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Electrochemical thiocyanation of the dodecahydro�7,8�dicarba�nido�undecaborate and
7,8�dimethyldecahydro�7,8�dicarba�nido�undecaborate monoanions afforded thiocyanate de�
rivatives of these compounds, which were isolated as alkylammonium salts. The structures of
the synthesized compounds were determined by the data from IR, 1H and 11B NMR, and
11В—11B NMR COSY spectroscopy.
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7,8�Dicarba�nido�undecaborate anion [7,8�С2В9Н12]–

is of interest for the development of agents for boron
neutron capture therapy for cancer1—3 and radionuclide
diagnostics and therapy.4,5 The introduction of substitu�
ents containing functional groups (for instance, iso�
thiocyanate group) into the 7,8�dicarba�nido�undeca�
borate anion makes it possible to bind this anion with
different compounds that provide selective delivery of the
agent to a tumor, for example, to monoclonal anti�
bodies.6,7

The chemical6,8—12 and electrochemical13 iodination
and bromination8,11,13,14 of the 7,8�dicarba�nido�un�
decaborate anion have been described earlier. The intro�
duction of substituents of the pseudo�halogen type into
the nido�carborane framework was unknown. At the same
time, the thiocyanate derivative of the closo�dodecaborate
anion [B12H11SCN]2— (see Refs 15 and 16) is a promis�
ing agent for boron neutron capture therapy for cancer.17

The electrochemical method of thiocyanate group intro�
duction into the [В12Н12]2– anion was described.18 In
this work, we studied a possibility of electrochemical
synthesis of thiocyanate derivatives of the [nido�7,8�
С2В9Н12]– (1а) and [nido�7,8�Me2�7,8�С2В9Н10]– (2а)
anions.

Results and Discussion

Electrochemical thiocyanation of salt 1а was carried
out with dithiocyanogen formed by the anodic oxidation
of the thiocyanate ion. Thiocyanation was less smooth
compared to electrochemical iodination13 and afforded
thiocyano�substituted product 1b in a yield <50%. The
1Н NMR spectrum of compound 1b contains signals from
two nonequivalent hydrogen atoms bonded to the carbon
atoms of the carborane cage (CHcarb), which indicates the
nonsymmetric structure of compound 1b. The 11В NMR
spectrum of tetramethylammonium salt 1b is almost the
same as the spectrum of the [nido�9�SCN�7,8�С2B9H11]–

anion presented as a stick diagram in the review19 (no other
data on the synthesis and properties of this compound are
reported). Thus, the structure (Me4N)[9�SCN�nido�7,8�
С2B9H11] can be attributed to electrochemically synthe�
sized compound 1b.

Similarly, electrochemical thiocyanation of 2а af�
fords thiocyano�substituted product 2b. The 1Н NMR
spectrum of compound 2b exhibits signals from two
nonequivalent Me groups linked to the carbon atoms
of the carborane cage, which indicates the non�
equivalent effect of the SCN group on these Me
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groups and, hence, the nonsymmetric structure of com�
pound 2b.

An unambiguous conclusion about the structure of 2b
was made on the basis of analysis of the 11В NMR and
11В—11В NMR COSY spectra (Fig. 1). The assignment of
signals in the 11B NMR spectrum is given in Table 1.
Thus, compound 2b has the structure (Me3NH)[9�SCN�
7,8�Me2�nido�7,8�С2B9H9].

It seemed of interest to compare the influence of the
Me substituents on the 11B NMR spectral characteristics
of thiocyanate derivatives [9�SCN�7,8�X2�nido�7,8�
С2B9H9]– (X = H, Me). The comparative stick diagram
of chemical shifts for compounds 1а,b and 2а,b is pre�
sented in Fig. 2 (signals in the 11B NMR spectra of com�
pounds 1а,b were assigned on the basis of previously pub�
lished data,19,20 and signals for 2а were assigned using an
additional 11В—11В NMR COSY experiment).

Methyl substituents at the carbon atoms in the car�
borane cage exert the greatest effect on the B(3) atom

linked to two carbon atoms (difference of chemical shifts
of B(3) in 2b and 1b (∆δ) is +7.6 ppm). Somewhat lower
difference of chemical shifts is observed for the B(2) and
B(4) atoms, each of which is linked to one carbon atom
(∆δ = +4.6 and +3.6, respectively). At the same time, the
Me substituents at the carbon atoms have only insignifi�
cant effects on the difference of chemical shifts of the
B(5) and B(6) atoms ∆ = δВ(5)—δВ(6), which reflects the
position of the bridging hydrogen atom relatively to the
substituted boron atom.19 For 1b, this value is 21.4 ppm,
and for 2b it is 20.1 ppm. A similar change has been
observed previously21 for the introduction of Ph groups
into [9�Me2S�7,8�C2B9H11].

A comparison of the IR spectra of compounds 1b and
2b with the spectra of unsubstituted salts 1а and 2а showed
that the spectra of the thiocyanate derivatives contain no
changes (compared to the unsubstituted compounds) re�
lated to an increase in the number of absorption bands
and shifts of their maxima in the 400—1300 cm–1 region
caused by the introduction of the SCN group into the
dicarbaundecaborate system. The only additional feature

Fig. 1. 11B—11B NMR COSY spectrum of the [9�SCN�7,8�
Me2�7,8�C2B9H9]– anion (2b).
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Table 1. Data of 1Н and 11В NMR spectra of thiocyanate derivatives of the 7,8�dicarba�nido�undecaborate anion

Com� δ 1Н δ 11В (JВ,Н/Hz)
pound

1b 3.45 (s, 12 H, Me4N+), –3.7 (d, 1 B, В(5), J = 144); –4.3 (s, 1 B, В(9)); –15.8 (d, 2 B, В(2),
2.46 (s, 1 H, CHcarb), B(11), J = 148); –17.7 (d, 1 B, В(3), J = 161); –21.8 (d, 1 B, В(4), J = 152);
1.89 (s, 1 H, CHcarb), –25.1 (d, 1 B, В(6), J = 141); –29.0 (d, 1 B, В(10), J = 133); –36.6 (d, 1 B,
2.00—0.00 (m, 9 H, BH) В(1), J = 143)

2b 3.21 (s, 9 H, Me3NH+), –3.6 (s, 1 B, В(9)); –5.6 (d, 1 B, В(5), J = 139); –10.1 (d, 1 B, В(3),
1.54 (s, 3 H, CMecarb), J = 155); –11.2 (d, 1 B, В(2), J = 144); –14.8 (d, 1 B, В(11), J = 137);
1.48 (s, 3 H, CMecarb), –18.2 (d, 1 B, В(4), J = 150); –25.7 (d, 1 B, В(6), J = 142);
2.00—0.00 (m, 9 H, BH) –29.9 (d, 1 B, В(10), J = 137); –36.0 (d, 1 B, В(1), J = 144)

Fig. 2. Stick diagram of 11B NMR chemical shifts for compounds
[7,8�C2B9H12]– (1а) (a), [9�SCN�7,8�C2B9H11]– (1b) (b),
[9�SCN�7,8�Me2�7,8�C2B9H9]– (2b) (c), and [7,8�Me2�7,8�
C2B9H10]– (2a) (d).
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in the IR spectrum was presented by intense absorption
bands at 2138 cm–1 for 1b and 2158 cm–1 for 2b corre�
sponding to vibrations of the SCN group. Absorption
bands at 3030 cm–1 correspond to stretching vibrations of
the C—H bonds, and high�intensity bands at 2530 cm–1

are assigned to stretching vibrations of the B—H bonds.
Thiocyanation of the 7,8�dicarba�nido�undecaborate

and 7,8�dimethyl�7,8�dicarba�nido�undecaborate anions
can be presented by Scheme 1.

Scheme 1

R = H (a), Me (b)

Experimental

IR spectra were recorded on a Protege�460 spectrometer
(KBr pellets). 1H and 11В NMR spectra were obtained on Bruker
AMX�400 and Bruker AM�360 spectrometers. Chemical shifts
are presented relatively to Me4Si and Et2O•BF3, respectively.

Thiocyanation was carried out in an undivided electrochemi�
cal cell, whose temperature was maintained constant and which
was equipped with a platinum anode, nickel cathode, and mag�
netic stirrer. The surface area of each electrode was 6 cm2,
and the distance between electrodes was 1 cm. Potassium dodeca�
hydro�7,8�dicarba�nido�undecaborate (salt 1а) and potas�
sium 7,8�dimethyldecahydro�7,8�dicarba�nido�undecaborate
(salt 2а) were synthesized according to a previously22 described
procedure.

Synthesis of tetramethylammonium 9�thiocyanatoundeca�
hydro�7,8�dicarba�nido�undecaborate [Me4N][9�SCN�7,8�
С2B9Н11] (1b). A solution of salt 1a (2.00 g, 12 mmol) and
potassium thiocyanate (2.95 g, 30 mmol) in anhydrous metha�
nol (30 mL) was subjected to electrolysis with a dc density of
0.1 A cm–2 for 3 h at 50 °С. The quantity of passed electricity
was 67 mF. After the end of electrolysis, the reaction mixture
was evaporated to dryness, the residue was dissolved in water,
and an aqueous solution of tetramethylammonium iodide was
added. A precipitate formed was separated and washed with
small amounts of water and ether (4×40 mL). The residue, being
the unreacted salt, was dried. Compound 1а was isolated in
18.9% yield (0.47 g). The filtrate was evaporated to dryness,
washed with water, and dried in a Fischer injection system
over СаСl2. Compound 1b (1.48 g, 5.6 mmol) was isolated in
47% yield of the starting salt.

Synthesis of trimethylammonium 7,8�dimethyl�9�thiocyanato�
nonahydro�7,8�dicarba�nido�undecaborate [Me3NН][9�SCN�
7,8�Me2�7,8�С2B9Н9] (2b). A solution of salt 2a (0.60 g, 3 mmol)
and potassium thiocyanate (1.76 g, 18 mmol) in anhydrous
methanol (30 mL) was subjected to electrolysis with a dc density
of 0.025 A cm–2 for 3 h and 13 min at 50 °С. The quantity of
passed electricity was 18 mF. After the end of electrolysis, the
reaction mixture was evaporated to dryness, the residue was
dissolved in water, and an aqueous solution of trimethyl�
ammonium chloride was added. The precipitate formed was
separated, washed with a small amount of water, and recrystal�
lized from aqueous ethanol. Compound 2b was obtained in 24%
yield (0.20 g, 0.72 mmol).

The data of elemental analysis and 1Н and 11В NMR spectra
of thiocyanate derivatives 1b and 2b are given in Table 1. Their
IR spectral data are presented in Table 2.

Table 2. Data of elemental analysis and IR spectra of thiocyanate derivatives of the 7,8�dicarba�nido�undecaborate
anion

Com� Found         (%) Molecular IR, ν/cm–1

pound Calculated formula

C H B S N

1b 32.0 9.7 36.2 11.1 10.6 C7H23B9SN2 3440 m, 3033 s, 2958 w, 2920 w, 2835 w, 2530 s,
31.8 8.7 36.8 12.1 10.6 2138 s, 1640 w, 1481 s, 1416 m, 1288 w, 1256 w,

1170 w, 1091 w, 1025 m, 990 m, 949 s, 915 m, 880 w,
858 m, 836 m, 794 w, 753 m, 739 w, 710 w, 655 w,
626 w, 576 w, 530 w, 495 w, 462 w, 445 w, 423 w

2b 34.5 10.0 34.6 11.5 9.6 C8H25B9SN2 3433 m, 3048 s, 2966 m, 2930 m, 2866 m, 2782 s,
34.5 9.0 34.9 11.5 10.1 2528 vs, 2158 vs, 1630 w, 1479 s, 1456 s, 1426 w,

1416 w, 1336 w, 1370 w, 1250 m, 1200 w, 1150 w,
1094 w, 1063 w, 1010 m, 983 s, 950 w, 923 w, 906 w,
883 w, 835 s, 763 w, 736 w, 660 m, 640 w, 610 w,
520 m, 456 w, 436 w, 426 w
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