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RCOSMR'3 (M = Ge, Sn, Ph):
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We found that the C=0---Sn distance in RCOSSnR'; was shorter than the C=0---Ge distance in RCOSGeR'; and theoretically confirmed that
the orbital interactions between the nonbonding orbitals on the carbonyl oxygen (no) and the o*sys orbitals were important in regard to the
shortness.

The effects of nonbonded intramolecular as well as inter- chalcogen atoms such as sulfur and selenium. We report here
molecular interactions on the structures of molecules are athe unusually short distances between the carbonyl oxygen
growing field of study: Inter- and intramolecular interactions ~ and tin atoms in Group 14 metal derivatives of thiocarboxylic
may reflect the affinity between elements. The strong affinity acids (RCOSMR, M = Ge, Sn, Pb) and the nature of this

of silicon to an oxygen atom is well documentadowever, nonbonded interaction between the carbonyl oxygen and
little is known about the magnitude of the interactions Group 14 metals: the interactions between the nonbonding

(affinity) between other Group 14 metals and oxygen or Orbitals on the carbonyl oxygendnand theo*us orbitals
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are very important.

(SK) shinzi@ Triphenylgermanium (1), -tin (2), and -lead (3) 4-meth-

ylbenzenecarbothioates were synthesized by reacting the
corresponding potassium carbothioate withs@®#Cl, Ph-
SnCl, and P§PbCI, respectively® The structures ofl—3
determined by X-ray analysis were isomorphous, a distorted
tetrahedron in which the lengths of the C(3D(11), C(11)-
S(11), and M(1)—S(11) bonds in RCOSMRM = Ge, Sn,

Pb) are comparable to=60 double and €S and M-S
single bonds, respectively (Table 3t}

(3) Csp7=0, 1.20—1.23 A: Lide, D. RCRC Handbook of Chemistry
and Physicsy8th ed.; CRC Press: Boca Raton, 1998; p 9-8.

(4) Covalent bond radii (A): €S 1.81, Ge-O 1.88, Ge-S 2.26, SA-O
2.06, Si-S 2.44, Pb-0 2.28, Pb-S 2.58: Pauling, LThe Chemical Bond
Cornell University Press: Ithaca, NY, 1976; pp H4855.



s (1), -tin (2), and -lead §) ethanecarbothioates. The calcula-

Table 1. X-ray Data for 4-CHCsH.COSMPh and CHSMPh, tions forl’,_ 2, a_nd3' indicated that the @Oj--Sn d!stance
(M = Ge, Sn, Ph) (3.058 A) in2' is 0.1 A shorter than that id’, while the
M-S distances increase in the ordér- 2' > 3' (Table 2).
Ge Sn Pb
C=0-+M 3.003(2) 2.907(2) 2.990(4) )
M(1)—S(11) 2.2547(8) 2.4453(9) 2.539(2) Table 2. Calculated Geometrical Parameter for
C(11)-0(11) 1.209(3) 1.208(2) 1.222(7) CH;COSM(CHy); (M = Ge, Sn, Pb) at BSLYP/LANL2DZp
C(11)-S(11) 1.790(3) 1.775(3) 1.770(6) Level
C(11)—C(21) 1.944(3) 2.131(3) 2.205(5) M
M(1)—C(31) 1.942(3) 2.141(3) 2.213(5)
M(1)—C(41) 1.934(3) 2.123(3) 2.202(5) Ge (1) Sn (2) Pb (3')
M(1)—S(11)—C(11) 98.25(10) 93.5(1) 94.1(2) M(1)---0(3) 3147 A 3.058 A 3113 A
CH3SMPh3z2 M(1)—S(2) 2.313A 2.496 A 2.568 A
M-S 2.224(1) 2.391(2) 2.489(6) C(4)—0(3) 1.217 A 1.222 A 1.223 A
M—Cipso 1.931(1) 2.135(7) 2.201(13) M(1)—S(2)—C(4) 99.8° 95.2° 95.3°
M—Cipso 1.930(2) 2.139(7) 2.185(18)
M—Cipso 1.932(1) 2.115(7) 2.186(16)
M—S—CHjs 101.4(3) 102.6(8) 100.5(12) The bond angle SAS—C (95.2°) in2' also is narrow
aReference 6. compared with that i1’ (99.8). These results are consistent

with the results obtained by X-ray structural analyse$-68.

To obtain further information regarding the electronic
The distances between the carbonyl oxygen and the centrabtructures ofl—3, NBO (natural bond orbital) analyses were

Group 14 metals are all within the sum of the van der Waals carried out. The NBO analysis showed that the orbital

radii of both atom$,respectively, indicating intramolecular ~ interactions between the n orbitalgjnon the carbonyl

attraction between the two atoms (Figure 1). Interestingly, 0Xygen and the*uc orbitals (Figure 2a) are present, but

oo ¢' -
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CH3
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(a)

Figure 2. Nonbonded attraction due to (a) thef+ o*uc and (b)
No — 0*us.

their values are close to each other (Table 3). On the other
Figure 1. Molecular structures of 4-C€sH,COSMPh (1, M = hand, the interactions between thg and o*ys orbitals
Ge;2, M = Sn; 3, M = Pb). (Figure 2b) are also appreciable, and interestingly the
stabilization energies of thesn—~ o*ys in 2' and3' are ca.

despite the large atomic radius of tin compared with that of  (7) The three-parameter exchange of Becke in conjunction with the Lee

i i A Yang—Parr correlation functional (B3LYP) was applied in our calculations.
gerrr}l\anlum, the €0---Sn dIStan(.:e [2.907(2) A] i ISAab.Oth The effective core potentials (ECPs) LANL2B were used for C, O, S,
0.1 A shorter than €0---Ge distance [3.003(2) A] il. Ge, Sn, Pb. The d-polarization function for ECP basis set of all atoms except

The G=0---Pb distance [2_990(4) A] iBis Ionger than that for H are taken from Huzinaga, S.; Andzelm, J.; Klobukowski, M.; Radzio-

. Andzelm, Y.; Sakai, Y.; Tatewaki, Hzaussian Basis Sets for Molecular
in 2. The M(1)—S(11)—C(11) angles and the M{E(11) Calculations; Elsevier: Amsterdam; 1984.

distances irl, 2, and3 are 3—9°narrow and 0.030.05 A (8) (a) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;

; ; ; Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A.,
longer, respectlvely, compared with those indSMP (M Jr.; Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels,
= Ge, Sn, PB)having no carbonyl group (Table 1). A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.;

To elucidate the nature of this unusual nonbonded attrac- Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;
. b initi t timizati t the B3LYP/ Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,
tion, apb Initio geometry optimizations at the D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;

LANL2DZ+p level” with the Gaussian 98 progrénwere Ortiz, J. V.; Stefanov, B. B Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,

; ; I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;
performed on the model compounds trlmethylgermanlum Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M.

W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon,

(5) Sum of the van der Waals radii (A): GeO 3.40, Sr--O 3.58, M.; Replogle, E. S.; Pople, J. ASaussian 98; Gaussian, Inc.: Pittsburgh,
Pb---O 3.44: Bondi, AJ. Phys. Chem1964,68, 441. PA, 1998. (b) Foster, J. P.; Weinhold, ¥. Am. Chem. Sod.980, 102,

(6) Andreetti, G. D.; Bocelli, G.; Calestani, G.; Sgarabotto, JP. 7211. (c) Carpenter, J. E.; Weinhold, F.Mol. Struct.1988,169, 41. (d)
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Table 3. NBO Analysis of CHCOSM(CH); at B3LYP/
LAN2DZ+p Level

CH;COSM(CH3);

AE (kcal mol~1)2

M No—0*Mmc(7) No—0*ms
Ge 1.82 0.64
Sn 2.46 2.25
Pb 2.44 2.05

a AE = stabilization energies associated with delocalization.

3.5 times that inl'. The contour maps of thesrand o* s
orbitals in the molecular plane M#S(2)—C(4) for the
model compounds were depicted by using the MOLDEN (c)
3.6 progranf. As shown in Figure 3, the overlaps (overlap

integral, 0.0271) between the @and the part on M in the

o*us orbitals in the tin2' are larger than that (overlap

integral, 0.0253) in the germanium compoutidThus, the

magnitude of such interactions agrees with the order of the

shortness of the<€0---M distances. This may substantially

contribute to the structure of such organo Group 14 metal
derivatives of chalcogenocarboxylic acids and may also result ‘ ' c(7)
in shortening the distance irF€D-:-Sn, as has been observed ) ) .
by X-ray molecular structural analysis. The atomic charge gllr%ﬁﬁssi-nmg m’;g%ggp%lg%zvﬁﬂegg?;)@g (Ig)nifpg)q,?rzg) 5

(1.06) of the tin in2' is clearly larger than that ith’ (0.76), and (c)3' calculated at the B3LYP/LANL2DZ+p level.
while those of the carbonyl oxygens show similar values

(—0.21 to—0.23), suggesting that the electrostatic interac-

tions may also contribute to the short=0---Sn distances.

The longer C=0---Pb distance compared with the@@--

Sn distance may arise from the corresponding $1bond

lengths, although the magnitude of the overlaps between the  Acknowledgment. This research was supported in part
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between the @ando* ys orbitals rather than those between

No and o*yc orbitals. These findings may help us to  Supporting Information Available: Spectroscopic and
understand not only organic synthesis using organotin X-ray crystal data for compounds—3. This material is
available free of charge via the Internet at http:/pubs.acs.org.
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compounds but also the biological activities of various
organotin compounds.
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