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Abstract—~Palladium-catalyzed reaction of ethynyl-substituted pyridine and quinoline derivatives with 2-iodo-
p-carborane and 9-iodo-m-carborane gives the corresponding pyridylethynyl- and quinolylethynyl-substituted
carboranes. Carborane-containing steroids in which the carborane fragment is linked to the steroid skeleton
through acetylene bridge were synthesized by the Sonogashira reaction.

Although carboranes and other polyhedral boron
compounds have been known for more than 40 years,
the chemistry of these compounds continuously and
extensively develops [1, 2]. The reasons are specific
features in their structure and chemical properties and
the possibility of using them in the design of new
medicines and unique materials. At present, different
medical applications of carboranes are known [3].
These include primarily boron-neutron capture therapy
of cancer [4-6] and synthesis of compounds posses-
sing various kinds of biological activity [7], in partic-
ular antitumor agents [8]. A necessary condition for the
preparation of physiologically active compounds on
the basis of carboranes is synthesis of their functiona
derivatives capable of binding to biomolecules which
are responsible for delivery of boron-containing frag-
ments to tumor cells. From the viewpoint of design of
new molecular and supramolecular materials [9-12],
a strong interest is attracted by the synthesis of com-

pounds giving rise to electronic interaction between
three-dimensional aromatic systems and various
n-electron substituents like vinyl, alkynyl, aryl, or
hetaryl group. With the above in mind, we made an
attempt to synthesize such compounds via reactions
catalyzed by metal complexes. We previoudly reported
the first results on the synthesis of B-hetaryl carborane
derivatives by reactions of p- and m-carboranes having
a boror-iodine bond with magnesium and zinc deriva
tives of furan, thiophene, pyridine, quinoline, and
indole in the presence of palladium catalysts[13].

The goal of the present work was to attach a phar-
macophoric fragment (heteroring or steroid) to the
boron atom of carborane molecule through an acetyl-
enic carbon bridge which should eliminate undesirable
effects (steric and electronic) of the bulky carborane
core [14] on the biologically active fragment. B-Het-
arylalkynyl derivatives of p- and m-carboranes were
synthesized according to the heteroatom version of the

Scheme 1.

o —CH; o —BH; o —B; R=Het; X =H, MgBr.
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Table 1. Reaction of 2-iodo-p-carborane with 3-quinolylacetylene and 2-pyridylacetylene®

Runno.| RinRC=CH RCE%E’L;?ENHM Solvent | Time h F;Stéggoéggl‘;ﬁﬂtj gzrg’lflj‘zs‘,iﬁt;b
1 2-Pyridyl 2 Pyrrolidine 14 36:30:34
2 3-Quinolyl 11 Pyrrolidine 22 79:21:0
3 3-Quinolyl 11 Benzene 22 46:40:14
4 3-Quinolyl 1.1 DMF 22 25:53:22

& A mixture of 2-iodo-p-carborane (0.2 mmol), 2-pyridylacetylene or 3-quinolylacetylene, PACI,(PPhs), (4 mol %), Cul (4 mol %), and
pyrrolidine (0.6 mmol) in 3 ml of the corresponding solvent was heated under reflux in an argon atmosphere. The progress of the reaction

was monitored by TLC.
® According to the !B NMR data.
¢ NI stands for nonidentified compounds.

Sonogashira reaction using the corresponding B-iodo-
carboranes and terminal acetylenes (Scheme 1). 2-lodo-
p-carborane was brought into reaction with alkynes
under the classical Sonogashira conditions, in the pres-
ence of catalytic amounts of PdCl,(PPhs), and Cul
using pyrrolidine as both base and solvent (Table 1).
A high yield of the subdtitution product (~80%) was
achieved in the reaction with 3-quinolylacetylene
(Table 1, run no. 2). In benzene and DMF the yields
were lower (Table 1; run nos. 3, 4) than in pure pyrro-
lidine. Under analogous conditions, thermally unstable
2-pyridylacetylene reacted with poor selectivity and
moderate yield (Table 1, run no. 1).

Unlike 2-iodo-p-carborane, 9-iodo-m-carborane un-
dergoes complete decomposition on heating in boiling
pyrrolidine or pyridine; it also loses boron atoms by
the action of strong bases like potassium tert-butoxide
and lithium hydroxide in boiling anhydrous dioxane.
On the other hand, triethylamine, diethylamine,
potassium and cesium carbonates, and even sodium
methoxide do not induce cleavage of the m-carborane
skeleton.

On the basis of our data on the stability of 9-iodo-
m-carborane toward various bases, we tried to find
conditions ensuring its reaction with 3-quinolyl-
acetylene (Table 2). 9-lodo-m-carborane amost failed
to react with 3-quinolylacetylene in triethylamine or

diethylamine (Table 2; run nos. 1, 3). In the latter case,
the product yield was as poor as 6%. We also failed
to effect the reaction in dioxane in the presence of
50 equiv of amine (Table 2; run nos. 2, 4). No desired
results were obtained when the reaction was carried
out in anhydrous THF in the presence of such bases as
sodium methoxide and anhydrous potassium carbonate
(Table 2; run nos. 5, 6): on heating in boiling THF with
sodium methoxide, the initial acetylene completely
decomposed in 6 h. Nevertheless, we succeeded in
raising the yield of 9-[(3-quinolyl)ethynyl]-m-carbo-
rane to 33% using anhydrous cesium carbonate in an-
hydrous THF (Table 2, run no. 10). Almost no reaction
occurred in dry benzene or acetonitrile (Table 2; run
nos. 8, 9). It is known that addition of water often
increases the yield of Sonogashira reactions [15]. In
our case, addition of water to THF also favored the
reaction, and the yield increased to 43% (Table 2, run
no. 11). However, further raising the concentration of
water led to a poor yield (6%) and separation of
palladium black.

2-Pyridylacetylene is unstable under the above con-
ditions (Table 2). Therefore, 9-iodo-m-carborane was
brought into reaction with 2-pyridylacetylene generat-
ed in situ by the action of sodium methoxide on
2-(2-pyridylethynyl)-2-propanol in an anhydrous sol-
vent (Scheme 2, Table 3). With sodium methoxide as

Scheme 2.
N MeONa (0.5 equiv) N
| _ THF | _
N N
% Me %
Me OH
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Table 2. Reaction of 9-iodo-m-carborane with 3-quinolylacetylene®
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Run no. Solvent Base (equiv) Reactiontime, h ?gé;ggfgg;ﬂfﬂ g?glglil(z(lj/uNclt %b
1 Triethylamine EtsN 24 0:100:0
2 Dioxane EtsN (50) 24 0:100:0
3 Diethylamine Et,NH 24 6:94:0
4 Dioxane Et,NH (50) 24 10:90:0
5 THF MeONa (3) 6 17:83:0
6 THF K,CO;s (3) 24 2:98:0
7 THFH,0, 25:1 K.CO; (3) 24 10:90:0
8 Benzene Cs,CO3 (3) 18 3:95:2
9 Acetonitrile Cs,CO;3 (3) 18 2:98:0

10 THF Cs,CO5(3) 18 33:66:1
11 THFH,0, 25:1 Cs,CO3 (3) 18 43:47:10

2 The reactions were carried out by heating under reflux in an argon atmosphere in the presence of 1.1 equiv of 3-quinolylacetylene,

5 mol % of Cul, and 5 mol % of PdCl,(PPhy),.
® According to the 'B NMR data
¢ NI stands for nonidentified compounds.

Table 3. Reaction of 9-iodo-m-carborane with 2-pyridylacetylene®

. Ratio of boron-containing products’
Run no. Solvent Base (equiv) (2-PyC=C-m-C,B1oH11/1 CoB 1oH/NI® )
1 Benzene MeONa (1) 3:94:3
2 THF MeONa (1) 20:70: 10
3 THF MeONa (2) 0:57:43
4 THF Cs:CO5 (3) 24:76:0

& A solution of 2-(2-pyridylethynyl)-2-propanol and 0.5 equiv of sodium methoxide was heated for 1-1.5 h under reflux, 9-iodo-m-
carborane, PACI,(PPhs),, Cul, and the corresponding base were added, and the mixture was heated for 18 h under reflux. The progress of
reactions was monitored by TLC, following the disappearance of 2-pyridylacetylene.

® According to the !B NMR data.
¢ NI stands for nonidentified compounds.

base, the product yield in THF was as low as 20%,
while in benzene only traces (3%) were formed. In the
presence of 2 equiv of sodium methoxide, 2-pyridyl-
acetylene decomposed before reaction with 9-iodo-
m-carborane, and the latter also decomposed subse-
guently. The reaction was selective in the presence of
3 equiv of cesium carbonate: the yield of 9-(2-pyridyl-
ethynyl)-m-carborane was 24%, while no other prod-
ucts were detected (Table 3, run no. 4).

Thus the proposed procedure implying preparation
of 2-pyridylacetylene in situ from 2-(2-pyridylethyn-
yl)-2-propanol and the presence of strong bases (which
induce decomposition of both terminal acetylene and
9-iodo-m-carborane) cannot be regarded as optimal. To
accelerate the cross coupling process and suppress side
reactions, the iodine atom in 2-iodo-p-carborane and

9-iodo-m-carborane was replaced by 2-pyridylethynyl
or 3-quinolylethynyl moiety via palladium-catalyzed
reaction of magnesium derivative of the corresponding
substituted acetylene. Using 3-quinolylethynylmagne-
sium bromide we succeeded in obtaining cross-coupl-
ing products with both p- and m-carborane derivatives
in quantitative yields (Table 4; run nos. 2, 3). Taking
into account that the lotsitch compound is partially
consumed for metalation of carborane at the carbon
atom and side homocoupling reaction, threefold excess
of the organomagnesium compound is necessary to
attain high yields.

2-Pyridylethynylmagnesium bromide is extremely
unstable under the above conditions, and it readily de-
composes at elevated temperature. Therefore, we failed
to increase the yield of 2-(2-pyridylethynyl)-p-carbo-
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Table 4. Reactions of 2-iodo-p-carborane and 9-iodo-m-carborane with lotsitch compounds derived from 3-quinolyl- and

2-pyridylacetylenes’

| Catorne | RinRe-cuger | O 0G| Remion [Relo o oo o
1 2-1odo-p-carborane 3-Quinolyl 12 20 30:70:0
2 [2-lodo-p-carborane 3-Quinolyl 3 12 100:0:0
3 9-lodo-m-carborane 3-Quinalyl 3 48 100:0:0
4 | 2-lodo-p-carborane 2-Pyridyl 3 8 15:85:0
5 9-lodo-m-carborane 2-Pyridyl 3 48 2:53:45

2 A mixture of 2-iodo-p-carborane or 9-iodo-m-carborane (0.2 mmol), 2-pyridyl- or 3-quinolylethynylmagnesium bromide, PdCl,(PPha),

(4 mol %), Cul (4 mol %), and dioxane (2 ml) was heated under reflux in an argon atmosphere.

® According to the !B NMR data
¢ NI stands for nonidentified compounds.

rane (it was as poor as 15%), while in the reaction with
less active 9-iodo-m-carborane the yield did not exceed
2% (Table 4, run nos. 4, 5).

An dternative method for the preparation of car-
boranylalkynyl derivatives of heterocycles is cross
coupling where the carboranyl component is intro-
duced into reaction as carboranylacetylene and the
heterocyclic component is the corresponding halogen
derivative. Scheme 3 shows the synthesis of 9-ethynyl-
m-carborane [16] and its reaction with 2-bromopyri-
dine. According to the 'B NMR data, the only boron-
containing product was 9-(2-pyridylethynyl)-m-carbo-
rane (yield 80%).

On the basis of the obtained results, we effected
cross coupling of 2-iodo-p-carborane and 9-iodo-m-
carborane with ethynyl derivatives of steroids and ob-
tained carboranylethynyl-substituted estrogens and an-
drogens. 2-lodo-p-carborane reacted with 17-a-ethynyl-
estradiol under the classical Sonogashira conditions
to give the corresponding carboranylethynyl estradiol
derivative in a high yield, the conversion being quan-
titative (Scheme 4). To avoid decomposition of the
carborane polyhedron, the reaction of 17-a-ethynyl-
estradiol with 9-iodo-m-carborane was performed in

boiling agueous THF using cesium carbonate as base.
However, the yield of the final product was fairly
moderate (35%) (Scheme 4).

The palladium-catalyzed reaction of 9-iodo-m-
carborane with zinc derivative of ethynylestradiol
(Scheme 5) was more successful. The zinc derivative
was prepared in situ by treatment of initial ethynyl-
estradiol in succession with 3 equiv of ethylmagne-
sium bromide and 3 equiv of zinc bromide. The yield
attained 60%.

The procedure developed by us for the synthesis of
carboranylethynyl derivatives of heterocycles via reac-
tion of halogen-substituted heterocycles with carbo-
ranylacetylene was extended to hal ogen-substituted
steroids. By reaction of m-carboranylacetylene with
6-bromoandrostenedione in a 3:1 dioxane-water mix-
ture in the presence of 2 equiv of K,COs, 2.2 mol % of
PdCl,(PPhs),, and 4.5 mol % of Cul (30 min under
reflux) we obtained 60% of m-carboranylethynyl-
androstenedione (Scheme 6).

Thus palladium-catalyzed cross-coupling reactions
of ethynyl-substituted heterocycles and steroids allow-
ed us to obtain a series of B-alkynyl derivatives of p-
and m-carboranes.

Scheme 3.
Me3Si
PdCl,(PPhs),
THF, Cul
PdCl,(PPhs),
| X K,COg, Cul
— 80%
N Br
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Scheme 4.

PdCIz(PPhg)z, Cul
CSCOs, THF-H,O

Pdclz(PPh3)2, Cul
pyrrolidine

35%

OZnBr
Me ———ZnBr

R f—

80%

(1) PACI,(PPhg),, Cul, THF

(2) H*/H,0
60%
BrznO
Scheme 6.
Me 9
PdCIz(PPh3)2, Cul
Me K>COg3, ag. dioxane
+
60%
(o}

Br
EXPERIMENTAL

All experiments were performed under argon.
Tetrahydrofuran and 1,4-dioxane were digtilled over
potassium diphenylketyl just before use. Zinc chloride
was dried for 4 h at 150°C prior to use.

The *H and B NMR spectra were recorded on
Bruker AMX-400 and Varian XL-400 spectrometers at
400 and 128.3 MHz, respectively, from solutions in

CDCl; unless otherwise stated. The !B chemical shifts
were measured relative to Et,O-BF; as externa refer-
ence. The mass spectra were obtained on a Finnigan
SSQ-7000 instrument.

Reactions of 2-iodo-p-carborane with 3-quinol-
ylacetylene and 2-pyridylacetylene. A solution of
0.054 g (0.2 mmol) of 2-iodo-p-carborane, 0.034 g
(0.22 mmol) of 3-quinolylacetylene or 0.041 g
(0.4 mmol) of 2-pyridylacetylene, 5.61 mg (4 mol %)

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 41 No. 9 2005



1364

of PdCI,(PPhs),, 1.52 mg (4 mol %) of Cul, and
0.043 g (0.6 mmoal) of pyrrolidinein 3 ml of the corre-
sponding solvent was heated under reflux in an argon
atmosphere. The mixture was carefully evaporated
under reduced pressure, the solid residue was extracted
with diethyl ether, the extract was filtered through
a thin layer of celite, and the filtrate was carefully
concentrated under reduced pressure. The composition
of the reaction mixture was determined from the *'B
NMR spectrum.

2-(2-Pyridylethynyl)-p-carborane. A solution of
0.540 g (2 mmol) of 2-iodo-p-carborane, 0.412 g
(4 mmol) of 2-pyridylacetylene, 56.1 mg (4 mol %) of
PdCl,(PPhg),, and 15.2 mg (4 mol %) of Cul in 20 ml
of pyrrolidine was heated for 14 h under reflux. The
mixture was evaporated under reduced pressure, and
the residue was subjected to column chromatography
using petroleum ether as eluent. Yield 0.112 g (23%)).
'H NMR spectrum, &, ppm: 1.5-3.0 m (9H), 2.81 s
(1H), 3.11 s (1H), 7.22 m (1H), 7.46 m 1(H), 7.63 m
(1H), 8.56 m (1H). B NMR spectrum, &g, ppm: —13.3
(2B), —-14.2 (3B), —15.0 (4B), —16.4 (1B). Mass spec-
trum, mvz (.4, %): 241-247 (100) [M]*. Found, %:
C 44.06; H 6.29; B 43.98. CoH15B1oN. Calculated, %:
C 44.06; H 6.16; B 44.07.

2-(3-Quinalylethynyl)-p-carborane. A solution of
0.540 g (2 mmol) of 2-iodo-p-carborane, 0.612 g
(4 mmol) of 3-quinolylacetylene, 56.1 mg (4 mol %)
of PdCI,(PPhg),, and 15.2 mg (4 mol %) of Cul in
20 ml of pyrrolidine was heated for 22 h under reflux.
The mixture was evaporated under reduced pressure,
and the residue was subjected to column chromatog-
raphy using petroleum ether as eluent. Yield 0.360 mg
(61%). 'H NMR spectrum, &, ppm: 1.5-3.2 m (9H),
2.85 s (1H), 3.13 s (1H), 7.55 m (1H), 7.71 m (1H),
7.76 m (1H), 8.07 m (1H), 8.27 m (1H), 8.91 m (1H).
B NMR spectrum, &g, ppm: —13.3 (3B), —14.2 (3B),
—15.0 (4B). Mass spectrum, m/z (I, %): 291-297
(100) [M]". Found, %: C 53.7; H 6.12; B 34.01.
Ci3H17B1oN. Calculated, %: C 52.86; H 5.80; B 36.60.

Reaction of 9-iodo-m-carborane with 3-quinolyl-
acetylene. A solution of 0.054 g (0.2 mmol) of 9-iodo-
m-carborane, 0.034 g (0.22 mmol) of 3-quinolylace-
tylene, 7.02 mg (5 mol %) of PdCl,(PPhs),, 1.91 mg
(5 mol %) of Cul, and 0.6 mmol of appropriate base in
3 ml of the corresponding solvent was heated under
reflux in an argon atmosphere. The mixture was care-
fully evaporated under reduced pressure, the solid
residue was extracted with diethyl ether, the extract
was filtered through a thin layer of celite, and the
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filtrate was carefully concentrated under reduced pres-
sure. The composition of the reaction mixture was
determined from the B NMR spectrum.

Reaction of 9-iodo-m-carborane with 2-pyridyl-
acetylene. A solution of 0.035 g (0.22 mmol) of 2-(2-
pyridylethynyl)-2-propanol, and 0.007 g (0.13 mmol)
of sodium methoxide in 6 ml of THF or benzene was
heated for 1-1.5 h under reflux while stirring in
an argon atmosphere until initial 2-(2-pyridylethynyl)-
2-propanol disappeared (according to the TLC data).
The solution was cooled to room temperature, and
0.054 g (0.2 mmol) of 9-iodo-m-carborane, 7.02 mg
(5 mol %) of PdCl,(PPhs),, 1.91 mg (5 mol %) of Cul,
and 0.66 mmol of appropriate base were added. The
mixture was heated for 18 h under reflux while stirring
in an argon atmosphere until 2-pyridylacetylene disap-
peared (TLC). The composition of the reaction mixture
was determined from the B NMR spectrum.

Reaction of 2-iodo-p-carborane and 9-iodo-m-
carborane with magnesium derivatives of 3-quino-
lylacetylene and 2-pyridylacetylene. 3-Quinolyl-
ethynylmagnesium bromide and 2-pyridylethynyl mag-
nesium bromide were prepared by adding at 0°C under
argon 0.35 ml (0.6 mmol) of a 1.7 M solution of
ethylmagnesium bromide in diethyl ether to a solution
of 0.6 mmol of the corresponding hetarylacetylene in
2 ml of dioxane, followed by stirring the resulting
suspension for 1 h at 50°C. A solution of 0.054 g
(0.2 mmol) of iodocarborane, 5.61 mg (4 mol %) of
PdCl,(PPhs),, and 1.52 mg (4 mol %) of Cul in 2 ml of
dioxane was added to a freshly prepared suspension of
the lotsitch compound, and the mixture was heated
under reflux in an argon atmosphere. The mixture was
cooled to room temperature, 0.1 ml of a saturated
agueous solution of NH4Cl was added, and the mixture
was diluted with methylene chloride, filtered through
alayer of celite, and carefully evaporated under reduc-
ed pressure. The mixture was analyzed by "B NMR
Spectroscopy.

9-(3-Quinolylethynyl)-m-car borane. 3-Quinolyl-
acetylene, 0.505 g (3.3 mmol), was dissolved in 6 ml
of dioxane, and 1.32 ml of a 2.5 M solution of ethyl-
magnesium bromide in diethyl ether was added drop-
wise. The mixture was stirred for 1 h at 50°C, a solu-
tion of 0.270 g (1 mmol) of 9-iodo-m-carborane,
35.1 mg (5 mol %) of PdCIy(PPhs),, and 9.52 mg
(5 mol %) of Cul in 6 ml of dioxane was added, and
the mixture was heated for 48 h under reflux until the
initial iodocarborane disappeared (TLC). The mixture
was filtered, the filtrate was evaporated, and the
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residue was subjected to column chromatography on
silica gel (4060 um, Merck) using petroleum ether—
ethyl acetate (3:1) as eluent. Yield 0.226 g (77%).
'H NMR spectrum, §, ppm: 1.5-3.5 m (9H), 2.98 s
(2H), 7.53 m (1H), 7.68 m (1H), 7.73 m (1H), 8.05 m
(1H), 8.24 s (1H), 8.91 s (1H). *'B NMR spectrum, g,
ppm: —19.0 (1B), —-17.5 (1B), —13.9 (2B), —12.8 (2B),
-9.5 (2B), —6.2 (2B). Found, %: C 52.74; H 5.73;
B 36.52. C13H:7B1oN. Calculated, %: C 52.86; H 5.80;
B 36.60.

9-(2-Pyridylethynyl)-m-carborane. A solution of
0.027 g (0.11 mmol) of 9-trimethylsilylethynyl-m-car-
borane [16] and 0.031 g (0.22 mmol) of K,COsin4 ml
of methanol was stirred for 0.5 h at room temperature.
The mixture was evaporated under reduced pressure,
3.86 mg (5 mol %) of PdCI,(PPhz), and 1.05 mg
(5 mol %) of Cul were added, the reaction flask was
purged with argon, and a solution of 0.019 ¢
(0.122 mmol) of 2-bromopyridinein 3 ml of a3:1
dioxane-water mixture was added. The mixture was
heated for 30 min under reflux with stirring, cooled,
diluted with 20 ml of water, and extracted with chloro-
form. The extract was dried over MgSO, and evap-
orated, and the residue was subjected to column
chromatography on silicagel (40-60 um, Merck) using
chloroform as eluent. Yield 0.022 g (80%). *H NMR
spectrum, 8, ppm: 1.5-4.0 m (9H), 2.96 s (2H), 7.19 m
(1H), 7.45 m (1H), 7.62 m (1H), 8.56 m (1H).
B NMR spectrum, g, ppm: —18.9 (1B), —17.6 (1B),
-13.9 (2B), —12.8 (2B), —9.6 (2B), —6.1 (2B). Mass
spectrum: Mz 241-247 ((I,4 100%) [M]".

17-(2-p-Carboranylethynyl)estra-1(10),2,4-tri-
ene-3,17-diol. A solution of 0.270 g (1 mmol) of
2-iodo-p-carborane, 0.296 g (1 mmol) of 17a-ethynyl-
estradiol, 28.1 mg (4 mol %) of PdCl,(PPhs),, and
7.62 mg (4 mol %) of Cul in 20 ml of pyrrolidine
was heated for 1 h under reflux. The mixture was
evaporated under reduced pressure, and the residue
was subjected to column chromatography using ethyl
acetate—petroleum ether (1:5) as eluent. The product
was crystallized from ethyl acetate—petroleum ether.
Yield 350 mg (80%). *H NMR spectrum (acetone-dg),
3, ppm: 0.88 s (3H), 1.20-2.90 m (24H), 3.40 s (1H),
3.57 s (1H), 4.35 s (1H), 6.50 m (1H), 6.59 m (1H),
7.10 m (1H), 7.95 s (1H). B NMR spectrum, &g, ppm:
-15.3 (3B), —14.8 (2B), —14.5 (2B), —13.5 (3B). Found,
%: C 6140, H 779, B 23.58. C22H3481002. CaICUIated,
%: C 60.24; H 7.81; B 24.65.

17-(9-m-Car bor anylethynyl)estra-1(10),2,4-tri-
ene-3,17-diol. a. Sonogashira reaction. A solution of
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0.054 g (0.2 mmol) of 9-iodo-m-carborane, 0.059 g
(0.2 mmol) of 17-a-ethynylestradiol, 5.62 mg
(4 mol %) of PdCl,(PPhs),, 1.52 mg (4 mol %) of Cul,
and 0.196 g (0.6 mmol) of Cs,COzin 20 ml of a 25:1
THF—water mixture was heated for 24 h under reflux.
The mixture was evaporated under reduced pressure,
the solid residue was dissolved in chloroform, the
solution was filtered through a thin layer of celite, and
the filtrate was concentrated under reduced pressure.
According to the 'B NMR data, the yield was 35%.

b. Negishi reaction. 17a-Ethynylestradiol, 0.120 g
(0.4 mmol), was dissolved in 5 ml of THF, and 0.53 ml
of a 25 M solution of ethylmagnesium bromide in
diethyl ether was added dropwise under stirring. The
resulting suspension was stirred for 1 h at room
temperature under argon, a solution of 0.300 g
(2.32 mmol) of ZnBr, in 2 ml of THF was added, the
mixture was stirred for 20 min, and 0.054 g (0.2 mmol)
of 9-iodo-m-carborane, 7.02 mg (5 mol %) of
PdCl,(PPhs),, and 1.91 mg (5 mol %) of Cul were
added. The mixture was heated for 26 h under reflux
with stirring and evaporated under reduced pressure,
the solid residue was dissolved in 30 ml of chloroform,
and the solution was washed with water (3x20 ml).
The organic phase was separated, dried over MgSO,,
and evaporated, and the residue was subjected to col-
umn chromatography on silica gel (40-60 um, Merck)
using chloroform as eluent). Yield 0.053 g (60%).
'H NMR spectrum, &, ppm: 0.88 s (3H), 1.20-2.90 m
(25H), 2.95 s (2H), 4.95 s (1H), 6.55 m (1H), 6.65 m
(1H), 7.20 m (1H). B NMR spectrum, &g, ppm: —19.5
(1B), -17.7 (1B), —14.10 (2B), —12.9 (2B), 9.5 (2B),
—6.3 (2B). Mass spectrum: m/z 435-441 (I,4 100%) [M]".

4-(9-m-Carboranylethynyl)androst-4-ene-3,17-
dione. A solution of 0.060 g (0.248 mmol) of 9-(tri-
methylsilylethynyl)-m-carborane [16] and 0.069 g
(0.496 mmol) of K,CO3 in 6 ml of methanol was
stirred for 0.5 h a room temperature. The mixture was
evaporated, 3.83 mg (2.2 mol %) of PdCI,(PPhz),,
2.13 mg (4.5 mol %) of Cul, and 0.091 g (0.248 mmol)
of 4-bromoandrost-4-ene-3,17-dione were added, the
reaction flask was purged with argon, and 8 ml of
a 3:1 dioxane-water mixture was added. The mixture
was heated for 30 min under reflux with stirring,
cooled, diluted with 20 ml of water, and extracted with
chloroform. The extract was dried over MgSO, and
evaporated, and the residue was subjected to column
chromatography on silicagel (4060 um, Merck) using
chloroform—ethyl acetate (5:1) as eluent. Yield
0.065 mg (60%). *H NMR spectrum, &, ppm: 0.92 s
(3H), 1.21 s (3H), 2.94 s (2H), 0.5-3.5 m (28H).
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B NMR spectrum, &g, ppm: —19.2 (1B), —17.8 (1B),
-14.1 (2B), —13.1 (2B), —10.1 (2B), —6.4 (2B). Mass
spectrum: m/z 448-454 (1,4 100%) [M]".
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