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Abstract: Half-sandwich 16e complex CpCoS,C,B;oH,y (Cp: cyclopentadienyl) (1) reacted with HC=CCO,Me in
the presence of 2-methylpropanedithioic acid to generate compounds {(CsH,CoS,C,BHo)(CH=CHCO,Me)(Me,C=
CS;H)} (2) and (Me,C=CS,H);Co (3). In 2, one S-Co bond of 1 was broken, and the S atom linked with the
terminal acetylenyl carbon atom of the HC =CCO,Me. Meanwhile, the Co atom in 1 linked to the S atom in 2-
methylpropanedithioic acid with covalent bond while linked to the SH unit with coordinative bond. One carbon
atom of Cp ring linked to the B(3)/B(6) cite of the carborane cage. The H atom of the B(3)/B(6) cite migrated to
the internal acetylenyl carbon atom to form a trans-ethylenic bond. The Co atom of 1 linked to three S atoms of
three 2-methylpropanedithioic acid molecules with covalent bond, while linked to the other three SH units with
coordinative bond. As a result, product 3 formed. Complexes 2 and 3 have been characterized by IR, NMR,
elemental analysis, mass spectrum and single-crystal X-ray diffraction analysis. CCDC: 1053736, 2; 1053737, 3.
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0 Introduction

The 16e half-sandwich complexes Cp*ME,C,BoH o
(M=Co, Rh, Ir; E=S, Se) and (p-cymene)MS,C,BoH,o
(M =Ru,

voluminous pentamethylcyclopentadienyl

Os) are stabilized as monomers by the
(Cp*) and
1,2-dicarba-closo-dodecarborane-1,2-dichalcogenolato

151 The combination of electron deficiency at

ligands
the coordinatively unsaturated metal centre and
reactivity of metal-chalcogen bonds renders these
complexes promising precursors for synthesis of
mixed-metal clusters”. Besides, they could serve as
interesting candidates for reactions with unsaturated
substrates such as alkynes. The range of reactions
turned out to be rather wide from catalytic cyclotri-
merization or dimerization of the alkyne® to stepwise

B(3)/(6)-substitution at the

numerous intermediates have been isolated®"!.

carborane cage, and

Our previous work has indicated that the cobalt
complexes CpCoS,C,BigH,y and CpCoSe,CoBjoHyy are
more reactive than their rhodium and iridium analo-
gues!®. Their reactivity with methyl acetylene carbo-
xylate leads to new complexes as the result of
consecutive steps, in which the metal center and the
metal-chalcogen bonds are involved as well as the B-
H activation at the B(3)/B(6) cite of the o-carborane
cage (Scheme 1), Recently, we have carried out the
three-component reaction of CpCoS,C,B,H;y (1), HC=
CCO,Me and pyrrolidine-1-carbodithioic acid™, which
afforded selective B-functionalization at the carborane
cage with Cp as a functional group. Herein, we report
the three-component reaction of 1, HC =CCO,Me and
2-methylpropanedithioic acid. One cobalt-promoted B-
H and C-H activation product and one carborane-free

cobalt(ll) complex have been isolated.

Co
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Scheme 1

1 Experimental

1.1 Reagents and instruments

All reactions and manipulations were performed
under an argon atmosphere using standard Schlenk
techniques. Solvents were dried by refluxing over
sodium (petroleum ether, ether, and THF) or calcium
hydride (CH,Cl,) under nitrogen and then distilled
prior to use. CpCo(CO)L,™ and CpCoS,C,B,0H e (1)M
were prepared according to the reported procedures.
Elemental analyses were performed in an Elementar
Corporation Vario EL. Il elemental analyzer. NMR
data were recorded on a Bruker DRX-500 spectro-
meter. '"H NMR and “C NMR spectra were reported
with respect to CHCI/CDCl; (6 'H=7.24, 6 PC=77.0)
and "B NMR spectra were reported with respect to
external Et,0 +BF; (6 "B=0). The IR spectra were

recorded on a Bruker Tensor 27 spectrophotometer

Some examples of complexes from the reactions of CpCoS,C,B,0H,, (or CpCoSe,C,BH o) with HC=CCO,Me"

with KBr pellets in the 4 000~400 cm™
mass spectra were recorded on Micromass GC-TOF for
EI-MS (70 V).
1.2 Synthesis of 2 and 3

HC =CCOMe (210.2 mg, 2.5 mmol) and 2-
methylpropanedithioic acid (120.2 mg, 1.0 mmol) were
added to the solution of 1 (165.2 mg, 0.5 mmol) in
CH,Cl, (25 mL), and the mixture was stirred for 24 h

at room temperature to give a deep green solution.

region. The

After removing the solvent, the residue was purified
on the thin layer chromatography gel and elution with
petroleum ether/CH,Cl, (2:1) gave 2 and 3 (Scheme 2).
Recrystallization from CH,Cly/petrol ether afforded
crystals of 2 and 3.

2: blue solid, yield 165.1 mg (62% based on 1),
m.p. 202 C dec. 'H NMR (CDCly): 6 3.12 (s, 3H,
Me), 3.14 (s, 3H, Me), 3.80 (s, 3H, OMe), 4.85 (s, 1H,
Cp-CH), 5.28 (s, I1H, Cp-CH), 5.81 (s, 1H, Cp-CH),
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Scheme 2 Synthesis of 2 and 3

5.97 (s, 1H, Cp-CH), 6.30 (d, J=16 Hz, 1H, S-CH=),
7.95 (d, J=16 Hz, 1H, =CH-C(0)). "C NMR: & 38.06
(Me), 51.98 (OMe), 83.30 (Cp-CH), 83.97 (Cp-CH),
84.36 (Cp-CH), 92.28 (Cp-CH), 89.71 (carborane),
117.04 (carborane), 120.48 (S-CH), 126.25 (br, Cp-C),
128.20 (Me,C =), 143.09 (=CH-C (0)), 164.55 (C =0),
203.05 (=CS,). "BNMR (CDCl,): 6 —12.7 (1B), -9.3 (4B),
-5.3 2B), —-1.7 (3B). EI-MS: m/z 533.1 (M", 26%). IR
(KBr, v / em™): 1 670 (C=0), 1 717 (S-C-S), 2 582
(B-H). Elemental analysis: Caled. for C;sHaBCo0,5,
(%): C, 33.82; H, 4.73. Found(%): C, 34.05; H, 4.57.

3: green solid, yield 16.6 mg (8% based on 1),
m.p. 223 °C dec. '"H NMR (CDCly): 6 3.27 (s, 18H,
Me). C NMR: 6 37.66 (Me), 134.58 (Me,C=), 205.41
(=CS,). EI-MS (70 eV): m/z 416.2 (M*, 6%). IR (KBr, v /
em™): 1 729 (S-C-S), 1 523 (C=C). Elemental analysis:
Caled. for C;,H,CoS4(%): C 34.59, H 5.08. Found(%):
C 34.82, H 4.87.

1.3 X-ray crystal structure determination

X-ray crystallographic data were collected on a
Bruker SMART Apex Il CCD diffractometer using
graphite-monochromated Mo Ko (A =0.071 073 nm)
radiation. The intensities were corrected for Lorentz
polarization effects and empirical absorption with the
SADABS program!”. The structures were solved by
direct methods using the SHELXS-97 program and
refined by full-matrix least-squares techniques on F?
with the SHELXL-97 program'™. All non-hydrogen
atoms were refined anisotropically. All hydrogen atoms
were generated geometrically and refined isotropically
using the riding model. Crystal data, data collection
parameters and the results of the analyses of 2 and 3
are listed in Table 1. Selected bond lengths and bond
angles are listed in Table 2.

CCDC: 1053736, 2; 1053737, 3.

Table 1 Crystal and structure refinement data for 2 and 3

Compound 2 3

Formula C5HasB16C00,S, C3H,,CoS¢Cl,
Crystal size / mm 0.26x0.22x0.20 0.26x0.24x0.20
Formula weight 532.62 499.48
Temperature / K 291(2) 291(2)
Crystal system Triclinic Triclinic
Space group Pl P1

a/ nm 0.763 97(15) 0.917 40(13)
b / nm 1.257 0(2) 0.947 92(14)
¢/ nm 1.320 2(3) 1.268 96(18)
al (%) 95.905(2) 75.226(2)
B1(°) 104.690(2) 88.107(2)

v /(%) 90.226(2) 82.341(2)

V / nm? 1.219 3(4) 1.057 5(3)

A 2 8

D,/ (g-em™) 1.451 1.569
Absorption coefficient / mm™ 1.059 1.649

F(000) 544 512
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Continued Table 1

0 range / (°)

Reflns collected
Independent reflns

Reflns observation (I>20 (1))
Data / restrained / paras
GOF

Final R indices (I>20(I))

R indices (all data)

Largest diff. peak and hole / (e-nm™)

2.16~27.00

7 115 (R;,=0.003 6)
5118

3705

5118/0/292

1.088

R=0.049 1, wR,=0.122 7
R=0.055 2, wR,=0.123 4
446 and -393

2.24~26.00

5 804 (R;,=0.093 3)
4070

3229

4070 /6 /205

1.052

R=0.061 7, wR,=0.171 5
R=0.071 9, wR,=0.184 7
932 and -889

Table 2 Selected bond lengths (nm) and bond angles (°) for 2 and 3

2
c1-c2 0.169 3(5) C1-S1 0.179 3(4) €2-2 0.178 3(4)
€3-S1 0.173 7(4) C3-C4 0.131 3(5) B3-Cl1 0.156 9(6)
Col-S2 0.228 71(12) Col-S3 0.225 06(12) Col-84 0.225 93(11)
$3-C7 0.170 1(4) 84-C7 0.170 9(4) C7-C8 0.132 0(5)
C1-81-C3 101.56(18) S1-C3-C4 122.13) €2-C1-S1 113.5(2)
C1-C2-S2 116.3(2) €2-82-Col 104.30(13) B3-C11-Col 118.2(3)
C2-B3-Cl1 112.9(3) $2-Col-S3 91.69(4) $2-Col-S4 97.06(4)
Co1-83-C7 86.77(13) Col-84-C7 86.29(13) $3-C7-84 110.1(2)
C1-C2 0.131 6(6) €3-C4 0.130 8(6) €5-C6 0.131 2(6)
Col-SI 0.227 69(13) Col-82 0.226 81(12) Col-S3 0.226 76(13)
Col-S4 0.226 72(12) Col-S5 0.227 64(13) Col-86 0.226 71(12)
S1-C1-S2 110.1(2) $3-C3-84 110.03) 85-C5-56 110.4(3)
S1-Col-S2 76.23(5) $3-Col-S4 76.44(5) 85-Col-S6 76.30(4)

2 Results and discussion

2.1 Structure of 2

The X-ray structure of 2 (Fig.1) displays a B-C
bond bridging the carborane cage and the Cp ligand.
The B-C bond distance (0.156 9(6) nm) is much the
(0.157 8
nm)®. S(2) has disconnected from cobalt center and
then connected with the S-CH=CHCO,Me unit. The
newly generated five-membered ring (Co(1)S(2)C(2)B
(3)C(11)) is almost perpendicular to the Cp ring and
fused with CpCo unit at Co(1)-C(11) bond resulting in

a relative rigid Cp ring. On the other hand, the solid-

same as the B-C length in trimethylborane

state structure bears an auxiliary ligand, 2-methylprop
-1-ene-1,1-dithiol anion, rearranged from 2-methylpro-
panedithioic acid in a bidentate x*-S,S’ mode. An

important change is that the C(7)-C(8) bond (0.132 0(5)

nm) has been shortened, which indicates that it's a

C=C bond. Furthermore, the hydrogen atom at the B(3)

Molecular structure of 2 with 30% thermal

Fig.1
ellipsoids
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position of the carborane cage has been transferred to
the terminal carbon of the alkyne to generate an
olefinic substituent in a trans arrangement at the S(1)
atom!. The torsion angle of S(1)C(1)C(2)S(2) (8.7°)
doesn’t change too much as compared with 9.7° in 1",

Considering the charge compensation in the
environment of cobalt center, the hydrogen atom
bounded to the S(4) atom was located by constrained
method. Thus, the S(4)—Co coordinative bond and
two other S-Co covalent bond, together with a 7°-CsH;s
ligand allow the metal to attain 18-electron configura-
tion. This is consistent with the observed properties of
2. 2 is a neutral compound and exhibits normal NMR
spectra with no evidence of paramagnetism. However,
spectroscopic data are not consistent with the structure
in Fig.1, since there is no signature for the S-H
functional group in '"H NMR spectra. This implies the
presence of an “extra” hydrogen atom in the vicinity
of Co(1), probably bridging between the metal and one
or more nearby sulfur atoms and completing an 18-
electron metal configuration. The possibility of these
extra hydrogens variably adopting M-H-S bridging
(%), H-MS, face-bridging (77°), or M-H,ina (177°) modes
is convinced since instead of sulfur such bonding types
for boron atoms are a well-known feature in small
metallaborane and metallacarborane clusters (especially
those Co, Fe and Ru clusters)? 2!,

With above comprehensible exception, spectros-
copic and analytical data of 2 are consistent with its
solid-state structure. In the 'H NMR data, four
distinguishable signals assigned to the hydrogen atoms
of the substituted Cp ring could be attributed to their
inequivalent chemical environment. The 'H NMR
spectrum also shows three singlets assigned to OMe
(3.80) and Me,C (3.14, 3.12) groups as well as two
doublets (6.30, 7.95) owing to *J('H, 'H) across the C=
C bond. The large coupling constant (J=16 Hz) corre-
sponds to an FE configuration as confirmed by the
solid-state structure. Characteristic resonances for CH
units of the substituted Cp ring at about 83.30, 83.97,
84.36 and 92.28 were found in the "C NMR spectra.
2.2 Structure of 3

The single-crystal X-ray diffraction (Fig.2) shows

that 3 is a neutral complex. The cobalt atom is located
at the apparent intersection of D; symmetry and
surrounded by six sulfur atoms in a distorted octahedral
environment. Despite the apparent presence of the
rotational axes, all of the atoms in the structure were
found to be unique; there are no symmetry-related
atoms. The average distance of three carbon-carbon
bonds (C(1)-C(2), C(3)-C(4) and C(5)-C(6)) is 0.131
nm, showing that they are double bonds. Recently, a
similar compound has been synthesized in the two-
component reaction of 1 with 2-methylpropanedithioic
acid™. However, three carbon-carbon bonds are single

bonds rather than double bonds.

Fig.2 Molecular structure of 3 with 30% thermal

ellipsoids

For the same reason explained for the structure
of the complex 2, three hydrogen were constrainedly
located at S(2), S(4) and S(5), respectively, and there
were no signals in 'H NMR spectra. However, the
spectroscopic and analytical data support its principal
part in the solid-state structure. The singlet at 3.27
was assigned to the alkyl group of the Me,C unit as
expected for a symmetrical structure.

The work described here sheds light on a
relatively unexplored facet of o-carborane chemistry.
Further

experimental and  theoretical ~work s

underway.
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