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Crystal structure of the crowded silanol (Me,Si) ,CSiPh,OH 
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Abstract 

The unit cell in a crystal of (Me,Si),CSiPh,OH contains two dimers, one of them centrosymmetric. There are no significant 
differences between the geometries of the molecules in the hvo types of dimers, in which the components appear to be held 
together by hydrogen bonding of the type Si-_(H)O . . . . H-0-Si. 
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1. Introduction 

There is much current interest in the structures of 
organosilanols, especially in hydrogen bonding aspects 
[l-8]. In several cases the presence of the bulky ligand 
(Me&C or (PhMe,Si),C on a silicon atom bearing 
one or more OH groups has been shown to give rise to 
unusual structures [3-71. Of particular interest are 
OH . . . T interactions between an aryl group and an 
Si-OH unit, either intramolecular, as in HO(SiPh,), 
OH [Sl and (PhMe,Si),CSi(MeXH)OH [5], or inter- 
molecular, as in (Me,Si),CSi(PhXX)OH with X = I or 
OMe [4]. We thus thought it of interest to examine 
the structure of the diphenyl compound (Me,Si),- 
CSiPh,OH, 1; this might reasonably have been ex- 
pected also to show OH . . . IT bonding, but in the event 
it was found not to do so. 

The crystal structure of the related silanol Ph,SiOH 
is known [S]. It involves cyclic tetramers with the skele- 
ton I. 
(Me,Si),CSiPh,OH Si-_(H)O * * * * H-0-Si 
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2. Results and discussion 

The unit cell of 1 was found to contain two separate, 
though closely similar dimers, one centrosymmetric 
(see Fig. 1) and the other containing two distinct 
molecules (see Fig. 2). Unfortunately the hydrogen 
atoms could not be located, but the positions of the 
omgen atoms ruled out the presence of any HO - * * T 
interactions, instead indicating that the molecules in 
the dimer are held together only by O--H * * * OH 
interactions, with an 0 * * . 0 separation of 2.85(2) A. 
If the individual molecules in the centrosymmetric 
dimer are identical then the hydrogen bonding cannot 
be of the asymmetric type Si-(H)O * * . H-O-S& II, 
and this raises the possibilty that there could be sym- 
metrical bonding of type ILI, such bonding was at one 
time thought to be present in crystals of the diols 
R,Si(OH), with R = Et [9], but these were later shown 
to involve simple interactions of type II [lo].) It is more 
likely, however, that the apparent centrosymmetry 
arises from the randomly distributed presence of some 
dimers with O(3) and others with o(3’) providing the H 
atom of the hydrogen bond. 

Although the oiher dimer, in which the 0 *. * 0 
distance is 2.900) A, is non-centrosymmetric there are 
no significant differences in geometry between the two 
component molecules, or, indeed, between their ge- 
ometries and that of the molecules in the other dimer 
(see Table 11, and there is no reason to suspect that 
the hydrogen bonding is in any way different in the tsvo 
types of dimer. 

Because of the similarity between the geometries of 
the various molecules in the dimers, only that in the 
centrosymmetric species will be discussed. The main 
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Fig. 1. 

feature is that in order to minimize steric interactions spondingly small. The Si(9)-O(3) bond distance of 
the Ph groups move away from the (Me&C group, 1.678( 11) w is possibly slightly longer than is usual in 
to give values of 119.7(9)0 and 117.0(9Y for the C(45)- silanols [ll. 
Si-Ph angles and one of 104.8(9>0 for the Ph-Si-Ph On the above interpretation only half of the hydro- 
angle. The (Me,Si),C-Si-0 angle, 106.2(7Y, and the gen atoms of the OH groups are engaged in hydrogen 
Ph-Si-O(3) angles, 104.7(7)” and 106.2(7Y, are corre- bonding. Probably intermolecular repulsion between 

Fig. 2. 
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TABLE 1. Intramolecular distances(A) and angles(“) with estimated 
standard deviations in parentheses 

(a) Bonds 
Si(l)-O(l) 
Si(l)-CXll) 
Si(2)-c(l) 
%(2)-C(3) 
Si(J)-C(1) 
Si(3)-C(6) 
Si(4)-c(l) 
Si(4)-C(9) 
Si(5)-O(2) 
Si(5)-CI33) 
Si(6)-C(23) 
Si(6)-C(25) 
Si(7)-C(23) 
Si(7)-o(28) 
Si(8MX23) 
Si(8)-c(31) 
Si(9)-O(3) 
Si(9)-C(55) 
Si(lOMX45) 
Si(lO)-CX47) 
Si(ll)-c(45) 
Si(ll)-C(50) 
Si(12)-C(45) 
Si(12)-C(53) 
C(ll)-C(12) 
C(12)-C(13) 
C(14Mx5) 
C(17)-C(18) 
C(18MX19) 
C(2OMx21) 
cx33X(34) 
c(34)-C(35) 
C(36)-Cc371 
cx39%-c(40) 
c(40)-C(41) 
C(42)-C(43) 
C(55)-Cc561 
C(56HX57) 
C(58)-C(59) 
CX61)-C(62) 
(X62)-c(63) 
CW-Cc651 
0(1)...0(2) 
(b) Angles 

1.702(13) 
1.86(2) 
1.90(2) 
1.89(2) 
1.9X2) 
1.86(2) 
1.96(2) 
1.95(2) 
1.653(14) 
1.87(2) 
1.93(2) 
1.88(2) 
1.95(2) 
1.85(2) 
1.93(2) 
1.880 
1.678(11) 
1.87(2) 
1.8X2) 
1.85(2) 
1.932) 
1.85(2) 
1.9X2) 
1.88(3) 
1.36(3) 
1.47(4) 
1.27(4) 
1.38(3) 
1.38(4) 
1.34(3) 
1.40(3) 
1.40(3) 
1.35(3) 
1.3X3) 
1.3X4) 
1.2X4) 
1.34(3) 
1.42(4) 
1.34(5) 
1.38(3) 
1.40(4) 
1.32(3) 
2.899(14) 

O(l)-Si(l)-C(1) 107.1(7) 
O(l)-SiWC(17) 106.0(8) 
C(l)-Si(lX.(lII) 114.8(7) 
C(l)-Si(2)-C(2) 113.8(9) 
C(l)-Si(2MX4) 1130) 
c(2)-Si(2)-C(4) 1050) 
C(l)-Si(3)-C(5) 111.2(9) 
C(l)-Si(3)-C(7) 1140) 
C(5)-Si(3HX7) 1020) 
C(l)-Si(4)-C(8) 114(l) 
C(l)-Si(4)-C(10) 1150) 
C(8)-Si(4)-C(10) 1040) 
0(2)-Si(5)-c(23) 105.7(7) 
0(2)-Si(5)-c(39) 108.0(S) 
C(23)-Si(5)-C(39) 115.6(8) 
c(23)-Si(6)-C(24) 1130) 
C(23)-Si(6)-C(26) 115.4(8) 

Si(l)-c(l) 
Si(l)-c(17) 
Si(2)-C(2) 
Si(2)-C(4) 
Si(3)-C(5) 
Si(3)-c(7) 
Si(4kCXS) 
Si(4)-c(10) 
Si(5)-CX23) 
Si(5)-C(39) 
Si(6)-C(24) 
Si(6)-Cf26) 
Si(7)-C(27) 
Si(7)-Ct29) 
Si(8KX30) 
Si(8PZ32) 
Si(9)-C(45) 
Si(9)-C(61) 
Si(lOHX46) 
Si(lOHX48) 
Si(llMX49) 
Si(llHX51) 
Sit12HX52) 
Si(12MX54) 
C(ll)-C(16) 
c(13F-cu4) 
CX15)-C(16) 
C(17)-C(22) 
CX19)-C(20) 
c(21)-C(22) 
c(33)-C(38) 
C(35)-Cc361 
CX37)-C(38) 
C(39)-C(44) 
C(41)-C(42) 
C(43Hx44) 
C(55)-C(60) 
C(57)-C(58) 
Ct59)-C(60) 
cx61)-C(66) 
Ct63)-C(64) 
Ct65)-C(66) 
0(3)...0(3Y 

1.932) 
1.83(2) 
1.87(3) 
1.88(3) 
1.88(2) 
1.88(3) 
1.9X2) 
1.92(2) 
1.89(2) 
1.87(2) 
1.85(2) 
1.86(2) 
1.87(2) 
1.88(2) 
1.87(2) 
I.840 
1.89(2) 
1.89(2) 
1.90(2) 
1.86(3) 
1.83(2) 
1.88(2) 
1.89(2) 
1.89(2) 
1.37(3) 
1.31(5) 
1.43(3) 
1.37(3) 
1.32(3) 
1.40(4) 
1.40(3) 
1.30(3) 
1.44(3) 
1.4X3) 
1.34(3) 
1.43(4) 
1.38(3) 
1.31(4) 
1.47(5) 
1.40(3) 
1.33(3) 
1.40(3) 
2.85306) 

O(l)-SiW-C(11) 104.X7) 
CX1%-Si~1)-C(11) 116.8(8) 
c(U)-Si(lkC(17) 106.4(9) 
c(l)-Si(2)-C(3) 112.2(8) 
C(Z)-Si(ZHX3) 107(l) 
c(3)-Si(2)-CX4) 105(l) 
c(l)-Si(3)-c(6) 113.0(9) 
C(5)-Si(3)-C(6) 108(l) 
c(6)-Si(3&-C(7) 107(l) 
C(l)-Si(4)-C(9) 112.2(9) 
C(8)-Si(4)-C(9) 108(l) 
c(9)-Si(4)-C(10) 1040) 
0(2)-Si(5)-c(33) 105.8(7) 
(.X23)--Si(5)-C(33) 116.5(8) 
c(33)-Si(5)-C(39) 104.7(9) 
CX23)-Si(6)-C(25) 113.9(9) 
C(24)-Si(6)-C(25) 107(l) 

the substituents on the Si atom prevents formation of a 
tetramer such as that formed by Ph,SiOH or of dis- 
crete molecules with intramolecular OH * - * T bond- 

TABLE 1 (continued) 

(b) Angles 
CX24)-Si(6)-c(26) 104.1(9) C(2S)-Si(6)-c(26) 103(l) 
c(U)-Si(7HX27) 115.0(8) CW-Si(7)-c(28) 112.5(8) 
C(23)-Si(7MX29) 113.2(9) C(27)-Si(7)-c(28) 1060) 
(X27)-Si(7)-C(29) 1040) C(28)-Si(7)-CX29) 105(l) 
C(23)-Si(8)-C(30) 113.5(8) C(23)-Si(8)-c(31) 112.7(8) 
CW)-Si(8MX32) 115.2(9) C(3O)-Si(8)-c(31) 105.4(9) 
C(30)-Si(8)-CX32) 1050) C(31)-Si(8)-CX32) 104.3(9) 
0(3)-Si(9)-c(45) 104.7(7) 0(3)-Si(9)-c(55) 102.8(7) 
0(3)-Si(9)-C(61) 106.2(7) C(45)-Si(9)-c(55) 119.7(9) 
CX45)-Si(9)-C(61) 117.0(9) C(55)-Si(9)-c(61) 104.8(9) 
C(45)--Si(lO)-c(46) 112(l) C(45)-Si(lO)-c(47) 114.4(9) 
C(45)-Si(lO)-C(48) 116.7(9) C(46)-Si(lO)-c(47) 105(l) 
C(46)-Si(lO)-C(48) 103(l) C(47)-Si(lOMX48) 104(l) 
(X45)-Si(ll)-C(49) 1150) C(45)-Sic1 l)-C(50) 112(l) 
Ct45)-Si(llWX51) 1140) C(49)-Si(ll)-C(50) 105(l) 
(X49)-Si(ll)-C(51) 1070) C(50)-Si(llHX51) 103(l) 
C(45)-Si(12)-C(52) 113.8(9) c(45)-Si(12)-Cf53) 113.N9) 
(X45)-Si(12)-U54) 114.9(9) c(52)-Si(12)-CG3) 1040) 
C(52)-SiU2)-c(54) 1050) C(53)-Si(12)-c(54) 1040) 
Si(l)-C(l)-Si(2) 110.3(9) Si(l)-CWSi(3) 112.8(9) 
Si(l)-C(l)-Si(4) 107.1(8) Si(2)-C(lkSi(3) 111.7(8) 
Si(2)-c(lkSi(4) 107.1(9) Si(3)-CWSi(4) 107.6(9) 
Si(l)-c(llW(12) 120(2) Si(l)-C(ll)-CU6) 126t2) 
C(12)-c(ll)-C(16) 114(2) C(ll)-C(l2)-c(13) 12Z3) 
CX12)-C(13)-C(14) 119(3) C(13)-C(14)-C(15) 122(3) 
C(14)-C(lS)-C(16) 121(2) C(ll)-C(16)-C(15) 123(2) 
SiW-C(17)-C(18) 1290) SW-C(17Kt22) 119(2) 
C(18)-C(17)-c(22) 112(2) C(17)-C(18)-C(19) 125(2) 
C(18)-c(19)-C(20) llN2) C(19)-C(2O)-C(21) 122(2) 
C(20)-C(21)-Ct22) 118(2) C(17)-c(22)-c(21) 125(2) 
Si(SMX3-SX6) 110.6(8) Si(5)-C(23)-Si(7) 109.5(9) 
Si(5)-C(23)-Si(8) 111.9(8) Si(6)-C(23)-Si(7) 105.5(8) 
Si(6)-CX23)-Si(8) 109.9(9) Si(7)-C(23)-Si(8) 109.3(8) 
Si(5)-C(33)-C(34) 123(2) Si(5)-C(33)-c(38) 123(2) 
C(34)-c(33)-c(38) 114(2) c(33)-C(34)-C(35) 124(2) 
C(34)-C(35)-Ct36) 119(2) C(35)-C(36)-Cc371 124(2) 
CX36)-c(37)-(X38) llN2) C(33)-C(38)-C(37) 121(2) 
Si(5)-C(39)-C(40) 1280) Si(.5)-C(39)-C(44) 118(2) 
c(4O)-c(39)-cx44) 113(2) C(39)-c(4O)-Ct41) 124(2) 
c(4O)-c(41)-C(42) 120(2) C(41)-c(42)-c(43) 120(3) 
c(42)-(X43)-C(44) 123(2) c(39)-c(44)-cx43) llN2) 
Si(9)-c(45)-Si(10) 111.8(9) Si(9)-C(45)-Si(l1) 1090) 
Si(9)-c(45)-Si(12) 110.7(8) Si(lO)-C(45)-Si(l1) 107.9(8) 
Si(lO)-c(45)-Si(12) 1090) Si(ll)-C(45)-Si(12) 108.3(8) 
Si(9)-c(55)-C(56) 1240) Si(9&-C(55)-C(60) 120(2) 
C(56)-C(55)-%0) 116(2) C(55)-C(56)-C(57) 126(2) 
C(56)-C(57)-C(58) llti3) C(57)-C(58)-C(59) 1243) 
CX58)-c(59)-c(60) llN3) C(55)-C(60)-c(59) 12N3) 
Si(9)-C(61)-C(62) 125(2) Si(9)-C(61)-c(66) 118(l) 
CX62)-c(61)-c(66) 117(2) C(61)-C(62)-C$63) 121(2) 
c(62)-c(63)-C(64) 120(2) C(63MB4MX65) 120(2) 
CR%)-C(65)-C(66) 123(2) C(61)-C(66)-C(65) 119(2) 
SW-O(l). . . O(2) 126.7(7) Si(5)-o(2). . o(l) 110.1(6) 
Si(9)-O(3). . . O(3) a 113.6(6) 

a The symmetry element is: - x, 2- y, - z. 
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TABLE 2. Fractional atomic coordinates and equivalent isotropic 
thermal parameters 

Atom x Y z u,, 

Ml) 
Si(2) 
Si(3) 
Si(4) 
Si(5) 
Si(6) 
Sic71 
Si(8) 
Sic91 
Si(lO) 
dll) 
Si(12) 
o(1) 
O(2) 
o(3) 
C(l) 
C(2) 
c(3) 
C(4) 
C(5) 
c(6) 
C(7) 
C(8) 
C(9) 
C(lO) 
C(l1) 
C(l2) 
c(13) 
cxl4) 
C(15) 
C(l6) 
C(l7) 
c(l8) 
c(19) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
c(26) 
c(27) 
C(28) 
C(29) 
c(30) 
c(31) 
C(32) 
C(33) 
cc341 
C(35) 
C(36) 
C(37) 
C(38) 
cc391 
c(40) 
C(41) 
Cc421 
cc431 
cc441 
c(45) 
C(46) 

- 0.1084(5) 
- 0.1866(6) 
- 0.3702(6) 
- 0.2809(7) 

0.2032(5) 
0.4048(5) 
0.3301(5) 
0.4640(5) 
0.1468(5) 
0.3369(6) 
0.2436(6) 
0.4057(6) 

- 0.032600) 
0.1450(10) 
0.083101) 

- 0.2359(15) 
- 0.1882(20) 
- 0.033509) 
- 0.2797(28) 
- 0.4752(20) 
- 0.4500(19) 
- 0.337300) 
- 0.1777(20) 
- 0.4384(21) 
- 0.2581(24) 
-0.1465(17) 
- 0.1547(25) 
- 0.1838(32) 
- 0.1909(23) 
- 0.1834(20) 
-0.1614(21) 
- 0.0032(16) 
- 0.0204(19) 

0.0649(21) 
0.1726(19) 
0.2011(21) 
0.1116(20) 
0.349005) 
0.3265(19) 
0.5652(20) 
0.389208) 
0.3249(19) 
0.196409) 
0.4528(20) 
0.591709) 
0.5272(18) 
0.4101(19) 
0.2069(17) 
0.2503(18) 
0.242209) 
0.198908) 
0.1533(20) 
0.156808) 
0.0977(16) 
O.lllo(18) 
0.0256(20) 

- 0.0757(20) 
- 0.0973(21) 
- 0.013009) 

0.2814(15) 
0.2457(21) 

0.7684(4) 
0.9227(5) 
0.8904(5) 
0.7333(5) 
0.4467(4) 
0.4480(4) 
0.2564(4) 
0.3529(4) 
0.8368(4) 
0.9056(5) 
0.7263(5) 
0.7162(4) 
0.6744(g) 
0.5165(8) 
0.9461(8) 
0.8321(11) 
1.041906) 
0.8775(15) 
0.9508(21) 
0.979306) 
0.801005) 
0.967005) 
0.695305) 
0.7745(16) 
0.613708) 
0.713303) 
0.6188(19) 
0.5725(25) 
0.6210(18) 
0.708906) 
0.7575(16) 
0.8429(12) 
0.925805) 
0.975806) 
0.9410(15) 
0.8573(17) 
0.8104(15) 
0.378401) 
0.4401(15) 
0.407605) 
0.579604) 
0.158005) 
0.2694(15) 
0.2019(15) 
0.255005) 
0.460904) 
0.3171(15) 
0.5295(13) 
0.614004) 
0.6824(15) 
0.6644(14) 
0.585906) 
0.5167(14) 
0.370902) 
0.2993(14) 
0.247705) 
0.2642(15) 
0.3315(16) 
0.3849(15) 
0.798502) 
0.9670(16) 

0.6804(2) 
0.5676(3) 
0.6703(3) 
0.5988(3) 
0.6658(2) 
0.7439(3) 
0.7474(2) 
0.6366(2) 
0.0043(2) 

- 0.0850(3) 
-0.0919(3) 

0.0088(S) 
0.6531(5) 
0.7103(5) 

- 0.0331(5) 
0.6305(7) 
0.5842(10) 
0.5412(9) 
0.5030(13) 
0.6187(10) 
0.7154(9) 
0.7178(9) 
0.5385(9) 
0.5690(10) 
0.6530(11) 
0.7560(g) 
0.7712(12) 
0.8303(15) 
0.870701) 
0.8590(10) 
0.8012(10) 
0.6843(7) 
0.7050(9) 
0.7093(10) 
0.6929(9) 
0.6757(10) 
0.67149) 
0.69647) 
0.8147(9) 
0.7580(9) 
0.7139(g) 
0.7104(9) 
0.7932(9) 
0.7985(9) 
0.6629(9) 
0.6014(8) 
0.5764(9) 
0.5933(g) 
0.5837(8) 
0.53149) 
0.4879(g) 
0.4909(9) 
0.5452(g) 
0.6595(8) 
0.6286(9) 
0.6259(9) 
0.6558(9) 
0.6841(10) 
0.6908(9) 

- 0.0402(7) 
- 0.1505(10) 

0.040(2) 
0.066(2) 
0.062(2) 
0.085(S) 
0.038(2) 
0.047(2) 
0.044(2) 
0.040(2) 
0.040(2) 
0.057(2) 
O&1(2) 
0.056t2) 
0.043(4) 
0.039(4) 
0.045(4) 
0.022(5) 
0.076(8) 
0.070(8) 
0.14303) 
0.078(S) 
0.067(7) 
0.071(8) 
0.071(8) 
0.0849) 
0.10600) 
0.050(7) 
0.122(11) 
0.17404) 
0.103(10) 
0.079(8) 
0.081(8) 
0.0346) 
0.072(8) 
0.086(9) 
0.067(7) 
0.089(9) 
0.073(8) 
0.023(5) 
0.068(S) 
0.073(8) 
0.051(7) 
0.064(7) 
0.065(7) 
0.073(8) 
0.065(7) 
0.053(7) 
0.064(7) 
0.044(6) 
0.052(7) 
0.065(7) 
0.057(7) 
0.078(8) 
0.053(7) 
0.03X6) 
0.061(7) 
0.074(g) 
0.075(8) 
0.08X8) 
0.071(8) 
0.029(5) 
0.084(8) 

ing, such as those formed by (Me,Si),SCi(PhXX)OH 
with X = I or OMe, in all of which all the available 
hydroxyl hydrogen atoms are used. 

3. Experimental details 

The silanol 1 was made as described previously [ll], 
but was purified by recrystallization from heptane 
rather than by sublimation; the yield was 87%. A 
crystal of dimensions 0.15 x 0.15 X 0.1 mm was used 
for the data collection. 

Crystal data: C,2H,,0Si,bM = 430.9, triclin$, space 
group Pi, (I = 11.753(3) A, b = 14.577(6) A, c = 
23.948(8) A, cy = 76.4(3)“, /3 = 85.47(2)“, y = 77.41(3)“, 
U= 3890.3 A3, Z=6, D,= 1.10 g cme3, F(OOO)= 
1.404, MO-Ka radiation, A = 0.71069 A, p = 2.3 cm-‘. 

Data were collected at room temperature on an 
Enraf-Nonius CAD4 diffractometer. Intensities of 7217 
unique reflections with +h f k & 1 and 2 < 8 < 25” 
were measured by a 20 scan. Corrections were made 
for Lorentz and polarization effects and for decay of 
12% shown by standard reflections, but not for absorp- 
tion; 2435 unique refections with I F2 I < 2a(F2) were 
used in the refinement, where a(F2> = [a2(Z) + 
(0.041)2]“2/L,. 

Non-hydrogen atoms were located by direct meth- 
ods and refined by full-matrix least squares but, be- 
cause of the limited data set, with isotropic tempera- 
ture factors. Except for those of the OH groups, which 
could not be located and were omitted, the H atoms 
were placed in calculated positions with U,,, = 1.3U,, 
for the atoms to which they are attached. Three inde- 
pendent molecules were found to be present in the 

TABLE 2 (continued) 

Atom x Y z 

cc471 0.4879(21) 0.876406) -0.1136(10) 
C(48) 0.3383(19) 1.0057(15) - 0.0494(9) 0.071(8) 
c(49) 0.2338(22) 0.6014(17) - 0.059000) 0.091(9) 
C(50) 0.1014(22) 0.7825(17) -0.1254(10) O.OSs(9) 
C(51) 0.3474(21) 0.7228(16) - 0.155800) 0.084(8) 
C(52) 0.5207(21) 0.6400(16) - 0.0300(10) 0.081(8) 
C(53) 0.4892(20) 0.7846(16) 0.0424(9) 0.078(8) 
C(54) 0.3559(20) 0.627706) 0.0718(10) 0.080(S) 
cc551 0.1629(17) 0.8595(13) 0.0769(g) 0.043(6) 
C(56) 0.2205(20) 0.9240(15) 0.0858(9) 0.072(8) 
C(57) 0.2318(23) 0.9453(18) 0.1398(11) 0.10600) 
c(58) 0.1775(24) 0.8992(19) 0.183901) 0.107(10) 
CC591 0.1138(30) 0.8350(23) 0.1805(14) 0.162(14) 
C(60) 0.1089(24) 0.811209) 0.124501) 0.11601) 
C(61) 0.0324(16) 0.7603(13) 0.0157(8) 0.042(6) 
c(62) 0.0467(21) 0.6666(17) 0.0469(10) 0.088(9) 
U63) - 0.0472(21) 0.619007) 0.0589(10) 0.092(9) 
C&4) - 0.1518(20) 0.6629(15) 0.0385(9) 0.073(8) 
Cc651 - 0.1693(19) 0.753405) 0.0092(9) 0.063(7) 
CC661 - 0.079807) 0.805403) -0.003X8) 0.048(6) 

Ueg is defined as one third of the trace of the orthogonalised Uij 
tensor. 
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unit cell. Refinement converged at R = 0.094, R’ = 2 P.D. Lick&, S.A. Lister, A.D. Redhouse and C.J. Wisener, J. 

0.089, w = a-‘(F); s = 2.0, (Ap),, = 0.63, (A&,,, = Chem. Sue., Chem. Commun., (1991) 173, and references therein. 

-0.14 e A-“. 3 S.S. AI-Juaid, C. Eabom, C. Eaborn and P.B. Hitchcock, J. 

The atomic coordinates of non-hydrogen atoms are 
listed in Table 2. Tables of H atom coordinates have 
been deposited at the Cambridge Crystallographic Data 
Centre. 
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