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Abstract 

Reaction of nBu:SnO with thiophene glyoxylic acid yields the title compound which crystallizes as the centrosymmetric distannoxane 
dimer. Determinqion of the crystal structure of the compound reveals the presence of two different environments for tin and two distinct 
carboxylate 8mups~ one of the carboxylate groups bonds to the six.coordinate tin atom via a carboxylate and an a-kete oxygen atom to 
form a five.membered chelate ring whezeas the other carboxylate group forms a unidentate bridge (via one oxygen atom only) across the 
six-coordinate and five-coordinate tin cen ts .  
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1. Introduction 

Recent structural studies of a number of dicarboxyl- 
ate tetraorganedistannoxanes, {[R2Sn(O2CR')]20}:, 
have shown that the R' group of the ¢arboxylate ligand 
causes minor variations in the solid-state structure of 
these molecules although the planar Sn=Oa skeleton is 
retained in ~ll cases [1-6]. Furthermore, when the It' 
group contains an additional donor atom such as the N 
atom of pyridine, major structural variations are ob- 
served [7]. This paper reports the synthesis, crystal 
structure and spectroscopic characterization of the dis- 
tannoxane derivative with R ~. n-butyl and R'CO2 a 
thiophene glyoxylate anion as it is of interest to deter- 
mine the structure of the distannoxane derivative in 
which the carboxylate group contains an a-keto oxygen 
and sulphur donor atoms derived from thiophene. 

2. Experimental details 

2.1. General and instrumental 

Carbon, hydrogen and nitrogen analyses were carried 
out at the School of Chemical Sciences, Universiti Sains 
Malaysia, Penang, Malaysia. Tin was estimated using 

"Corresponding author. 

(}022-328X/96/$15,00 © 1996 Elsevier Science S.A. All rights reserved 
$SDI 0022-328X(95)05795- I 

an Instrumentation Laboratory model u /ae 357 atomic 
absorption spectrophotometer. ]R sp~tral da~ of the 
compounds were recorded using a beckman ]R 20A 
spectrophotometer in the frequency range 4000-250 
cm ~l . Samples were prepared as KBr discs, Z H and I~C 
NMR spectra of the samp]e~ dissolved ia DMSOod6 
were recorded on a Bruker 300 MHz AC-P NMR 
spectrometer. 

2.2. Synthesis of d[.~ta.ozobis( lt.thiophcne glyoxylaw° 
O )bisf thiophene g lyoxylaw )tetrakis[ dibutylttn( IV )] 

Dibutyltin oxide (5.06 g, 20 mmol) and 2.thiophene 
glyoxylic acid (3.20 g, 20 mmol) and 70 ml of toluene 
were refluxed until a clear solution was formed. The 
reflux was continued for 1 h and water was collected 
using a Dean-Stark apparatus. The reaction mixture 
was filtered when it was still hot. The solvent was 
removed by evaporation under vacuum and a light 
yellow solid was obtained. The solid was recrystalized 
from toluene/hexane to give crystals of the distannox- 
ane {[Bo2Sfl(O2C(CO)C4H3S]20)2, m,p. 151-152°C. 
Analysis: Found: C, 42.55; H, 5.15%. Calculated for 
CTjH42OTSn2S2: C 42.42; H 5.30%. 

The infrared spectrum (KBr) of the compound dis- 
plays a strong band at 688 cm "~ t assigned to the Sn-O- 
Sn stretch. Carbonyl stretching bands are located at 
1613, 1642 and 1667 cm -! (assymetric) and 1316 and 



1332 cm -t (symmetric). ~H I*~IR (CDCI~) 8:0.8 (t, 
1211, ,ICJHs~ 1.32 (m, 814, 4CZH~); 1.61 (s, 8H, 
4C~H2~ 1.71 (d, 814, 4C4H~, 7.25 (s, 2H, 2H at 

2 C ~  7.85 (s, 2H, 214 at aromatic 2C2~, 8.35 
(s, 2H, 21.1 at aromatic 2C~) ppm. 

2.3. x-e,  o  Uos, 

A 0.36 × 0.29 X 0.18 nun specimen was used for 
en u Emf.Nonius CAD4 

Mo K a radiation. = A  0.71073 ~) 
diffmctmm~. The cell consmms were mfie~l from the 
setting rabies of the 25 s ~  reflections in the 
14" < ~ < 15° range. The 12 763 reflections were col- 
lected by ~--20 scans up to 20,,,.,,- 50* (collection 

range: 0 ~ h ~  15, - 1 7 ~ k ~  17, - 2 3 ~ 1 ~ 2 2 ) ,  and 
the data were corrected for a decay of 42.3% during 
57.0 h of X-ray exposure. The 7651 reflections out of 
the 12144 independent reflections (Rmt : 0.011) satis- 
fying the I ;~ 3o'(I)  cutoff were used for the solution 
and refinement. The four Sn atoms were located by 
direct methods, and the other non-H atoms were ob- 
tained from difference Fourier synthesis. The two th~enyl 
rings in both independent asymmetric units are disor- 
dered with respect to the sulphur and the 4.carbon 
atoms. Hydrogen atoms were not refined. Full-matrix 
least.squares refinement on F for 711 variables con- 
verged with a shift-to-en~ ratio of 0.05 to R = 0.044, 
Rw-  0.052 for 5-0 .869  and w-[o'=(F)+(O.O2F) ~ 
+ 1] -~ [8], The final difference map had peaks between 
-0.11(5) and 0.81(5)e ,~..3 only. All computations 

Teble I 
Alomic ¢ooedtem~ (XIO 4) ~1 B.q (X:) vslues for non.hydrofpm atoms 

x y : 8 .4 '  x y : B.' 
Sn(ta) 0.23O8.5(4) --0.s620~s) -0.51098(3) s~56(1) e(13a) 0.4922(8) - 0 . 6 ~ ( 8 )  -0.762~(6) 7.6(3) 
Sn(2a) 0.04390(4) -0.47792(.5) -0.41383(3) 4.98(0 e (4a )  0.4183(8) -0.~584(8) -0.8149(s) 7.20) 
S(1~ 0.3155(4) -0.6235(3) .-0,7925(2) 7.8(I) C(I~) -0.0402(8) -0.6154(83 -0,3703(6) 7.8(3) 
S(2~ 0.4148(33 =0.5783(3) --0.1775(2) 8.2(I) (:(168) -0.014(I) -0.704(1) - 0.3807(8) 11.9(43 
O(lt) 0,1551(4) -0.$593(5) -0.6200(3) 6.5(2) C(17~ -0.09S(2) -0,782(I) -0,351(I) 14.9(6) 
oo~) 0,1513(63 -0.~675(73 ~ 0.7337(43 10.5(2) C(18:) --0.05K23 -O.864(2) -0.350(I) 20.0(103 
O(3a) O.~Ull(5) ~0.60~5) -0.S919(3) ZO(2) C(P~O 0.110,t(9) .+0.3617(8) -+0.3658(7) 8.5(3) 
o(t~) 0.2125(43 -0.5287(s) -0,3884(3) 6+3(2) c(20~) 0.176(2) -0.300(I) -0.395(t) 19:7(7) 
0(583 0.24(M(53 =0,5281(53 =0,2717(33 7,4(2) C ( 2 I a )  0.521(53 -0.203(I) -0.353(I) 51.0(103 
O(6J) 0.4046(5) ~0.5~9($) ~0,3795(3) 7.5(2) ~22a) 0.571(3~ ~0.152(2) ~0.3K7(5) 3330(103 
o(?~) 0.oes9(4) ~0.S+SO(4) =0.SOe0(3) S.O(I) C ( ~  0.~3(7) +0.S+40(7) -O.~SI(S) S.7(2) 

C(~) 0,154(23 +3t).769(I) 30.557~(9) 13.~6) C ( ~ )  0 . ~ 7 )  =0.5~1(6) ~0.~$4($) 6.1(2) 
C(~) 0.1 |~(2) ~0.$7~1) ~034~(1) 18,5(8) C(2(~)  0.$$9~(4) ++0,6209(4) + 0 . ~ ( 4 3  8,0(~) 

C(ek0 0.~68(I) ~0.~7~7@) +0.ss08(6) 8.9(3) s~(ib) -0.~5873(4) -0.00084(43 -0.03817(3) 4,$5(I) 
C(Tt) 0 .44Ki)  ~0.~0(9) =o.s~,~(?) 10.2(,0 s~(2b) -0.s0814(,0 -0.1t082(~) 0,013~4(33 4,34(I) 
C(h) 0,,+~2) -0.51~1) - O , M I )  17.0(7) S(lb) +30,2591(3) +-034281(2) - 0.IX197(5) ?.2(I) 
G ~ )  0.1946(8) +0.574,5(7) +0.6?36(:5) 6.9(3) S(2b) ,- 0.0293(3) 0.$4?5(5) -0.1420(m) 7.33(9) 
C(10~) 0.3028(7) +0,6041(7) -0.6544(5) 6,0(5) C(Ib) -0.3472(4) -0.1517(33 30.0045(3) 5.2(I) 
GI|~) 0.3886(7) -0.e~(6) -0.70~1(S) s,~(~) C(Sb) -0,37~(S) -0.~3(43 0.0182(4) ~,6(~) 
C(I~) 0.4724(3) + 0.(dJ~(3) 1-0,68,56(2) 5.5(I) C(3b)  -0.1603(43 ++0.1~1(43 -+0,0389(3) 630(I) 
O(Ib) ~0.~7~(4) 0.14~6(3) ~0.0497(3) S.2(1) C(I3b) -0.09~3(8) -.0.4391(63 -0.0588(6) 7.1(3) 
o(~) ~0 .~ (s )  o,287~4) ~o,o7~) 6,9(2) c(t,~) --o.t7(~(8) ++o.4864(6) -0.o,~4t(63 v.3(3) 
O(6b) ~ 0.09~7(4) 0.0g~t~(4) + 0.08AIX3) 5.7(I) C(15b) -0.~17(8) +30.1323(8) 0.1227($) 7.3(3) 
O(To) ~0.4060(3) 0.0044(3) -0.0117(3) 4.4(I) C(16b) -.0.370(I) ~0.093(2)  0.1642(7) 16.0(7) 
C(Ib) -0.1380(7) 0 .0105(6)  0.0~Y~$) 5,9(2) C(ITo) -0.360(I) .-0.115(2) 02451(8) 16.9(7) 
G2b) +30.1069(9) 0.09?4(8)  0.1029(6) 8.4(3) C(18M -0.2"/2(2) -0.116(2) 03279(I) 23(I) 
c(~) -0.otKt) o,oeg9(9) 0.1vo~7) to,2(4) c(1~) -o,eos0(?) -0,1~#t6) -0.o~s(s) 6+2(2) 
C(4b) 0 .013(~)  0.169(I) 0.~19(I) 18.0(83 C(20M +.30.6.50(I) -+0.2970(9) --0.0642(7) 9.8(4) 
c(~) =0.31o3(8) 30.o6o~) -o,1~3(s) 6,6(3) e(stb) -o+';24(I) -o,~86(I) -o.13o8(83 ~4.1(S) 
C(6b) -0.319(I) 0 . ~ 9 )  +3032018(6) 10.6(4) C(~5b) -0.83,~1) -0.3~(1) -0.1434(9) 131.4(6) 
C(To) 1.0,361(2) ,-0.05'9(1) m O,~Td~(?) 16,6(7) C(23b) -+0+2016(6) 0.2068($) ,-0.0724(4) 4.7(5) 
(~(Sb) -0.+~0(~) +0.00~(~ -0.3~6(I) 54(I) C(54b) -~ 0.1042(63 0.1754($) -0.0949(4) 4.6(2) 
C(~) ~ 0.32.~i(6) -0.2312($) -0.0003(4) 4,7(5) C(2SI)) ,-0.0280(6) 0+2386(6) t-0+1264(4) 4.9(2) 
c(to~) -.0.5t~6) -o,~7(s) -0.0~(,0 ~ , ~  c ( 2 @ )  0.070v(,0 0.20v0(4) -o.t~s(3) 6.3(i) 
C(I Ib) -0.187~(63 30.3280(5) - 0.0~1(43 4.7(5) C(STo) 0.1252(93 0.2913(93 -0.1767($) 8.3(3) 
C( i~)  ~ 0.077~43 -0.3~P)(3) -0.0614(3) 6.1(I) C(~Sb) 0.080(I) 0.~72(8) -0.1749(5) 8.4(3) 

with eM values in l~remheses 



Table 2 
Bead dismces (,0 and angles f') with esds in Imentheses 
Bond d ~ s  
SnOa)-O(la) 2.14~(6) 
snOa)-O(3a) 2.553(61 
Sn(la)-.O(la) Z479(61 
SnOa)--o(]a) ~.o,7(s) 
sn(ta)-(Xl.) ~.t~(l) 

sn(2a)-s~2a) 3~0(0  
s n ( ~ , )  ~ s )  
s ~ ( ~ 7 a )  2.(M0($) 
su(2a)-O(Ta) 7~o~(s) 
sn(~-C(lSa) ~2(1) 
Sn(2a)-C(lS~) 7.]1(0 
S(la)-C(la) L6](O 
S(1a)-C(14a) 1.58(I) 
S(2o)-C(25a) 1.67(I) 
s(2~c(28a) 1.62(i) 
C(la)-C(9a) 1.29(I) 
C(2a)-c(ga) 1.2o(!) 
C(3a)--C(lOa) 1.22(I) 
C(4a)-C(23a) 1.30(I) 
C($a)..C(23a) 1.21(I) 
O(6a)-C(24a) 1.24(I) 
C(la)-C(2a) 1.46(2) 
C(28)--C(3a) 1.57(3) 
c(3~-c(4~) 1.22(4) 
Sn(2b)-O(Ib) 2.339(S) 
Sn(2b)--C(Tbl 2.034(5) 
Sn(2b)--C(Tbl 2.088(5) 
Sn(2b)-C(Sb) 2.13(I) 
Sn(2b).-C(gb) 2.14(I) 
S(b)~C(11b) 1.654(9) 
S(1b)..C(14b) 1.62(I) 
S(2b)~L~ZSb) 1.638(9) 
S(2b)~C(28b) 1.63(I) 
O(Ib)~C(gb) 1.268(9) 
O(2b)~C(gb) 1.199(9) 
O(3b)~C(lOb) 1.206(9) 
(X4b~C(23b) 1.274(9) 
O($b)~C(~b) 1.208(9) 
(XGb)-C(24b) 1.231(9) 
(Xlb)-a2b) 1.47(I) 
C(2b)-C(3bl 1.55(2) 
C(3b)~C(4b) 1.41(2) 
C(6b~.C(Gb) 1.49(!) 

CfSa}--C(~ 
C(6a)-C(Ta) 
aTa)-~sa) 
C(ga)-~loa) 
C(]Oa)-~lla) 
COa)-O2a) 
C(12a)-~13a) 
C(13a)-CO~) 
cfs~-cO¢~1 
c06a)-~Da) 
(Xna)-c(tsa) 
C09a)-C(2Oa) 
C(2(h)-(X21 a) 
c(21~-c(2~ 
c(23~-c(24.) 
c(24~-c(25a) 
a25~--c(26a) 
C(26a)-C(27a) 
C(27a)-.C(288) 
Sn(Ib)-OOb) 
Sn(Ib)-O(4b) 
Sdlb)-C(To) 
Sdlb)-C(Ib) 
Sn(lb)-C(Sbl 
Sn(2bI-Sn(2b) 
C(6b)-C(Tb) 
C(Tb)-C(8b) 
C(9b)-C(lOb) 
C(lObI-C(llb) 
C(Ib)-C(2b) 
C(I 2b)-C(13b) 
C(13b)-C(14b) 
C(ISb)..C(16b) 
C(16b)-alTb) 
C(17b).~C(tSb) 
C(19b)--C(2Ob) 
C(20b)-C(21b) 
C(21b)..C(22b) 
C(23b)~LX24b) 
C(24b)-C(25b) 
a2Sb)-C(26b) 
C(26b)-C(27b) 
C(2To)-(28b) 

1.51(11 
1.53(2) 
L48(2) 
t_s4(l) 
1.46(1) 
1.630) 
].580) 
l~5(l) 
L44(2) 
~.57(2) 
1.37(3) 
1.32(21 
1.57(4) 
1.17(6) 
1.52(1) 
1.46(i) 
1.61(1) 
1.56(I) 
1.34(2) 
2.434(5) 
2.146(51 
2.057(4) 
2.118(91 
2.13(I) 
3.27801 
i.60(2) 
!.530) 
1.54(i) 
1.48(i) 
!,6~(9) 
1.59(I) 
1.33(I) 
1.36(2) 
1.59(3) 
1,17(3) 
1.53(I) 
1.55(2) 
1.35(2) 
1.55(1) 
1.44(I) 
1.S6(1) 
1.46(!) 
1.36(2) 

Bond angles 
O(la)-$n(la)--O(3a) 67.S(2) 
G(18)-Sn(1a)-O(1a) 14.5.6(2) 
G(la)-Sn(la)-O(Ta) 78.1(2) 
(Xle)--Sn(le)-C(la) 103.4(4) 
O(I8)-Sn(la)-C($a) 103.1(3) 
OO8)-Sa(It)--O(~J) 147.0(2) 
O(3a)-Sn(lt)-O(Ta) 14S.6(2) 
(X3a)-Sn(la)-(Xla) 82.4(3) 
0(38)-Sn(I o).-C(5IU 83.4(3) 
CKla)-Sn(la)-O(Ta) 67.4(2) 
O(~q)-Sn(a)..C(I e) 86.5(3) 
O(~.Sn(l~)-e(Sa) 86.6(3) 
O(7a~Sn(la)-~C(le) 105.5(3) 
O(7~.Sn(la)..C(Sa) 105.9(3) 
C(18)-Sn(la)-C(Sa) 142.2(4) 
Sn(2a)-Sn(2a)-O(4a) 109.1(2) 
Sn(la)-Sn(28)-O(7a) 37.8(1) 

O(7a)-Sn(2e~-C(Sa) 
O(Te)-Sn(2a)-c(ga) 
O(2a)-Sn(2a)-~lSa) 
O(Ta)-Sn(2al-(XI9m) 
C(lSa)-Sn(2m~.C(19o) 
~la)..S(la)-C(l~) 
C(2Sa)-S(2a~-C(28a) 
Sn(la)-O(lal-(Xga) 
Sn(la).-O(3m)-C(10a) 
Sn(In)-O(4a)-Sn(2al 
Sn(1a)-O(4a)-C(23a) 
Sn(2a)-O(4a)-C(23a) 
Sn(la)-C(7a)--Sn~2a) 
Sn(la)-O(7s)-Sn(2a) 
Sn(2a)-O(Ta)--Sn(2a) 
Sn(a)-C(la)-C(2a) 
C(la)-C(2a)-C(3a) 

115.5(4) 
116.2(4) 
100.4(3) 
101.1(4) 
127.5(5) 
96.3(6) 
93.2(7) 

127.8(6) 
113.1(6) 
97.7(2) 

137.8(6) 
124.5(6) 
123.5(2) 
130.8(3) 
105.7(2) 
116(I) 
117.(2) 
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T~__ 2 ( ~ )  

s a ( ~ 0 - ~ T a )  
~ : n d - c ( I . ~  
s~2t~.Sa(2a)-c(1~) 
O(4a)-s~2a)-cXTa) 
O(4aY-Sn(2a)-(XTa) 
o(,~-sa(~/),.c(Is~) 
O(~ib.sa(~)-(Xlea) 

~ I O t ~ c ( 1 1 ~  

s(It)-C(11a)-C(t2a) 
(~tOa)-Ut tt)-¢~12a) 
UI ta)-CXt2t)-(~13a) 
C ( 1 2 ~ 1 3 1 ~ 1 4 a }  
S(1ab~(14e3~Xtaa) 
Sn(~1f~-C(16t )  
c(if~-c(16t)-c(17a) 
C(I~Y-43[I?a~I 8a) 
Sn(2a)~X19a)-U20a) 
C(t~20a)~C(21a) 
C~20~:XSt~)-C(22a) 

o(~..c(,~,)-c(24,) 

O ( ~ r ~ A ~ ) ~ ( ~ )  

S(2a)-C(~)-C(24,) 

c(ss~)~ss~bc(s?a) 

C(tSb)~Sa(~bbC(l~b) 
~ l  lb)=S(tb):~t@) 
C(SSbbS(~bC(Seb) 
Sa(Ib)~O(lbbSe(3b) 
~t(Ib)=O(lbb{X~b) 
Aa(|b)~O(tbb~fo) 
&q(tb)~lbbCX33b) 
So(15)~0(~)~3b)  
Sa(tbbOO~bSa(~) 
S ~ I b ~ I b )  

C(tb)~C(~b)-C(3b) 

S ~ ( l ~ S b b ~ b )  
C ( ~ ) ~ ( 6 ~ ) ~ )  

O(Ib~b)~3(3b) 
O(lbb42(gb)~C(10b) 
O(Sb).4:~eb)~C(10b) 
o ( ~ : ( I ~ : ( ~ )  

C(gb)~XIOM=C(I ib) 
S(IbbC(Itb)~Xi0b) 

36a(i) 
112.4(3) 
113.3(4) 
71.4(2) 

145.6(2) 
~9(3) 
93.3(4) 
74.3(2) 

121.5(9) 
120.8(9) 
126.1(s) 
1 I$.$(6) 
11s.4(?) 
96.3(6) 

I!S.7(9) 
116.1(9) 
118.7(9) 
1o9.(I) 
109.(2) 
120.(I) 
!14.(2) 
I08.(S) 
124.5(8) 
! 13.8(8) 
121.7(9) 
11s.3(s) 
122.2(9) 
119.,4(9) 
12s,s(8) 
i 16.9(6) 
i 17.6(9) 
9s.6(e) 
item(1) 
13~.1(~) 

91.3(~) 
13,t~(S) 

I~?.Ks) 

IO5.4(3) 
1193(?) 
l i t ( I )  
II$,(l) 
118,3(6) 
IOtL(t,~ 
1~.(~) 
12S,4(S) 
114,3(?) 
1~2(~) 
tts,s(~) 
121.'I~?) 
1193{6) 
I~,I(6) 

C(2a)-C(340-(2(la) 107,(4) 
Sn(la~g~$a)-C(6a) i17.7(7) 
C(Sa)-C(6~I)-C(Ta) ! I0.(1) 
C(6a)-C(Ta)-(~Sa) 114.(1) 
O(la)-C(9a)-O(2a) 125(1) 
O(la)-O[ga)-~lOa) 113,8(9) 
(X~9a)-~lOa) 121.(I) 
o(3a)-c(toa)-cxga) ! 1. 7.s(9) 
S(2a)-~28a)-~27a) 116,(1) 
O(Ib)--Sn(Ib)-O(4b) 145,'3(2) 
O(lb)--Sn(lb)-(XTb) ~,9(2) 
O(Ib)--$n(b)-t~lb) 8?.$(3) 
O(Ib)-Sn(lb)-4~Sb) 86.2(3) 
O(4b)-Sn(lb)--C(To) 76,~,2) 
O(4b)-,fm(lb).-C(Tb) 101,3(3) 
C(4b)-Sa(I b)-C(Sb) 103,3(3) 
O(Te)-Sn(lb)-~lb) 106,8(3) 
O(Tb)-Sn(ib)-~$b) 103,2(3) 
C(I b)-Sn(I b)-C(Yo) i44.7(4) 
Sn(2b)-.Sn(2b)-O(lb) 109.1(I) 
Sn(2b)-.Sn(2b)-O(Tb) 37.9(!) 
Sn(2b)-Sn(2b)-O(~b) 36.7(0 
Sn(2b).,S~2b)-~'(! $ b) !!1.1(3) 
Sa(2b)-$n(2b)-C(19b) 110.$(3) 
O(Ib)-Sn(2b).-C(~) 71.2(2) 
O(lb)-So(2b)-.CXTb) 14S.8(2) 
O(l b)-Sn(2b)-,42(tSb) 93.4(3) 
O(Ib)-Sn(2b)-~(19b) 90.7(3) 
O(?b)-Sn(2b)-O(To) 74.6(2) 
(X?b)-Sa(2b)-(XlSb) I t2. "/(4) 
O(?b)-Sa(2b)-4~(19b) 111.9(3) 
O(~)-Sn(~)-C(lSb) IO0ogL~ 
O(~)-Sa(2b)~4~(lgb) 100.7(3) 
S(tbbC(I tb)~"(l~b) I tS.S(S) 
C(lOb)=C(l lb)=C(l~) 116,3(7) 
C(Ib)=C(1~b)=C~3b) 933(6) 
C(l~b)oC(t3b)-C(14b) 117.8(9) 
S(Ib)=~14b)=L~(I 3b) I l?,8(Y) 
S~2b)~C(tSb)~C(t6b) 121.I(9) 
~lSb)-CX16b)-a1?b) 114.(I) 
C~ 16b)-C(t?b)~C(18b) 118,(3) 
S(2b)-~Citgbbe(20b) 113.9(';) 
C(19b)-C(2Ob)-C(2ib) 113.(I) 
C(20b)-C~2Ib)~C~22b) 116.(1) 
O(@Y-U23b).43(Sb) 17~,3(7) 
O(,4b~C(23b)~'(24b) 11,4.8(?) 
O(Sb)..C(~3bbC(2~) 11 s,Ks) 
O(6b)-(X2~)-C(~b) 116.'7('/) 
O(6b)-C(~),,C(2Sb) 122,S(S) 
C(Ztb)~(24b)-X:(~b) 120,8(?) 
S(2bbC(2Sb)-e(2~) 126.~(?) 
S(2b)~C(~b)~4:~26b) 112,S(S) 
C(2~b~b)~C(26b) 1303(?) 
C(~b).~C(~6b)-~2To) 102.1(8) 
C(~ib)~C'(2~o)-C~28b) 117.(I) 
S(Zb).,C(2tb)-~'(2~) 113.1(9) 

were ~ with the ~ p~kage rap.nine on a 
MicroVAX miakomputer [9], Tables of hydrogen atom 
coo~inata end anismmpic tempemtm factors have 
beea dep~i~ at ~ C~l,~tSe C r ~ l o e ~  Data 

CrysUd data: CseHs4Oi4S4Sn 4. FV4~ 1584.3, tri- 
clink, PI;  a, , ,  12.6T2~6), b l 14.710(2), c~, 
19,519(2) ~ a,~90.919(9), ,8~ 102.532(7), 7,~ 
102,465(9)°; De, ~ - 1,$18~ F(000)ffi  1592~ ~t ,~ 15.99 
cm ~l for Z ~  2. 
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Fig. I. Molecular seructure and crystallographic numbering scheme for {[(C4H,)zSnO2CC(O)C,H sS]20}2. 

3. Results and discussion Acknowledgement 

The crystal structure of {[(C4Hg)2SnO2CC(O)C4H3- 
S]20)m reveals the presence of two crystallographically 
independent molecules (designated a and b) in the tri- 
clinic unit cell each of which is positioned about a 
centrosymmetric centre such that two half formula units 
comprise the asymmetric unit. Atomic coordinates arc 
listed in Table I while bond distances and angles are 
given in Table 2. The molecular structure of one of the 
independent units (molecule a) and the numbering 
schem© employed is shown in Fig. 1. 

Each molecule consists of a central planar Sn202 
four.membered ring with two BuaSn[O=CC(O)C,H3Sh 
units attached to each of the two bridging O atoms via 
the Sn atom. One of the two thiophene 81yoxylic anions 
[OaCC(O)C4H3S] is chelated to the peripheral Sn atom 
via a carboxylate and an a-keto oxygen atom forming a 
five.membered ring while the other forms an unidentate 
bridge between the central and peripheral Sn atoms. 
Thus the central and outer Sn atoms exhibit five- and 
~ix.coordination geometry, respectively. The sulphur 
atoms in the thiophene rings associated with the two 
distinct thiophene glyoxli¢ anionic ligands, which are 
disordered with respect to rotation about the C(10)- 
COl) and C(24)-C(25) bonds, are not involved in 
coordination to any of the Sn atoms. 

The authors (S.G.T., S.B.T.) would like to thank the 
Malaysian Government and Universiti Sains Malaysia 
for the R & D Grant No. 123/3203/2505. 
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