416 J. CHEM. RESEARCH (S), 1999

The First Example of a Structurally
Characterized Monomeric Bismuth Selenolate
G. Mugesh,? Harkesh B. Singh*? and Ray J. Butcher?

J. Chem. Research (S),
1999, 416417

J. Chem. Research (M),
1999, 1801-1810

Department of Chemistry, Indian Institute of Technology, Powai, Bombay 400 076, India
b Department of Chemistry, Howard University, Washington D.C. 20059, USA

The reaction of intramolecularly coordinating 2-(4,4-dimethyloxazolino)phenyl selenolate ligand with anhydrous
BiCls (3:1 equivalents) produces the monomeric, air stable, homoleptic bismuth(ii) selenolate complex.

The chemistry of main group metal chalcogenolate com-
plexes is a growing area of current interest because of their
potential use as single source precursors for the low tem-
perature synthesis of semiconductor materials.! To avoid
the formation of oligomeric or polymeric complexes and
to enhance the compound solubility and volatility, several
methods such as the use of sterically bulky organic
substituents® and bifunctional chalcogenolate ligands having
an additional donor atom* have been used. The
chalcogenolates of Group 15 are particularly important
since their solid state chalcogenides possess desired
thermoelectric and optoelectronic properties.> Here, we
report the synthesis and first structural characterization
of a monomeric, air stable, homoleptic bismuth selenolate.
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Synthesis of the selenolate complex was approached by
the metathesis reaction of the lithium areneselenolate with
anhydrous BiCl; in diethyl ether (Scheme 1). Reaction of
the lithium areneselenolate, OxSe~Lit 1,” with BiCl; gave
the desired selenolate 2 along with the diselenide 3 in
moderate yield. The crude product was crystallized repeat-
edly from chloroform-methanol to obtain the pure red
air stable crystals of the bismuth selenolate 2. The com-
pound was found to be quite soluble in common organic
solvents and stable in solution for extended periods without
any noticeable decomposition. The compound melts sharply
without decomposition to give a clear liquid.

The room temperature ’Se NMR spectrum of 2 shows a
sharp singlet which indicates that the three selenium atoms
present in the complex are equivalent. The 7’Se chemical
shift for the complex is observed at §261.6 which is much
lower than the value observed for the diselenide 3 (5454.8)!°
thus indicating shielding of the selenium nuclei.

The crystal structure of 2 is shown in Fig. 1. The
compound crystallizes as a monomer with no close inter-
molecular contacts. The Se-Bi bond lengths (2.691-2.745 A)
are comparable to the sum of the single bond covalent radii
of the two atoms (2.69A).!' This contrasts with the
bismuth-sulfur  distances reported for  Dbis(diethyl-
dithiocarbomato)[2-(2’-pyridyl)phenyl]bismuth(ir1) in which
the Bi-S distances are longer than the expected values.'?
As expected, the N---Bi distances, N(1)---Bi 2.952(6),
N(2)---Bi 2.827(7), N(3)---Bi 2.884(6) A, are much longer
than the sum of the single bond covalent radii of nitrogen
and bismuth (2.22 A) but are well within the van der Waals
distance.!! These distances are also significantly longer than
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the N---Bi  distance reported for  bis(diethyl-
dithiocarbomato)[2-(2'-pyridyl)phenyl]bismuth(1)!> and lie
at the upper end of the range reported for the same inter-
actions in other bismuth compounds!® which lie in the range
2.56-2.86 A. The N---Bi interactions are, therefore, con-
sidered as secondary in nature. The unequal Se-Bi-N bond
angles result in the complex being distorted octahedral.

The most interesting feature in the structure is the obser-
vation of a stereochemically active lone pair of electrons
at the bismuth. There is an approximate three-fold axis
passing through the Bi with the three Se donor atoms above
and the three nitrogen donor atoms below the Bi (Fig. 1).
The lone pair is aligned along this axis pointing down
between the three nitrogens which are mutually displaced
away from the pseudo three-fold axis to accommodate
the lone pair.
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Fig. 1 Crystal structure of monomeric bismuth(iil) complex 2;
hydrogen atoms are omitted for clarity. Selected bond lengths (A)
and angles (°): Bi-N(1) 2.952(6), Bi-N(2) 2.827(7), Bi-N(3)
2.884(6), Bi-Se(1) 2.7049(9), Bi-Se(2) 2.6910(8),Bi-Se(3)
2.7454(9); N(1)-Bi-N(2) 95.1(2), N(1)-Bi-N(3) 127.4(2),
N(2)-Bi-N(3) 113.5(2), N(1)-Bi-Se(1) 68.63(14),
N(1)-Bi-Se(2) 161.4(2), N(1)-Bi-Se(3) 91.4(2), N(2)-Bi-Se(1)
86.46(14), N(2)-Bi-Se(2) 73.65(14), N(2)-Bi-Se(3) 167.4(2),
N(3)-Bi-Se(1) 150.20(12), N(3)-Bi-Se(2) 71.22(13),
N(3)-Bi-Se(3) 70.13(13) Se(1)-Bi-Se(2) 95.39(3),
Se(1)-Bi-Se(3) 85.92(3) Se(2)-Bi-Se(3) 97.14(3)
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Table 2: Significant bond lengths and angles for 2

Received, 18th February 1999, Accepted, 30th March 1999
Paper E/9/01352K

References cited in this synopsis

1

(a) M. Bochmann, Chem. Vap. Deposition, 1996, 2, 85; (b) J.
Arnold, Prog. Inorg. Chem., 1995, 43, 353; (c) A. C. Jones,
Chem. Soc. Rev., 1997, 101.

(a) P. J. Bonasia, D. E. Gindelberger, B. O. Dabbousi and J.
Arnold, J. Am. Chem. Soc., 1992, 114, 5209; (b) P. J. Bonasia
and J. Arnold, Inorg. Chem., 1992, 31, 2508; (¢) V. Christou
and J. Arnold, J. Am. Chem. Soc., 1992, 114, 6240; (d) D.
E. Gindelberger and J. Arnold, J. Am. Chem. Soc., 1992, 114,

J. CHEM. RESEARCH (S), 1999 417

6242; (e) D. R. Cary and J. Arnold, J. Am. Chem. Soc., 1993,
115, 2520; (f) P. J. Bonasia, V. Christou and J. Arnold, J.
Am. Chem. Soc., 1993, 115, 6777.

R. Kaur, H. B. Singh, R. P. Patel and S. K. Kulshreshtha, J.
Chem. Soc., Dalton Trans., 1996, 461.

(a) CRC Handbook of Thermoelectrics, ed. D. M. Rowe, CRC
Press, Inc., Boca Raton, FL, 1995; (b) H. Kaibe, Y. Tanaka,
M. Sakata and I. Nishida, J. Phys. Chem. Solids, 1989, 50,
945; (¢) H.-H. Jeon, H.-P. Ha, D.-B. Hyun and J.-D. Shim,
J. Phys. Chem. Solids, 1991, 4, 579; (d) T. C. Harman,
PCT Int. Appl., WO 9,416.465; US Appl. 2,451,12.

G. Mugesh, H. B. Singh, R. P. Patel and R. J. Butcher, Inorg.
Chem., 1998, 37, 2663.

G. Mugesh, A. Panda, H. B. Singh, N. S. Punekar and R. J.
Butcher, Chem. Commun., 1998, 2227.

L. Pauling, in The Nature of the Chemical Bond, Cornell Uni-
versity Press, Ithaca, New York, 3rd Edn., 1960, p. 224.

M. Ali, W. R. McWhinnie, A. A. West and T. A. Hamor, J.
Chem. Soc., Dalton Trans., 1990, 899.

(a) C. L. Raston, G. L. Rowbottom and A. H. White, J. Chem.
Soc., Dalton Trans., 1981, 1379; (b) C. L. Raston, G. L.
Rowbottom and A. H. White, J. Chem. Soc., Dalton Trans.,
1981, 1383.



