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A new approach to synthesis of functional derivatives of 7,8-dicarba-nido-undecaborate an-
ion based on ring-opening of its cyclic oxonium derivatives [10-(CH,),0-7,8-C,BgH,,] and
[10-O(CH,CH,),0-7,8-C,BgH 4] with various nucleophiles was developed. Both cyclic
oxonium derivatives can be obtained as single isomers by reaction of the parent anion
[7,8-C,BgH,,]” with mercury(ll) chloride in the corresponding solvents. Mechanism of for-
mation of the cyclic oxonium derivatives of 7,8-dicarba-nido-undecaborate anion was pro-
posed. A series of 7,8-dicarba-nido-undecaborate derivatives with terminal carboxylic and
azide functions were prepared by the ring-opening reactions of the cyclic oxonium deriva-
tives with substituted phenolate and azide ions, respectively.

Keywords: Carboranes; Functionalization; Oxonium derivatives; Carboxylic acids; Azides;
Boron clusters; Boron hydrides.

Cyclic oxonium derivatives of polyhedral boron hydrides have received in-
creased interest in recent years due to their ability to be easily attached to
various substrates, including bio- and macromolecules, via nucleophilic
ring-opening reactions?®. The main attention in this field was paid to de-
rivatives of the closo-dodecaborate anion [B;,H;,]%" (ref.?) and, especially, to

+ Preliminary results, see ref.!
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derivatives of the cobalt bis(1,2-dicarbolide) anion [3,3'-Co(1,2-C,BgH;),]"
(refs?5).

Surprisingly, but to our knowledge, no ring-opening reactions have been
reported for cyclic oxonium derivatives of 7,8-dicarba-nido-undecaborate
anion [7,8-C,BgH;,]™ despite the fact that their synthesis was first reported
about 40 years ago’. The single compound, that could be considered as a
product of the ring-opening reaction, [10-Me,S(CH,CH,0),-7,8-C,BgH;,]
(ref.8), was prepared in direct reaction of the protonated form of
7,8-dicarba-nido-undecaborate [7,8-C,BgH;3] with 1,4-dioxane in the pres-
ence of SMe, (this synthesis was kindly reported us by anonymous referee).
Functional derivatives of 7,8-dicarba-nido-undecaborate anion were shown
to be promising compounds for synthesis of new catalysts based on
bifunctional ligands®1° and for use in nuclear medicine and diagnostics of
cancer-13, That is why synthesis of functional derivatives of 7,8-dicarba-
nido-undecaborate starting from the parent anion [7,8-C,BgH,]™ is of great
importance.

In this contribution we try to fill this gap and describe the synthesis of
a series of functional derivatives of 7,8-dicarba-nido-undecaborate anion
containing carboxylate and azide terminal functions via nucleophilic ring
opening reactions of its cyclic oxonium derivatives [10-(CH,),0-7,8-C,BgH;4]
(1) and [10-O(CH,CH,),0-7,8-C,BgH;4] (2).

RESULTS AND DISCUSSION

Synthesis of tetrahydrofuran oxonium derivatives of 7,8-dicarba-nido-
undecaborate anion was reported for the first time by Hawthorne et al.’
by the reaction of the parent anion with anhydrous iron(lll) chloride in
benzene-tetrahydrofuran solution. The reaction gives a mixture of isomeric
tetrahydrofuran oxonium derivatives [9-(CH,),0-7,8-C,B4H,;] and
[10-(CH,),0-7,8-C,BgH;;] which can be separated by column chromatogra-
phy on silica. Later on, the formation of [10-(CH,),0-7,8-C,B4H;;] and
small amount of [9-(CH,),0-7,8-C,BgH,,] in the reaction of nido-carborane
dimer C,B;gH,, with tetrahydrofuran was reported by Janousek et al.}4.
Zakharkin et al.’® found out that the reaction of the parent 7,8-dicarba-
nido-undecaborate with mercuric chloride in benzene-tetrahydrofuran
results in the formation of [10-(CH,),0-7,8-C,BgH;,] as the single isomer.
Some time later Plesek et al.'® described the synthesis of [10-(CH,),O-
7,8-C,BgH;;] and [10-O(CH,CH,),0-7,8-C,B4H;;] by the treatment of the
parent anion with acetaldehyde (formaldehyde) in a mixture of toluene,
aqueous hydrochloric acid and the corresponding cyclic ether.
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We found that the reaction of the potassium salt of the 7,8-dicarba-
nido-undecaborate anion K[7,8-C,B4H;,] with mercuric chloride in a boiling
benzene-1,4-dioxane mixture results in formation of [10-O(CH,CH,),0O-
7,8-C,BgH,,] in virtually quantitative yield (Scheme 1).

1,4-dioxane

HgCl,,
CeHe

SCHEME 1

It should be noted that at this moment no general mechanism describing
substitution at boron atoms in the 7,8-dicarba-nido-undecaborate anion has
been proposed. Polyhedral boron hydrides are generally accepted as three-
dimensional aromatic systems!” and it is reasonably to assume that the
mechanism of electrophilic aromatic substitution should be one of the
main mechanisms of substitution in the [7,8-C,BgH;,]” anion. At the same
time, taking into account the hydride character of hydrogen atoms in poly-
hedral boron hydrides, another possible mechanism may involve the attack
of an electrophilic agent resulting in elimination of the hydride hydrogen
atom to form a quasi-electrophilic centre on the boron atom, which is then
subjected to the attack of a nucleophilic species. This mechanism is called
electrophile-induced nucleophilic substitution (EINS)'. The nature of the
intermediate formed upon the attack of an electrophilic agent is not clear.
It could be an arenium ion (Wheland intermediate) or an ion pair formed
by electrophilic species and the hydride hydrogen atom. In particular,
the EINS mechanism describes well reactions of polyhedral boron hydrides
with solvent molecules resulting in formation of charge-compensated
derivatives, in which the solvent molecule (e.g., tetrahydrofuran or 1,4-
dioxane) serves as a weak nucleophile present in large excess.

As the place of electrophilic attack should be the same for both the mech-
anisms, substitution should, in general, result in products with electrophilic
and nucleophilic substituents at the same position of the boron hydride
cage. However, this is not the case of the [7,8-C,BgH;,]- anion. On the one
hand, reactions typically proceeding by on electrophilic aromatic substitu-
tion mechanism (e.g., the H-D exchange and halogenation) result in prod-
ucts of substitution at positions 9 and 11 adjacent to the carbon atoms of
the 7,8-dicarba-nido-undecaborate cage giving [9-X-7,8-C,B4H,;]- and
[9,11-X,-7,8-C,BgH 0]~ (X = D, ClI, Br, 1)19-22, On the other hand, as it was
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shown above, the EINS mechanism results in products of substitution at
positions 9 and/or 10. These results can be explained using Scheme 2.
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SCHEME 2

The initial electrophilic attack proceeds at position 9 and usually gives
“normal” products of electrophilic substitution and only minor amounts of
EINS substitution products, as it was found for bromination of 7,8-dicarba-
nido-undecaborate anion in tetrahydrofuran, when [10-(CH,),0-7,8-C,BgH;,]
was isolated in <5% yield together with [9-Br-7,8-C,BgH;]~ as the main
product?a,

Obviously, iron(lll) chloride can act only as Lewis acid abstracting the
hydride hydrogen atom from position 9 via formation of the ion pair. The
abstraction of hydride generates a quasi-electrophilic centre at position 9.
In the presence of strong nucleophiles (e.g., pyridine), this intermediate re-
acts with them, forming only one isomer with a substituent at position 9
[9-C5HgN-7,8-C,BgH, 4] (ref.”). In the case of weaker nucleophiles (e.g., tetra-
hydrofuran), the reaction proceeds more slowly giving possibility of iso-
merization of the intermediate (probably through migration of bridging
or terminal hydrogen atom) to a more stable symmetric species with a quasi-
electrophilic centre at position 10. So, in this case the formation of a mix-
ture of 9- and 10-isomers [9- and 10-(CH,),0-7,8-C,Bg4H,,] takes place. The
presence of protons in the reaction with acetaldehyde!® could promote the
hydrogen migration in the intermediate resulting in selective formation of
10-isomer [10-(CH,),0-7,8-C,BgH;,].
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This scheme describes well the known results of electrophilic and
electrophile-induced nucleophilic substitution in the 7,8-dicarba-nido-
undecaborate anion under mild conditions (in absence of strong bases
and acids).

The other scheme could be proposed for reactions in the presence of mer-
curic chloride. On the first step, HgCI* formed upon dissociation of HgCl,
acts as the electrophilic agent producing on intermediate o-bonded mer-
cury complex. In the case of closo-carboranes and metallacarboranes?3, the
o-bonded mercury complexes are known to be stabilized by proton elimina-
tion. The second step includes migration of the mercury atom with forma-
tion of a symmetrical T-bonded mercury complex (Scheme 3) or its dimer
[10,10'-(7,8-C,BgH;),Hg]?> (ref.?%), which can be considered as mercura-
carboranes with n!-10-(7,8-C,BgH,;) ligands. Heating this complex results
in elimination of mercury and generation of quasi-electrophilic centre at
position 10 followed by its attack by nucleophile. The selective substitution
at position 10 takes place as a result.
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SCHEME 3

To verify formation of the oxonium derivatives through =bonded mer-
cury complex we studied thermolysis Cs,[10,10'-(7,8-C,BgH;,),Hg] (ref.?4)
in a refluxing benzene-tetrahydrofuran (1,4-dioxane) mixture and revealed
the formation of the corresponding cyclic oxonium derivatives as well as of
some products of their ring opening.

It should be noted that the mercury-mediated approach can also be used
for synthesis of other 10-substituted derivatives of 7,8-dicarba-nido-undeca-
borate anion (e.g., dialkylsulfonium derivatives?®).

Having a good idea of using 7,8-dicarba-nido-undecaborate in synthesis of
compounds for nuclear medicine, we decided to synthesize a series of func-
tional derivatives that can be attached to various biomolecules using stan-
dard methods of bioorganic chemistry.
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Formation of the peptide bond -NHCO- is widely used for attachment of
low-molecular-weight compounds including polyhedral boron hydrides to
various biomolecules!?26, The 1,2,3-triazole function is a rigid linking unit
that can mimic the atom placement and electronic properties of a peptide
bond without being susceptible to hydrolytic cleavage. The Cu(l)-catalyzed
1,3-dipolar cycloaddition of azide and alkyne to form a triazole, termed
“click chemistry”, has been recently established as an important tool for
chemical and biological modification of biomolecules?’.

To synthesize 7,8-dicarba-nido-undecaborate derivatives with terminal
carboxylic function we used the ring-opening reactions of their oxonium
derivatives with phenolates generated by the treatment of hydroxybenzoic
acids with K,CO; in acetonitrile (Scheme 4). As a result, a complete set of
the corresponding isomeric benzoic acids 3 and 4 was prepared and isolated
as water soluble potassium salts. Previously, the oxonium ring opening
with phenolate ions was used for synthesis of various derivatives of closo-
dodecaborate [B;,H,,]*" (ref.?) and cobalt bis(dicarbollide) [3,3'-Co(C,BgH;;),I-
(refs*:4¢.5) anions.
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SCHEME 4

7,8-Dicarba-nido-undecaborate derivatives with terminal azido group 5
and 6 were prepared by the ring-opening reactions of the corresponding
cyclic oxonium derivatives with sodium azide in ethanol (Scheme 5) and
isolated as the tetramethylammonium salts. Synthesis of the corresponding
azide derivatives of the closo-dodecaborate anion has been described recent-
ly?c. The azide derivatives of 7,8-dicarba-nido-undecaborate are not stable in
air that did not give possibility to obtain correct elemental analysis of these
compounds.

The compounds prepared were characterized by 'H, 13C, 11B NMR and IR
spectroscopy. The 1B NMR spectra of the ring-opening products do not dif-
fer significantly from the spectra of the parent oxonium derivatives indicat-
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ing retention of the carborane cage symmetry. The most notable difference
found is a high-field shift of the signal of the antipodal B(3) vertex by some
3 ppm. The 'H and 13C NMR spectra demonstrate characteristic patterns of
the disclosed tetrahydrofuran and 1,4-dioxane rings as well as signals of the
corresponding aromatics (in the case of benzoic acids). The IR spectra of the
ring-opening products contain absorption bands of the B-H stretching of
the carborane cage as well as bands of the corresponding functional groups
(carboxylate or azide group).

NaN3

SCHEME 5

It should be noted that the shapes of signals of the disclosed dioxane
fragment in 'H NMR spectra are different for the potassium and tetra-
methylammonium salts, being more complicated in the former case. This
can be explained by complexation of the potassium cation with the poly-
ether oxygen donor atoms. Such type of coordination was found earlier in
the solid state structures*®4¢ and in solutions*® of ring-opening products of
the dioxonium derivative of cobalt bis(dicarbollide). More drastic changes
were found in the *H NMR spectrum of K[10-(3-KOOCCgH,OCH,CH,-
OCH,CH,0)-7,8-C,BgH,;] after 45-day standing in solution in methanol-d,
(Fig. 1). These changes include splitting of signals of aromatic protons as
well as strong splitting of signal corresponding to the methylene group
bonded to the aromatic ring through the oxygen atom. We assume that
these changes can be caused by the formation of supramolecular structure
including r-complexation of the potassium cation with electron-rich phe-
nolic ring. Such type of interactions is well documented?®, especially for
complexes of arene-side armed macrocyclic polyethers?®. The importance of
these and other cation-Trinteractions has been recognized for some time in
biological processes, including bimolecular recognition, protein-ligand
binding, and the selectivity of K* within the K* channels in cell?°n.30.31,
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X-ray and spectroscopic evidence for cation-t-interactions in the solid state
has been widely reported in the literature over the past several decades?829,
However, spectroscopic evidence for cation-trinteractions in solution has
been extremely limited®2. The study aimed of determining a structure and
stability of the complex formed in aged solution is in progress and will be
published elsewhere.

In conclusion, a new approach to synthesis of functional derivatives of
7,8-dicarba-nido-undecaborate anion, based on ring-opening reactions of its
cyclic oxonium derivatives [10-(CH,),0-7,8-C,BgH;;] and [10-O(CH,CH,),0O-
7,8-C,BgH;;] with various nucleophilic agents, was developed and a series
of 7,8-dicarba-nido-undecaborate derivatives with terminal carboxylic and
azide functions were prepared. The proposed approach has important
advantages over the generally used functionalization of closo-carborane
0-C,B;oH;1, through the carbon atom followed by its degradation to the cor-
responding nido-carborane derivative: (i) simple and straightforward syn-
thetic scheme based on easily available parent nido-carborane [7,8-C,BgH 5],
which excludes using protective groups and precludes formation of di-
substituted products; (ii) substitution at position 10 of the nido-carborane
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Fic. 1
1H NMR spectra of solution of K[10-(3-KOOCC4zH,OCH,CH,0CH,CH,0)-7,8-C,B4H,,] in
methanol-d, after 4 h (a) and after 45 days (b)
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cage excludes formation of racemic or diastereomeric mixtures of products,
which is the case in functionalization through the carbon atom. The last
advantage could be of great importance for medical applications of
carboranes.

EXPERIMENTAL

IH, 13Cc and B NMR spectra (3, ppm; J, Hz) were collected using Bruker AM360, Bruker
Avance-400 and Bruker Avance-600 spectrometers. IR spectra were obtained on a Specord
M-82 (Carl Zeiss Jena) FTIR spectrometer. Elemental analyses were performed in the Labora-
tory of Microanalysis of the Institute of Organoelement Compounds (Moscow).

Synthesis of [10-(CH,),0-7,8-C,B4H,4] (1)

[10-(CH,),0-7,8-C,BH,,] was prepared as described in the literature®®. *H NMR (400 MHz,
CDCly): 4.49 m, 2 H (-OCH,CH,-); 2.24 m, 2 H (-OCH,CH,-); 2.00 s, 2 H (CH,); 2.5 to
-0.5 br s, 9 H (BH). 3*C NMR (90 MHz, CDCl,): 82.6, 42.8, 25.4. 1B NMR (128 MHz,
CDCly): -11.4 s, 1 B; -12.5 d, 2 B, J = 144; -16.9 d, 2 B, J = 137; -21.8 d, 3 B, J = 153;
-39.4d, 1B, J = 144.

Synthesis of [10-O(CH,CH,),0-7,8-C,B4H,,] (2)

K[7,8-C,BgH,,] (2.00 g, 11.5 mmol) and mercury chloride (3.12 g, 11.5 mmol) in a mixture
of benzene (30 ml) and 1,4-dioxane (30 ml) were heated under reflux for 4 h. After cooling
to room temperature, the solution was decanted, and the residue was washed with benzene.
The washings were combined with the solution and evaporated under reduced pressure to
give 2.48 g (97%) of a white product. 1H NMR (400 MHz, CDCly): 450 m, 4 H
(B-O(CH,CH,),0); 3.95 m, 4 H (B-O(CH,CH,),0); 2.01 s, 2 H (CH_,,); 2.9 to -0.5 br s, 9 H
(BH). C NMR (100 MHz, CDCl,): 81.6, 64.8, 42.9. B NMR (128 MHz, CDCl,): -9.2 s, 1 B;
-125d,2 B, ) =142; -16.9d, 2 B, J = 137; -21.6 d, 3 B, J = 155; -39.4 d, 1 B, J = 144.

Synthesis of K[10-(X-KOC(O)CgH,OCH,CH,CH,CH,0)-7,8-C,BgH, ;] (3)

To [10-C4Hg0O-7,8-C,BgH 4] (0.11 g, 1.0 mmol) in acetonitrile (30 ml), hydroxybenzoic acid
(0.14 g, 1.0 mmol) and potassium carbonate (1.38 g, 10 mmol) were added and the reaction
mixture was heated under reflux for 3.5-4 h. The reaction mixture was cooled to room tem-
perature, filtered and evaporated to dryness in vacuo to obtain a white crystalline product.
K[10-(2-KOC(0)C4H,OCH,CH,CH,CH,0)-7,8-C,BgH,;] (3a). Yield 0.34 g (99%). IH NMR
(600 MHz, methanol-d,): 7.91 dd, 1 H,J=7.9, 1.7 (CH,); 7.48 dt, 1 H, ] = 7.9, 1.7 (CH,));
6.95d,1H,J=7.6(CH,); 6.92t,1H,]=76(CH,); 439t 2H,J=6.5 (-OCH,); 3.63 m,
2 H (-OCH,); 1.84 m, 2 H (-OCH,CH,CH,CH,0-); 1.74 m, 2 H (-OCH,CH,CH,CH,0-);
1.54 s, 2 H (CHg,); 2.0-0.0, 8 H (BH); -0.50, 1 H (BH). 3C{*H} NMR (125 MHz,
methanol-d,): 170.1, 161.3, 135.5, 129.8, 119.0, 116.8, 112.5, 69.4, 65.3, 38.6, 27.2, 25.0.
118 NMR (128 MHz, methanol-d,): -10.1 s, 1 B; -12.5 d, 2 B, Jg, = 136; -17.3 d, 2 B, Jg =
134; -23.8 d, 2 B, Jg = 148; -25.0 d, 1 B, Jz, = 155; -40.8 d, 1 B, Jg; = 140. IR (Nujol, cm™y:
2581 (vgy), 2523 (vgy), 2500 (vgy), 1671 (Veop), 1660 (Ve-p). For C,3H,3BgK,0, (420.2)
calculated: 37.28% C, 5.54% H, 23.23% B; found: 37.46% C, 5.82% H, 23.28% B.
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K[10-(3-KOC(0)C4H,OCH,CH,CH,CH,0)-7,8-C,BoH,,] (3b). Yield 0.33 g (97%). *H NMR
(600 MHz, methanol-d,): 7.51 m, 1 H (CH,,); 744 m, 1 H (CH,)); 7.28 t, 1 H, 1 = 7.8 (CH,));
7.01m, 1 H,J=81, 27 1.1 (CH,); 432t 2 H, J=6.5 (-OCH,); 3.62 m, 2 H (-OCH,);
1.80 m, 2 H (-OCH,CH,CH,CH,0-); 1.72 m, 2 H (-OCH,CH,CH,CH,0-); 1.54 s, 2 H
(CHap); 2-5-0.0, 8 H (BH); -0.50, 1 H (BH). *C{*H} NMR (125 MHz, methanol-d,): 167.0,
157.3, 131.4, 129.2, 120.3, 119.8, 115.6, 69.5, 64.9, 38.0, 27.3, 25.1. 1B NMR (128 MHz,
methanol-d,): -10.1 s, 1 B; -12.5 d, 2 B, Jg = 135; -17.3 d, 2 B, Jg, = 134; -23.8 d, 2 B,
Jgy = 149; -25.0 d, 1 B, J, = 155; -40.8 d, 1 B, Jg, = 140. IR (Nujol, cm™): 2510 (vg,).
1700 (Ve-p). For Ci3H,3BgK,0, (420.2) calculated: 37.28% C, 5.54% H, 23.23% B; found:
37.39% C, 5.67% H, 23.24% B.

K[10-(4-KOC(0)C4H,OCH,CH,CH,CH,0)-7,8-C,BgH,,] (3c). Yield 0.34 g (99%). *H NMR
(600 MHz, methanol-d,): 7.88 d, 2 H, ] =8.9 (CH,,); 6.80d, 2 H,J=8.9 (CH,)); 428t 2 H,
J = 6.3 (-OCH,); 3.61 m, 2 H (-OCH,); 1.78 m, 2 H (-OCH,CH,CH,CH,0-); 1.72 m, 2 H
(-OCH,CH,CH,CH,0-); 1.54 s, 2 H (CH_,,); 2.5-0.0, 8 H (BH); -0.50, 1 H (BH). *3C{*H} NMR
(125 MHz, methanol-d,): 167.3, 163.4, 131.4, 120.3, 115.2, 69.6, 64.5, 38.6, 27.3, 25.1.
B NMR (128 MHz, methanol-d,): -10.1 s, 1 B; -12.5 d, 2 B, I, = 136; -17.3 d, 2 B, J, =
134; -23.8 d, 2 B, Jg,, = 149; -25.0 d, 1 B, Jg, = 154; -40.8 d, 1 B, J,,, = 140. IR (Nujol, cm™):
2520 (vgy), 1710 (Vo). For Ci3H,3BgK,0, (420.2) calculated: 37.28% C, 5.54% H, 23.23% B;
found: 37.54% C, 5.81% H, 23.21% B.

Synthesis of K[10-(X-KOC(O)C¢H,0OCH,CH,0CH,CH,0)-7,8-C,BgH;,] (4)

To [10-O(CH,CH,),0-7,8-C,BgH;] (0.67 g, 3.0 mmol) in acetonitrile (60 ml), hydroxy-
benzoic acid (0.41 g, 3.0 mmol) and potassium carbonate (4.14 g, 30 mmol) were added
and the reaction mixture was heated under reflux for 5-6 h. The reaction mixture was
cooled to room temperature and filtered and evaporated to dryness in vacuo, the residue
was crystallized from aqueous ethanol at 0 °C and dried over P,Og to obtain a white crystal-
line product.

K[10-(2-KOC(0)C¢H,OCH,CH,OCH,CH,0)-7,8-C,BoH,,] (4a). Yield 1.12 g (94%). *H NMR
(400 MHz, methanol-d,): 7.91 dd, 1 H, J = 8.1, 1.8 (CH,,); 7.51 dt, 1 H, ) = 7.8, 1.8 (CH,);
6.93m, 2 H (CH,); 452 m, 2 H (-OCH,); 3.85 m, 2 H (-OCH,); 3.50 m, 4 H (-OCH,); 1.47 s,
2 H (CHg,p,): 2.7 to -0.7 br s, 9 H (BH). B NMR (128 MHz, methanol-d,): -9.6 s, 1 B;
-125d, 2 B, Jg, = 142; -17.3 d, 2 B, Jg, = 136; -23.8 d, 2 B, Jp, = 154; -25.2 d, 1 B,
Jgy = 176; -40.5 d, 1 B, Jg, = 147. IR (Nujol, cm™): 2575 (vg,,), 2519 (vg,), 2489 (vg,).
1710 (Vo). For Ci3H,3BgK,05 (436.2) calculated: 35.91% C, 5.33% H, 22.38% B; found:
36.23% C, 5.92% H, 22.39% B.

K[10-(3-KOC(O)C¢H,OCH,CH,OCH,CH,0)-7,8-C,BoH,,] (4b). Yield 1.16 g (97%). *H NMR
(400 MHz, methanol-d,): 749 m, 1 H,J=1.8,0.6 (CH,); 744 m, 1 H,J1=7.7 (CH,); 7.26 t,
1H,1=79(CH,); 707 m, 1 H, ] = 8.0, 2.6, 1.0 (CH,); 443 m, 2 H (-OCH,); 3.81 m, 2 H
(-OCH,); 3.61 m, 4 H (-OCH,); 1.51 s, 2 H (CH_,); 2.7 to -0.2 br s, 9 H (BH). 1'B NMR
(128 MHz, methanol-d,): -9.4 s, 1 B; -12.8 d, 2 B, Jg,; = 135; -17.3 d, 2 B, Jz = 134; -23.7 d,
2 B, Jgy = 154; -25.2 d, 1 B, J, = 172; -40.5 d, 1 B, Jg, = 141. IR (Nujol, cm™): 2584 (vg,,),
2582 (vgy), 2487 (Vgy), 1716 (Ve-p). For C 3H,3BgK, 05 (436.2) calculated: 35.91% C,
5.33% H, 22.38% B; found: 35.90% C, 5.52% H, 22.38% B.

K[10-(4-KOC(O)C¢H,OCH,CH,OCH,CH,0)-7,8-C,BoH,,] (4c). Yield 1.01 g (84%). *H NMR
(400 MHz, methanol-d,): 790 m, 2 H, ) =8.9 (CH,,); 6.80d, 2 H, =89 (CH,); 441 m, 2 H
(-OCH,); 3.83 m, 2 H (-OCH,); 3.58 m, 4 H (-OCH,); 1.50 s, 2 H (CH_,,,); 2.9 to 0.5 br s,
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9 H (BH). B NMR (128 MHz, methanol-d,): -9.5 s, 1 B; -12.4 d, 2 B, Jg,, = 136; -17.3 d,
2 B, Jgy = 132; -23.8 d, 2 B, Jg, = 153; -25.2.d, 1 B, J,, = 175; -40.5 d, 1 B, Jg, = 140. For
C,3H,3BgK,05 (436.2) calculated: 35.91% C, 5.33% H, 22.38% B; found: 36.10% C, 5.67% H,
22.37% B.

Synthesis of (Me,N)[10-N;CH,CH,CH,CH,0-7,8-C,BgH,,] (5)

A mixture of [10-C,Hg0-7,8-C,BgH, 4] (0.58 g, 2.82 mmol) and sodium azide (0.45 g, 6.15 mmol)
in ethanol (40 ml) was heated under reflux for 7 h. The reaction mixture was cooled to
room temperature and filtered, and the filtrate was treated with tetramethylammonium bro-
mide (0.50 g, 3.20 mmol). The white precipitate was filtered, purified by reprecipitation
from acetone-water mixture and dried in vacuo to give 0.79 g (87%) of the product.
'H NMR (400 MHz, acetone-dg): 3.42 s + m, 14 H (-OCH, + Mg,N%); 3.29 t, 2 H (-OCHy,);
1.58 m, 2 H (-OCH,CH,-); 1.48 m, 2 H (-OCH,CH,-); 1.43 s, 2 H (CH,,); 2.6 to -0.1, 8 H
(BH); -0.54, 1 H (BH). B NMR (115 MHz, acetone-dg): -8.3 s, 1 B; -11.6 d, 2 B, Jy,, = 134;
-16.6 d, 2 B, g, = 131; -23.3 d, 2 B, Jg, = 147; -24.7 d, 1 B, Jp,, = 161; -39.8 d, 1 B, J, =
141. IR (Nujol, cm™): 2583 (Vgn), 2544 (Vgy), 2484 (vg), 2136 (Vyon=n): 2116 (Vy-pn=n), 2086

(Vn=n=N)-

Synthesis of (Me,N)[10-N;CH,CH,0OCH,CH,0-7,8-C,B4H,,] (6)

A mixture of [10-O(CH,CH,),0-7,8-C,BgH,,] (0.31 g, 0.92 mmol) and sodium azide (0.24 g,
3.70 mmol) in ethanol (30 ml) was heated under reflux for 13 h. The reaction mixture was
cooled to room temperature, filtered, treated with tetramethylammonium bromide (0.25 g,
1.6 mmol), and evaporated to dryness under reduced pressure. The residue was purified by
reprecipitation from a dichloromethane-hexane mixture and dried in vacuo to give 0.12 g
(26%) of the product. *H NMR (400 MHz, acetone-dg): 3.65 t, 2 H (-OCH,); 3.59 m, 2 H
(-OCH,); 3.52't, 2 H (-OCH,); 3.41 s, 12 H (Me,N¥); 3.37 t, 2 H (-OCH,); 1.49 s, 2 H
(CHearp); 2.6 to —0.1, 8 H (BH); -0.51, 1 H (BH). *3C NMR (100 MHz, acetone-dg): 71.6 t,
Jop = 142; 70.0 t, I, = 139; 69.7 t, Joy = 139; 55.3 qt, Joy = 143, Iy = 3.9 (Me,N*); 51.0 t,
Jon = 141; 39.3 d, I, = 136. 'B NMR (115 MHz, acetone-dg): -8.4 s, 1 B; -11.6 d, 2 B, Jg, =
129; -16.6 d, 2 B, I, = 134; -23.3 d, 2 B, Jg,, = 149; -24.8 d, 1 B, J,, = 155; -39.8 d, 1 B,
Jgy = 140. IR (Nujol, cm™): 2583 (vg,,), 2523 (Vgy), 2499 (Vg,), 2108 (Vynen)s 2095 (Vyonen)s
2070 (Vy=n=n)-

This work was supported by the Russian Foundation for Basic Research (07-03-00712).

REFERENCES

1. Stogniy M. Yu., Abramova E. N., Sivaev I. B., Bregadze V. I., Sorokina O. V.: Presented at
IX Russian Youth Conference on Organic Chemistry, Moscow, December 15, 2006.

2.a) Sivaev I. B., Semioshkin A. A., Brellochs B., Sjoberg S., Bregadze V. I.: Polyhedron
2000, 19, 627; b) Semioshkin A., Tsaryova O., Zhidkova O., Bregadze V., Wohrle D.:
J. Porphyrins Phthalocyanines 2006, 10, 1293; c) Orlova A. V., Kondakov N. N., Kimel
B. G., Kononov L. O., Kononova E. G., Sivaev I. B., Bregadze V. I.: Appl. Organomet.
Chem. 2007, 21, 98; d) Semioshkin A., Nizhnik E., Godovikov 1., Starikova Z., Bregadze V.:

Collect. Czech. Chem. Commun. 2007, Vol. 72, No. 12, pp. 1676-1688


http://dx.doi.org/10.1016/S0277-5387(00)00293-X
http://dx.doi.org/10.1016/S0277-5387(00)00293-X
http://dx.doi.org/10.1002/aoc.1151
http://dx.doi.org/10.1002/aoc.1151

Derivatives of 7,8-Dicarba-nido-undecaborate Anion 1687

10.

11.

12.

13.

J. Organomet. Chem. 2007, 692, 4020; e) Orlova A. V., Kondakov N. N., Zinin A. 1., Kimel
B. G., Kononov L. O., Sivaev I. B., Bregadze V. I.: Russ. Chem. Bull. 2005, 54, 1352;
f) Orlova A. V., Kondakov N. N., Zinin A. I., Kimel B. G., Kononov L. O., Sivaev I. B.,
Bregadze V. L.: Russ. J. Bioorg. Chem. 2006, 32, 568; g) Grin M. A., Semioshkin A. A.,
Titeev R. A., Nizhnik E. A., Grebenyuk J. N., Mironov A. F., Bregadze V. l.: Mendeleev
Commun. 2007, 17, 14.

. a) Bernard R., Cornu D., Perrin M., Schaff J.-P., Miele P.: . Organomet. Chem. 2004, 689,

2581; b) Zhizhin K. Yu., Mustyatsa V. N., Malinina E. A., Matveev E. Yu., Goeva L. V.,
Polyakova I. N., Kuznetsov N. T.: Russ. J. Inorg. Chem. 2005, 50, 203.

. a) Sivaev I. B., Starikova Z. A., Sjoberg S., Bregadze V. I.: . Organomet. Chem. 2002, 649, 1;

b) Plesek J., Griiner B., Hefmdnek S., Baca J., Marecek V., Janchenova J., Lhotsky A.,
Holub K., Selucky P., Rais J., Cisafova I., Céslavsk}’f J.: Polyhedron 2002, 21, 975;
¢) Teixidor F., Pedrajas J., Rojo 1., Vifias C., Kivekds R., Sillanpdd R., Sivaev 1., Bregadze V.,
Sjoberg S.: Organometallics 2003, 22, 3414; d) Griiner B., PleSek J., Baca J., Dozol ]J. F.,
Lamare V., Cisafova I., Bélohradsky M., Céslavsk;’r J.: New ]J. Chem. 2002, 26, 867;
e) Griner B., Mikuldsek L., Cisafova 1., Bohmer V., Danila C., Reinoso-Garcia M. M.,
Verboom W., Reinhoudt D. N., Casnati A., Ungaro R.: Eur. J. Org. Chem. 2005, 2022;
f) Cigler P., KozZisek M., Rezacova P., Brynda J., Otwinowski Z., Pokorna J., PleSek ]J.,
Griiner B., Doleckova-Maresova L., Masa M., Sedlacek J., Bodem J., Krdausslich H.-G.,
Kral V., Konvalinka ].: Proc. Natl. Acad. Sci. U.S.A. 2005, 102, 15394.

. a) Hao E., Vicente M. G. H.: Chem. Commun. 2005, 1306; b) Hao E., Jensen T. J., Courtney

B. H., Vicente M. G. H.: Bioconjugate Chem. 2005, 16, 1495; c) Sibrian-Vazquez M., Hao E.,
Jensen T. J., Vicente M. G. H.: Bioconjugate Chem. 2006, 17, 928.

. a) Olejniczak A. B., PleSek J., KiiZ O., Lesnikowski Z. J.: Angew. Chem. Int. Ed. 2003, 42,

5740; b) Lesnikowski Z. J., Paradowska E., Olejniczak A. B., Studzinska M., Seekamp P.,
Schussler U., Gabel D., Schinazi R. F., PleSek J.: Bioorg. Med. Chem. 2005, 13, 4168;
c) Olejniczak A. B., PleSek J., Lesnikowski Z. J.: Chem. Eur. ]. 2007, 13, 311; d) Olejniczak
A. B., Mucha P., Griiner B., Lesnikowski Z. J.: Organometallics 2007, 26, 3272.

. Young D. C., Howe D. V., Hawthorne M. F.: J. Am. Chem. Soc. 1969, 91, 859.
. Subrtova V., Petfi¢ek V., Hummel L.: Acta Crystallogr., Sect. C: Cryst. Struct. Commun.

1989, 45, 1964.

.a) Kim D.-H., Won J. H., Kim S.-J., Ko J., Kim S. H., Cho S., Kang S. O.: Organometallics

2001, 20, 4298; b) Park J.-S., Kim D.-H., Kim S.-]., Ko J., Kim S. H., Cho S., Lee C.-H.,
Kang S. O.: Organometallics 2001, 20, 4483; c) Park ].-S., Kim D.-H., Ko J., Kim S. H.,
Cho S., Lee C.-H., Kang S. O.: Organometallics 2001, 20, 4632.

a) Zhu Y., Vyakaranam K., Maguire J. A., Quintana W., Teixidor F., Vifias C., Hosmane N.
S.: Inorg. Chem. Commun. 2001, 4, 486; b) Zhu Y., Maguire J. A., Hosmane N. S.: Inorg.
Chem. Commun. 2002, 5, 296; ¢) Wang J., Zhu Y., Li S., Zheng C., Maguire J. A.,
Hosmane N. S.: J. Organomet. Chem. 2003, 680, 173; d) Yinghuai Z., Yulin Z., Carpenter K.,
Maguire J. A., Hosmane N. S.: J. Organomet. Chem. 2005, 690, 2802.

a) Hawthorne M. F.: Angew. Chem., Int. Ed. Engl. 1993, 32, 950; b) Soloway A. H., Tjarks W.,
Barnum B. A., Rong F.-G., Barth R. F., Codogni I. M., Wilson J. G.: Chem. Rev. 1998, 98,
1515.

Valliant J. F., Guenther K. J., King A. S., Morel P., Schaffer P., Sogbein O. O., Stephenson
K. A.: Coord. Chem. Rev. 2002, 232, 173.

Bregadze V. L., Sivaev 1. B., Glazun S. A.: Anti-Cancer Agents Med. Chem. 2006, 6, 75.

Collect. Czech. Chem. Commun. 2007, Vol. 72, No. 12, pp. 1676-1688


http://dx.doi.org/10.1016/j.jorganchem.2007.06.001
http://dx.doi.org/10.1134/S1068162006060100
http://dx.doi.org/10.1016/j.jorganchem.2004.05.014
http://dx.doi.org/10.1016/j.jorganchem.2004.05.014
http://dx.doi.org/10.1016/S0022-328X(01)01352-3
http://dx.doi.org/10.1016/S0277-5387(02)00865-3
http://dx.doi.org/10.1021/om030135o
http://dx.doi.org/10.1039/b109956f
http://dx.doi.org/10.1002/ejoc.200400811
http://dx.doi.org/10.1073/pnas.0507577102
http://dx.doi.org/10.1039/b415649h
http://dx.doi.org/10.1021/bc0502098
http://dx.doi.org/10.1021/bc060047v
http://dx.doi.org/10.1002/anie.200352505
http://dx.doi.org/10.1002/anie.200352505
http://dx.doi.org/10.1016/j.bmc.2005.04.042
http://dx.doi.org/10.1002/chem.200600740
http://dx.doi.org/10.1021/om070102z
http://dx.doi.org/10.1021/ja01032a011
http://dx.doi.org/10.1107/S0108270189004555
http://dx.doi.org/10.1107/S0108270189004555
http://dx.doi.org/10.1021/om010297p
http://dx.doi.org/10.1021/om010297p
http://dx.doi.org/10.1021/om010412w
http://dx.doi.org/10.1021/om010397v
http://dx.doi.org/10.1016/S1387-7003(01)00256-8
http://dx.doi.org/10.1016/S1387-7003(02)00378-7
http://dx.doi.org/10.1016/S1387-7003(02)00378-7
http://dx.doi.org/10.1016/S0022-328X(03)00317-6
http://dx.doi.org/10.1016/j.jorganchem.2005.01.047
http://dx.doi.org/10.1002/anie.199309501
http://dx.doi.org/10.1021/cr941195u
http://dx.doi.org/10.1021/cr941195u
http://dx.doi.org/10.1016/S0010-8545(02)00087-5

1688 Stogniy et al.:

14.

15.
16.

17.
18.

19.
20.

21.

22.

23.

24.
25.
26.
27.

28.

29.

30.
31.

32.

Janou$ek Z., Hefmdének S., Plesek J., Stibr B.: Collect. Czech. Chem. Commun. 1974, 39,
2363.

Zakharkin L. I., Kalinin V. N., Zhigareva G. G.: Russ. Chem. Bull. 1979, 28, 2198.
Plesek J., Jelinek T., Mare§ F., Hefmanek S.: Collect. Czech. Chem. Commun. 1993, 58,
1534.

King R. B.: Chem. Rev. 2001, 101, 1119.

Plesek J., Hefmdanek S., BaSe K., Todd L. J., Wright W. F.: Collect. Czech. Chem. Commun.
1976, 41, 3509.

Knyazev S. P., Brattsev V. A., Stanko V. L.: Zh. Obshch. Khim. 1976, 46, 2751.

a) Olsen F. P., Hawthorne M. F.: Inorg. Chem. 1965, 4, 1839; b) Pak R. H., Kane R. R,,
Knobler C. B., Hawthorne M. F.: Inorg. Chem. 1994, 33, 5355.

a) Zakharkin L. 1., Kobak V. V., Kovredov A. 1., Antonovich V. A.: Bull. Acad. Sci. U.S.S.R.,
Div. Chem. Sci. 1979, 28, 1953; b) Zakharkin L. 1., Zhigareva G. G., Antonovich V. A.:
Zh. Obshch. Khim. 1980, 22, 1026.

Santos E. C., Pinkerton A. B., Kinkead S. A., Hurlburt P. K., Jasper S. A., Sellers C. W.,
Huffman J. C., Todd L. ]J.: Polyhedron 2000, 19, 1777.

a) Bregadze V. 1., Kampel V. Ts., Godovikov N. N.: J. Organomet. Chem. 1976, 112, 249;
b) Bregadze V. 1., Kampel V. Ts., Godovikov N. N.: J. Organomet. Chem. 1977, 136, 281;
c) Timofeev S. V., Lobanova I. A., Kudinov A. R., Meshcheryakov V. I., Tok O. L.,
Petrovskii P. V., Dolgushin F. M., Starikova Z. A., Bregadze V. I.: Russ. Chem. Bull. 2000,
49, 1598.

Zakharkin L. I., Olshevskaya V. A.: Zh. Obshch. Khim. 1992, 62, 138.

Timofeev S. V., Bregadze V. I.: Unpublished results.

Sivaev I. B., Bregadze V. I., Kuznetsov N. T.: Russ. Chem. Bull. 2002, 51, 1362.

a) Kolb H. C., Sharpless K. B.: Drug Discovery Today 2003, 8, 1128; b) Bock V. D.,
Hiemstra H., van Maarseveen J. H.: Eur. J. Org. Chem. 2006, 51; c) Dedola S., Nepogodiev
S. A., Field R. A.: Org. Biomol. Chem. 2007, 5, 1006; d) Moses ]J. E., Moorhouse A. D.:
Chem. Soc. Rev. 2007, 36, 1249.

a) Clark D. L., Watkin J. G., Huffman J. C.: Inorg. Chem. 1992, 31, 1554; b) Evans W. J.,
Ansari M. A., Khan S. L.: Organometallics 1995, 14, 558; ¢) Baldamus J., Berghof C., Cole
M. L., Ewans D. J., Hey-Hawkins E., Junk P. C.: J. Chem. Soc., Dalton Trans. 2002, 2802;
d) Andrews P. C., Calleja S. M., Maguire M.: J. Organomet. Chem. 2005, 690, 4343;
e) Cole M. L., Davies A. J., Jones C., Junk P. C.: J. Organomet. Chem. 2007, 692, 2508.
a) De Wall S. L., Barbour L. J., Gokel G. W.: J. Am. Chem. Soc. 1999, 121, 8405; b) Gokel
G. W,, De Wall S. L., Meadows E. S.: Eur. J. Org. Chem. 2000, 2967; c) Gokel G. W.,
Barbour L. J., De Wall S. L., Meadows S. L.: Coord. Chem. Rev. 2001, 222, 127; d) Hu J.,
Barbour L. J., Ferdani R., Gokel G. W.: J. Supramol. Chem. 2001, 1, 157; e) Hu ]., Barbour
L. J., Gokel G. W.: Proc. Natl. Acad. Sci. U.S.A. 2002, 99, 5121; f) Gokel G. W., Barbour
L. J., Ferdani R., Hu J.: Acc. Chem. Res. 2002, 35, 878; g) Gokel G. W.: Chem. Commun.
2003, 2847; h) Gokel G. W., Leevy W. M., Weber M. E.: Chem. Rev. 2004, 104, 2723.
Ma J. C., Dougherty D. A.: Chem. Rev. 1997, 97, 1303.

Gokel G. W., Schlesinger P. H., Djedovic N. K., Ferdani R., Harder E. C., Hu ]J., Leevy
W. M., Pajewska ]., Pajewski R., Weber M. E.: Bioorg. Med. Chem. 2004, 12, 1291.

Zhu D., Herbert B. E., Schlautman M. A., Carraway E. R.: J. Environ. Qual. 2004, 33, 276.

Collect. Czech. Chem. Commun. 2007, Vol. 72, No. 12, pp. 1676-1688


http://dx.doi.org/10.1007/BF00947583
http://dx.doi.org/10.1135/cccc19931534
http://dx.doi.org/10.1135/cccc19931534
http://dx.doi.org/10.1021/cr000442t
http://dx.doi.org/10.1021/ic50034a049
http://dx.doi.org/10.1021/ic00101a031
http://dx.doi.org/10.1007/BF00952487
http://dx.doi.org/10.1007/BF00952487
http://dx.doi.org/10.1016/S0277-5387(00)00461-7
http://dx.doi.org/10.1016/S0022-328X(00)87107-7
http://dx.doi.org/10.1007/BF02495166
http://dx.doi.org/10.1007/BF02495166
http://dx.doi.org/10.1023/A:1020942418765
http://dx.doi.org/10.1016/S1359-6446(03)02933-7
http://dx.doi.org/10.1039/b618048p
http://dx.doi.org/10.1039/b613014n
http://dx.doi.org/10.1021/ic00035a006
http://dx.doi.org/10.1021/om00001a077
http://dx.doi.org/10.1039/b204224j
http://dx.doi.org/10.1016/j.jorganchem.2005.07.006
http://dx.doi.org/10.1016/j.jorganchem.2007.02.028
http://dx.doi.org/10.1021/ja991618f
http://dx.doi.org/10.1002/1099-0690(200009)2000:17<2967::AID-EJOC2967>3.0.CO;2-O
http://dx.doi.org/10.1016/S0010-8545(01)00380-0
http://dx.doi.org/10.1016/S1472-7862(02)00008-4
http://dx.doi.org/10.1073/pnas.082645599
http://dx.doi.org/10.1021/ar000093p
http://dx.doi.org/10.1039/b305483g
http://dx.doi.org/10.1039/b305483g
http://dx.doi.org/10.1021/cr020080k
http://dx.doi.org/10.1021/cr9603744
http://dx.doi.org/10.1016/j.bmc.2003.08.036

