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The reaction of"BuSnCk and the sodium salt of 2-mercaptoethanol (1:1) in ethanol gave the compound

1
SnBuU)(CI{ (OCH,CH,S),Sn(Bu)}» (1). [("Bu)Sn(SCHCH,0)SCHCH,OH] (2) was initially isolated from the

reaction ofl with "BuMgCl as a rearrangement product but was also synthesized"Boi®n(O)OH and two

molar equivalents of 2-mercaptoethanol. Both compounds were characterized by meand&nRSC, andH

NMR, FAB mass spectroscopy, and elemental analyses. The structures were determined by single-crystal X-ray
diffraction. 1 crystallizes in the monoclini€c space groupg = 18.492(3) A,b = 17.329(2) A,c = 10.787(1)

A, B = 111.88(1), Z = 4), while 2 crystallizes in the orthorhombiBbcaspace groupa = 14.458(2) Ab =

10.393(1) Ac = 16.479(2) A,Z = 8). 1 is a trimetallic Tin(IV) compound in which the central atom is in 6-fold
coordination, while the two remaining tin atoms show 5-fold coordination. Both pentacoordinated tin atoms are
bonded to a butyl group and to the oxygen and the sulfur atoms from two JOB4$]>~ ligands forming two
stannolanes, which are fused with the hexacoordinated tin atom forming a distannoxane system. This arrangement
is quite different from previous ladder or staircase structures. NMR data point to maintenance of this structure in
solution.2 consists of [{(Bu)Sn(SCHCH,0)(SCHCH,0H)] units, which are associated via intermolecular-&n
interactions building up a dimer. The tin atom forms two “stannolane” units by interaction with JOB4$]%~

and [HOCHCHS,S]~ ligands.

Introduction principles established for pentacoordinated main group 15
compoundg? According to this, stannolane structures of this
class are in agreement with the principles formulated for
phosphoranes and are also applicable to five-coordinated
f derivatives of other group 14 and 15 elements. These tin
anionic five-coordinated tin derivatives containing five- CcOmPounds prefer SiS to Sn-O bonding, and when the tin
membered ring systems, as well as six-coordinated monomeric2€idity is increased by replacing ring sulfur atoms with oxygen
and dimeric species. The systematic structural studies by Holmes2{0ms, higher coordination numbers are observed, for example,
of tin compounds combined with the structural data for silficon  [(CeHaO2)sSn][EGNH].* This may arise by formation of Sn

and germaniufhanalogues allow comparison with the structural O interactions stabilizing dimeric species in the solid state, for
example, [(GH4OS:SNnL[H]j[EtsN].1 The presence of saturated

*To whom correspondence should be addressed. Fax: (52-5) 61622- five-membered rings or only one unsaturated ring normally gives
03. E-mail: cea@servidor.unam.mx. TBP (trigonal bipyramidal) structures as in [(S&HH,S),SnPh]-

(1) Holmes, R. R.; Shafieezad, S.; Chandrasekhar, V.; Sau, A. C.; Holmes, 2 3 .
.M. Day, R, 0.0 Am. Chem. Sod988 110 11681174, [Et4N] 2 and [(GHsS2)SNPRCI][Et4N].2 Two unsaturated five

(2) Holmes, R. R.; Shafieezad, S.; Chandrasekhar, V.; Holmes, J. M.; membered rings containing like atoms bound to the central atom

Holmes and co-workers have studied extensively the chem-
istry of spirocyclic tin compounds containing oxygen, sulfur,
and mixed oxygensulfur ligandsi~" They have synthesized
and structurally characterized by X-ray diffraction a number o

Day, R. O.Inorg. Chem 1988 27, 1232-1237. in each of the rings lead to RP (rectangular-pyramidal)
®) ??géjiA' C.; Day, R. O.; Holmes, R. Rorg. Chem1981, 20, 3076~ structures, as in [((CNE,S,)Sn('Bu)][EtsN].4 Also, the presence
(4) Day, R. O.; Holmes, J. M.; Shafieezad, S.; Chandrasekhar, V.; Holmes, Of @ large, fifth ligand of lower electronegativity favors RP

R.R.J. Am. Chem. Sod988 110 5377-5383. arrangement, as in [{€sS;) SnBrl[MePPh]-2CsHe." Introduc-

(5) Sau, A. C,; Day, R. O.; Holmes, R. B. Am. Chem. S0d 981, 103

1264-1265.

(6) Vollano, J. F.; Day, R. O.; Holmes, R. Rrganometallics1984 3, (9) (a) Holmes, R. R.; Day, R. O.; Sau, A. C.; Poutasse, C. A.; Holmes,

750-755. J. M. Inorg. Chem.1985 24, 193-199. (b) Day, R. O.; Holmes, J.
(7) Holmes, R. R.; Shafieezad, S.; Chandrasekhar, V.; Sau, A. C.; Holmes, M.; Sau, A. C.; Holmes, R. Rnorg. Chem.1982 21, 281-286, (c)

J. M.; Day, R. OJ. Am. Chem. S0d.988 110, 1174-1180. Sau, A. C.; Day, R. O.; Holmes, R. R. Am. Chem. S0d.98Q 102
(8) (a) Harland, J. J.; Day, R. O.; Vollano, J. F.; Sau, A. C.; Holmes, R. 7972.

R.J. Am. Chem. S0d981 103 25269-25270. (b) Farnham, W. G.; (10) (a) Holmes, R. RProg. Inorg. Chem1984 32, 119-235. (b) Holmes,

Harlow, R. L. J. Am. Chem. Soc1981, 103 4608-4610. (c) R. R.; Day, R. O.; Sau, A. Grganometallicsl985 4, 714-720. (c)

Schomburg, DZ. Naturforsch., B: Anorg. Chem., Org. Ched083 Holmes, R. R.; Day, R. O.; Chandrasekhar, V.; Holmes, Jindrg.

B38 938-942. Chem.1987, 26, 163-168.
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Chart 1. Molecular Structures of (Top) and2 (Bottom) All three butyl groups attached to the tin atoms are equivalent
on the'H NMR time scale but not on thC NMR time scale,
where there were seven signals. A Hetcor experiment allowed

I | or ]s assignments of the butyl carbon atoms and the associated proton
S ° hifts. Th bon at in al-CH,—CH ieti
N Nad o~ shifts. The carbon atoms in a o 3 moieties are
TS //Sm Sn\zs equivalent on th&3C NMR time scale. The methylene resonance
? ? ¢l | (CH,—CHa) occurs at 26.18C NMR) and as a sextet at 1.42

ppm (H NMR). The triplet at 0.95 ppm corresponds to the
methyl proton resonance with the associated carbon resonance
at 13.30 ppm. This latter assignment was originally found by a
distortionless enhancement by polarization transfer (DEPT)

Ho /S’> experiment. The proton resonance from the methyfetethe
&;'/‘S.”\Q S tin nucleus (SA-CH,—CH»—) are at 1.79 (q) ppm. Only two
S 0\\'Sr/\ —B carbon atoms are magnetically equivalent (27.22 ppm) from the

to the two five-coordinate tin atoms. The remainjfigarbon
resonance from butyl bonded to six-coordinate tin atom occurs
at 28.11 ppm Y0(*3C119%n) = 31 Hz). The SA-CH, proton
tion of dissimilar bonding ring atoms causes displacement back resonance at 1.58 (t) ppm experiences a relative shielding effect
to the more stable TBP structure, for example sHgSySnCl}- from the presence of the electropositive tin(IV) atoms. The three
[EtsN].2 carbon atoms are nonequivalent; therefore, there are three signal
In the course of our studies of the chemistry of heavy for each Sr-CH, carbon resonance. Two resonance signals at
main group metalolanes, we obtained an unexpected trinuclear25.62 and 25.18 ppm correspond to the carbons attached to the
. ! nonequivalent five-coordinated tin atoms (see ¥#8&n NMR
]Em(IV) compound, SrBu)(CIX (OCH,CH,S,Sn(Bu)}> (1), data). The carbon atom resonance from the &+ CH, moiety
rom the reaction of"BuSnCk and 2-mercaptoethanol. In

. . . X is shifted to lower field (28.70 ppm), and it was identified
ac?*dz'g‘)’gb":becagszooﬁe(g)tff'ggtthhi jﬂ;ﬁ?gg‘ﬁ%‘gﬁ;ﬁgglze 4 initally from coupling with the tin nucleusi4(*C1%Sn)= 1120
by IR, 119Sn, 13C, and 'H NMR, mass spectroscopy, and
elemental analyses. The molecular structures ahd2 were
determined using single-crystal X-ray diffraction (Chart 1).

s Hil 13C NMR spectrum and correspond to those from butyls attached

TheH and3C NMR resonances (Table 1) associated with
the butyl and the-SCH,CH,O— units for 2 exhibit a pattern
similar to those ofl. Two broad signals in the range 2:8.85
Results and Discussion and 3.4-3.7 ppm co.rrespond fo theCH,—S anq—CHzo—

. ) » resonance, respectively, while the proton signal from the

T_he reaction of equimolar quantities BBuSnCk and the —SCH,CH,OH fragment occurs as a broad peak at 5.55 ppm,
sodium salt of 2-mercaptoethanol in ethanol unexpectedly gave,yhich disappears on addition of,0. Carbon atoms bonded
compoundl. In an attempt to replace the chlorine atom, the 4 the oxygen atom in the-SCHCH,OH and the cycle
reaction ofl with "BuMgCl yielded compoun@, which was —SCH,CH,O— fragments are distinguishable (Table 1).
obtained as the major product from the crystallization of the 1195, NMR Spectra. The 119n NMR spectra are straight-
crude product. Compoun was also synthesized by mixing — fonyard (Table 1). That forl contains signals at-39.04
"BuSn(O)OH with two molar equivalents of 2-mecaptoethanol. I(9SHIYIBN) = 173.9 Hz), —42.6 RI(19S1911%8) =
Both compounds are air-stable, colorless crystalline solids; 53¢ 1 Hz), and-447.00 EJ(llgsr’ﬂlgflan)z 173.9 and 236.1

was soluble in organic solvents (e.g., &, CHCk, THF), 17y nom for each of the three nonequivalent tin atoms. That at
while 2 was highly soluble in DMSO and slightly soluble in ¢ highest field is associated with the six-coordinated tin center,

CHCl; and CHCl. which carries the chorine atom. Only one signal at 28.7 ppm is

'E the FAB mass spectra, the base peaks}famdz were observed in thd1°Sn NMR spectrum o2, which is within the
[M* — CI] (mz 831) and [GoH210sSSm]" (Mz 523), 406 for the four-coordinated tin nuclelisTherefore, the
respectively. Other fragments are associated primarily with ionS gt cture in solution is different from that observed in the solid
containing spirostannolane units, that is;#z:0sSsSrp] (only state. There are probably no intermolecular-8D interactions
for 1, m'z 581), [C10H2103&Snz] (m/z 523), [C3H1702828I']2] in the solution state.
(M/z 447), [GH170:S,Sn]" (only for 2, MT, m/z 329), [CH1x Description of Structures. Compoundsl and 2 were
0SSn] (W2 253), [GHsOSSN] (W2 197). The isotopic pattern  ymenaple to study by single-crystal X-ray diffraction, and the
aglreed W?” with the number of trl1e tin a}oms in each fragment. ,cyre and the atom numbering scheme are illustrated in

H and *°C NMR Spectra. The*H and**C NMR data forl Figures 1 and 2. Selected bond lengths and angle$ &md 2
and 2 are collected in Table 1. ThtiH NMR spectrum ofl are listed in Table 2.
points to maintenance of the solid-state structure in solution. 14 structure of compounti consists of discrete trinuclear
The H,—S resonance from the-SCH,CH,O— fragment ——
occurs as a series of three broad resonance in the range 2.8 [Sn("Bu)(CI}{ (OCH,CH,S)%,Sn({'Bu)} ;] units in which two of
3.25 ppm (8H) and the I&,—0O resonance as a broad signal the tin centers are five-coordinated and the other is six-
centered at 3.8 ppm (8H). Cooling led to greater resolution of coordinated. Both pentacoordinated tin atoms (Sn(2) and Sn(3))
these broad resonances, and-&0 °C, there were two groups  are bonded to a butyl group and to the oxygen and the sulfur
of three multiplets for the both i€, proton groups: 3.09, 2.9,
2.84 [SCH] and 4.11, 3.97, 3.72 [C¥®D] ppm. The carbon  (11) (a) Otera, JJ. Organomet. Chen1981, 221, 57-61. (b) Pejchal, V ;
aloms of the~SCHCH.O- fragment (C NMR specira)  {iokeoe J; Neorl i Lycka, o Colect Caech Cher, Commun
correspond to the two lowest-field-shifted resonances at 63.2 Gupta, A. R.; Hoskins, B. F.; Tiekink, E. R. J. Organomet. Chem
and 31.3 ppm. 1989 372 193-199.




2286 Inorganic Chemistry, Vol. 39, No. 11, 2000 Cea-Olivares et al.

Table 1. 19Sn,13C, and'H NMR Data for Compound4 (in CD,Cl,) and2 (in (CDs),SOy

moiety compound compound?
Sn 11950 1195
—447 Sn(1) 28.7.Sn(1, 2)
—42.6,—39 Sn(2, 3)
H (at =70°C) 13C H 15C
—SCH,CH,0— 3.17 (m) 8H 31.3 2.852.6 (bs) 4H 30.7
2.9 (m)
2.84 (m)
—SCHCH,0— 4.11 (m) 8H 63.2 3.73.4 (bs) 4H 63.4
3.97 (m)
3.72 (m)
—SCHCH,OH 5.52 (bs) 59.9
SNCHCH,CH,CH3 0.95 (t) 9H 13.3 0.84 (t) 3H 14.1
SnCHCH,CH,CH;3 1.42 (sex.) 6 H 26.2 1.32 (bs) 2H 27.8
SNCHCH,CH,CHs 1.79 (q) 6 H 27.2Sn(2, 3) 1.5 (bs) 2H 29.9
28.1Sn(1)
SNCH,CH,CH,CHs 1.58 (t) 6 H 25.6 Sn(2) 1.6 (bs) 2H 26.0
25.2 Sn(3)
28.7 Sn(1)

a Chemical shift data in ppm.

C12

Figure 2. ORTEP plot of [(Bu)Sn(SCH2CH20)(SCH2CH20H)2).
The atoms were drawn with 30% probability ellipsoids. Hydrogen atoms
are omitted for clarity.

1
Figure 1. ORTEP plot of [SNBu)(CI}{ (OCH,CH.S),Sn(Bu)} ] (1). . ) .
The atoms were drawn with 30% probability ellipsoids. Hydrogen atoms In each (OCHCH,S)Sn(Bu) moiety, the five-coordinated

are omitted for clarity. tin atoms exhibit very distorted square pyramidal geometry with
the butyl group in the apical position. This distortion may be a
consequence of the constraints imposed by the fused five- and
atoms from two [OCHCH,S] 2 ligands forming two stanno-  four-membered systems. The five-membered rings adopt an
lanes, which are fused with the central six-coordinated tin atom envelope conformation with the carbon atoms (C(3) and C(7))
[Sn(1)]. This atom carries a butyl group, a chlorine atom, and attached to the sulfur atom at the lap.
oxygen atoms from each of the four stannolane units. Therefore, The six-coordinate Sn(1) atom exhibits octahedral geometry
the Sn(1)Q core is the bridge between the stannolane systemshighly distorted from constraints imposed by the two four-
to form a spirodistannoxane system, Sn(ZB6(1)QSn(3). The membered distannoxane ring system. The meanCBiond
average SrO and the Sa'S bonds lengths in the stannolane distance and internal-©5n—0 angle are 2.12(2) A and 71.3(9),
units, 2.152 and 2.414 A, respectively, are close to the sum of respectively, values close to those from previously reported
the appropriate covalent ratftand similar to those in previous  distannoxane structuréd®»1415Since in this compound the two
stannolane structurés?:13The Sn-O bond in stannolane units  distannoxane rings form a spirostannoxane system, the present
are longer than those in distannoxanes (ave Qi 2.128 A). structure represents a totally different type from the common
ladder or staircase structures observed previously for trinuclear
distannoxanes, for example, j&h)(RSnO)(RSnOH)(HONZO)-
(12) (a) Haiduc, ICoord. Chem. Re 1997, 158 325-358. (b) Bondi, A. (ONZO)J*5 (R = Me, "Bu; HONZO = 0-HON=CHCsH,O—;

J. Phys. Cheml964 68, 441—451. = o-(— — —

(13) (a) Lockhart, T. P.; Davidson, Rrganometallics 1987 6, 2471— and ONZO 142(,( ON=CHCeH40-)), and for other related
2478. (b) Hursthouse, M. B.; Davies, A. G.; Price, A. J.; Dawes, H. compounds:
M. J. Chem. Soc., Dalton Tran$986 297-302. (c) Drovetskaia, T. The structure of compound consists of [{(Bu)Sn(SCH-
V. Yashina, N. S.; Leonova, T. V.; Petrosyan, V. S, Lorberth, J.; - cH,0)(SCHCH,OH)] units associated into dimers via inter-

Wocadlo, S.; Massa, W.; Pebler,J1.0rganomet. Cheni.996 507, . . . .
201205, (i Bates, P. A.; Hursthouse., M. B.: Davies, A.%.; Slater, Molecular SA-O interactions. The tin atom is bonded to a

S. D.J. Organomet. Chen1987, 325 129-139. butyl group and to the sulfur and oxygen atoms from one
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Table 2. Selected Bond Lengths (A) and Angles (deg) foand 2

Inorganic Chemistry, Vol. 39, No. 11, 200@287

compoundl compoundL compound?
Sn(1)-Cl(1) 2.428(4) Sn(2¥S(2) 2.407(5) Sn(BO(1) 2.081(4)
Sn(1)-0(1) 2.079(12) Sn(2)0(2) 2.133(12) Sn(Ho(2) 2.679(6)
Mrce  iew  Tow EE ey G
n . n . n .
Sn(1-0(4) 2.122(8) Sn(3¥0(3) 2.153(10) sn(BS(2) 2.473(2)
Sn(1)-C(13) 2.132(20) Sn(3)0(4) 2.155(8) Sn(BC(5) 2.149(6)
Sn(2)-S(1) 2.419(4) Sn(3)S(4) 2.417(6)
Sn(2-0(1) 2.166(8) Sn(3yC(17) 2.156(30)
compoundL compoundl compouncd?
Cl(1)—-Sn(1)-0(1) 88.9(3) S(1rSn(2)-S(2) 98.7(2) O(1)Sn(1)-0(2) 161.6(2)
Cl(1)—-Sn(1)-0(2) 99.4(2) S(1)Sn(2)-C(9) 118.3(7) S(2)Sn(1)-O(1a) 150.6(1)
Cl(1)-Sn(1)-0(3) 95.6(3) S(2rSn(2)-0(1) 82.8(3) S(1rSn(1)-C(5) 133.2(2)
Cl(1)-Sn(1)-0(4) 165.7(3) S(2¥Sn(2)-0(2) 136.2(3) O(2ySn(1)-0(1a) 128.3(2)
CI(1)-Sn(1)-C(13) 96.7(4) S(2¥Sn(2)-C(9) 112.8(8) S(2¥Sn(1)-C(5) 111.1(2)
O(1)-Sn(1)-0(2) 72.4(4) O(3)-Sn(3)-0(4) 70.5(3) S(1¥Sn(1)}-0(1) 108.1(2)
O(1)-Sn(1)-0(3) 83.2(4) O(3)Sn(3)-C(17) 103.8(6) O(LrSn(1)-C(5) 105.8(2)
O(1)-Sn(1)-0(4) 82.7(4) O(4)-Sn(3)-C(17) 99.3(6) S(1Sn(1)-S(2) 104.33(7)
O(1)-Sn(1)-C(13) 168.2(5) S(3ySn(3-0(3) 137.9(4) C(5¥Sn(1)-O(1a) 84.9(2)
0(2)-Sn(1)-0(3) 151.0(5) S(3)¥Sn(3)-0(4) 83.2(2) 0(2)-Sn(1)-C(5) 84.6(2)
0(2)-Sn(1)-0(4) 89.1(3) S(3¥Sn(3-S(4) 100.2(2) S(2ySn(1)-0(1) 82.95(12)
0(2)-Sn(1)-C(13) 96.3(5) S(3¥Sn(3)-C(17) 112.7(6) S(2)Sn(1)-0(2) 79.1(2)
0(3)-Sn(1-0(4) 72.0(3) S(4¥Sn(3-0(3) 81.2(3) S(1¥Sn(1)-0(1a) 78.46(14)
0(3)-Sn(1)-C(13) 106.5(6) S(4ySn(3)-0(4) 139.2(4) S(1Sn(1)-0(2) 72.9(2)
O(4)-Sn(1)-C(13) 93.7(5) S(4¥Sn(3)-C(17) 116.0(5) O(1ySn(1)-0O(1a) 68.7(2)
O(1)-Sn(2)-0(2) 70.3(4) Sn(Lr0(1)-Sn(2) 108.5(4) Sn(2)0(1)-Sn(2a) 111.3(2)
O(1)-Sn(2)-C(9) 96.3(7) Sn(1}0(2)-Sn(2) 108.7(4)
0(2)-Sn(2)-C(9) 104.2(8) Sn(H0(3)-Sn(3) 109.0(4)
S(1)-Sn(2)-0(1) 140.7(3) Sn(B0(4)-Sn(3) 108.4(3)
S(1)-Sn(2)-0(2) 82.9(3)
[OCH,CH,SP ligand, forming a stannolane. A second five- 2ple 3. Crystallographic Data fol and2
membered ring is formed via an S8 bond and a weak, 1 2
secondary SO bond with an [HOCHCH,S] 2 ligand. This chemical formula GH43Cl04S:Sny CgH150.S,Sn
weak intramolecular SRO2 bond [2.679(6) A] is longer than formula mass 867.3 329.07
a normal covalent SAO bond?2but shorter than the sum of A, Mo Ko [A] 0.71073 0.71073
van der Waals radii, ca. 3.3 & In addition, there is a stronger ::ermsrtj £K]st 2n91g$120)clinic Ziirgg)rhombic
in.termolecular SO interaction, approximately trans to S(2), Spyace )g,;roup Cc(No. 9) Pbca(No. 61)
with a symmetry-related oxygen [SiD(1la) = 2.327(4) A] a[A] 18.492(3) 14.468(2)
whose length is marginally longer than the covalent radii sum  b[A] 17.329(2) 10.393(1)
(2.13 A)12aThis produces a distannoxane §Sgp unit), and in c[A] 10.787(2) 16.479(2)
the dimers so formed, the tin coordination is raised to 6. The g[[gsg]] ?21 88(1) 99%
internal stannolane angles are 82.9(ahd 72.9(2) with the " [deg] 20 90
smallest angle corresponding to that containing the longest Sn VA3 3207.7(7) 2477.9(5)
02 bond; this is substantially lower than those usually found z 4 8
for S—Sn—0 stannolane angles (8%83.2).1.6.7.13d Pc[alcd ["I]Q/CTT?] %-6738 %g%
. . . . cm- . .
Crystal packing of2 cpns_lsts of dimeric [Bu)Sn(SCH- /él(':o)a 0.0374 0.0393
CH,0)(SCH.CH,0OH)], units interconnected by SH1b—02b WR2(Fo)® 0.0893 0.0907

hydrogen bridges of 2.31(8) A between the alcohol group and

symmetry-related sulfur atoms.

(14) (a) Lecomte, C.; Protas, C. L. J.; Devaud,Adta Crystallogr., Sect.
B: Struct. Crystallgr. Cryst. Cheni976 B32 923-924. (b) Chan-

drasekhar, V.; Schmid, G. C.; Burton, S. D.; Holmes, J. M.; Day, R.

0O.; Holmes, R. RInorg. Chem.1987, 26, 1050-1056. (c) Chan-
drasekhar, V.; Day, R. O.; Holmes, R. Rworg. Chem.1985 24,

1970-1971. (d) Chandrasekhar, V.; Day, R. O.; Holmes, J. M.;

Holmes, R. RInorg. Chem1988 27, 958-964. (e) Parulekar, C. S;
Jain, V. K.; Kesavadas, T.; Tiekink, E. R. J. Organomet. Chem.
199Q 387, 163-173. (f) Tiekink, E. R. T.; Gielen, M.; Bouhdid, A.;
Biesemans, M.; Willem, RJ. Organomet. Chenl995 494, 247—
253. (g) Gielen, M.; Bouhdid, A.; Willem, R.; Bregadze, V. I.;
Ermanson, L. V.; Tiekink, E. R. TJ. Organomet. Chen1995 501,
277-281. (h) Silvestru, A.; Silvestru, C.; Haiduc, |.; Drake, J. E.;
Yang, J.; Caruso, FPolyhedron1997, 16, 949-961. (i) Cervantes-
Lee, F.; Sharma, H. K.; Haiduc, I.; Pannell, K. HChem. Soc., Dalton

Trans.1998 1-2.
(15)

Kayser, F.; Biesemans, M.; Boualam, M.; Tiekink, E. R. T.; Kholoufi,

A. E.; Meunier-Piret, J.; Bouhdid, A.; Jurkschat, K.; Gielen, M.;
Willem, R. Organometallics1994 13, 1098-1113.

2R1= 3 |IFol = IFell/ZIFol. ®WR2= [TW(Fo” — F) Y W(Fo)7 V>

It is clear that many factors are involved in determining the
formation and the structure of stannolane systems3and the
behavior of the new compoundd (@nd 2) reported here
exemplify well some of the points mentioned in the Introduction.
Clearly, the presence of oxygen donor atoms promoted higher
tin coordination numbers, leading both to stabilization of the
trinuclear compound. in solution and the solid state and to
dimer formation for2 in the solid state. However, the most
remarkable feature is that the arrangemertt isfquite different
from previous ladder or staircase analogous structures.

Experimental Section

All operations were carried out under argon atmosphere using
standard vacuum line techniques. Solvents were dried by conventional
procedures and distilled prior to use. Chemicals of commercial grade
were purchased from Aldrich and were used as suppl¥8n, H,



2288 Inorganic Chemistry, Vol. 39, No. 11, 2000

Cea-Olivares et al.

and®*C NMR spectra were obtained using a Varian Unity spectrometer added to a solution of 0.371 g (1.78 mmol) mbutyltin hydroxide

(111.8, 299.94, and 75.42 MHz, respectively) inLCB (1) and (CR).-

oxide in 50 mL of toluene and the mixture refluxed for 5 h. After

SO @) at 20°C unless otherwise noted. The external references were removal of the solvent, the residue was extracted with@jHand

Sn(CH)4 and Si(CH)4. The FAB" MS (3-nitrobenzyl alcohol support)
data were collected from a JEOL JMS-SX102A operating in the
positive-ion mode. IR spectra (KBr-pellet) were obtained from a Perkin-

filtered. Evaporation of the solution then gave the required compound
(mp 120°C). Yield: 0.327 g (55.9%). MS (FAB, CHC, for 12°Sn),
m/z. 523 [CigH2103S:Sny] F, 447 [GH170,S:Sn] *, 253 [GH150SSnT,

Elmer 283B. Microanalyses were conducted by Galbraith Laboratories 197 [GHsOSSn}. Anal. Calcd for GH150,S,Sn (329.0): C, 29.20;

(Knoxville, TN).

1
[Sn("Bu)(C{(OCH2CH,S),Sn("Bu)},] (1). Amounts of 6.348 g
(81.3 mmol) of 2-mercaptoethanol and 3.74 g (162.6 mmol) of metallic
sodium were mixed in 150 mL of ethanol with stirring, and the solution
was refluxed for 1 h. After the solution was cooled, 22.93 g (81.3 mmol)
of n-butyltrichloride tin(IV) was added, leading to formation of an
immediate white precipitate. The mixture was refluxed for another 4
h. The solid was filtered off in vacuum and washed with ethanol. The
residue was stirred with distilled water for 1 h, and the residue after
filtration was recrystallized from C¥Cl, (mp 124°C). Yield: 16.459
(93.3%). MS (FABF, CHCl, for $2°Sn), m/z 831 [M — CI]*, 581
[C14H3103S:Smp]*, 523 [GoH2103S:Smy]*, 447 [GH170,S,Sry]*, 253
[CeH130SSN], 197 [GHsOSSN]. Anal. Calcd for GoHs7ClO4S:Sre
(867.3): C, 27.57; H, 5.02. Found: C, 27.69; H, 5.00.
[("Bu)Sn(SCH.CH,0)(SCH,CH,0H)] (2). (a) This compound was
obtained initially from a reaction at78 °C in which 0.5 mL of 0.7 M
"BuMgClI in THF was added dropwise with stirring to 0.303 g (0.35
mmol) of 1 in 50 mL of THF. The reaction mixture was then allowed
to reach room temperature. After removal of the solvent, 50 mL of

H, 5.51. Found: C, 29.20; H, 5. 62.

X-ray Crystallographic Study. Crystals ofl suitable for X-ray
diffractometry were obtained by solvent diffusion from a benzene/
hexane mixture at room temperature, while thos® @fere obtained
by slow evaporation of a Cil, solution. Data were collected at room
temperature on a Siemens P4 four-circle diffractometer with graphite
monochromatic Mo K radiation ¢ = 0.710 73 A). Data collections
and refinements are summarized in Table 3. Structures were resolved
by direct methods and refined by full-matrix least-squares calculations
using SHELXTL-97%¢ Non-hydrogen atoms were refined anisotropi-
cally, while hydrogen atoms were calculated as a riding model with a
fixed isotropicU = 0.06 A2 Absorption effects were corrected by
semiempirical methodsy( scan) for both compounds. The calculated
absolute structure parameter fowasy = 1.1(2) x 26917
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hexane was added and the mixture was stirred for 12 h. The re:sultingspectra respectively.

solid was filtered off and dissolved in 50 mL of GEl.. After filtration,
the solvent was removed in a vacuum to give white crystals of the
product. Yield: 64 mg (37.2%).

(b) An amount of 0.277 g (3.56 mmol) of 2-mercaptoethanol was
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