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Abstract 

A single crystal X-ray diffraction study of the title compound has shown that the geometry within the OSO&H,Me-p group is 
very similar to that in organic tosylates, but the Si-O-S angle (lzS.OfSP) is significantly larger than the corresponding C-O-S 
angle (ca. 118”) in the latter species. 

1. Introduction 

During a study (not yet complete) of rates of reac- 
tion of a range of compounds of the type (Me,Si),CSi- 
Ph(H)X, we encountered some unexpectedly large re- 
activity differences between the compound with X = 
OSO,C,H,Me-p (compound 1) and that with X= 
OSO,Me. In order to confirm the identity of the 
former compound, and perhaps throw light on its prop- 
erties, we determined its crystal structure. In the event 
this did not reveal any features that might significantly 
affect the reactivity of the compound in solution, but 
since the determination is, as far as we are aware, the 
first diffraction study of the structure of a silicon 
sulfonate we present the results below. 
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2. Results and discussion 

The tosylate 1 was made, essentially as described 
previously [l], by treatment of the iodide (Me,Si),CSi- 
Ph(HN with AgOSO,C,H,Me-p in CH,Cl,. 

The unit cell was found to contain two independent 
molecules, molecule (1) and (2), and bond lengths and 
angles for both are shown in Table 1. However, since 
there is no difference of any significance between the 
geometries of the two molecules, the structure is shown 
in Fig. 1 only for molecule (0, and in general only the 
data for this molecule are considered below. 

The features of the structure are as follows. 
(a) The geometry of the p-MeC,H,SO, group is 

very similar to that in a range of organic tosylates. For 
simplicity we make a comparison only with data for 
compound 2, for which especially accurate results are 
available [2], but the data for a range of other organic 
tosylates show no significant variations. (The simplest 
organic tosylate with which we could make comparison 
is the cyclohexyl derivative C,H,,OSO,C,H,Me-p, but 
the data for that compound show rather large esti- 
mated standard deviations [3]). Some parameters for 
molecule (1) in 1 and for the left-hand tosylate group 
in 2 are shown in Table 2, and it will be seen that the 
two sets are remarkably similar. It is noteworthy that 
the unexpected difference between the hvo chemically 
equivalent O-S = 0 angles that was commented on in 
the case of 2 121 (see also, e.g. refs. 3 and 4) is found 
also for 1. 
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TABLE 1. Intramolecular distances (A) and angles (“) with estimated standard deviations in parentheses 

Molecule (1) Molecule (2) Molecule (1) Molecule (2) 

(a) Bond distances 

SWOW 
SWo(3) 
Si(l)-C(1) 

SiWc(3) 

Si(2)-C(1) 
Si(2)-C(6) 
Si(3bCW 
Si(3)-C(9) 
Si(4)-O(1) 

Si(4)-C(11) 
c(H)-C(16) 

C(13)-C(14) 
C(15)-C(16) 
C(17)-C(22) 

C(19)-C(20) 
C(20)-C(23) 

(b) Bond angles 
0(1NW-0(2) 
0(1)-s(1)-c(17) 
O(2)-S(l)-C(17) 
C(l)-Si(l)-C(2) 
C(l)-Si(l)-C(4) 

C(2)-Si(l)-C(4) 
C(l)-Si(Z)-C(5) 
C(l)-Si(2)-C(7) 

C(5)-Si(2)-C(7) 
C(l)-Si(3)-C(8) 

C(l)-Si(3)-C(10) 
C(8)-Si(3bCQO) 
O(l)-Si(4)-C(1) 
C(l)-Si(4)-C(11) 

SW-CWSi(2) 
Si(l)-CWSi(4) 
Si(2)-C(l)-Si(4) 
Si(Q-C(ll)-C(12) 

C(12bC(ll)-CX16) 
CU2)-C(13)-CU4) 
CX14)-C(15)-c(16) 

s(1)-cx17)-c(18) 
C(18)-C(17)-C(22) 
C(lS)-C(19Xt20) 

c(l9)-c(2oWx23) 
c(2o)-c(21)-c(22) 

1.587(8) 1.549(7) 

1.426(8) 1.422(10) 

1.920(9) 1.9320 1) 
1.916(14) 1.899(10) 

1.92501) 1.923(11) 

1.863(14) 1.883(12) 
1.93700) 1.946(7) 
1.88201) 1.884(13) 

1.716(8) 1.718(7) 

1.880(11) 1.863(9) 

1.36(2) 1.39(2) 

1.37(2) 1.35(2) 

1.39(2) 1.421(13) 

1.35(2) 1.3ti2) 
1.38(2) 1.38(2) 
1.54304) 1.51(2) 

104.2(5) 
104.2(4) 
108.6(4) 
112.1(4) 

114.0(5) 
105.4(6) 
111.9(5) 
112.7(4) 

105.5(6) 

112.4(5) 
111.9(4) 

105xX6) 
105.6(4) 
122.6(S) 
110.5(5) 
113.6(4) 
106.1(5) 
123.8(9) 
119(l) 

121.0(8) 

1200) 
118.5(8) 
123.6(8) 
121.3(9) 
120.1(9) 

1200) 

105.5(S) 

103.7(4) 
108.1(6) 
112.7(60 
111.6(S) 

107.2(7) 
112.4(5) 
113.6(S) 

106.4(5) 

112.5(5) 
113.1(5) 
103.9(5) 
106.5(4) 
122.2(4) 
111.3(4) 
106.4(5) 

113.8(5) 
116.1(8) 

118.0(9) 
122(l) 

1190) 
119.1(9) 
118.4(9) 
122(l) 
122(l) 

1190) 

sw-ot2) 
S(l)-C(17) 

Si(lbC(2) 
Si(lbC(4) 

Si(2bCX5) 
Si(2)-C(7) 
Si(3)-C(8) 
Si(3)-C(10) 

Si(4HXl) 
c(llbC(12) 

CX12)-C(13) 
c(14)-C(15) 

C(17)-C(18) 
C(18bC(19) 
C(20)-C(21) 
cx21)-C(22) 

o(l)-W-O(3) 

o(2)-SWo(3) 
0(3bSW-C(17) 
C(l)-SiWC(3) 
C(2bSiW-C(3) 
c(3)-SiW-C(4) 
C(l)-Si(2)-C(6) 

ci5)-Si(2)-C(6) 
C(6)-Si(2bC(7) 
C(l)-Si(3bC(9) 

C(8bSi(3)-C(9) 
C(9)-Si(3bC(lO) 
o(l)-Si(4)-C(11) 
S(l)-OWSi(4) 
Si(lbCW-Si(3) 
Si(2)-CWSi(3) 
Si(3)-C(l)-Si(4) 

Si(4bC(ll)-CX16) 
C(ll)-C(12)-c(13) 
cx13bC(14)-C(15) 
C(ll)-C(16)-c(15) 

SW-CX17bC(22) 
cx17bc(18)-c(19) 
C(19)-C(20)-C(21) 
C(21bC(20)-C(23) 
C(17)-C(22)-C(21) 

1.435(10) 

1.788(8) 
1.877(13) 
1.85802) 
1.899(11) 

1.891(14) 
1.876(12) 
1.884(12) 

1.857(10) 
1.398(11) 

1.38(2) 
1.392(13) 
1.363(13) 

1.390(14) 
1.381(13) 
1.400(13) 

107.8(4) 
121.5(S) 
109.2(S) 

112.5(5) 
105.3(6) 
107.0(5) 
113.8(6) 

105.6(5) 
106.7(7) 
113.8(5) 

105.7(4) 
106.9(6) 
107.2(4) 

128.0(5) 
109sK5) 
110.4(3) 
107.2(5) 

117.0(6) 

1200) 
1190) 
120.9(9) 

117.8(6) 
1180) 
119.1(8) 
121(l) 
118.1(9) 

1.442(8) 
1.738(10) 
1.862(14) 

1.86803) 
1.88204) 
1.89200) 
1.91403) 
1.869(12) 

1.84300) 
1.41(2) 

1.39304) 
1.37(2) 

1.41704) 
1.37004) 
1.39(2) 

1.37205) 

109.0(5) 
118.9(5) 

110.4(5) 
112.2(5) 
107.1(5) 
105.7(6) 
112.7(5) 

106.8(6) 
104.4(5) 

113.4(4) 
106.8(6) 
106.6(6) 
105.7(4) 
130.2(5) 
109.8(5) 
109.0(5) 

106.4(4) 
125.9(8) 

120(l) 
121(l) 
121(l) 

122.5(8) 

119(l) 
118.8(9) 

119(l) 
123(l) 

(b) The Si-O-S angle in 1 (12&O(5)“) (130.2(5) in 
molecule (2)) is distinctly larger than the corresponding 
C-O-S angle in 2 (118.4(4)“) and other organic tosy- 
lates (see e.g. ref. 4). It will be recalled that Si-O-C 
bond angles in, e.g. alkoxysilanes are normally substan- 
tially larger than C-O-C bond angles in ethers [5]. 

cc) Somewhat unexpectedly (since it might have been 
predicted that the aryl groups would lie away from 
each other in order to relieve steric strain) the two 
arene rings were found to be fairly close together and 
almost parallel to each other (the dihedral angle be,- 
tween them is 9(2H with a distance of only 3.3 A 

between the centroid of the C(ll)-C(16) ring and the 
plane of the C(17)-C(22) ring. We initially suspected 
that this might reflect a 7~r interaction between the 
rings, but the view of the molecule shown in Fig. 1 
shows that there can be little, if any, such interaction. 

(d) The C(l)-Si(4)-C(11) angle, 122.6(5)“, is unusu- 
ally large, presumably because the aryl group moves 
away from the (Me&C group to relieve steric strain. 

(e) The geometry of the (Me&C group shows the 
commonly observed feature of long C(l)-SiMe, bonds 
(1.920(9), 1.925(11), and 1.93700) A) and substantially 
shorter Si-Me bonds (mainly in the range 1.86-1.89 
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C(23) Q 

C(l7) IL” 

tJC(9) 

Fig. 1. Molecular structure of compound 1. 

A>. The bond between C(1) and Si(4), the silicon of the 
SiPh(H)OSO,C,H,Me-p group, is markedly shorter, 
at 1.857(10) A, than the other bonds to the central 
carbon (C(1)); this effect has been noticed before in 
related structures in which a silicon atom attached to 
the central carbon of a (Me,Si),C group bears an 
oxygen atom [61. 

(f> The O(1) atom lies only 3.250(6) A (3.281(8) A in 
molecule (2)) away from Si(3), and this might be taken 
to indicate a weak 0 . - * Si intramolecular interaction, 

TABLE 2. Comparison of some bond lengths (A) and angles (“) in 

molecule (1) of 1 with corresponding values for the tosyl group on 
the left-hand side of 2 a 

0(1)-S 1.587(8) 1.571(S) 

0(2)-S 1.435(10) 1.429f6) 
0(3)-S 1.426(g) 1.430(6) 
s-C(17) 1.788(8) 1.749f7) 

o(l)-s-C(17) 104.2(5) 102.5(3) 
o(2)-S-C(17) 108.6(4) 110.3(3) 
o(3)-s-C(17) 109.2(S) 108.4f3) 

O(2)-S-o(3) 121.5(5) 121.Of4) 

o(l)-S-o(2) 104.2(5) 103&3) 
0(1)-S-o(3) 107.8(4) 109.6f3) 

a The oxygen atoms in 2 corresponding to Of2) and Of3) in 1 are 
arbitrarily assigned. 

TABLE 3. Fractional atomic coordinates (X104) with estimated 

standard deviations in parentheses 

X Y z 

(a) Molecule (I) 

SW 
Sifl) 
Sic21 
Si(3) 

Sif4) 

O(l) 

O(2) 
o(3) 

c(1) 
c(2) 
C(3) 
C(4) 

C(5) 
C(6) 
C(7) 

C(8) 
C(9) 

CflO) 
t-xl) 

Cf12) 
Cfl3) 
Cf14) 
Ct15) 
Ctl6) 

CO71 
Cfl8) 
Cf19) 

Cf20) 
Cf21) 
Cf22) 

Cf23) 

(6) Mokcule (2) 

Sfla) 
Sifla) 
Si(2a) 
Si(3a) 
Si(4a) 

O(la) 
Of3a) 

Of2a) 
Cfla) 
Cf2a) 

Cf3a) 
Cf4a) 

C(5a) 
Cf6a) 
C(7a) 
Cf8a) 

Cf9d 
CflOa) 

Ctlla) 
Ci12a) 
C(13a) 

Cf14a) 
C(15a) 
C(16a) 

2136.8(35) 2699.4(30) 

3784.4f41) 13856f34) 

7561.8(39) 3451.1(36) 

5211.9(38) 5106.3(32) 
4780.6f35) 2563.8f31) 

2964f7) 2661(7) 

983f9) 3289f8) 

3464(9) 3553(g) 
53OlflO) 3083(9) 

392406) 2186(13) 
4267(14) -4llfll) 

152903) 47Of12) 
9185(14) 5507(14) 

818904) 3509f14) 

7917(13) 1818(13) 

5983(13) 657201) 
652304) 632402) 

2996f13) 4688fll) 

446701) 566fll) 
318602) - 1OOOfll) 

301703) -239701) 
409404) - 2280(12) 
5333f14) - 71903) 
552603) 685(12) 

95101) 56600) 
-523(12) -418(12) 

- 140403) - 208103) 
- 825f13) - 27070 1) 

665(12) - 16580 1) 

157702) 1702) 
- 180607) - 4569f13) 

23119f35) 
2546&40) 

324.8(38) 
4217.4(36) 
1958&34) 

2026f8) 
3388(9) 
2831flO) 
22OlflO) 

2392f16) 
95904) 

466203) 
- 50002) 

86705) 
- 153003) 

3793(13) 

5213(14) 
589603) 

7901) 
396f13) 

- 93504) 
- 2542f15) 
- 290203) 
- 157x12) 

10275.2(33) 
5449.5(34) 
7154.3(36) 

9366.9f33) 
7439.5(31) 
9304f6) 
9959f9) 

11961(8) 

7331flO) 
487804) 
353Ofll) 

585603) 
853Of12) 
7727(13) 
498Of14) 

11191fll) 

917403) 
10~1302) 
585300) 
495702) 
3787(12) 
3435(12) 
431203) 
5524(11) 

5698.2(g) 

6860.6(9) 

6661.400) 
6693.9(9) 
6128.0(8) 

605 l(2) 
5782f2) 

5479f2) 
6587f3) 

7309(3) 
6884f3) 
6718f3) 

6506(4) 
7113f3) 
6431f4) 

6348f3) 

7084f3) 
6758f3) 
5915(3) 

5987f3) 
5811f3) 
5567f3) 
5487(3) 
5669f3) 

555Of3) 
5694(3) 

558Of3) 
5328f3) 

5186f3) 

53OM3) 
5213(3) 

9306.3(8) 
8312.4flO) 

8138.9(9) 
8315.2(8) 
8864.3(8) 
8962f2) 

952Of2) 
9229f2) 
8407f2) 

7853f4) 
8517f4) 
8479f4) 
8317(3) 

7694f3) 
8092(3) 

8273(3) 
7919f3) 
8662(3) 
9067f3) 
931Of3) 

9481f3) 
9413f3) 
918ti3) 

9009f3) 
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TABLE 3 (continued) 

Ci17a) 
C(18a) 
C(19a) 
c(2Oa) 
Ci21a) 
C(22a) 

C(23a) 

30701) 9436flO) 9459f2) 
- 133(12) 8291(11) 9713(3) 

- 1732G3) 75880 1) 9825(3) 
- 2930(12) 794302) 9694f3) 
- 2482(12) 9088U2) 9448(3) 

-880(12) 979Of12) 9336i3) 
-470604) 7133(15) 9809(3) 

but such 0 * * * Si distances in systems of this general 
type are commonly accompanied by equally short in- 
tramolecular C * 9 * Si distances and probably just re- 
flect the severe crowding 171. 

3. Experimental details 

3.1. PreparutiOn of 1 
A mixture of (Me,Si),CSiPh(H)I [1.38 g, 2.97 mmol) 

and powdered AgSO,C,H,Me-p (1.2 g, 4.3 mm00 in 
CH,CI, (40 cm3) was heated under reflux for 0.5 h and 
the solvent then evaporated off. The residue was kept 
for 1 h at 120°C under dried N, with exclusion of light, 
then extracted several times with boiling pentane. The 
combined extracts were filtered and the solvent was 
evaporated off. The residue was recrystallized from 
hexane to give l(l.35 g, 89%), m.p. 130-131°C. (lit. 111, 
130-131°C). ‘H NMR (CDCl,): 6 0.20 (Me,Si); 2.35 
(p-Me); 5.41 (SiH); 7-8 (aromatic H) (slightly different 
values were reported previously for a solution in Ccl,). 
Si NMR (CDCl,, 360 Hz): 6 0.80 (SiMe,); 2.14 
(SiMe,O). IR as before [l]: m/z 493 (15%, M - Me); 
431 (15, M - Ph); 337 (30, M - O,SC,H,Me); 322 
(10); 247 (30); 187 (20); 174 (15); 135 (30); 90 (20); 73 
(100, SiMe,). (The main peaks are as before [ll but the 
relative intensities are somewhat different.) 

3.2. Crystal structure determination 
Suitable crystals were obtained by recrystallization 

from hexane. A crystal of dimensions ca. 0.4 X 0.3 X 0.1 
mm was used. 

Crystal data: C,H,,Si,O,S, M = 50.9, triclinic, a = 
9.083(3), b = 9.232(7), c = 39.838(23) A, (Y = 92.62(6), 
p = 91.47(4), y = 118.94(4)“, U = 2915.9 A”, Z = 4, D, 
= 1.2 g cmp3, F(OO0) = 1096, MO-&X radiation A = 
0.71069 A, p = 2.9 cm-‘. Space group P’i from suc- 
cessful structure refinement. 

Data were collected on an Enraf-Nonius CAD4 

diffractometer. Intensities of 10,188 unique reflections 
with f h + k f 1 and 2 < 8 < 25” were measured by a 
8/28 scan with scan width Ae(O.8 + 0.35 tan 0) and a 
maximum scan time of 1 min. Correction was made for 
Lorentz and polarization effects, and also for crystal 
decay of 10% during the data collection; 3904 reflec- 
tions with IF 1’ > 3a(F*) were used in the structure 
refinement, where a(F*) = [a*(I) + (O.O4Z)*]‘/*/Lp. 

Direct methods (MULTAN) were used to find the Si 
atoms and a difference map to find the C, 0, and S 
atoms, and all these atoms were refined by full-matrix 
least-squares with anisotropic structure factors. Two 
independent molecules were found. The hydrogen 
atoms H(1) and H(la), connected to Si(4) and Si(4a) 
respectively, were located on a difference map but not 
refined. The remaining hydrogen atoms were placed at 
calculated positions (C-H 0.95 A). All hydrogen atoms 
were assigned values of Vi, equal to 1.3U,, for the 
parent carbon atoms. Refinement converged at R = 
0.075, R’= 0.081, with weighting scheme w = l/a’F. 
Final shift to error ratios were < 0.71. A final differ- 
ence map had no peaks of > 1.04 e A-“. The structure 
solution and refinement were carried out on a Mi- 
crovax II computer with the Enraf-Nonius Structure 
Determination Package. 

Atomic coordinates are listed in Table 3. Lists of 
thermal parameters and structure factors are available 
from PBH. 
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