual Luciferase Assay Kit (Promega
Co.) by measuring luminescence with a Wallac Micro-Beta
scintillation counter (PerkinElmer Life Sciences, Boston, MA).
Firefly luciferase reporter activity was normalized to renilla
luciferase activity from pRL/CMV.

SC-3 Growth Inhibition Assay. Shionogi Carcinoma-3
(SC-3) cells were cloned from Shionogi Carcinoma 115 cells,
which were established from a mouse breast cancer. SC-3
shows androgen-dependent growth. In this assay, androgenic
and antiandrogenic activities of test compounds were deter-
mined in terms of SC-3 growth promotion and inhibition,
respectively. SC-3 cells were cultured in the presence of MEM
supplemented with 10% FBS and 10 nM testosterone at 37
°C under 5% COq. All experiments were performed in triplicate
or more. For SC-3 cell growth-inhibition assay, the cells were
trypsinized and diluted to 3.0 x 10* cell/mL with MEM
supplemented with 10% charcoal resin-stripped fetal bovine
serum. This cell suspension was transferred to 96-well micro-
titer plates, and various concentrations of test compound (from
100 nM to 10 «uM DMSO solution) and/or testosterone ethanol
solution (final concentration 10 nM) were added. Then the
plates were incubated at 37 °C 5% CO; for 3 days, and the
cell number was determined using the WST-1 method with a
Cell Counting Kit and an MPR-A4i2 micro plate reader
(TOSOH, Japan). The number of cells on wells with testoster-
one alone was defined as 100%. The concentration of test
compounds that inhibited the increase of the cell number
induced by 10 nM testosterone by 50% was quantified (ICso)
after log—logit transformation.
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