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Abstract 

Reaction of [Os,(CO),,(MeCN),] with an equimolar proportion of 2-(benzylthio)-benzaldehyde (1) gives three new compounds: two 
yellow isomers of [os,(co),,(~-HXC~~H,,OS)I (2a and 2b) and an orange crystalline compound [os~(co)&-HXC,,H ,,OS)l(3). The 
molecular structures of 2b and 3 are presented. Two different kinds of bonding mode of the ligand were observed, bidentate through S 
and C(0) in 2 and terdentate through S, C(O) and 0 in 3. 
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1. Introduction 

The chemistry of triosmium clusters is dominated by 
species containing soft donor atoms such as sulphur and 
phosphorus [l]. However, clusters containing hard oxy- 
gen atom ligands are of interest since they are important 
in the study of chemical activation of CO on cluster 
surfaces. 

It has been shown that [Os,(CO),,] and [Os,(CO),,- 
(MeCN),] react with aldehydes and ketones to give acyl 
clusters of the type [os,(co),,(~-H)(~-RCO)] via the 
cleavage of the C-H bond and coordination to the metal 
via the lone pair of oxygen [2]. However, examples of 
the clusters involving both sulphur and oxygen donor 
atoms in the same ligand are relatively rare [3]. We 
report here the synthesis of new triosmium clusters 
derived from the reaction of [Os,(CO),,(MeCN),] with 
2-(benzylthio)benzaldehyde (1). There are two possible 
reaction sites in this ligand: the CHO group and the 
sulphur atom. We decided to investigate the coordina- 
tion modes involving the hard and soft donor atoms in 
triosmium clusters when both are present. 

* Corresponding author. 

2. Results and discussion 

The reaction of 2-(benzylthiojbenzaldehyde (1) with 
an equimolar amount of [Os,(CO),,(MeCN),] in reflux- 
ing chloroform afforded a mixture of products (Scheme 
1). Separation by preparative thin layer chromatography 
(TLC), gave [Os,(CO),,] (3%; R, = 0.9), two yellow 
isomers of [os,(co),,(~-H)(c,,H,,os)] @a (30%; R, 
= 0.9, and 2b (10%; R, = 0.1)) an orange crystalline 
compound [os,(co),(~-H)(c,,H,,os)] (3 (25%; R, = 
0.4)) and two other unidentified products (each less than 
5%). 

The complexes were characterized by the usual spec- 
troscopic methods (Table 1). The IR spectra in the 
carbonyl region for all the complexes show signals due 
to terminal carbonyl ligands. The ‘H NMR spectra 
recorded at ambient temperature, show the phenyl pro- 
tons as a multiplet centred at 6 = 7.50 ppm. The methy- 
lene protons of 2a and 2b, unlike that of 1 which gave a 
singlet at 6 = 4.10 ppm gave an AB quartet centred at 
6 = 4.50 ppm, while those of 3 gave two doublets at 
6 = 4.15 and 5.2 (J = 12 Hz) ppm due to gem coupling 
of the CH, group. The OS-H resonances of 2a, 2b and 
3 appear at S = - 18.86, - 18.82 and - 15.83 ppm 
respectively. 

For 2b and 3, single-crystal X-ray diffraction studies 
were undertaken. Suitable crystals were obtained by 
slow evaporation of a CH,Cl,/n-hexane solution at 
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2a + (CO),Os 

(30%) 

i : CHCl, , reflux 

Scheme 1. The reaction of [Os,(CO),,(MeCN),] with 2-(benzylthio)benzaMehyde (1). 

room temperature for 2 days. Attempts to obtain suit- 
able crystals of 2a were unsuccessful since the complex 
decomposed slowly in the solution even at -20°C as 
was evident from the IR spectra. However, the fast atom 
bombardment (FAB) mass spectra of 2a and 2b, both 
gave a molecular peak at m/z = 1080, indicating that 
they are isomers. The molecular structures of 2b and 3 
together with the atomic labelling schemes, are shown 
in Figs. 1 and 2 respectively. Selected bond lengths and 
angles are presented in Tables 2 and 3, and the atomic 
coordinates in Tables 4 and 5. 

The structure of 2b consists of a triosmium frame- 
work with the sulphur and the carbonyl carbon atom of 
the ligand bonded to the same osmium atom, OS(~), in 

axial and equatorial positions respectively to form a 
five-membered metallocycle. Similar bonding was ob- 
served in [OS,H(CO),,(RC=CHCO)] (R = Me or Ph) 
and [Os,H(CO),,(RC=CHCOMe)] (R = Me or Ph) 
[2d,2e]. It is of interest that 2b contains a non-coordi- 
nated oxygen atom, in contrast with previous observa- 
tions [2] $f l~,~-$ bonding. The carbonyl C-O distance 
(1.24(l) A) is significantly longer than that in the free 
ligand (1.205(3) A) [4], probably owing to weakening of 
the IT character in the C=O bond upon coordination of 
the carbon atom to the metal. This coordination mode is 
relatively rare in the coordination of acyl ligands to 
metal atoms in transition metal clusters. 

The bridging hydride, which shows up in the ‘H 

Table 1 
Spectroscopic data for 2a, 2b and 3 

Compound IR(u,,) a 
(cm- ‘) 

IR(uco) b ‘HNMRC 6 
(cm-‘) (ppm) 

FAB mass spec d 

2a 2108m, 2068s, 2058s, 2015s 7.50 (m, 9H, Ar-H), 
4.55 (dd, 2H, J = 12 Hz, CH,), 
- 18.82 (s, lH, OS-H) 1080 (1080) 

2b 2017s, 2090sh, 2071vs, 2043vs, 1602 7.70 (m, 9H, Ar-H), 
2024vs, 2008vs, 1988vs, 1942s 4.50 (dd, 2H, J = 12 Hz, CH,), 

- 18.86 (s, lH, OS-H) 1081 (1080) 
3 2093m, 2053s, 2015s, 1994s, 1463 7.50 (m, 9H, Ar-H), 

1972m, 1948m 5.20 (d, lH, J = 12 Hz), 
4.15 (d, lH, J = 12 Hz), 
- 15.83 (s, lH, OS-H) 1050 (1050) 

a Recorded in CH,Cl,. 
b Kerr disc. 
’ Recorded in CD,CI 2. 
d Based on 1920s (calculated values given in parentheses). 



S.-M. Lee et al./Journal of Organometallic Chemistry 494 (1995) 273-278 275 

O(6) O( 3) 

Fig. 1. Tbe molecular structure of [os,(co),,(~-H~c,,H,,os)] 
(2b). 

Fig. 2. The molecular structure of [os,(co),(cL-H~c,,H,,os)] (3). 

Table 2 
Selected bond distances <A) and bond angles (“1 for [Oss(CO),&- 
HXC,,H,,OS)] (2b) 

Bond distances 
OS(l)-Os(2) 2.906(l) OS(~)-OS(~) 3.071(l) 
OS(~)-OS(~) 2.924(l) OS(~)-C(N) 2.06(2) 
osws(1) 2.416(6) C(ll)-O(11) 1.24(2) 
C(ll)-C(12) 1.50(3) S(l)-C(17) 1.79(2) 
S(l)-C(18) 1.81(2) 

Bond angles 
Os(lk-Os(2)-Os(3) 63.52(3) OS(~)-S(l)-C(17) 100.2(7) 
OS(~)-S(l)-C(18) 113.9(8) OS(~)-C(U)-O(U) 126(l) 
OS(~)-C(ll)-Cc121 118(l) S(l)-C(18)-C(19) 113(l) 
S(l)-C(17)-C(12) 117(l) C(ll)-C(12)-C(17) 1200) 

Table 3 
Selected bond distances (A) and bond angles (“1 for [Os,(CO)&- 
HXC,,H,,OS)] (3) 

OS(l)-Os(2) 2.8906(6) OS(~)-OS(~) 2.8970(6) 
OS(~)-OS(~) 2.846Of7) OS(~)-S(1) 2.364(3) 
os(l)-c(1o) 2.03(l) OS(~)-O(10) 2.149(8) 
c(10)-0(10) 1.26(l) C(lO)-C(11) 1.47(2) 
S(l)-Cc161 1.790) S(l)-C(17) 1.84(l) 
OS(~)-OS(~)-OS(~) 60.66(2) OS(~)-OS(~)-OS(~) 58.91(2) 
OS(~)-OS(~)-OS(~) 60.43(2) OS(~)-S(l)-C(16) 100.6(4) 
OS(~)-S(l)-C(17) 112.7(4) OS(~)-C(lO)-O(10) 121.5(8) 
OS(~)-C(lO)-C(U) 120.8(8) os(l)-os(3)-c(3) 113.1(4) 
OS(~)-OS(~)-C(8) 92.0(4) OS(~)-OflO)-C(10) 104.7(6) 
OS(~)-O&)-C(2) 113.7(4) S(l)-C(16)-C(11) 115.2(8) 
S(l)-C(17kCf18) 107.7(9) C(lO)-C(ll)-C(16) 117.0(10) 

OS(l) 0.59038(5) 
Os(2) 0.64084(5) 
O?.(3) 0.76059(5) 
SW 0.6421(3) 
00) 0.503500) 
O(2) 0.546(l) 
O(3) 0.563(l) 
O(4) 0.4767(10) 
O(5) 0.7217(10) 
O(6) 0.725(l) 
O(7) 0.685(l) 
O(8) 0.876(l) 
O(9) 0.8684(10) 
000) 0.845(l) 
001) y3Nq;o’ 
C(1) 
C(2) 0:563(l) 
C(3) 0.593(l) 
C(4) 0.539(l) 
c(5) 0.689(l) 
C(6) 0.695(l) 
C(7) 0.712(l) 
C(8) 0.833(l) 
C(9) 0.828(l) 
CflO) 0.813(l) 
Cfll) 0.480(l) 
C(12) 0.480(l) 
C(13) 0.4100) 
C(14) 0.411(l) 
C(15) 0.483(l) 
C(l6) 0.554(l) 
C(17) 0.552(l) 
C(l8) 0.656(l) 
C(19) 0.736(l) 
C(20) 0.740(2) 
C(21) 0.819(2) 
Ct22) 0.882(2) 
c(23) 0.882(2) 
c(24) 0.806(2) 

0.11175(3) 0.62018(7) 2.60(2) 
2.59(2) 
2.74(2) 
3.1(l) 
4.8(4) 
6.0(4) 
5.5(4) 
4.8(4) 
4.7(4) 
5.2(4) 
6.5(5) 
6.6(5) 
5.0(4) 
5.4(4) 
4.6(4) 
3.0(4) 
4.4(5) 
3.8(5) 
3.6(5) 
3.1(4) 
3.7(5) 
4.5(5) 
3.9(5) 
3.9(5) 
3.9(5) 
3.3(4) 
2.9(4) 
4.2(5) 
4.1(5) 
4.5(5) 
3.1(4) 
2.6(4) 
3.7(5) 
3.9(5) 
6.2(7) 
8.4(9) 
6.9(7) 
7.1(8) 
6.5(7) 

B,, = $?[U,,(aa* )* + U,,(bb’)* + U&cc* )* +2U,,aa* bb’ 
cos y +2U,,aa’cc’ CDS p +2U,,bb’cc’ cos (~1. 

0.21982(3) 
0.14461(3) 
0.1028(2) 
0.1239(6) 

- 0.0024(7) 
0.2314(7) 
0.2564(6) 
0.2173(6) 
0.3235(7) 
0.1516(7) 
0.2323(7) 
0.0521(6) 
0.1434(7) 
0.1351(6) 
0.1197(8) 
0.0417(10) 
0.2247(9) 
0.2433(9) 
0.2152(8) 
0.2850(9) 
0.1491(10) 
0.2010(9) 
0.0875(9) 
0.1427(9) 
0.1258(8) 
0.1291(8) 
0.1424(9) 
0.1438(9) 
0.1325(9) 
0.1212(8) 
0.1194(7) 
0.0363(9) 
0.0135(9) 

- 0.019(1) 
-0.042(l) 
- 0.0260) 

0.004(l) 
0.0260) 

0.62086(6) 
0.69697(6) 
0.4468(4) 
0.824(l) 
0.639(l) 
0.833(l) 
0.534(l) 
0.4070) 
0.662(l) 
0.914(2) 
0.760(2) 
0.7540) 
0.484(l) 
0.588(l) 
0.748(2) 
0.627(2) 
0.756(2) 
0.562(2) 
0.485(2) 
0.645(2) 
0.830(2) 
0.736(2) 
0.739(2) 
0.560(2) 
0.547(2) 
0.431(2) 
0.374(2) 
0.268(2) 
0.220(2) 
0.268(2) 
0.3750) 
0.406(2) 
0.438(2) 
0.522(2) 
0.546(3) 
0.492(3) 
0.411(3) 
0.380(2) 

Table 4 
Final atomic coordinates and isotropic displacement coefficients B,, 
for [os,(co),,()L-HXC,,H,,OS)I (2b) 

Atom x Y z B 

(‘6 
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Table 5 
Final atomic coordinates and isotropic displacement coefficients B,, 
for [0~,(C0),(~-H)(C,,H,,os)l (3) 

Atom x Y z % 
N’, 

OS(l) 0.86033(5) 
Os(2) 0.67640(6) 
Os(3) 1.01837(6) 
S(1) 0.6784(4) 
O(1) 0.716(l) 
O(2) 1.086(l) 
O(3) 1.385(l) 
O(4) 0.999(l) 
O(5) 1.004(l) 
O(6) 0.572(2) 
O(7) 0.695(l) 
O(8) 0.362(l) 
O(9) 0.701(l) 
O(10) 1.0269(9) 
C(1) 0.768(l) 
C(2) 1.001(l) 
C(3) 1.246(2) 
C(4) 1.011(2) 
C(5) 1.008(l) 
C(6) 0.612(2) 
C(7) 0.689(l) 
C(8) 0.478(2) 
C(9) 0.692(2) 
C(10) 0.947(l) 
C(11) 0.914(l) 
C(12) 0.994(l) 
C(13) 0.958(2) 
C(14) 0.839(2) 
C(E) 0.751(2) 
C(16) 0.789(l) 
C(17) 0.668(2) 
C(18) 0.600(2) 
C(19) 0.688(2) 
C(20) 0.622(2) 
cc211 0.477(2) 
(322) 0.391(2) 
C(23) 0.447(2) 

0.33366(4) 
0.12001(4) 
0.21542(4) 
0.2783(3) 
0.4788(8) 
0.5563(9) 
0.339(l) 

-0.033(l) 
0.2781(8) 

-0.093(l) 
0.2947(9) 
0.128(l) 

- 0.0432(10) 
0.1760(7) 
0.423(l) 
0.470(l) 
0.295(l) 
0.065(l) 
0.253(l) 

-0.009(l) 
0.232(l) 
0.122(l) 
0.021(l) 
0.2271(9) 
0.204(l) 
0.156(l) 
0.139(l) 
0.168(l) 
0.212(l) 
0.2308(10) 
0.409(l) 
0.475(l) 
0.596(l) 
0.652(l) 
0.592(l) 
0.473(l) 
0.413(l) 

0.25337(4) 
0.31232(4) 
0.37640(4) 
0.0818(2) 
0.3970(8) 
0.2093(8) 
0.4396(9) 
0.3825(10) 
0.6114(8) 
0.411(l) 
0.5238(8) 
0.1981(10) 
0.1091(9) 
0.2083(6) 
0.3442(9) 
0.2274(10) 
0.415(l) 
0.383(l) 
0.523(l) 
0.375(l) 
0.444(l) 
0.244(l) 
0.183(l) 
0.1641(9) 
0.0446(9) 

-0.020(l) 
-0.132(l) 
-0.180(l) 
-0.118(l) 
- 0.0063(9) 

0.037(l) 
0.116(l) 
0.167(l) 
0.242(l) 
0.258(l) 
0.202(l) 
0.129(l) 

2.39(l) 
3.28(l) 
2.77(l) 
3.05(7) 
4.6(2) 
5.3(2) 
6.7(3) 
7.3(3) 
4.5(2) 
8.9(3) 
5.3(2) 
7.0(3) 
6.3(2) 
3.1(2) 
2.8(2) 
3.1(2) 
4.5(3) 
4.8(3) 
3.3(2) 
5.6(3) 
3.4(2) 
4.8(3) 
4.2(3) 
2.3(2) 
3.0(2) 
3.5(2) 
4.7(3) 
4.0(3) 
3.9(3) 
2.7(2) 
4.1(3) 
3.8(3) 
4.4(3) 
5.2(3) 
5.4(3) 
5.6(3) 
4.4(3) 

B,,=~~2[U,~~aa*)2+I1~~(bb*~2+U33~~~*~~+21/~~aa*bb* 
cos y +2U,3aa*cc* cos /3 +2lJ,,bb’cc’ cos (~1. 

NMR spectrum, could not be located by X-ray diffrac- 
tion. However, potential energy calculations [5] suggest 
that it bridges OS(~)-OS(~). The presence of p.,-hydride 
elongates the OS(~)-OS(~) bond to 3.07161) A. For the 
other two edges, Qs(l)--OS(~) (2.906(l) A) and OS(~)- 
OS(~) (2.924(l) A) are significtntly longer than the 
average OS-OS distance (2.877 A) in [Os,(CO>,,] [6]. 
The OS-H-OS in 2b can be described as a three-centre 
two-electron bond, which is common in the bimetallic 
transition metal complexes (see for example [7]), but 
there are not many examples in triosmium clusters 
[3b,8]. The cluster valence electrons in 2b is 48 in 
accord with the EAN rule. 

Complex 3 also has a triosmium framework, but with 
nine terminally bonded carbonyl ligands. In contrast 
with 2b, the lone pair of oxygen atoms bonded to OS(~) 
forms a p1-n2 acyl bridge on the OS(~)--OS(~) edge. 
The C-O separation is longer than that in 2b, indicating 
that there is a further weakening of the zr bonding. This 
is also reflected in the decrease in v(C=Ol of aldehyde 
from 1694 cm-’ in 1 to 1602 cm-’ in 2b and further to 
1463 cm-’ in 3 (Table 1); a similar bonding picture has 
been observed for [os,(co),,(~-H>(~-RCO)] (R = Me, 
Ph or CH, Ph) [2a]. A five-membered metallocycle, 
like that in 2b, is again formed by coordination of 
sulphur and carbonyl carbon to OS(~). The bond dis- 
tance OS(~)-OS(~) is 2.8460(7) A, which is shorter than 
the mean OS-OS distance in the parent binary com- 
pound [Os,(CO),,] [6] and than the other two OS-OS 
bonds, but the bond lengths of Os(lkOs(2) and OS(~); 
OS(~) are very similar (2.8906(6) A and 2.8970(6) A 
respectively) and so the location of the hydride can be 
deduced by considering the angle between equatorial 
substituents among the triosmium cluster. By comparing 
the cis-OS-OS-CO angle, the average angle of the 
OS(~)-OS(~)-C(3) and OS(~)-OS(~)-C(2) angles is 
113.4(41” while the OS(~)-OS(~)--C(8) angle is 92.0(4)“. 
Since the OS(~)--OS(~)-C(3) angle is larger than the 
cis-OS-OS-CO angle in [Os,(CO),,] (average, 98.2”) 
[6], indicating that the equatorial CO of the OS(~)-OS(~) 
edge is pushed back, we conclude that the hydride 
resides on the OS(~)-OS(~) edge. 

The differences between the chemical shifts of the 
methylene proton in 2b and 3 in ‘H NMR spectra may 
be related to the difference between the OS-S separa- 
tion and S-CH, distance. In 3, the OS-S and S-CH, 
distances are shorter than those in 2b (see Tables 2 and 
3), so that the electron-withdrawing effect is more 
pronounced in 3 and a lower field signal is observed. It 
is note worthy that in 3 the sulphur atom lies on an 
equatorial position of OS(~) and truns to an OS-OS 
bond while in 2b the sulphur atom lies on an axial 
position which is truns to a CO ligand; the trans 
influence on the sulphur donor is higher in 2b than in 3 
and so a longer OS-S separation is observed. The OS-S 
distance in 3 is comparable with that in [Os,(CO),,- 
{S(CH,),}] in which the sulphur atom is again b?nded 
in an equatorial position of OS (OS-S, 2.375(5) A) [9]. 

The dihedral angle between the two phenyl rings in 1 
is 101.7(1)” [4]. In 3, the corresponding angle is 
102.3(l)“, which is not significantly different. However, 
the dihedral angle between the two phenyl rings in 2b is 
only 35.1(l)“. The dihedral angle between the osmium 
triangle and the five-membered metallocycle will be 
close to 90” since S and C occupy axial and equatorial 
positions respectively. In 2b, the dihedral angle is 
89.6(l)” but in 3 it is larger (dihedral angle, 95.9(l)“). 
The deviation may be due to coordination of oxygen to 
OS(~), leading to distortion of the planes. 
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3. Experimental details 3.4. Reaction of [Os,(CO),,(MeCNJ,/ with 1 

3.1. Materials and general procedures 

Unless otherwise stated, chemicals were obtained 
commercially and used as received. Solvents were puri- 
fied before use and dried over appropriate reagents. 
Standard Schlenk-type techniques were used and all 
reactions were carried out under dinitrogen. Product 
separation by the TLC were carried out in air on silica 
(Merck Kieselgel 60 GF,,,), prepared as aqueous slurry 
spread on glass plates and dried at 100°C. IR spectra 
were recorded either with a BIO-RAD FTS-7 IR spec- 
trometer or a Shimazu IR-470 IR spectrometer. The ‘H 
NMR spectra were recorded with either a JEOL GSX 
270 FT NMR (270 MHz) or a JEOL FX-90Q (90 MHz) 
spectrometer. Chemical shifts are relative to the internal 
reference SiMe, (S = 0). Mass spectra were recorded 
with a Finnigan MAT 95 instrument by the FAB tech- 
nique. 

To the solid mixture of [Os,(CO>,,(MeCN>,] (50 
mg, 0.0536 mmol) and 2-(benzylthio)benzaldehyde 
(12.5 mg, 0.055 mmol) were added 50 ml of chloro- 
form. The mixture was heated under reflux with stirring 
for 15 h, during which the colour of the solution 
changed from yellow to orange. The solution was con- 
centrated and subjected to preparative TLC, with n- 
hexane-CH,Cl, (75:25 v/v) as eluent to give 2a (17 
mg, (30%)) (R, = 0.51, 3 (14 mg (25%)) (R, = 0.4), 2b 
(6 mg (10%)) (R, = 0.1) with a light-brown baseline. 
Spectroscopic data for 2a, 2b and 3 are given in Table 
1. Crystals of 2b and 3 were grown from the CH,Cl,/ 
n-hexane mixture at room temperature for 2 days. 

The complex [Os,(CO),,(MeCN),] was prepared by 
a published procedure [lo]. 2-(Benzylthio)benzyl alco- 
hol [ll] and 2-(benzylthio)benzaldehyde [12] were pre- 
pared by previously reported methods with some modi- 
fication as follows. 

3.2. 2-(Benzylthio)benzyl alcohol 

A solution of 2-mercaptobenzyl alcohol [13] (2 g, 
14.3 mmol) in 5 ml of ethanol was added dropwise to 
the solution of NaOH (0.6 g, 15 mmol) in 25 ml of 95% 
ethanol, and the mixture was stirred at room tempera- 
ture for 45 min. Ice-cooled benzyl bromide (1.7 ml, 
14.3 mmol) in 10 ml of ethanol was added to the 
ice-cooled solution, and the mixture was heated under 
reflux for 8 h until an orange solution and white precipi- 
tate were formed. The solution was filtered, the ethanol 
was removed, and the orange residue was extracted with 
diethyl ether. The extract was washed with water and 
then with 10% aqueous NaOH and finally dried over 
MgSO,. Removal of the ether gave an orange-brown 
solid, which was recrystallized from ethanol-petroleum 
ether (boiling point, 40-60°C) gave a yield of 2.8 g 
(85.1%) (melting point (m.p.), 48-49°C [ll]). 

3.3. 2-(Benzylthio)benzaldehyde 

To the solution of 2-(benzylthio)benzyl alcohol (2 g, 
8.70 mmol) in 50 ml of dichloromethane under nitrogen 
was added a fivefold excess of BaMnO,. The mixture 
was stirred at room temperature for 15 h, and the 
dark-purple precipitate was then removed by filtration 
through Celite. Volatiles were removed in vacua to give 
a pale-yellow oil. Crystallization of 1 from ethanol-di- 
ethylether mixture gave colourless needles (yield, 1.85 g 
(92%); (m.p. 78-79°C [12]). 

Table 6 
Crystal data and details of data collection a for 2b and 3 

Compound 2b 3 
Formula C,,H&,SOs, CG,,D,,SDs, 
Formula weight 1079.01 1051.00 
Colour, habit Yellow, prisms Orange, blocks 
Crystal dimensions 

(mm) 0.22 x 0.24 x 0.32 0.20 x 0.34 x 0.44 
Crystal system Orthorhombic Triclinic 
Space group Pbca (No. 61) pi (No. 2) 

a (A) 16.308(2) 9.182(l) 

b (A, 25.785(2) 12.308(l) 

c c;i, 12.988(2) 12.897(l) 
Ly (“I 90 101.00(2) 

:z 
90 99.17(2) 

0 90 110.85(2) 
v (L?‘, 5461(l) 1295.4 
Z 8 2 
Dcalc (g cm-3) 2.623 2.694 
F(000) 3904 948 
Diffractometer AFC7R Nonius CAD4 
p,(Mo KaXcm-‘) 140.49 148.02 
Scan rate in o (” min-‘1 16 (up to 4 scans) 1.06-16.48 
Scan range (“) 0.68-tO.35 tan 0 0.55 + 0.35 tan 0 
20 range (“1 4-45 2-45 
Number of reflections 

collected 4017 3628 
Number of unique 

reflections 4017 3374 (Riot: 0.024) 
Number of observed 

reflections 2613 [I, > 3a(I,)] 
Weighting scheme w = ~F,Z,‘(T’F,? 

2760 [I?’ 3a(l,)] 
w = 4F0-/[a2(F,2) 

+ 0.04(F,2)]2 
R 0.038 0.032 
R, 0.056 0.040 
Goodness of fit s 2.241 1.581 
Largest Au 0.07 0.03 
Number of parameters 177 169 
Residual electron density 

(close to OS) 
(electrons A-‘) 0.88 to - 1.40 1.30 to - 0.85 

a Details in common: temperature, 293 K; radiation, MO Ka (A = 
0.71073 A); background mesurement, each for 25% at both ends; 
absorption correction by ly scan method; o-20 scan mode; refined 
by full-matrix least-squares method. 
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3.5. X-ray analyses of compound 2b and 3 

Intensity data were collected on a Rigaku AFC7R 
diffractometer (for 2b) and an Enraf-Nonius CAD4 
diffractomzter (for 3) using MO Kcx radiation (A = 
0.71073 A>. The intensity data were corrected for 
Lorentz and polarization effects and for absorption by 
the ?P scan method [14]. The crystal data and data 
collection parameters for both compounds are summa- 
rized in Table 6. Both structures were solved by a 
combination of direct methods (SIR881 [15] and Fourier 
difference techniques and refined on F by full-matrix 
least-squares analysis with only OS and S atoms 
anisotropic until convergence was reached. The hydro- 
gen atoms of the organic mokties were fixed in calcu- 
lated positions (C-H, 0.96 A). All calculations were 
carried out with a Silicon-Graphics computer using the 
program package TeXsan (from MSC) [16]. Tables of 
hydrogen atom coordinates and thermal parameters, and 
complete lists of bond distances and angles, have been 
deposited at the Cambridge Crystallographic Data Cen- 
tre. 
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