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Abstract

The 1,4-dioxane derivative of cobalt bis(dicarbollide) reacts with dialkylsulfides and
triphenylphosphine giving the corresponding sulfonium and phosphonium derivatives [8-
L(CH,CH,0),-3,3’-Co(1,2-C,BoH;0)(1°,2°-C,BoH; ;)] (L = SMe,, S(CH,CH;),0, PPhs). The
treatment of the triphenylphosphonium derivative with sodium hydroxide results in contraction
of the side chain with formation of [S-HOCH,CH,0-3,3’-Co(1,2-C,BoH;0)(1°,2°-C,B9H1;)]". The
same product was obtained on the treatment of the dimethylsulfonium derivative with poorly
nucleophilic base t-BuOK, whereas the stronger nucleophiles induce the sulfur demethylation to
give [8-MeS(CH,CH;0),-3,3’-Co(1,2-C,BoH0)(1°,2’-C;B9H;;)]". The alcohol was used for
synthesis of a series of other short-spacer functional derivatives [8-XOCH,CH,0-3,3’-Co(1,2-
C,BoH 0)(1°,2°-C2BoH;1)]” (X = NH,, SH, N3). The similar contraction of the disclosed 1,4-
dioxane ring via the reactions with SMe, and PPhs can be used for synthesis of short-spacer
functional derivatives of nido-carborane, whereas the 1,4-dioxane derivatives of closo-
decaborate and closo-dodecaborate anions, that are stronger electron donors, are more stable and

do not react with dimethylsulfide and triphenylphosphine.

Introduction

Cobalt bis(dicarbollide) anion [3,3’-Co(1,2-C,B9H})2] since its discovery fifty years ago
by Hawthorne is occupied an unique position among metallacarboranes due to its availability,

high chemical stability, ionic character, low nucleophilicity, as well as diamagnetic character

T In memory of Professor Kenneth Wade (1932-2014).
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allowing to monitor easily its substitution reactions by NMR spectroscopy.'” The ring-opening
of the dioxane derivative [8-O(CH,CH;),0-3,3’-Co(1,2-C,BoH¢)(1°,2°-C2B9H;;)] with various
nucleophiles was proposed as synthetically feasible route to derivatives with pendant functional
groups connected to metallacarborane cage through flexible spacer.” An extensive application
of this approach started in 2002 and resulted in synthesis of very many compounds for various

purposes, including efficient agents for radionuclide extraction from spent nuclear fuel,**®

polymer additives,” highly boronated dendrimer-like compounds,'®'* boron-containing
biologically active compounds, such as aminoacids, > nucleosides, '*'® porphyrins, '""
phthalocyanines,”**' and HIV protease inhibitors.'®**

Due to their nontoxic, nonionic, and hydrophilic character short oligo(ethylene glycol)
fragments are widely used as linkers in design of various biologically active molecules and
conjugates. The 1,4-dioxane ring opening produces cobalt bis(dicarbollide) derivatives with the
diethylene glycol spacer between the boron cage and functional moiety. The spacer length can be
increased using nucleophiles containing ethylene glycol fragments.7’23 4 However, in some cases
molecular design requires shorter spacer. Only few examples of synthesis of cobalt
bis(dicarbollide) derivatives with short spacer between the boron cage and functional group were
reported. A series of the C-substituted derivatives [1-X(CH,),-3,3’-Co(1,2-C,BoH;0)(1°,2’-
C,BgH )] (X=0H, n=1+3; X=COOH, n=1,2; X =NH,, n = 1) was obtained by lithiation of
the parent cobalt bis(dicarbollide) with n-BuLi followed by alkylation and functional group

interconversions.>> %’

Unfortunately, the lithiation does not proceed selectively resulting in a
mixtures of mono- and disubstituted derivatives. Other approach including an introduction of
hydroxyl group followed by its alkylation was used for synthesis of [§-HOOCCH,0-3,3’-
Co(l,Z—CngHlo)(l’,2’—C2B9H11)]'.26 The drawback of this approach is formation of a mixture of
the mono- and dihydroxy derivatives at the first step. Another more promising approach includes
contraction of the diethylene glycol spacer forming on disclosure of the 1,4-dioxane ring. It can
be reached by the reaction of the dioxane derivative with cyanide ion followed by elimination of
acrylonitrile under treatment with alkali resulting in [8-HOCH,CH,0-3,3’-Co(1,2-C,BoH¢)-
(1’,2’-C2B9H11)]'.3 This route utilizes the well known synthesis of the 1,4-dioxane derivative 7.28
and reaction of its nucleophilic disclosure resulting in the goal product in the high yield. The
main drawback of this approach is use of highly toxic cyanide ion. Later the same product was
obtained in an attempt to prepare Grignard reagent from the bromide-disclosed 1,4-dioxane
derivative.”

In this contribution we describe cyanide free contraction of disclosed 1,4-dioxane ring

using dimethylsulfide and triphenylphosphine and some functional group interconversions of [8-

HOCH,CH,0-3,3’-Co(1,2-C,BoH;0)(1°,2°-C,B9H;;)]". The applicability of this approach for
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synthesis of short spacer functional derivatives of other polyhedral boron hydrides is discussed

as well.

Results and Discussion

The ring-opening of the 1,4-dioxane derivative of cobalt bis(dicarbollide) with various
nucleophiles was extensively studied.” However, it should be noted that the main interest was
directed on reactions with hard nucleophiles, such as alcoholates (phenolates) and amines. In this
contribution we describe reaction of [8-O(CH,CH;),0-3,3’-Co(1,2-C,BoH 0)(1°,2°-C2BoH )] (1)
with soft nucleophiles such as dialkylsulfides and triphenylphosphine.

We found that the reaction of 1 with dimethylsulfide in dichloromethane at room
temperature results in the corresponding dimethylsulfonium derivative [8-Me,S(CH2CH,0),-
3,3’-Co(1,2-C,BgH 0)(1°,2°-C,BgH;1)] (2) in practically quantitative yield. The '"H NMR
spectrum of 2 contains characteristic singlet of sulfonium SMe, group at 3.22 ppm. Alkyl
sulfonium salts generally are more stable and less reactive than the corresponding oxonium salts,
nevertheless they are wide used in organic synthesis as powerful alkylating agents.***' Since the
sulfonium center has two different types of substituents, one can expect formation of a mixture
of two products in reaction of 2 with nucleophiles. However, we found that the reaction proceeds
very selectively and the reaction products depends strongly on the nucleophile nature. The
reaction of 2 with triethylamine, which is good nucleophile and good base, results in selective
demethylation of the sulfur atom and methylation of the amine nitrogen atom giving the
triethylmethylammonium  salt  (Etz;NMe)[8-MeS(CH,CH,0),-3,3’-Co(1,2-C2BoH;¢)(1°,2°-
CyBgH11)] (3a) (Scheme 1). The similar result was obtained using iodide ion as “non-basic”
nucleophile. The reaction of 2 with sodium iodide in DMF at 120 °C produces Na[8-
MeS(CH,CH,0),-3,3’-Co(1,2-C2BoH 0)(17,2°-C,BoH )] (3b) (Scheme 1). In the 'H NMR
spectra the sulfur demethylation results in the characteristic upper-field shift of the methyl group
singlet to 2.13 ppm. On the other hand, the use of ~-BuOK as “non-nucleophilic” base results in
contraction of the side chain giving K[8-HOCH,CH,0-3,3’-Co(1,2-C;BoH 0)(1°,2°-C2BoH )]
(4a) (Scheme 1). The '"H NMR spectrum of 4 is characterized by presence of two overlapping
broad singlets of the carborane CH groups at 4.19 ppm and apparent singlet corresponding to
two OCH,; groups at 3.56 ppm with the peak integral ratio of 1 : 1. The reaction mechanism
probably includes elimination of alkene as dimethylvinyl sulfonium cation. The similar chain
shortening with acrylonitrile elimination was reported earlier on alkaline hydrolysis of the nitrile
[8—NC(CH2CH20)2—3,3’—Co(l,2—C2B9H10)(1’,2’—C2B9H11)]',3 however the dimethylsulfonium

group is much better leaving group for alkene-forming elimination than cyanide.32 The additional

3
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advantages of use of dimethylsulfide as reagent for the side chain contraction are simple work-up
procedure and avoidance of highly toxic cyanides. Thus, the reactions of 2 with good
nucleophiles lead to partial demethylation of the sulfur atom, whereas the reactions with bases

being poor nucleophiles lead to the side chain contraction.

Scheme 1

Other subject of our interest was 1,4-thioxane. Its reaction with 1 in refluxing acetonitrile
gives the corresponding cyclic sulfonium derivative [8-O(CH,CH,),S(CH,CH,0),-3,3’-Co(1,2-
C,BgH10)(1°,2°-C,BgH11)] (5) (Scheme 2). It could be expected that reaction of 5 with
nucleophiles will produce the 1,4-thioxane ring-opening product with elongation of the side
chain. However, surprisingly the treatment of 5 with triethylamine in refluxing acetonitrile did
not result in 1,4-thioxane ring opening. On the other hand, the reaction of 5 with #~BuOK, as

expected, results in the side chain contraction to give 4a (Scheme 2).

Scheme 2
4
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S-Adenosylmethionine (ademetionine) is a ubiquitous metabolite that is present in all
cells and biological fluids, and serves as a methyl donor in a multitude of different methylation
reactions involving proteins, phospholipids, catecholamines and DNA. It was found to be a
promising antidepressant and shows potential in drug treatment for other disorders of central
nervous system including cognitive dysfunction, AIDS-associated myelopathy and brain
ischaemia.* S-Methylmethionine, MeQS+CH2CH2CH(NH2)COO', 1s known as one of the most
important sulphur-containing compounds in the plant metabolism, taking part in methylation

processes and the regulation of methionine biosynthesis.’**’

Therefore, it was interesting to
synthesize boron-containing analogue of these compounds. Since methionine has several
nucleophilic reaction centers, we used N-Boc-protected methionine to avoid alkylation at the
nitrogen atom. Surprisingly we found that the main reaction product is not expected sulfonium
derivative of methionine, but isomeric methyl ester of the corresponding sulfide H[S8-
MeOOCCH(NHBoc)CH,CH,S(CH,CH,0),-3,3’-Co(1,2-C2BoH 0)(1°,2’-C2BoH 1)]  (6).  This
assignment is supported by the appearance of the characteristic methyl ester singlet at 3.72 ppm
and the absence of the sulfonium methyl singlet approx. at 3.2 ppm as well as signals of the
corresponding methylene groups. We suppose that the initially formed sulfonium derivative acts

as methylating agent resulting in intramolecular methylation of the amino acid carboxyl group

(Scheme 3).

O N-Boc methionine

MeCN, 1. t. COOH

NHBoc

COOMe

NHBoc
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In another experiment 9-methylthio-nido-carborane [9-MeS-7,8-C,BgH;;]” was used as
nucleophilic agent. It was reported recently that alkylation of [9-MeS-7,8-C,BoH;;]” with various
halogen alkanes results in the stable alkylmethyl sulfonium derivatives [9-R(Me)S-7,8-
C2B9H11].36 The sulfonium centre in these derivatives is stabilized by strong electron-donating
effect of nido-carborane cage.’’”" Therefore it was interesting to synthesize such cobalt
bis(dicarbollide)-nido-carborane hybrid and study its properties. The reaction of 1 with Cs[9-
MeS-7,8-C,BoH; 1] in refluxing acetonitrile resulted in the target hybrid 7 as a mixture of
diastereomers due to presence of two chiral centers — asymmetrically substituted nido-carborane
and sulfonium groups (Scheme 4). The "H NMR spectrum of 7 contains the characteristic set of
signals of methyl and methylene groups indicating formation of sulfonium group *® as well as the
signals of the CH_,y, protons of the cobalt bis(dicarbollide) and nido-carborane fragments (Figure
S1). The *C NMR spectrum also contains the characteristic set of signals of methyl and a-
methylene groups attached to the sulfur atom as well as the characteristic signals of different
carborane fragments (Figure S2). The "B NMR spectrum of 7 contains two overlapping sets of
signals corresponding to the cobalt bis(dicarbollide) and the nido-carborane fragments (Figures
S3 and S4).

t-BuOK
H—I T > 3

Scheme 4

The treatment of 7 with triethylamine in refluxing acetonitrile does not lead to any
reaction whereas both 2 and [9-Me;S-7,8-C;BgH ;] undergo demethylation at the same
conditions. The lack of reactivity probably can be explained by steric reasons. On the other hand
the treatment of 7 with +~BuOK in refluxing 1,2-dimethoxyethane resulted in not the side chain
contraction, but cleavage of boron-sulfur bond with formation of the methylsulfide 3 (Scheme 4).

The triphenylphodphonium group is even better leaving group for alkene-forming
eliminations than the dimethylsulfonium one.*> The reaction of 1 with triphenylphosphine in
acetonitrile at room temperature results in the corresponding triphenylphosphonium derivative

[8-PhsP(CH.CH,0),-3,3>-Co(1,2-C>BoH10)(1°,2°-C>BoH 1)] (8) in high yield (Scheme 4). The
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similar reaction was described earlier for the 1,4-dioxane derivative of iron bis(dicarbollide).39
The treatment of 8 with sodium hydroxide in refluxing ethanol results in the side chain

contraction to give Na[8-HOCH,CH,0-3,3’-Co(1,2-C,BoH 0)(1°,2°-C,B9H;)] (4b) (Scheme 5).

PPh;

MeCN, . t.

Scheme 5

The alcohol 4 was converted to the corresponding mesylate K[8-MesOCH,CH,0-3,3’-
Co(1,2-C;BoH0)(1°,2’-C,B9oH;1)] (9) by the treatment with mesyl chloride in diethyl ether
(Scheme 6). The last compound was used for synthesis of a series of cobalt bis(dicarbollide)
derivatives with shortened spacer between the boron cage and terminal functional group. The
reaction of 9 with sodium azide in DMF at 120° C gave the corresponding azide K[8-
N3;CH,CH,0-3,3°-Co(1,2-C,BgH 0)(1°,2°-C,BgH;;)]  (10). The reaction with potassium
phthalimide under similar conditions produced the phthalimide 11, that was converted to amine
[8-H3;NCH,CH,0-3,3’-Co(1,2-C,BgH10)(1°,2°-C,B9oH;;)] (12) by the treatment with hydrazine
hydrate. The earlier described 8-hydroxy derivative of cobalt bis (dicarbollide) [8-HO-3,3’-
Co(1,2-C,BoH 9)(1°,2°-CyBoH )] 40 was identified as the main reaction by-product. The reaction
of 9 with thiourea in refluxing acetonitrile gave the thiouronium derivative 13 which was
hydrolyzed to the corresponding thiol [8-HSCH,CH,0-3,3’-Co(1,2-C,BgH1)(1°,2’-C,BoH11)]
(14) (Scheme 6)
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ethanol
reflux

Scheme 6

The reaction of azido derivative 10 with phenyl acetylene in the presence of copper(l)

iodide and triethylamine gave the corresponding triazole 15 in a good yield (Scheme 7).

PhCCH
—_—
Cul, Et;N
reflux

Scheme 7
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Having in hands effective method of synthesis of cobalt bis(dicarbollide) derivatives with
shortened spacer between the boron cage and terminal functional group, we decided to use this
approach for synthesis similar derivatives of other polyhedral boron hydrides. We found that the
reactions of the 1,4-dioxane derivative of nido-carborane 10-O(CH,CH,;),0-7,8-C,BoH;; (16)
with dimethylsulfide and triphenylphosphine in refluxing acetonitrile produce the corresponding
sulfonium 10-Me,S(CH,CH,0),-7,8-C,B9H;; (17) and phosphonium 10-Ph;P(CH,CH,0),-7,8-
C,BoH;; (18) derivatives in high yields (Scheme 8). The sulfonium derivative 17 was obtained
earlier in the reaction of the protonated form of nido-carborane with 1,4-dioxane in the presence
of dimethylsulfide at 100 °C. * The treatment of 17 and 18 with +~BuOK produces the
corresponding alcohol with the shortened side chain K[10-HOCH,CH,0-7,8-C,BoH;;] (19)
(Scheme 8).

Scheme &

However, our attempts to extend this approach to other polyhedral boron hydrides, such
as closo-decaborate [B1oH 0]> and closo-dodecaborate [B,H 2] anions, were unsuccessful and
only starting 1,4-dioxane derivatives (BusN)[2-B1oHoO(CH,CH),0] 42 and
(BusN)[B2H;O(CH,CH,),0] B were recovered after refluxing with dimethylsulfide and
triphenylphosphine in acetonitrile. The increased stability of cyclic oxonium derivatives of
closo-decaborate and closo-dodecaborate anions is in a good agreement with their electron
donating properties which increase in the series [8-3,3’-Co(1,2-C,BgH;0)(1°,2°-C,BgH1;)]” < [10-
nido-7,8-C;BoHio]- < [BioHii]™ < [2-BioHs] ™. 7
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Conclusion

The reactions of the 1,4-dioxane derivative of cobalt bis(dicarbollide) with dialkylsulfides
and triphenylphosphine produce the corresponding sulfonium and phosphonium derivatives [8-
L(CH,CH;0),-3,3’-Co(1,2-C,BoH,0)(17,2’-C2BoH, ;)] (L = SMe,, S(CH,CH,),0, PPhs). The
treatment of the triphenylphosphonium derivative with sodium hydroxide induces elimination of
PPhs and hydrolysis of the forming vinyl ether resulting in contraction of the side chain with
formation of [8-HOCH,CH,0-3,3’-Co(1,2-C,B9H;¢)(1°,2’-C,B9H;;)]. The same product was
obtained on the treatment of the dimethylsulfonium derivative with “non-nucleophilic” bases
such as t-BuOK, whereas the stronger nucleophiles induce the sulfur demethylation to give [8-
MeS(CH,CH,0),-3,3’-Co(1,2-C,BoH;¢)(1°,2°-C,BoH;1)]". The alcohol derivative was used for
synthesis of a series of other short-spacer functional derivatives [8-XOCH,CH,0-3,3’-Co(1,2-
C,BoH 0)(1°,2°-C2BoH;1)]” (X = NHy, SH, N3). It was demonstrated that similar contraction of the
disclosed 1,4-dioxane ring via the reactions with SMe, and PPh; can be used for synthesis of
short-spacer functional derivatives of nido-carborane, whereas the 1,4-dioxane derivatives of
closo-decaborate [2-B1oHyO(CH,CH,);0]" and closo-dodecaborate [Bi,H;;O(CH,CH;),0O]
anions, that are stronger electron donors, are more stable and do not react with dimethylsulfide

and triphenylphosphine.

Experimental

[8-O(CH,CH,),0-3,3’-Co(1,2-C,BoH 0)(1°,2>-C2BgH;1)] (1), ’ [10-O(CH,CH,),0-7,8-
C,BoH 1] (16) * and Cs[9-MeS-7,8-CoBoH, 1] ** were synthesized as described in the literature.
All other chemicals were of reagent grade and received from standard commercial vendors. The
'H, "B, ”B{IH}, and °C NMR spectra were recorded on a Bruker Avance-400 spectrometer. 'H
chemical shifts were referenced to residual protons in the lock solvents. ''B chemical shifts were
referenced externally to BF;-OEt,. The infrared spectra were recorded on Specord IR 75 and
Infralum FT-801 spectrophotometers. The EI and ESI mass-spectra were obtained using
KratosMS890 and Thermo Finnigan LCQ Advantage mass spectrometers, respectively. The
reaction’s progress was monitored by TLC (Merck F254 silica gel on aluminum plates). Acros

Organics silica gel (0.060+0.200 mm) was used for column chromatography.
[8-Me,S(CH,CH,0),-3,3’-Co(1,2-C;B9H10)(1°,2°-C,ByH11)] (2)

Dimethylsulfide (0.45 ml, 0.38 g, 6.13 mmol) was added to solution of 1 (0.50 g, 1.22

mmol) in dichloromethane (50 ml) and the reaction mixture was stirred at ambient

10
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temperature for 10 h. Solvent was removed under reduced pressure to obtain 0.55 g (96 %) of
the light brown product. "H NMR (acetone-dg, ppm): 4.14 (4H, m, -CH>-+CH_ap), 4.04 (2H, s,
CHear), 3.79 (2H, t, -CH.-), 3.64 (4H, m, -CH,- ), 3.22 (6H, s, -S(CH5),). °C NMR (acetone-
ds, ppm): 72.4 (OCH,), 68.8 (OCH,), 65.0 (OCH;), 46.3 (Ceary), 44.2 (SCHy), 39.7 (Cear),
25.3 (S(CHs),). ''B NMR (acetone-ds, ppm): 24.2 (1B, s), 5.9 (1B, d, /=135 Hz), 0.3 (1B, d,
J=136 Hz), -2.8 (1B, d, /= 147 Hz), -4.8 (2B, d, J = 153 Hz), -7.0 (2B, d, J = 135 Hz), -7.6
(2B, d, /=132 Hz), -8.8 (2B, d, /=128 Hz), -17.4 (2B, d, J= 156 Hz), -20.2 (2B, d, J = 154
Hz), -22.4 (1B, d, J = 160 Hz), -28.8 (1B, d, J = 146 Hz). ESI-MS m/z for C;oH35B;30,SCo:
calcd 473.3487, obsd 458.3706 [M-CHs]". Anal. Calcd for C,oH35B130,SCo: C, 25.40; H,
7.46; B, 41.14. Found: C, 25.14; H, 7.62; B, 41.08.

(Et;NMe)[8-MeS(CH,CH,0),-3,3’-Co(1,2-C;BoH)(1°,2’-C:BosH11)] (32)

Triethylamine (44 pl, 32 mg, 0.317 mmol) was added to solution of 2 (50 mg, 0.106
mmol) in acetonitrile (25 ml) and the reaction mixture was heated under reflux for 6 h. After
cooling to room temperature the solvent was removed under reduced pressure. The crude product
was purified by column chromatography on silica using the mixture of dichloromethane and
acetone (3:2) as an eluent to give 51 mg (83 %) of the brown product. '"H NMR (acetone-ds,
ppm): 4.31 (4H, d, CH.a), 3.64+3.47 (12H, m, -OCH,CH,OCH,CH,SCH3+NCH;3(CH,CHs)3),
3.19 (3H, s, NCH;(CH,CHj3)3), 2.64 (2H, t, -OCH,CH,SCHs), 2.13 (3H, s, -OCH,CH,SCH3),
1.45 (9H, m, NCH;3(CH,CH3)3). >C NMR (acetone-ds, ppm): 71.6 (OCH,), 70.6 (OCH,), 68.3
(OCH,), 55.9 (NCH;3(CH2CH3)3), 54.7 (Cean), 46.4 (NCH3(CH,CH3)3), 46.3 (Cearp), 33.1 (SCH,),
15.1(SCH3), 7.2 (NCH3(CH,CHs)3). ''B NMR (acetone-dg, ppm): 27.9 (1B, s), 8.7 (1B, d, J =
142 Hz), 5.6 (1B, d, /=141 Hz), 2.8 (1B, , J =140 Hz), 1.0 (2B, d, J =150 Hz), -2.3 2B, d, J =
130 Hz), -3.2 (4B, m ), -12.1 (2B, d, /=156 Hz), -15.3 (2B, d, /=154 Hz), -16.7 (1B, d, J = 129
Hz), -23.3 (1B, d, J = 167 Hz). ESI-MS m/z for CoH3,B;30,SCo: calcd 458.3252, obsd 458.3245
[M]. ESI-MS m/z for C;HgN: caled 116.1434, obsd 116.1445 [M]".

Na[8-MeS(CH,CH,0),-3,3’-Co(1,2-C;BoH;0)(1°,2°-C,BoH ;)] (3b)

Sodium iodide (159 mg, 1.06 mmol) was added to solution of 2 (50 mg, 0.106 mmol)
in DMF (25 ml) and heated at 120 °C for 6 h. After cooling to room temperature the solvent
was removed under reduced pressure. The crude product was dissolved in dichloromethane,
filtered and evaporated in vacuo to obtain 46 mg (91 %) of the brown product. 'H NMR
(acetone-dgs, ppm): 4.30 (4H, d, CH_4s), 3.64+3.58 (4H, m, -OCH,CH>0O-), 3.50 (2H, t, -
OCH,CH,SCH3), 2.65 (2H, t, -OCH,CH,SCH3), 2.13 (3H, s, -OCH,CH,SCH;). ''B NMR

11
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(acetone-dg, ppm): 23.0 (1B, s), 4.1 (1B, d, /=144 Hz), 0.4 (1B, d, /=143 Hz), -2.4 (1B, d, J
=144 Hz), -4.3 (2B, d, J= 152 Hz), -7.3 (2B, d, J = 131 Hz), -8.2 (4B, m), -17.3 2B, d, J =
154 Hz), -20.5 (2B, d, /=155 Hz), -21.9 (1B, d, /=132 Hz), -28.4 (1B, d, /= 168 Hz).

K[8-HOCH,CH,0-3,3’-Co(1,2-C,BsH ()(1°,2’-C,BsH1,)] (4a)

A. |Potassium tert-butylate (71 mg, 0.63 mmol) was added to solution of 2 (100 mg,
0.21 mmol) in 1,2-dimethoxyethane (50 ml). The reaction mixture was stirred at ambient
temperature for 12 h, filtered and evaporated in vacuo to give 81 mg (90 %) of the light brown
product. B. Potassium fert-butylate (71 mg, 0.63 mmol) was added to solution of 5 (108 mg,
0.21 mmol) in 1,2-dimethoxyethane (50 ml). The reaction mixture was stirred at ambient
temperature for 12 h, filtered and evaporated in vacuo to give 70 mg (78 %) of the light brown
product. 'H NMR (acetone-ds, ppm): 4.18 (2H, s, CHcan), 4.20 (2H, s, CHear), 3.56 (4H, s, -
OCH,CH,0-). °C NMR (acetone-ds, ppm): 70.4 (OCH,), 62.8 (OCH,), 53.5 (Ceun), 46.4
(Cears). ''B NMR (acetone-de, ppm): 23.4 (1B, s), 4.4 (1B, d, J = 148 Hz), 0.1 (1B, d, J = 142
Hz), -2.5 (1B, d, J = 142 Hz), -4.6 (2B, d, /=153 Hz), -7.4 (2B, d, J = 132 Hz), -8.1 (4B, m),
-17.4 (2B, d, J =156 Hz), -20.3 (2B, d, J = 154 Hz), -22.3 (1B, d, /=130 Hz), -28.7 (1B, d, J
=166 Hz). Anal. Calcd for CsH»6B130,CoK: C, 17.04; H, 6.20; B, 46.01. Found: C, 16.92; H,
6.32; B, 45.98.

Na[8-HOCH,CH,0-3,3’-Co(1,2-C;BsH )(1°,2’-C;BsHy;)] (4b)

Sodium hydroxide (25 mg, 0.63 mmol) was added to solution of 8 (143 mg, 0.21
mmol) in ethanol (50 ml). The reaction mixture was heated under reflux for 12 h, filtered and
evaporated under reduced pressure. The residue was treated with dichloromethane (20 ml),
filtered and evaporated to dryness. The crude product was dissolved in water (50 ml) and
washed with dichloromethane (2x50 ml). The aqueous solution was evaporated in vacuo and
the residue obtained was subjected to column chromatography on silica with a mixture of
dichloromethane and acetone (2:3) as eluent to give 80 mg (89 %) of the brown product. 'H
NMR (acetone-ds, ppm): 4.19 (4H, s, CHear), 3.56 (4H, s, -OCH,CH,0-). ''B NMR (acetone-
ds, ppm): 23.6 (1B, s), 4.7 (1B, d, J = 149 Hz), 0.3 (1B, d, J = 142 Hz), -2.6 (1B, d, J = 142
Hz), -4.5 (2B, d, J = 154 Hz), -7.2 (2B, d, J = 135 Hz), -7.9 (4B, m), -17.3 (2B, d, J = 159
Hz), -20.3 (2B, d, J =152 Hz), -22.2 (1B, d, J = 128 Hz), -28.7 (1B, d, /=170 Hz).

12
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[8-O(CH,CH,),S(CH,CH;0),-3,3’-Co(1,2-C,BoH;0)(1°,2°-C,ByH11)] (5)

1,4-Thioxane (45 pl, 50 mg, 0.48 mmol) was added to solution of 1 (100 mg, 0.24
mmol) in acetonitrile (50 ml) and the reaction mixture was heated under reflux for 6 h. After
cooling to room temperature the solvent was removed under reduced pressure. The crude
product was purified by column chromatography on silica using dichloromethane followed by
a mixture of dichloromethane and acetone (3:2) as the eluent to give 140 mg (87 %) of the
brown product. "H NMR (acetone-dg, ppm): 4.44+4.40 (2H, m, -CH>-), 4.15+4.11 (6H, m, -
CH,-+ CHean), 4.02 (4H, m, -CH- + CHcarp), 3.92+3.87 (2H, m, -CH>-), 3.67+3.64 (6H, m, -
CH,-). C NMR (acetone-ds, ppm): 72.5 (OCH,), 68.8 (OCH,), 65.2 (OCH,), 62.7
(O(CHy)2), 52.2 (Ceann), 46.5 (Cearv), 41.7 (SCH,), 35.0 (S(CH,),). ''B NMR (acetone-ds,
ppm): 24.2 (1B, s), 5.9 (1B, d, /=151 Hz), 0.2 (1B, d, J= 145 Hz), -2.8 (1B, d, J = 149 Hz), -
4.8 (2B, d, J= 147 Hz), -7.63 (6B, m), -17.4 (2B, d, J =151 Hz), -20.3 (2B, d, J = 159 Hz), -
22.5 (1B, d, J = 144 Hz), -28.9 (1B, d, J = 158 Hz). Anal. Calcd for C;;H37B;303SCo: C,
27.99; H, 7.24; B, 37.78. Found: C, 27.92; H, 7.26; B, 37.84.

H[8-MeOOCCH(NHBoc)CH,CH,S(CH,CH,0),-3,3'-Co(1,2-C;ByH9)(1',2"-C2BoH )]
(6)

Solution of N-Boc-methionine (61 mg, 0.24 mmol) and 1 (100 mg, 0.24 mmol) in
acetonitrile (30 ml) was stirred for 30 h. The solvent was removed in vacuo and crude product
was purified by column chromatography on silica using dichloromethane followed by a mixture
of dichloromethane and acetone (3:2) as the eluent to give 134 mg (83 %) of the product. 'H
NMR (acetone-dg, ppm): 6.30 (1H, s, NH), 4.40 (1H, m, CH), 4.30 (4H, s, CHca), 3.72 (3H, s,
COOCH3;), 3.64 (2H, t, OCH,), 3.58 (2H, t, OCH>), 3.52 (2H, t, OCH,), 2.98 (2H, m,
OCH,CH»S), 2.74 (2H, m, SCH,CH,CH), 2.26-2.10 (2H, m, SCH,CH,CH), 1.43 (9H, s,
C(CH3)3). *C NMR (acetone-d, ppm): 171.5 (C=0Ogoc), 155.3 (COOMe), 78.6 (OCMe3), 71.6
(OCHy), 70.9 (OCHp), 67.0 (OCH,), 54.6 (Ccarp), 54.0(CHCOOMe), 51.6 (COOCHs3), 46.4
(Cearv), 34.0 (SCHy), 31.8 (SCH,), 29.7(SCH,CH,), 27.7(C(CH3);). Anal. Calcd for
CisHasB1sNOsSCox5H,0: C, 28.82; H, 7.79; N, 1.87; B, 25.94. Found: C, 28.92; H, 7.76; N,
1.96; B, 25.78.

Cs|[8-(7",8"-C,BoH1-9""-)S(Me)CH,CH,OCH,CH,0-3,3'-Co(1,2-C,ByH;9)(1',2'-
C:BoH11)] (7)

Solution of 1 (50 mg, 0.122 mmol) and Cs[9-MeS-7,8-C,BgH;;] (60 mg, 0.192 mmol) in
acetonitrike (50 ml) was heated under reflux for 10 h. The solvent was removed in vacuo and

crude product was purified by column chromatography on silica using a mixture of
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dichloromethane and acetone (3:2) as the eluent to give 62 mg (86 %) of the product. '"H NMR
(acetone-dg, ppm): 4.22 (2H, s, CH.a), 4.20 (2H, s, CH.4), 4.03 (2H, m, OCH,CH,S), 3.62
(4H, m, OCH>), 3.51 (1.2H, m, OCH,CH,S), 3.38 (0.8H, m, OCH,CH>S), 2.92 (1.2H, s, SCH3),
2.82 (1H, s, CH.a), 2.75 (1.8H, s, SCH3), 2.18 (1H, s, CH..), -3,23 (1H, br s, BHB). °C NMR
(acetone-ds, ppm): 72.2 (CH;0), 68.5 (OCH,), 66.5 (OCH,CH,S), 66.4 (OCH,CH,S) 53.9
(CHearp), 51.6 (CHears), 46.5 (CHear), 45.9 (CH,S), 42.9 (CH:S), 37.8 (CHears), 25.6 (SCH3)
23.2(SCH3). "B NMR (acetone-dj, ppm): 23.2 (1B, s), 4,6 (1B, d, J =137 Hz), 0.4 (1B, d, J =
146 Hz), -2.6 (1B, d, J = 159 Hz), -4.5 (3B, m), -6.6 (1B, s), -7,3 (2B, d, /= 132 Hz), -8.2 (4B,
d, J=123 Hz), 12.5 (1B, d, /=152 Hz), 16.7 (1B, d, Hz), -17.3 (2B, d), 18.3 (1B, d), -20.3 (2B,
d, J=156 Hz), 22.2 (1B, d), 23.3 (1B, d, /= 151 Hz), -26.4 (1B, d, J = 142 Hz), -28.6 (1B, d), -
30.1 (1B, d, J = 139 Hz), -36.9 (1B, d, J = 139 Hz). ESI-MS m/z for C,;H43B»70,SCo : calcd
590.5023, obsd 590.5016 [M]".

[8-Ph3;P(CH,CH,0),-3,3’-Co(1,2-C,BoH10)(1°,2°-C,BoH11)] (8)

Triphenylphosphine (0.19 g, 0.72 mmol) was added to solution of 1 (0.10 g, 0.24
mmol) in acetonitrile (50 ml) and the reaction mixture was stirred at ambient temperature for
12 h. Solvent was removed under reduced pressure. The crude product was purified by
column chromatography on silica using dichloromethane as eluent to give 0.14 g (87 %) of
the brown product. "H NMR (acetone-ds, ppm): 7.93 (9H, m, Ar-H), 7.80 (6H, m, Ar-H), 4.20
(2H, s, CHear), 4.09 (2H, s, CHcan), 4.01-3.84 (4H, m, CH>), 3.42 (2H, t, CH,), 3.28 (2H, t,
CH,). "B NMR (acetone-dg, ppm): 23.7 (1B, s) , 5.2 (1B, d,J=137 Hz), 0.2 (1B, d, J = 137
Hz),-2.6 (1B, d,J=148 Hz), -4.6 (2B, d, /=154 Hz), -7.1 (2B, d, /=138 Hz), -7.8 (2B, d, J
=136 Hz), 8.6 (2B, d, /=130 Hz), -17.3 (2B, d, J = 156 Hz), -20.3 (2B, d, J = 155 Hz), -22.3
(1B, d, J= 158 Hz), -28.5 (1B, d, J = 148 Hz). Anal. Calcd for C,sH44B130,PCo: C, 46.39; H,
6.59; B, 28.91. Found: C, 46.43; H, 6.64; B, 28.88.

K[8-M€SO3CH2CH20-3,3 ’-CO(I,Z-CngHlo)(l ’,2’-C2B9H1 1)] (9)

To solution of 4a (81 mg, 0.19 mmol) and triethylamine (78 pl, 57 mg, 0.57 mmol) in
diethyl ether (30 ml) solution of methanesulfonyl chloride (44 pl, 65 mg, 0.57 mmol) in
diethyl ether was added at 0 °C, allowed to warm to room temperature and stirred for 5 h. The
supernatant was decanted and the solid residue was dried in vacuo to give 72 mg (81 %) of
the product. '"H NMR (acetone-dg, ppm): 4.24 (2H, t, -OCH,CH>0O-), 4.17 (2H, s, CHcaw),
4.14 (2H, s, CHuw), 3.71 (2H, t, -OCH,CH,0-), 3.07 (3H, s, -SO,CHj3). *C NMR (acetone-
ds, ppm): 71.5 (OCH,), 66.8 (OCH,), 53.6 (Ceart), 46.5 (Cearn), 36.7 (OSO,CH;). ''B NMR
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(acetone-dg, ppm): 23.3 (1B, s), 5.2 (1B, d, /=148 Hz), 0.6 (1B, d, /=143 Hz), -2.5 (1B, d, J
=143 Hz), -4.4 (2B, d, J= 152 Hz), -7.1 (2B, d, J = 136 Hz), -8.1 (4B, m), -17.2 2B, d, J =
158 Hz), -20.2 (2B, d, /=153 Hz), -22.1 (1B, d, /=130 Hz), -28.5 (1B, d, /= 168 Hz). Anal.
Calcd for C;H,3B1304SCoK: C, 16.78; H, 5.63; B, 38.84. Found: C, 16.84; H, 5.72; B, 38.70.

K[8-N3;CH,CH,0-3,3’-Co(1,2-C;BoH1)(1°,2°-C;BoH11)] (10)

Sodium azide (72 mg, 1.08 mmol) was added to solution of 9 (50 mg, 0.11 mmol) in
DMF (25 ml) and the reaction mixture was heated at 120 °C for 10 h. After cooling to room
temperature the solvent was removed under reduced pressure. The crude product was purified
by column chromatography on silica using the mixture of dichloromethane and acetone (3:1)
as eluent to give 40 mg (85 %) of the brown product. 'H NMR (acetone-ds, ppm): 4.27 (4H, s,
CHean), 3.64 (2H, t, -OCH,CH,N3), 3.29 (2H, t, -OCH,CH,N3). *C NMR (acetone-de, ppm):
68.8 (OCH,), 55.3 (Cearb), 53.5 (CHaN3), 47.3 (Cear). ''B NMR (acetone-ds, ppm): 22.8 (1B,
s), 4.2 (1B, d, J= 146 Hz), 0.5 (1B, d, J = 144 Hz), -2.6 (1B, d, /=143 Hz), -4.3 (2B, d, J =
152 Hz), -7.4 (2B, d, J = 135 Hz), -8.4 (4B, m), -17.3 (2B, d, J = 156 Hz), -20.4 (2B, d, J =
154 Hz), -22.0 (1B, d, J = 130 Hz), -28.5 (1B, d, J = 166 Hz). IR (Nujol, v/em™): 2121 (N3);
2567 (BH). Anal. Calcd for C¢H,sB1sON3CoK: C, 16.09; H, 5.63; N, 9.36; B, 43.84. Found:
C, 15.97; H, 5.78; N, 9.43; B, 43.69.

K[8-CsH4(CO);NCH,CH,0-3,3’-Co(1,2-C;BsH )(1°,2’-C,BoHy1)] (11)

Potassium phthalimide (104 mg, 0.54 mmol) was added to solution of 9 (50 mg, 0.11
mmol) in DMF (25 ml). The reaction mixture was heated at 120 °C for 10 h, allowed to cool
to room temperature and evaporated under reduced pressure. The crude product was purified
by column chromatography on silica using the mixture of dichloromethane and acetone (3:2)
as eluent to give 41 mg (69 %) of the brown product. 'H NMR (acetone-d, ppm): 7.86 (2H,
m, CcH,(CO),N-), 7.80 (2H, m, C¢H(CO),N-), 4.10 (2H, s, CHcan), 4.04 (2H, s, CHcars), 3.78
(2H, t, -OCH,CH,-), 3.72 (2H, t, -OCH,CH,-). ''B NMR (acetone-ds, ppm): 22.7 (1B, s), 4.4
(1B, d, J = 144 Hz), 0.6 (1B, d, J = 144 Hz), -2.5 (1B, d, J = 143 Hz), -4.5 (2B, d, J = 151
Hz), -7.4 (2B, d, J = 133 Hz), -8.4 (4B, m), -17.2 (2B, d, J = 155 Hz), -20.4 (2B, d, J = 153
Hz), -22.2 (1B, d, J =132 Hz), -28.6 (1B, d, J = 164 Hz). Anal. Calcd for C;4H29B303NCoK:
C, 30.46; H, 5.30; N, 2.54; B, 35.25. Found: C, 30.36; H, 5.44; N, 2.59; B, 35.27.

[8-H;NCH,CH,0-3,3>-Co(1,2-C,BoH0)(17,2°-C>BoH 1) (12)
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Hydrazine monohydrate (86 pl, 83 mg, 1.66 mmol ) was added to solution of 11 (50
mg, 0.09 mmol) in ethanol (20 ml) and the reaction mixture was heated under reflux for 12 h.
After cooling the solvent was removed under reduced pressure. The residue was dissolved in
diethyl ether (50 ml), washed with water (2 x50 ml) and acidified with 2 drops of
hydrochloric acid. The solution was filtered and evaporated. The crude product was purified
by column chromatography on silica using the mixture of dichloromethane and acetone (3:1)
as eluent to give 21 mg (61 %) of the brown product. "H NMR (acetone-ds, ppm): 4.02 (4H,
t+s, -CH,- + CHea), 3.93 (2H, s, CHuu), 3.84 (2H, t, -CH>-). ''B NMR (acetone-ds, ppm):
22.7 (1B, s), 4.4 (1B, d, J = 142 Hz), 0.6 (1B, d, J = 136 Hz), -2.5 (1B, d, J = 142 Hz), -4.4
(2B, d, J=152 Hz), -7.4 (2B, d), -8.3 (4B, m), -17.2 (2B, d, /=154 Hz), -20.3 (2B, d, /= 147
Hz), -22.2 (1B, d, J = 159 Hz), -28.6 (1B, d, J = 142 Hz). ESI-MS, m/z for C¢H,3B1sONCo:
caled 383.3219 [M], found 383.3161 [M].

[8-(H,N);CSCH,CH,0-3,3’-Co(1,2-C;BsH;0)(1°,2°>-C;BoH; )] (13)

Thiourea (26 mg, 0.33 mmol) was added to solution of 9 (50 mg, 0.11 mmol) in
acetonitrile and the reaction mixture was heated under reflux for 24 h. After cooling the
reaction mixture was filtered and solvent was removed under reduced pressure. The crude
product was purified by column chromatography on silica using the mixture of
dichloromethane and acetone (3:2) as an eluent to give 39 mg (81 %) of the brown product.
"H NMR (acetone-ds, ppm): 9.38 (2H, s, -NH,), 8.43 (2H, s, -NH,), 4.05 (2H, t, -OCH,CH,S-
), 3.99 (2H, s, CHeaw), 3.93 (2H, s, CHear), 3.43 (2H, t, -OCH,CH,S-). *C NMR (acetone-d,
ppm): 173.5 ((NH,),CS), 70.1 (OCH,), 51.1 (Cean), 46.9 (Ceawy), 34.9(SCH,). ''B NMR
(acetone-dg, ppm): 24.5 (1B, s), 7.6 (1B, d, /=135 Hz), 0.8 (1B, d, /=140 Hz), -2.7 (1B, d, J
=137 Hz), -6.1 (6B, m), -9.1 (2B, d, /=137 Hz), -17.1 (2B, d, J= 156 Hz), -19.9 (2B, d, J =
149 Hz), -22.4 (1B, d, J = 142 Hz), -28.5 (1B, d, J = 149 Hz). EI-MS m/z for
C7H,3B1sOSN,Co: calcd 442 [M], found 442 [M]. Anal. Calcd for C;H»9B1sOSN,Co: C,
18.98; H, 6.60; N, 6.33; B, 43.93. Found: C, 19.02; H, 6.68; N, 6.45; B, 43.89.

Na[8-HSCH,CH;0-3,3’-Co(1,2-C,B9oH;)(1°,2°-C,BoH1;)] (14)

Solution of 12 (40 mg, 0.09 mmol) and sodium hydroxide (36 mg, 0.90 mmol) in
water (25 ml) was heated under reflux for 12 h. After cooling to room temperature the solvent
was removed under reduced pressure. The crude product was dissolved in dichloromethane,
filtered and evaporated in vacuo. The residue was dissolved in water (15 ml), the solution was

adjusted to pH 7 with diluted hydrochloric acid, filtered and evaporated in vacuo. The crude
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product was purified by column chromatography on silica using the mixture of
dichloromethane and acetone (3:2) as an eluent to give 29 mg (79 %) of the brown product.
'"H NMR (acetone-ds, ppm): 4.31 (2H, s, CH.yp), 4.28 (2H, s, CHs), 3.71 (2H, t, -
OCH,CH>-), 2.85 (2H, t, -OCH,CH.S-). "'B NMR (acetone-ds, ppm): 22.5 (1B, s), 3.6 (1B, d,
J =140 Hz), 0.5 (1B, d, J = 142 Hz), -2.5 (1B, d, J = 146 Hz), -4.2 (2B, d, J = 152 Hz), -7.5
(4B, d), -8.4 (2B, d), -17.2 (2B, d, J = 152 Hz), -20.4 (2B, d, /= 161 Hz), -21.8 (1B, d, J =
158 Hz), -28.7 (1B, d, J = 140 Hz). ESI-MS m/z for CyH3,B130,SCo: calcd 400.2826, obsd
399.3118 [2M-2H]*.

K[8-(1"-Ph-1",2" 3" -triazol-4"-yl)-CH,CH,0-3,3’-Co(1,2-C;BoH;)(1°,2’-
C:BoHy1)] (15)

To solution of 11 (50 mg, 0.12 mmol) in acetonitrile (25 ml) phenylacetylene (51 pl,
47 mg, 0.48 mmol), copper(l) iodide (2 mg, 0.01 mmol) and 3 drops of triethylamine were
added. The reaction mixture was heated under reflux for 6 h. After cooling the reaction
mixture was filtered and solvent was removed under reduced pressure. The crude product was
purified by column chromatography on silica using the mixture of dichloromethane and
acetone (3:2) as an eluent to give 51 mg (83 %) of the brown product. '"H NMR (acetone-ds,
ppm): 8.41 (1H, s, -CHpiazote), 7.91 (2H, d, -Ph), 7.42 (2H, t, -Ph), 7.30 (1H, t, -Ph), 4.54 (2H,
t, -OCH,CH,N-), 4.14 (2H, s, CH.4), 4.08 (2H, s, CH.,»), 3.91 (2H, t, -OCH,CH,N-). 1*C
NMR (acetone-ds, ppm): 146.7(Crizzote), 131.8(Cipso-Ph), 128.6(Corno-Ph), 127.4(Cpara-Ph),
125.5(Conera-Ph), 121.6(CHpigzore), 67.5(0CH2), 53.0(Cears), 52.1(CHa), 46.5(Cears). ''B NMR
(acetone-ds, ppm): 23.8 (1B, s), 5.8 (1B, d, /=135 Hz), 0.4 (1B, d, /=128 Hz), -3.0 (1B, d, J
=151 Hz), -4.6 (2B, d, /=160 Hz), -6.9 (2B, d, J = 152 Hz), -8.3 (4B, d, J = 122 Hz), -17.3
(2B, d, J=156 Hz), -20.1 (2B, d, /=151 Hz), -22.3 (1B, d, /=156 Hz), -28.9 (1B, d, /= 154
Hz). Anal. Calcd for Ci4H35B;sON3CoK: C, 30.35; H, 6.37; N, 7.58; B, 35.12. Found: C,
30.19; H, 6.44; N, 7.64; B, 35.19.

[1 O-MezSCHzCHzOCHzCHzO-7,8-C2B9H11] (17)

Dimethylsulfide (1.0 ml, 0.86 g, 13.8 mmol) was added to solution of 16 (0.50 g, 2.3
mmol) in acetonitrile (30 ml) and the reaction mixture was heated under reflux for 10 h. After

cooling the solvent was removed under reduced pressure to obtain 0.58 g (91 %) of the white

product. "H NMR (acetone-d, ppm): 3.85 (2H, m), 3.53 (2H, m), 3.51 (4H, m), 2.90 (6H, s),
1.51 (2H, s, CHew), 2.8 = -0.1 (8H, m, BH), -0.7 (1H, s, BHB). *C NMR (acetone-ds, ppm):
71.8 (OCH,), 69.3 (OCH,), 64.7 (OCH,), 43.3(SCH,), 38.5 (Cea), 25.3 (S(CH3),). ''B NMR
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(acetone-dg, ppm): -9.3 (1B, s), -12.4 (2B, d, J = 141 Hz), -17.5 (2B, d, J = 132 Hz), -24.0 (2B,
d, J = 150 Hz), -25.3 (1B, d, J = 163 Hz), -40.4 (1B, d, J = 137 Hz). ESI-MS, m/z for
CsH25B90,S: caled. 284.2529 [M], obs. 284.2529 [M].

[10-Ph;PCH,CH,OCH,CH,0-7,8-C,BoH ] (18)

Triphenylphosphine (0.72 g, 3.3 mmol) was added to solution of 16 (0.85 g, 3.3 mmol) in
acetonitrile (25 ml) and the reaction mixture was heated under reflux for 10 h. After cooling the
solvent was removed under reduced pressure and the crude product was purified by column
chromatography on silica using chloroform as eluent to give 1.23 g (78 %) of the product. 'H
NMR (dmso-ds, ppm): 7.77 (15H, m, C¢Hs), 3.90 (2H, m, CH.P), 3.68 (2H, m, OCH,), 3.18 (4H,
m, OCH, ), 1.49 (2H, s, CH.u), 3.0 = -0.4 (8H, m, BH), -0.7 (1H, s, BHB). *C NMR (dmso-dj,
ppm): 135.1 (d, J=2.9 Hz, PCpara), 134.3 (d, J = 10.3 Hz, PCipeta), 130.4 (d, J = 12.5 Hz, PCitno),
119.5 (d, J = 86.6 Hz, PCjy,), 72.1 (OCHy), 68.8 (OCHy), 63.7 (d, J = 5.9 Hz, OCH,CH,P), 38.4
(Cearv), 23.6 (d, J = 52.1 Hz, PCH,). "B NMR (dmso-de, ppm): -9.3 (1B, s), -12.4 (2B, d, J= 138
Hz), -17.6 (2B, d, J = 130 Hz), -24.0 (3B, d, J = 149 Hz), -40.4 (1B, d, J = 142 Hz). MALDI-
MS, m/z for Co4H34B9O,P 482.80 [M], obs. 481.30 [M-H]".

K[10-HOCH,CH,0-7,8-C,BoH;1] (19)

A. Potassium fert-butylate (0.44 g, 3.9 mmol) was added to solution of 17 (0.55 g, 1.9
mmol) in 1,2-dimethoxyethane (30 ml) and heated under reflux for 5 h. After cooling the solvent
was removed under reduced pressure, the residue was treated with diethyl ether (50 ml) and
water (30 ml). The aqueous layer was separated and evaporated to dryness in vacuo. The residue
was dissolved in acetone (30 ml), filtered and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica with ethyl acetate as eluent to give
0.29 g (66 %) of the oily product. B. Potassium tert-butylate (0.21 g, 1.9 mmol) was added to
solution of 18 (0.62 g, 1.2 mmol) in ethanol (30 ml) and heated under reflux for 4 h. After
cooling the solvent was removed under reduced pressure, the residue was treated with diethyl
ether (50 ml) and water (30 ml). The aqueous layer was separated and evaporated to dryness in
vacuo. The residue was dissolved in acetone (10 ml), filtered and evaporated under reduced
pressure. The crude product was purified by column chromatography on silica with
dichloromethane followed by acetone as eluent to give 0.15 g (57 %) of the oily product. 'H
NMR (acetone-ds, ppm): 3.57 (4H, m, OCH,CH-0), 1.51 (2H, s, CH.4»), 2.5 = -0.1 (8H, m,
BH), -0.6 (1H, s, BHB). *C NMR (acetone-ds, ppm): 70.9 (OCH,), 62.4 (OCH,), 38.5 (Cean)-
"B NMR (acetone-dg, ppm): -9.3 (1B, s), -12.3 (2B, d, /=137 Hz), -17.2 (2B, d, J= 127 Hz), -
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23.9 (2B, d, J = 151 Hz), -25.3 (1B, d, J = 168 Hz), -40.5 (1B, d, J = 144 Hz). IR (neat, cm™):
3559 (von), 2531 (vg). ESI-MS, m/z for C4H,6Bs0,: caled. 194.2033 [M-K], obs. 194.2027 [M-
K]~
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