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Reaction of dichlorosilanes with diols in the presence @NEh toluene solution gave the monocyclic silanes
S[(t-Bu).CsH20].Si(Ph)Me (), S[(t-Bu).CsH20].SiPh (2), Sit-BuMeGH,0],Si(Ph)CH=CH; (3), and S[MeCsH,O].-

SiPh (4). X-ray structural analysis revealed that the silahe8 exhibited varying degrees of sulfusilicon

donor coordination, giving geometries intermediate between a tetrahedron and a trigonal bipyramid. The eight-
membered ring, common tb—3, which contained the sulfur atom as a bridge between two aryl groups, resided

in a synor boatlike conformation. For the cyclic siladehaving the same type of ring composition, X-ray
analysis showed no sulftisilicon interaction, and the ring in this case was inaati or chairlike conformation.

Similar to that observed with pentaoxyphosphoranes possessing the same type of sulfur-containing eight-membered
ring, sulfur donor ability increased with an increase in alkyl substitution on the ring aryl compot@&us>(

Me). Sulfur coordination in the phosphorus compounds gave geometries along a coordinate from square pyramidal
to octahedral. Retention of the solid state structures in solution is indicated by comparf88nNfR data on

1—-4 with solution state and solid staf8Si NMR data on related silanes. The ability of the sulfur atom of
reduced electronegativity to promote silanes to a higher coordinate state shows that hypervalency is readily accessible
for silicon. Silanel crystallizes in the monoclinic space groBg:/n with a = 10.133(3) A,b = 20.839(4) A,

c = 16.181(3) A, = 99.47(2}, andZ = 4. Silane2 crystallizes in the monoclinic space gro@g with a =

10.006(2) Ab=42.478(6) Ac=17.917(4) Ap =

99.25(1), andZ = 8. Silane3 crystallizes in the orthorhombic

space groufPna2; with a = 20.735(2) Ab = 12.724(1) A,c = 10.387(1) A, andZ = 4. Silane4 crystallizes
in the monoclinic space group2:/c with a = 10.786(2) A,b = 26.053(7) A,c = 8.876(1) A, = 100.57(13,
andZ = 4. The final conventional unweighted residuals are 0.059Q.035 @), 0.027 @), and 0.050 4).

Introduction

Like pentacoordinate phosphortis? pentacoordinate
silicon'%~14 compounds serve as models for intermediates in
nucleophilic substitution reactions of the respective tetracoor-
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Table 1. Nitrogen-Induced Pentacoordination
No. Si-N, (A Si-C, A) /l }\_Z
S S
T % 7Y
(0]

1
O 63 1304 3.11,
]

120 ' o
AY 1.969(4) o-l—-1>3i,ﬁ }s'ig/—-o
’ |1.72 172
OCH,CF3 OCH,CF3
29gi;  -107.8 (solid)
B8 2.301(6) 1.901(6)

295i, -99.4 (solid)

JB

H

s
19 Me,N—Si—R 1.92(2
c 2 2.44(1) 920 ﬁo\ @‘o Mo
) ¢

>

Si

N
S,
o’ o/ Me
R =aNp

H H 2si -1.62; -6.55 (solid), si -13.51,
D2 Me,N— Si—Ph 2.584(3) 1.893(4)
O O Si-S = 2.978(4)A30 Si-S = 3.074(1)A30
K 29 L 30

Me H
Me,N—Si—Ph Ol-Me
g2 & 2.66(1) 1.91(1) S0
] l (0] Me

29¢;
compared with 0.69 A for the nitrogen series. The covalent Si -13.22,

and van der Waatd sums for SO are 1.91 and 3.60 A,
respectively.

Recently, we have found that sulfur also serves as a donor M3
atom with acyclic §)?° and cyclic K —M)22:30 oxysilanes in o . o
promoting increased coordination toward a trigonal bipyramidal 10 address this situation, a series of related cyclic silanes
geometry. However, a more narrow range of Six distances 1-4 was prepared which have variations in the groups attached
(2.98-3.29 A) is evident in these derivatives compared to that to the ar(_)_mauc fing components as well as that attached to the
found for silanes with nitrogéfi—2° and oxygeR®~28 acting as central silicon atom.
donor atoms,.e., 0.31 A. Again these SiS distances are

@O

Si-S = 3.286(1)A, Ave.30

between the covalefitand van der Waatd sum of 2.20 and _Me )@o Ph
3.90 A, respectively. Below the structural formulas fetM S > si Si

N\ _ 7
. AR ) . . N S SN
are listed the SiS distances anéfSi chemical shifts. )D: (o} Ph )@:O Ph

(23) Macharashvili, A. A.; Shklover, V. E.; Struchkov, Yu. T.; Baukov, 1 2
Yu. I.; Kramarova, E. P.; Oleneva, G.J. OrganometChem 1987,

327, 167.
(24) Macharashvili, A. A.; Baukov, Yu. I.; Kramarova, E. P.; Oleneva, G.
I.; Pestunovich, V. A.; Struchkov, Yu. T.; Shklover, V. Eh. Strukt O . Ph o /Ph
Khim. 1987, 28, 107; Chem Abstr. 1988 108 14178z. S, <
(25) Macharashvili, A. A.; Shklover, V. E.; Struchkov, Yu. T.; Voronkov, (o) CH=CH, (o} Ph
M. G.; Gostevsky, B. A.; Kalikhman, I. D.; Bannikova, O. B.;
Pestunovich, V. AJ. OrganometChem 1988 340, 23.
(26) Onan, K. D.; McPhall, A. T.; Yoder, C. H.; Hillyard, R. W. Chem 3 4

Soc, Chem Commun 1978 209.

(27) Macharashvili, A. A.; Baukov, Yu. |.; Kramarova, E. P.; Oleneva, G. ; ; i it ;
I.; Pestunovich, V. A.; Struchkov, Yu. T.; Shklover, V. Bh. Strukt The inclusion of the specific type of eight-membered ring

Khim. 1987 28, 114; Chem Abstr, 1988 108 29802x. containing the potential sulfur donor atom is the same kind of
(28) Macharashvili, A. A.; Shklover, V. E.; Chernikova, N. Yu.; Antipin,  ring that we found effective in promoting increased coordination

M. Yu.; Struchkov, Yu. T.; Baukov, Yu. |.; Oleneva, G. |.; Kramarova,  jth pentaoxyphosphorangs:3® In the latter series of studies
E. P.; Shipov, A. GJ. OrganometChem 1989 359 13. b yp b '

(29) Day, R. O.; Prakasha, T. K.. Holmes, R. R.; EckertOrganometallics  increased coordination to an octahedral structure resifgd,
1994 13, 1285.
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Holmes, R. RJ. Am Chem Soc 1995 117, 10003. 1913.
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Table 2. Oxygen Induced Pentacoordination

Me

Me\ /Me Me Me Me\ /Me _ O Me
O—Si—F o—%—x *N— < Sl(l)—Me
E |:N) C g N, SiTMe Mezslm NN Qi
==0 Me
CE, Q1@
X=Cl
X =Br
X=1
F G H I
$i-0,, (A) Si-Cl(A) Ref.
GX=1I) 1.749(2) 23
G (X=Br) 1.800(4) 2
H 1.879(1) 2.432(1) 25
I 1.9183) 2.348(2) 2
GX=Ch 1.954(2) 2307(2) 27
F(X=F) a
2.395(8) 28

a Average of 4 independent molecules/unit cell.

N. The P-S distances ranged over one-half an angstrom from Table 3. Crystallographic Data for Compounds-4

1 2 3 4
formula  GsHsg0,SSi  GoHs500,SSi GoH3602SSi GgHo602SSi
fw 560.88 622.95 488.74 454.64
S crystl monoclinic monoclinic  orthorhombic  monoclinic
P-S = 2.362(2)A system
CF3CH ]
3 zo\i'o £ cov radii = 2.14A2' spat?gu P2;/n (No. 14) Cc(No.9) Pna2; (No. 33) P2j/c (No. 14)
o | Yo P ' eadii A22 group
CF3CH; | % van der Waals' radii = 3.75 a A 10.133(3) 10.006(2)  20.735(2) 10.786(2)
OCH,CF b, A 20.839(4) 42.478(6)  12.724(1) 26.053(7)
c A 16.181(3) 17.917(4)  10.387(1) 8.876(1)
N32 o, deg
B, deg 99.47(2) 99.25(1) 100.57(1)
2.88 to 2.36 A31-36 Recently, Cavelf extended this range to 7 deg 3370(1 7516(3 0872604 2451.9(8
2.33 Ain a related phosphorane having the same type of sulfur 2 @) 8 ®) . @) 4 9(8)
ring system but with the use of chlorine ligands in place of OR T °c 2342 2342 234+ 2 2342
groups. A 0.71073 0.71073 0.71073 0.71073
The compounds synthesized for the purpose of this study, Dcag'ﬁcm? 1.105 1101 1.130 1.232
1—4, were subjecteq to .smgle-crystal X-ray studies &ncnd o, 159 1.49 177 203
29Si NMR characterization. cmt
. . Ra 0.059 0.035 0.027 0.050
Experimental Section RP 0.171 0.085 0.070 0.142

Chemicals were obtained from Aldrich, Fisher Scientific, Petrarch, 2R =3 ||Fo| — |F|l/Y|Fol. ® Ra(Fo?) = { YW(Fo? — FA)Z YWk} 12
or Fluka and used without further purification. Solvents were of HPLC
grade (Fisher Scientific). Further purification was done according to  1H (299.9 MHz) and®®Si (59.59 MHz) NMR solution-state spectra

standard procedurés. were recorded on a Varian XL 300 FT-NMR spectromet86i NMR
spectra were obtained with the use of the INEPT progiamll NMR
(32) Holmes, R. R.; Prakasha, T. K.; Day, R. i@org. Chem 1993 32, spectra were obtained at 28, and shifts are reported in ppm.
) ) 2,2-Thiobis(4,6-ditert-butylphenol)!© 2'-thiobis(4,6-dimethylphe-
(33) flrgkgggg T K. Day, R. O.; Holmes, R.RAm Chem Soc 1993 nol),** and 2,2-thiobis(4-methyl-6ert-butylphenol§® were prepared by
(34) Prakasha, T. K.; Day, R. O.; Holmes, R.IRorg. Chem 1992 31, literature procedures. Both cyclic silan&sﬁqénd 2 were prepared
3391. following the procedure of Pastor and DenrféyEt;N (Aldrich) was
(35) Holmes, R. R.; Prakasha, T. K.; Day, R.Rhosphorus, Sulfur, Silicon distilled over KOH pellets. All reactions were carried out under a dry
1993 75, 249. nitrogen atmosphere using standard Schlenk-type glasstare.
(36) Prakasha, T. K.; Day, R. O.; Holmes, R.IRorg. Chem 1994 33,
93.
(37) Wong, C. Y.; McDonald, R.; Cavell, R. Gnorg. Chem 1996 35, (39) Blinka, T. A.; Helmer, B. J.; West, RAdv. OrganometChem 1984
325. 23, 193.
(38) (a) Riddick, J. A.; Bunger, W. B., Eds. Organic Solvents Physical (40) Pastor, S. D.; Spivack, J. D.; Steinhuebel, LJ.RHeterocycl Chem
Methods in Organic ChemistryViley-Interscience: New York, 1970; 1984 21, 1285.

Vol. Il. (b) Vogel, A. I. Textbook of Practical Organic Chemistry (41) Pastor, S. D.; Denney, D. Phosphorus Sulfur RelaElem 1987,
Longman: London, 1978. 32 105.
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Table 4. Selected Atomic Coordinates(0*) and Equivalent
Isotropic Displacement Parameters?(A 10°) for
S[(t-Bu).CsHz0-Si(Ph)Me, 12

atom X y z U(eq)
S 1897(2) 1382(1) 1693(1) 45(1)
Si 2513(2) 844(1) 3476(1) 46(1)
o(1) 3077(4) 331(2) 2851(2) 51(1)
0(2) 3186(5) 1559(2) 3471(2) 52(1)
C(1) 2940(6) 174(3) 2017(4) 41(2)
C(2) 3322(6) —441(3) 1787(4) 43(2)
C(3) 3171(6) —567(3) 934(4) 48(2)
C(4) 2680(7) —133(3) 302(4) 45(2)
C(5) 2340(6) 468(3) 558(4) 46(2)
C(6) 2464(6) 623(3) 1404(4) 39(2)
C(7) 3399(6) 1810(3) 2050(4) 39(2)
C(8) 4053(7) 2121(3) 1478(4) 44(2)
C(9) 5128(6) 2525(3) 1734(4) 44(2)
C(10) 5489(7) 2602(3) 2591(4) 48(2)
C(11) 4878(6) 2305(3) 3205(4) 42(2)
C(12) 3824(6) 1883(3) 2908(4) 41(2)
C(13) 3197(8) 510(4) 4518(4) 69(2)
C(14) 669(7) 891(3) 3384(4) 50(2)

2 Estimated standard deviations in parentheses. Atoms are labeledrigure 1. SNOOPI plot for S[(-Bu),CsH-0].Si(Ph)Me,1. Only one
to agree with Figure 1.U(eq) is defined as one-third of the trace of  set of positions for the disordered terminal atoms oftérebutyl group
the orthogonalizedJ; tensor. containing C(24) is shown. Hydrogen atoms are omitted for clarity.

Table 5. Selected Bond Lengths (A) and Angles (deg) for

S[(t-Bu).CeH-01,Si(Ph)Me, 12 {[Thiobis(4,6-dimethyl-o-phenylene)]dioxy} diphenylsilane,

S[Me,CeH20].SiPh; (4). Following the procedure fd@, the quantities

S—-C(6) 1.771(6) SC(7) 1.777(6) used to synthesizéfollow: 2,2-thiobis(4,6-dimethylphenol) (1.50 g,
S-Si 3.061(2) SHO(1) 1.638(4) 5.47 mmol), EiN (1.11 g, 1.53 mL, 10.9 mmol), RBICl (1.39 g,
2!:8(3 1322(? gf(?)l ig?g(;) 1.14 mL, 5.47 mmol), and 100 mL of toluene were used. Colorless
Cl(l)—(C(G)S) 1'391&3)) O((2:)}C51)2) 1'379((7)) crystals were obtained from a cooled MeCN solution: mp 15850
C(7)-C(12) 1.392(8) : °C (yield 2.4 g, 95%).H NMR (CDCly): 4 2.11 (s, 3H, Me), 2.16 (s,

' _ 3H, Me), 2.18 (s, 3H, Me), 2.23 (s, 3H, Me), 6:97.81 (multiplet, 14
gggg—g—g(?) 1&’»27((%) 8((32,—85 @ 181?),'%;((?) H, H(Ar). 2°Si NMR (CDCk): —38.43 (s).

—S—-Si . i— ) ‘- . . .
O(1)-Si—C(13) 101.6(3) 0(2)Si—C(13) 104.6(3) y Asngé. Calcd for GgH260:SiS: C, 73.97; H, 5.76. Found: C, 73.87;
O(1)-Si—C(14) 115.8(3) O(2Si—C(14) 111.5(3) o ) | h I hi )
C(13)-Si—C(14) 108.3(3) O(1Si-S 72.2(2) X-ray I_Experlmenta Data. _ The X-ray cr_ysta ographic studies were
0(2)-Si-S 71.5(2) C(13}Si-S 169.8(3) done using an Enraf-Nonius CAD4 diffractometer and graphite-
C(14)-Si-S 81.9(2) C(1}O(1)-Si 140.6(4) monoghromﬁted rBonb(EIjenumbr%diatio_r].ﬂﬁleetaiIs of the experimental
O(1)-C(1)—-C(6) 120.5(5) C(10(2)-Si 133.6(4) procedures have been described previotisly.
0(2)-C(12-C(7) 120.2(5) C(1xC(7)-S 119.1(5) Crystals were mounted inside of thin-walled glass capillary tubes
C(1)-C(6)-S 120.1(5) which were then sealed as a precaution against air/moisture sensitivity.

2 Estimated standard deviations in parentheses. Atoms are labeled?a!a Were collected using th’bazef scark; mode with :’5 20uo Ka =
to agree with Figure 1. 43°. No corrections were made for absorption. The structures were

solved by use of direct methods and difference Fourier techniques and
were refined by full-matrix least-squares methods. Refinements
included all of the data and were based Bh Computations were
performed on a 486/66 computer using SHELXS-86 for soldtiand

The cyclic silane8 and4 are new compounds whose syntheses are
reported below.

Syntheses. {[Thiobis(4,6-di-tert-butyl-o-phenylene)]dioxy - SHELXL-93 for refinement® Crystallographic data are summarized
phenylvinylsilane, S[t-Bu)MeC¢H-0].Si(Ph)(CH=CH,) (3). To a in Table 3.
mixture of 2,2-thiobis(4-methyl-&ert-butylphenol) (4.22 g, 11.8 mmol) X-ray Study for S[(t-Bu),CeH-0],Si(Ph)Me (1). Crystals ofl were

and EEﬁN (2.38 9 3.28mL, 23'(,3 mmol) in 5(,) mL of toluene was added  ,hiqineq as colorless blocks from hot acetonitrile. The crystal used
dropwise a solution of phenylvinyldichlorosilane (2.39 g, 2.00 mL, 11.8 for the study had dimensions of 0.170.35 x 0.50 mm. A total of
mmol) in 50 mL of toluene.o Until the addition was complete, the 3755 jndependent reflections-h,+k+1) were measured. There is
reaction flask was kept atb °C with constant stirring. The reaction  isqrger in the structure which was modeled with two sets of positions

mixture was heated to 58 and stirred at this temperature for_24 h. _for the three terminal carbon atoms of tteet-butyl group bonded to
Solvent was removed completely under vacuum and the resulting solid C(4). The disordered carbon atoms were refined isotropically while

extracted with a mixture of a 1:3 ratio OI ether and Skelf§2k100 the remaining independent non-hydrogen atoms were refined aniso-
mL:300 mL). Subsequent removal oBH"CI™ by filtration followed tropically. Hydrogen atoms with positions which are affected by the
by passing a slow ;tream of dry nitrogen over the solution gave X-ray isorder (those bonded to carbon atoms C{ZB(27)) were omitted
quality crystals (yield 5.18 g, 90%): mp 17172 °C. *H NMR from the refinement. The remaining hydrogen atoms were included
(CDC|3)52 0136 (s, 18 H, C(Ch)3), 2.20 (s, 6 H, Me), 5.57 (dd, 1 H,  j, the refinement as isotropic scatterers riding in ideal positions on the
2=CH2)1 J(HH) = 20 Hz, J(HH) = 3.51 Hz), 6.10 (dd, 1 H=CH;, bonded carbon atoms. The final agreement factors are based on the
J(HH) = 14.5 Hz,J(HH) = 3.55 Hz), 6.50 (broad triplet, 1 H=CH), 2302 reflections with > 20;.
7.06-7.70 (multiplet, 9 H, H.(Ar)). #Si NMR (CDCH): 6 —43.3 (s). X-ray Study for S[(t-Bu),CsH-0],SiPh; (2). Crystals of2 were

Anal. Calcd for GoHzeO,SiS: C, 73.73; H, 7.48. Found: C, 73.82;  optained as colorless blocks from hot acetonitrile. The crystal used
H, 7.49. for the study had dimensions of 0.270.55 x 0.90 mm. A total of

(42) (a) Shriver, D. F.; Drezdzon, M. Ahe Manipulation of Air-Sensite (43) Sau, A. C.; Day, R. O.; Holmes, R. Rworg. Chem 1981, 20, 3076.
Compounds 2nd ed.; Wiley-Interscience: New York, 1986. (b) (44) Sheldrick, G. MActa Crystallogr 1990 A46, 467.
Skelly-F is a hydrocarbon fraction with a boiling range of-3® °C. (45) Sheldrick, G. MJ. Appl. Crystallogr. 1993
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Figure 3. SNOOPI plot of3 oriented to show a typical geometry for
an 8-membered ring having ttsynconformation.

Figure 2. SNOOPI plots for SfBu),CeH,0].SiPh, 2: (a) plot
showing the independent molecule which contains Si(1). (b) plot
showing the independent molecule that contains Si(2). Hydrogen atoms,:igure 4. SNOOPI plot of4 oriented to show the geometry of the
are omitted for clarity. 8-membered ring which is in thenti conformation.

4641 independent reflections-f,+k, 1) were measured. There are reflections @-h, k1) were measured. Non-hydrogen atoms were

two independent molecules in the asymmetric unit for the structure. . . . -

Non-hydrogen atoms were refined anisotropically. Hydrogen atoms reflngd anlsotroplcglly. Positions for th? methyl hydrogen atoms were
were included in the refinement as isotropic scatterers riding in ideal _obtalned'as deS(_:nbed @ The remaining hyd_ro_ger) "’.“Oms were
positions on the bonded carbon atoms. The final agreement factors'nCIUdEd in the refinement as isotropic scatterers riding in ideal positions
are based on the 3932 reflections \Mth:.20| on the bonded carbon atoms. The final agreement factors are based

X-ray Study for S[t-BuMeCeH:0],Si(Ph)CH=CH, (3). Crystals  ©n the 1743 reflections with = 2o:.
of 3 were obtained as colorless fused polyfaceted chunks. The
somewhat irregular crystal used for the study was cut to approximate Results
dimensions of 0.45¢ 0.50 x 0.70 mm. A total of 1671 independent o ]
reflections (-h,+k,+I) were measured. Non-hydrogen atoms were The molecular geometry for the cyclic silartes4 is shown
refined anisotropically. Positions for the methyl hydrogen atoms in the SNOOPI plots of Figurek—4. Thesynring conforma-
bonded to C(25) and C(30) were obtained by torsional adjustment of tion for 3 as a representative member of that f6r3 is shown
an idealized Chigroup. The remaining hydrogen atoms were included jn Figure 3. Theanti ring conformation for4 is presented in
in the refinement as isotropic scatterers riding in ideal positions on the Figure 4.

bonded carbon atoms. The final agreement factors are based on the . . .
1527 reflections with = 201, Crystallographic data fat—4 are listed in Table 3. Selected

X-ray Study for S[Me,CeH,0],SiPh, (4). Crystals of4 were atomic coordinates and selected distances and anglésaiar

obtained as colorless laths. The crystal used for the study was cut togiven in Tables 4 and 5, respectively. Corresponding data for
dimensions of 0.30« 0.35 x 0.62 mm. A total of 2784 independent 2—4 are found in Tables611.
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Table 6. Selected Atomic Coordinates(0*) and Equivalent Table 7. Selected Bond Lengths (A) and Angles (deg) for
Isotropic Displacement Parameters?(A 10°) for S[(t-Bu),CsH,0],SiPh, 22
S[(t-Bu).CeHz0LLSiPh, 22 Si(1-0(2) 1.636(4) Si(3rO(1) 1.638(4)
X y z Ueq) Si(1)-C(19) 1.853(6) Si(1yC(13) 1.865(6)
Si(1) —246(2) 2587(1) 6564(1) 51(1) g'((ll)):g‘(%)) fggﬁ’gg 8((713\\8(%) ig‘;&%
C(1) 555(5) 2138(1) 7694(3) 51(1) C(12)-0(2) 1.381(6) Si(2y0(4) 1.639(4)
C(2) —25(6) 1931(1) 8166(3) 58(1) Si(2-0(3) 1.642(4) Si(2)C(59) 1.848(6)
C(3) 825(6) 1695(1) 8522(3) 66(2) Si(2)-C(53) 1.855(6) Si(2)S(2) 3.063(2)
C(4) 2170(7) 1656(1) 8439(3) 61(2) 0(3)-C(41) 1.384(6) C(4BC(46) 1.390(7)
g% iggig %ﬁgzgg ;ggggg 23% S(2)-C(47) 1.775(5) C(46)S(2) 1.772(5)
SO 2622(1) 2378(1) 7044(2) 54(1) C(47)-C(52) 1.388(7) C(52)0(4) 1.369(6)
c(7) 2409(5) 2194(1) 6138(3) 43(1) O(2)-Si(1-0(1)  114.3(2)  O(2}Si(1)-C(19) 111.8(2)
c(8) 3479(5) 2028(1) 5935(3) 50(1) O(1)-Si(1)-C(19) 116.0(2) O(2FSi(1)-C(13) 103.3(2)
C(9) 3390(5) 1892(1) 5226(3) 51(1) O(1)-Si(1)—-C(13) 102.6(2) C(195Si(1)-C(13) 107.3(2)
C(10) 2174(5) 1938(1) 4732(3) 51(1) 0(2)-Si(1)-S(1) 75.26(13) O(1)Si(1)-S(1) 73.53(13)
C(11) 1085(5) 2105(1) 4908(3) 44(1) C(19y-Si(1)-S(1)  78.0(2)  C(13)Si(1)-S(1) 174.5(2)
c(12) 1224(5) 2234(1) 5637(3) 46(1) C(1)-O(1)-Si(1) 136.8(3) O(1}C(1)-C(6)  120.5(5)
0(2) 130(3) 2392(1) 5838(2) 55(1) O(1)-C(1)-C(2)  118.9(5)  C(6}S(1)Si(1) 84.1(2)
C(13) —2080(6) 2678(1) 6280(3) 56(1) C(1)-C(6)-S(1) 119.6(4) C(6yS(1)-C(7) 102.9(2)
C(19) 667(6) 2968(1) 6695(3) 59(1) C(12-0(2)-Si(1) 138.4(3)  C(7¥S(1)-Si(1) 84.2(2)
Si(2) 3029(1) —239(1) 8173(1) 52(1) O(4)-Si(2-0(3) 111.8(2) CQAXC(7)-S(1) 120.3(4)
0o@3) 2002(4) —522(1) 7819(2) 60(1) C(2)-C(25)-C(26) 109.0(6) C(AC(12)-0(2) 121.6(4)
C(41) 962(5) —535(1) 7209(3) 50(1) O(4)-Si(2-C(59) 114.4(2) O(3)}Si(2-C(59) 112.6(2)
C(42) 793(6)  —807(1) 6769(3) 59(2) O(4)-Si(2-C(53) 103.1(2)  O(3}Si(2)-C(53) 105.5(2)
C(43) —213(6) —796(1) 6139(3) 66(2) C(59)-Si(2)-C(53) 108.5(3)  O(4}Si(2)-S(2) 73.15(13)
C(44) —1036(6) —539(1) 5921(3) 66(2) 0(3)-Si(2)-S(2) 71.62(14) C(BRSI(2)-S(2)  78.0(2)
C(45) —892(6) —284(1) 6394(3) 61(2) C(53)-Si(2)-S(2) 173.4(2) C(ABHOR)-Si(2) 132.7(3)
C(46) 99(5) —280(1) 7039(3) 49(1) O(3)-C(41)-C(46) 120.3(5) C(52}C(47)-S(2) 120.8(4)
S(2) 212(1) 44(1) 7670(1) 55(1) C(41)-C(46)-S(2) 119.4(4) O(4yC(52)-C(47) 121.0(5)
C(47) 1130(5) 325(1) 7223(3) 47(1) C(46)-S(2-C(47) 102.7(2) C(46)YS(2y-Si(2)  81.1(2)
C(48) 443(5) 583(1) 6880(3) 47(1) C(47-S(2)-Si(2) 83.02) C(52Y0(4)-Si(2) 138.2(3)
ggggg %g?gggg g%ggg gggggg g%gg 2 Estimated standard deviations in parentheses. Atoms are labeled
Cc(51) 3232(5) 527(1) 6916(3) 49(1) to agree with Figure 2.
CC)((i)Z) éfggg)) 23;1((%)) 775?2?((%) 5‘,13?((11)) Table 8 Selected Atomic Coordinates (0% and Equivalent
C(53) 4736(6) —421(1) 8362(3) 60(2) Isotropic Dlsplacer_nent Parameters?(A 10°) for
C(59) 2616(6)  —83(1)  9072(3)  57(1) S(-BuMeGH,0),Si(CH=CH,)Ph, 3°
a Estimated standard deviations in parentheses. Atoms are labeled gi ;ﬂ?&)) 1;1592((11)) Sjgg((ll)) gé((%))
to agree with Figure 2.U(eq) is defined as one-third of the trace of 0(1) 8788(1) —325(2) 3393(3) 45(1)
the orthogonalized); tensor. 0(2) 9292(1) 1712(2) 3151(2) 43(1)
c() 8263(2) —486(3) 4169(4) 38(1)
Discussion C(2) 8174(2) —1482(3) 4742(4) 41(1)
Syntheses and Basic StructuresThe new cyclic silane8 g% ;ggggg _—1%2((33’)) gggg((i; 22((%))
and4 were prepared in a manner similar to the procedure used C(5) 7312(2) 175(3) 5232(4) 40(1)
for the previously reported membefisand2. The respective gg% ;g;g% 22(131((% ﬁgg% gg(&%
diols were reacted in toluene solution with the corresponding
dichlorosilane in the presence ofBt Yields for3 and4 varied gggg Ségg% %ggg% gggg% 3?8;
between 96-95%. Equation 1 illustrates the method fr C(10) 9163(2) 3663(3) 5682(4) 43(1)
c(11) 9438(2) 3104(3) 4678(4) 38(1)
c(12) 9039(2) 2348(3) 4098(3) 35(1)
H.C=C cl ZQBH C(13) 8769(2) 669(3) 880(4) 42(1)
2v= H\Si/ + g + 2EtsN —s C(19) 9962(2) —14(3) 2320(4) 45(1)
Ph/ \CI OH @ Estimated standard deviations in parentheses. Atoms are labeled
to agree with Figure 3.U(eq) is defined as one-third of the trace of
the orthogonalizedJ;; tensor.
ﬁo\ Ph In all instances, the ring, as a result of sulfur atom coordina-
S, S0 + 2EiNH'CI™ (1) tion, appears in ayn conformation, Figure 3j.e., both the
ﬂ:o CH=CH, silicon atom and the sulfur atom are on the same side of the
hypothetical plane defined by the remaining ring atoms. The
3 silicon—sulfur distances are 3.061(2) A fdr, 2.996(2) and
3.063(2) A for2 (two independent molecules per unit cell), and
All of the cyclic silanesl—3 exhibit silicon—sulfur coordina- 3.184(2) A for3. For the cyclic siland, Figure 4, the silicor

tion in varying degrees and show the same basic geometry,sulfur distance is much longer, 3.630(2) A, and the ring assumes
Figures 3. Due to donor action of the sulfur atom, the ananti conformation, Figure 4i.e., with the silicon and sulfur
geometry lies along a distortion coordinate between a tetrahe-atoms on opposite sides of a hypothetical plane defined by the
dron and a trigonal bipyramid similar to that reported earlier remaining ring atoms. Thus, the range of-Sidistances varies
for the related cyclic silanel —M 30 and the disiloxand.2® from 3.63 to 2.98 Ai.e, a difference of 0.65 A which is
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Table 9. Selected Bond Lengths (A) and Angles (deg) for lacking significant sulfur coordination. These values are 26.6
S(t-BuMeGH0),Si(CH=CH,)Ph, 3* (1), 28.9 (2), 21.7 (2), 26.9 (3), and 17.3 (4).
S—C(7) 1.768(4) S-C(6) 1.768(4) Following our previous procedure to obtain the extent of
S—Si 3.0737(14) S+O(1) 1.635(3) displacement from a tetrahedron to a trigonal bipyrafhid,
Si—0(2) 1.646(3) SrC(19) 1.848(4) we use the SiS distance for this purpose relative to the van
gl(;gés(iZ) i:ggggg 88_;’8%) 1&7&8 der Waals sum (3.90 A3 and covalent sum (2.20 &}. The
C(7)-C(12) 1.383(5) C(19)C(20) 1.299(6) resulting percent displacements are included in Table 12. A
C(7)-5—C(6) 102.1(2) C(7s—si 82.44(12) :gré%%/o_f dlsplgcement_from the tetrahedron to the TBP of 36%
C(6)-S-Si 84.40(12) O(1)ySi—0(2) 117.5(2) % is obtained fot—3 and the previously studied members
O(1)-Si—C(19) 101.8(2) O(2ySi—C(19)  103.0(2) of J-M.
O(1)-Si—C(13) 112.0(2) O(xSi—C(13)  112.3(2) The distortions for1—3 show the following idealized
C(19)-Si=C(13) ~ 108.9(2) O(1ySi—S 71.70(9) structural representations for the forming trigonal bipyramids.
0(2)-Si-S 71.13(9) C(19Si-S 166.50(14)
C(13)-Si-S 84.55(12) C(1B-O(1)-Si 143.0(2)
C(12)-0(2)-Si 138.5(2) O(1)C(1)-C(6) 120.7(3)
C(1)-C(6)-S 119.6(3) C12}C(7)-S  120.1(3)

0O(2)-C(12)-C(7) 119.8(3)  C(20yC(19)-Si 125.7(4)

a Estimated standard deviations in parentheses. Atoms are labeled
to agree with Figure 3.

Table 10. Selected Atomic Coordinate(0*) and Equivalent
Isotropic Displacement Parameters?(A 109) for
S(Me&CsH,0),SiPh, 4%

X y z Ueq)
Si 2551(1) 4208(1) 2857(2) 54(1)
o(1) 1291(3) 3913(1) 1977(4) 57(1)
c(1) 805(5) 3440(2) 2288(5) 53(1)
c() —230(5) 3420(3) 3013(6) 67(2)
c@d) —737(6) 2942(3) 3248(7) 76(2)
C(4) —247(6) 2486(3) 2797(7) 72(2)
c(5) 785(5) 2522(2) 2075(6) 63(2) CH=CH,
c(6) 1322(5) 2992(2) 1826(5) 49(1) 3
S 2631(1) 2994(1) 869(1) 61(1)
ggg ziggg ggéi% gggzg gggg To account fqr_the unus_ual appearance of a methyl grepp (
c(9) 5506(6) 2562(3) 4219(7) 70(2) = 2.279) attaining an axial orientation in the formation of the
C(10) 5945(5) 3033(3) 4813(7) 80(2) incipient trigonal bipyramid forl instead of placement of the
g&%g ig%ggg gig?g; gg;g% Z)é% more electronegative phenyl groyg & 2.50") in this position,
oQ) 3844(3) 3939(1) 2514(4) £8(1) aI stte?c 1effe::]lt3 r_nag be atlplayo.I 3Qo&ppa:r|sc;2 (tnf Tﬁﬂ?NQOPI
c(17) 2544(4) 4216(2) 4946(5) 51(1) plots for1 and3in Figures 1 and 3 indicates that wi e rings
c(23) 2507(6) 4845(2) 1961(5) 62(2) in syn conformations, theert-butyl groupsortho to the ring

oxygen atoms are displaced away from the remaining equatorial

a Estimated standard deviations in parentheses. Atoms are labeled - L :
to agree with Figure 4.U(eq) is defined as one-third of the trace of position and thus may reduce any steric interaction compared

the orthogonalizedJ; tensor. to thz?\t if the phenyl groups ifh and:_% were to occupy th_e a_lxial

position. In 3, the phenyl and vinyl group$ have similar

Table 11. Selected Bond Lengths (A) and Angles (deg) for electronegativities.

S(MeCeH0)SiPhy, 42 As noted with the series of pentaoxyphosphor&hasich
Si—0(1) 1.630(4) S+0(2) 1.639(4) have the same type of eight-membered sulfur-containing ring
Si—C(23) 1.838(6) S+C(17) 1.856(5) as present inl—4 and J—M, the extent of sulfur-induced
Si—S 3.630(2) Oo(1rC(1) 1.385(6) coordination increases in general with an increase of alkyl
ggig@) 1;;8&% g(%?(%(lz) 1;5%((% substitution on the aromatic components of the ring. In the

case of the cyclic phosphorus compounds, the additional

O(1)-Si-0(2) 111.8(2) O(1y Si—C(23) 105.4(2) hypervalent coordination promotes phosphorus from a trigonal

0(2-Si—C(23) 105.1(2)  O(BSi—-C(17)  109.2(2)

0(2)-Si-C(17)  1105(2) CS-CA7)  114.7(2) bipyramid to an octahedral structu¥e3® It was reasoned
O(1)-Si-S 56.50(13) O(2}Si-S 55.96(12) that increasing alkyl substitutiort-Bu > Me) in a series of
C(23y-Si—S 125.3(2) CcC(1hSi-S 120.1(2) cyclic pentaoxyphosphoranes led to enhanced donor action at
C(1)-O(1)-si 129.5(3) C(12)yC(7)-S 121.4(4) sulfur and that this was responsible for the decrease in the
88)):5%)):?6) gg}l% 88;‘53515()&(3(7) 1323% phosphorus sulfur distance promoting octahedral formation. For
C(7)-S-Si 71.'0(2) C(65-S—Si 71"3(2) example, the PS distances for the series of phosphoranes
C12)-0Q2)-Si  127.7(3) decreased in the ord810 (2.880(1) A),P (2.744(2) A), andQ

(2.640(2) A).

With the structures now made available by this study on a
wider variety of cyclic silanes having these alkyl ring substit-
uents, a similar effect to that seen for the oxyphosphoranes is
apparent. On comparison of cyclic silarzand4 where each
has phenyl groups and differ only in the aromatic ring

a Estimated standard deviations in parentheses. Atoms are labeled
to agree with Figure 4.

comparable to that found in silanes exhibiting nitrogen and
oxygen coordination (Tables 1 and 2, respectively).

In terms of deviations of the six angles at silicon from the
tetrahedral value of 109053.” of the silanes eXthltlng sulfur- (46) Huheey, J. EJ. Phys Chem 1965 69, 3284,
induced coordination have a larger sum than that for sifane (47) Huheey, J. EJ. Phys Chem 1966 70, 2086.
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Table 12. Comparison of StS Bond Parameters, Ring Conformations, &&l Chemical Shifts for Cyclic Silanes

eight-membered 3(*Si), ppm
compd Si-S, A % TBP S—Si—Cay ded Yeq ded ring conformn solf solid
3.630(2) symmetrical —38.43
anti (chair)
M 3.292(1) 35.8 164.1(1) 334.4(5) twisgn(boat) —13.22
M 3.280(1) 36.5 166.8(1) 334.1(5) twisgn(boat)
3 3.184(2) 42.1 167.0(1) 340.7(2) wist syn(boat) —43.3
L 3.074(1) 48.6 169.5(2) 341.4(3) symmetrisgh —13.51
(boat)
1 3.061(2) 49.4 169.8(3) 341.1(3) twisyn(boat)
2 3.063(2) 49.2 173.4(2) 338.8(2) twisgn(boat)
2 2.996(2) 53.2 174.5(2) 342.1(2) twisyn(boat)
K 2.978(4) 54.2 179.7(4) 346.9(14) symmetrisgh —-1.62 —6.55
(boat)
J (Si1) 3.04(1) 50.6 345(1) symmetricgyn —107.84
(boat)
J (Si2) 3.11(1) 46.5 339(1) twistyn(boat) —99.35

aData for1—4 represent this work. The X-ray parameters &8 NMR data forJ are taken from ref 29. All the data fé&¢—M are from ref
30, except th&°Si measurement fdf is taken from ref 29° Per cent geometrical displacement from a tetrahedron to a trigonal bipyrawith
reference to a TBP with sulfur in an axial position and both oxygen atoms in equatorial positdhix CDCI 3 solution. ¢ sl. = slight.

The higher coordinate geometries for the cyclic silanes appear
/@ /(>\ /@ to be retained in solution. At least in the casekofvhere the
o o
N 7

solid state and solution std®i NMR shifts were determined,
little variation is seen (Table 12). The greater upfiéfi

TV =-—W

S
o) o L chemical shifts found foB and4 compared taKk —M?2°30 are
- \p no doubt associated with the presence of the more electrone-
PhO~~ I\Oph PhO™~ | N oph gative phenyl and vinyl groups Biand4 relative to the methy!
OPh OPh and cyclopentane substituents attached to silicok+M.
0% p3 Conclusion
A series of cyclic silanes has been prepared whose crystal
structures show geometries intermediate between a tetrahedron
s and a trigonal bipyramid as a result of sulfur donor action. The
sulfur atom is present as a member of the cyclic component.
0\$ /0 e 1/2 Et20 These structures along with that of related silanes previéitily
P reported show that the sulfur donor action is enhanced by
PhO | OPh increasing alkyl substitution on the aryl portions of the sulfur-
OPh containing eight-membered ring as measured by the decrease
3 in the sulfur-silicon distance over the range from 3.63 to 2.98
Q A. These results compare with neutral complexes that have

. o o . reached the pentacoordinate state as a result of nitt6gén
substituents, the SiS distances (Table 12) indicate a sizable and oxyge*28 donor action in acyclic silanes. In view of
sulfur donor interaction fo? where the cyclic componentisin  the reduced electronegativity of sulfur, the results suggest that
asynconformation (Figure 2) compared to no sulfur donation the attainment of hypervalency through donor action may be a
to silicon for4 where the cyclic system is in amti form (Figure more common feature of silane chemistry than previously

4). This is in accord with a similar comparison betweel thought.
andM .30 Here both have acyclic methyl substituents on silicon
and ringsynconformations. The shorter-SE distance fol Acknowledgment. The support of this research by the

(3.074(1) A) has the more highly alkylated ring system relative National Science Foundation is gratefully acknowledged.

to M (Si—S = 3.286(1) A). Thus, the previous conclusi®n

for substitution on related ring systems in oxyphosphorane Supporting Information Available: Tables of atomic coordinates,
structures regarding sulfur coordination is followed with cyclic bond lengths and angles, anisotropic thermal parameters, and hydrogen
silanes; that is, increasing alkyl ring substitution enhances the &lom parameters fdt (Tables SS4),2 (Tables S5-S8), 3 (Tables
sulfur donor action in its ability to coordinate with silicon and ~ S9~S12), andt (Tables S13-S16) (22 pages). Ordering information
induces the formation of a higher coordinate geometry, in this Is given on any current masthead page.

case a trigonal bipyramid. IC9516018



