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The structures of the four title compounds: 3,3,5,5,8,8,10,10-octamethyl-
3.5.8,10-tetrasilacyclodeca-1,6-diyne, 1; 3,3,6,6,9,9,12,12-octamethyl-3,6,9,12-
tetrasilacyclododeca-1,7-diyne, 2; 3,3,7,7,10,10,14,14-octamethyl-3,7,10,14-te-
trasilacyclotetradeca-1,8-diyne, 3; and 3,3,8,8,11,11,16,16-octamethyl-3,8,11,16-
tetrasilacyclohexadeca-1,9-diyne. 4, have been determined from X-ray data. Full
matrix least-squares refinements led to final conventional R values of 0.040(5251)
for 1, 0.039(2471) for 2, 0.059(2065) for 3 and 0.029(3243) for 4. (The number of
observed reflections in parentheses.) The crystal data for the compounds are
given in Table 2. The crystals of I contained two different conformers — chair and
boat forms. The rings with an even number of methylene groups connecting si-
licon atoms were more strained than those with an odd number, as shown by the
deviation from a staggered conformation along the polymethylene chains. Corre-
sponding Si-C bonds in the compounds were all of equal length, but three differ-
ent types were observed with weighted mean values: Si-C (methyl) 1.867(1) A,

Si-C "(methylenic) 1.877(1) A, and Si-C (acetylenic) 1.843(1) A. The average
length of the C-C triple bond was 1.217(1) A.

Syntheses of several series of monocyclic a-sila-
alkynes built up from a varying number of a,a'-
disilaethynyl and polymethylene units alternating
along the ring chain were recently published.’
Within each series, the polymethylene fragment
varied in length. In one of these series, two a,a'-
(dimethylsityl)-ethynylic units were connected
through two polymethylene bridges each with n
CH, links as shown in Fig. 1. The compound with
n=0"was first prepared by an alternative route

I |
—Si—CEC~-Si—
|

((|3H2),, (? Hy)p

—Sli—CEC—Si -_

Fig. 1. Compounds 7 to 4 with n=1,2,3, and 4,
respectively.

*To whom correspondence should be addressed.
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by Sakurai et al.? An X-ray crystallographic
analysis revealed a planar ring structure analo-
gous to the parent compound 1,5-cyclooctadi-
yne.? The present article describes X-ray investi-
gations of the first four homologues in the series
in which one, two, three or four methylene
groups, respectively, connect two silicon atoms
(n=1,2,34).

Experimental

The four compounds were prepared and purified
as earlier described.! Suitable crystals for the
X-ray experiments were grown by vacuum sub-
limation. Details of the collection of X-ray data
are given in Table 1. The standard deviations for
the intensities were taken as o(f) = [C; + (0.02
C,y)’]"2, where C; is the total number of counts
and C,, is the net count. The intensities were cor-
rected for Lorentz and polarization effects but
not for absorption.

A description of the computer programs used
for the structure analyses is given in Ref. 4.
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Table 1. Experimental details.

1 2 3 4
Diffractometer Syntex Pi Nicolet P3/F Nicolet P3/F Nicolet P3/F
Radiation MoK MoK MoK MoK
Crystal dimensions (mm) 0.1x0.3x0.3 0.2x0.3x0.3 0.1x0.2x0.3 0.2x0.3x0.4
Scan mode 6/20 0/20 0/20 0/20
Scan speed (20, °min-") 3-6 3-6 5-10 3-6
Scan range (260, °) 1.7 2.2 2.2 2.0
Maximum sine®/A (A-") 0.76 0.76 0.54 0.76
No. of independent meas. 7326 3825 3077 4025
No. with I>2.5 6 (/) 6639 3013 2065 3902
Table 2. Crystal data.
Compound C,HxSi,? C,eH4.Si,’ CaH16Si,° CoHySi?
M.p.°C 103-104 122-123 162-162.5 86-87
sttal system triclinic monoclinic triclinic triclinic
al 10.233(2) 10.057(2) 10.188(2) 6.302(1)
b/A 9.556(2) 9.137(1) 11.402(2) 9.975(2)
c/A 15.258(3) 11.975(2) 12.581(2) 10.714(2)
o’ 101.55(2) 63.05(1) 89.68(2)
g° 101.71(2) 107.63(1) 68.09(1) 82.20(2)
¥° 93.07(2) 68.41(1) 72.51(2)
VIAs 1424.6(5) 1048.8(3) 1173.3(4) 636.0(2)
Temp./°C -150 -133 -133 -133
Space group Pi P2,/c Pi Pi
M 308.72 336.77 364.82 392.88
Z 3 2 2 1
F(000) 504 368 400 216
D,/g cm™ 1.079 1.066 1.033 1.026

23,3,5,5,8,8,10,10-octamethyi-3,5,8,10-tetrasilacyclodeca-1,6-diyne.
*3,3,6,6,9,9,12,12-octamethyl-3,6,9, 12-tetrasilacyclododeca-1,7-diyne.
3,3,7,7,10,10,14,14-octamethyl-3,7,10,14-tetrasilacyclotetradeca-1,8-diyne.
93,3,8,8,11,11,16,16-octamethyl-3,8,11,16-tetrasilacyclohexadeca-1,9-diyne.

Table 3. Figures of merit.

Atomic scattering factors were those of Doyle

and Turner’ for Si and C, and of Stewart, David- 1 2 3 4
son and Simpsom® for H. Crystal data are given
in Table 2. All data
No. of refl. 6637 3013 2065 3887
: R 0.040 0.039 0.051 0.033
c
Structure determination and refinement R, 0048 0046 0059 0.046
The four structures were solved by direct meth- S’ 211 224 251 24
7 + 1 -
ods 'fmd refm.eq by Fourier and least-squares cal SineB/\ >0.4 A-'
culations. Positions for hydrogen atoms were cal-
culated and refined with isotropic thermal par- go. of refl. g%ijo (2)407317 8204239
ameters. In order to reduce the influence of ’ ’ ’
. R, 0.046 0.039 0.031
valence electrons, the final refinements for 1, 2 st 1.67 1.60 1.41

S’ = [EwAF?%(n-m)]"2.
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Table 4. Atomic coordinates.

H181 199 092 766

Atom X Y z H182 189 251 816

- H183 076 138 803
sl -.39760(5)  .72274(6)  .40223(4)  H191 243 222 1.079
Si2 09246(5)  .76360(6)  .45721(4)  H192 104 203 1.016
SI3 07510(6)  .46327(6)  .30658(4)  H193 199 324 1.011
Sl4 ~.41484(6)  .42316(6)  .24998(4)  H201 784 406 1.061
sis 24660(5)  .10802(6)  .92574(4)  H202 761 408 961
Sl6 73616(5)  .17151(6)  .98009(4)  H203 893 373 1.014
c1 — 2132(2) 7484(2) 4267(2)  H211 743 —.001 851
c2 —0914(2) 7580(2) 4405(2)  H212 878 079 883
c3 1390(2) 5772(2) 4248(1)  H213 764 140 826
c4 —.1096(2) 4426(2) 2803(2)  H61 — 541 517 349
c5 - 2314(2) 4318(2) 2649(2)  H62 ~ 412 477 403
Ccé — 4524(2) 5268(2) 3583(1)  H31 A1 527 464
c7 —.4690(2) 8316(3) 3185(2)  H32 231 585 434
c8 —.4518(2) 7867(3) 5122(2)  H171 221 ~139 873
co 1676(2) 8425(3) 5805(2)  H172 108 — 091 913
c10 1494(2) 8832(2) 3866(2)
C11 1296(2) 5466(3) 2174(2)
Cc12 1343(2) 2807(3) 3004(2)
Cc13 — 4823(2) 2313(2) 2304(2)
C14 — 4871(2) 4976(3) 1488(2)
c15 4301(2) 1410(2) 9445(2) 2
c16 5517(2) 1574(2) 9581(2)
c17 1988(2)  —.0850(2) 9219(1)  Atom X Y z
C18 .1688(2) 1515(3) 8140(2)
c19 1905(2) 2285(2)  1.02032) SN 87550(3)  .15506(4)  .70044(3)
Cc20 .8007(2) 3658(2)  1.0103(2)  SI2 68491(3) —.15337(4)  .39315(3)
c21 7858(2) .0830(3) 8728(2)  Ct 1.0416(1) 1766(2) 6664(1)
H71 — 434 814 263 c2 1.1508(1) 1764(2) 6429(1)
H72 — 449 924 344 c3 7884(1)  —.0095(1) 6152(1)
H73 — 563 809 302 c4 7079(1) 0170(1) 4849(1)
H81 — 417 728 556 cs 9142(2) 1201(2) .8606(1)
H82 — 544 773 449 cs 7698(1) 3247(2) 6557(1)
H83 — 419 880 538 c7 5402(1)  —.1318(2) 2531(1)
HO1 143 782 618 c8 6551(2)  -.3170(2) 4755(1)
H2 141 932 596 H31 730 — 050 652
Ho3 260 849 589 H32 863 — 081 619
H101 106 853 323 Ha1 628 .060 479
H102 238 877 389 Ha2 756 086 450
H103 138 978 410 H51 965 040 879
H111 086 633 209 H52 828 11 876
H112 111 481 160 H53 955 206 901
H113 215 576 236 H61 740 341 571
H121 109 235 344 H62 815 400 696
H122 225 285 306 H63 679 310 667
H123 095 222 241 H71 557 — 059 206
H131 — 442 191 277 H72 456 ~.103 271
H132 ~ 473 180 173 H73 528 - 223 210
H133 - 576 229 230 H81 728 -333 548
H141 — 446 595 153 H82 659 400 433
H142 580 515 149 H83 575 - 305 497
H143 _ 482 436 094




STRUCTURE OF SILACYCLOALKADIYNES

3 4

Atom X Y Z Atom X Y z

sh1 .2445(2) 4468(1) 3073(1)  SH .50879(4) .16137(2) .74527(2)
si2 —.1936(2) .3839(2) 2825(1)  SI2 ~.08578(4) 61447(2) .78294(2)
SI3 .1830(2) .0540(2) .7980(1) Ct .2904(2) .3337(1) .7627(1)
Sl4 —-.2574(2)  —.0070(1) 7741(1) €2 .1429(2) .4465(1) 7728(1)
c1 .0795(6) .4233(5) .2993(5) C3 -.0710(2) .6891(1) 6220(1)
c2 —.0290(6) .4078(5) 2927(5) C4 1223(2) .7535(1) .5910(1)
c3 .0169(6) .0304(5) 7904(5) C5 .1820(2) 7718(1) .4502(1)
c4 —.0911(6) .0151(5) .7838(5)  C6 .3480(2) 8575(1) 4217(1)
c5 .3302(6) .2839(5) 4170(5)  C7 —.0424(2) .7345(1) .9034(1)
c6 .2322(6) .2378(6) 5458(5)  C8 -.3581(2) 5779(1) .8309(1)
c7 .3018(6) .1093(5) 6374(5) C9 .7089(2) A571(1) .8599(1)
cs —.2140(6) .2070(5) .3893(5) C10 .3678(2) .0221(1) .7782(1)
C9 —.2281(6) .1765(5) .5231(5) H31 -.207 .756 .620
C10 —.2392(6) .0306(5) .6095(5) H32 —.049 613 .562
C11 .1894(6) .5861(6) .3655(5) H41 257 695 624
Cc12 .3698(6) .4916(6) .1501(5) H42 .079 .846 .640
C13 .2780(6) -.1122(6) .8981(5) H51 .040 817 415
C14 1276(7) .1876(6) .8628(5) H52 .251 677 405
C15 —.1686(7) .4090(6) .1209(5) H61 463 .831 471
C16 —.3525(6) .5126(6) .3306(6) H62 273 .955 .439
C17 —.4166(6) .1150(5) .8304(5) H71 .092 .756 .887
Cc18 —.2761(6) —.1840(5) .8732(5) H72 —.031 .689 .981

H51 411 .290 426 H73 —-.164 814 917
H52 .359 213 .379 H81 -.383 519 .780
H61 .156 .235 .538 H82 —.478 .663 .843
H62 187 311 .586 H83 -.354 534 917
H71 .388 125 .652 H91 776 229 .851
H72 347 .046 .608 H92 .826 .074 .857
H81 —.143 .143 .366 H93 632 .168 .946
H82 -.302 191 .380 H101 273 .024 731

H91 -.315 .243 .544 H102 .286 .036 .865
H92 -.131 .198 532 H103 474 —.064 .783
H101 -.157 -.039 .587

H102 -.317 .021 .598

H111 119 .556 446

e P g % and4included only reflections with sincé/\ >0.4
H121 403 418 122 A-!. The main effect of this was a lengthening of
H122 450 512 154 the C-C triple bond by about 0.01 A. Since the
H123 323 568 .095 crystals of 3 were of poorer quality and also quite
H131 .299 —-.183 .867 small, we were unable to obtain high angle re-
H132 .209 -.141 .983 flections; the refinement procedure for this com-
H133 366 —.108 907 pound must thus be performed with all data.
H141 086 277 -806 The final figures of merit are given in Table 3.
H142 223 195 876 Final atomic coordinates are listed in Table 4. Ta-
H143 .074 .168 .939

H151 —.073 ‘350 088 bles of observed and calculated st.ructure factors
H152 -7 480 079 and of thermal parameters are available from the
H153 —.245 421 105 authors. Drawings of the molecules are shown in
H161 —-.349 497 412 Fig. 2 where the numbering of the atoms is also
H162 —-.432 .528 318 indicated. In Table 5, bond lengths and angles are
H163 —.344 589 285 presented. Estimated standard deviations were
H171 —.404 201 -785 calculated from the variance-covariance matrix.
H172 —.420 .086 916

H173 —.496 11 .823 577
H181 —.188 —.240 .853

H182 —.364 -.198 .873

H183 -.271 -.193 951

PO Ambm Ao
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Fig. 2. Drawings of the molecules.

Results and discussion

The crystal structure of I exhibits some unusual
features. The space group is P1 and there are
three molecules in the unit cell. Two of these are
in general positions and related by a centre of
symmetry; the third molecule is situated about a
centre of symmetry. There are thus two crys-
tallographically independent molecules which ac-
tually have two different conformations. One has
a kind of boat arrangement (noncentrosymmet-
ric) and the other a centrosymmetric chair struc-
ture (v. Fig. 2). However, apart from the differ-
ent torsion angleabout the (nearly linear) Si-
C=C-Si linkage, the structural characteristics are
the same for the two conformers.

The strain imposed by the close proximity of
the two acetylene groups across the rings of 7 and
also of the axial methyl groups is relieved by an
opening of the Si-C-Si bond angles (122°) and a
slight deviation (3°) from linearity of the Si-C=C
arrangements.

Compound 2 crystallizes in the space group
P2,/c with two molecules per unit cell. They are
thus centrosymmetric. With an even number of
methylene groups separating the silicon atoms,
the conformation of the Si-C and CH,-CH, bonds
cannot be staggered. A conformational angle of
about 60° must be distributed among the three
bonds between the silicon atoms resulting in an

578

almost 20° deviation from a staggered conforma-
tion at each of the three bonds (v. Table 6).

The crystals of 3 are triclinic, space groups P1
with two molecules in general positions related
by a centre of symmetry. The odd number of
methylene groups between the silicon atoms re-
sults in a relaxed conformation; the three methy-
lene carbon atoms are nearly coplanar with the
two adjacent silicon atoms and their equatorial
methyl carbon atoms.

The molecules of 4 are centrosymmetric, the
space group being P1 with one molecule in the
unit cell. The number of methylene groups in the
chains being even, the almost 60° torsion angle
mentioned above for 2 must be distributed
among the five bonds separating the silicon
atoms. The conformations of the bonds along the
methylene chain actually deviate by an average
of 14.4° from being staggered (v. Table 6). In all
four compounds, the silicon atoms in the mol-
ecule are situated in a plane. For 1b, 2 and 4, this
is demanded by the crystal symmetry. The silicon
atoms of each molecule almost form a rectangle,
the Si-Si-Si angles all being less than 1° from 90°.
The conformation along the nearly linear Si-
C=C-Si arrangement is eclipsed regarding the
substituents on the silicon atoms except in 1b
(with chair structure) where the arrangement is
staggered. Averaged bond length and angle val-
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Table 5. Bond lengths (A) and angles (°).

1

Distance Distance

st -Ci 1.841(2) S -Cé 1.872(2)

s -C7 1.867(2) Sl -C8 1.871(2)

Si2 -C2 1.843(2) SI2 -C3 1.865(2)

Sl2  —C9 1.866(2) Si2  -C10 1.866(2)

SI3  -C3 1.877(2) SI3 -C4 1.842(2)

SI3  -C11 1.868(2) SI3  -C12 1.868(2)

Sl4 -C5 1.840(2) Sl4  —C6 1.872(2)

Si4  -C13 1.867(2) Si4 -Ci14 1.862(2)

S5 —-Ci15 1.841(2) Sis  -C17’ 1.869(2)

SI5  -C18 1.865(2) SiI5 -C19 1.865(2)

Sl -C16 1.842(2) Sl6 -C17 1.874(2)

Sl -C20 1.870(2) Sl -C21 1.866(2)

C1 -C2 1.216(3) C4 -C5 1.215(3)

Ci5 -C16 1.216(3)
Angle Angle
C1 -Si -Cé6 108.6(1) C1 -Si1 -C7 109.9(1)
C1 -Si -C8 107.8(1) cée -Sih -C7 112.0(1)
c6 -Sih -C8 109.5(1) c7 -Sh -C8 109.0(1)
c2 -Sl2 -C3 108.9(1) c2 -8Sl2 -C9 108.1(1)
c2 -SI2 -C10 108.7(1) c3 -SI2 -C9 110.4(1)
C3 -Sl2 -C10 112.1(1) c9 -Si2 -C10 108.6(1)
C3 -SI3 -C4 109.5(1) C3 -SI3 -Ci1 111.7(1)
C3 -SI3 -C12 110.1(1) C4 -SI3 -C1i 107.7(1)
C4 -SI3 -C12 108.0(1) Ct1 -SI8 -C12 109.8(1)
Cs5 -S4 -Cé 107.7(1) Ccs -Sl4 -C13 108.6(1)
Cs -Sl4 -Ci4 109.3(1) cé -S4 -Ci13 109.6(1)
Ccé6 -S4 -Ci14 112.1(1) C13 -Sl4 -Ci14 109.6(1)
Cc15 -8SI5 -C17 109.8(1) Ci5 -SI5 -C18 108.7(1)
Ci5 -SI5 -C19 108.4(1) C17 -SI5 -Ci18 109.2(1)
c17 -SI5 -C19 111.4(1) Cci8 -SI5 -C19 109.4(1)
ci6 -Sl6 -Ci17 109.0(1) Ci6 -Sl6 -C20 108.6(1)
Ci6 -Sl6 -C21 108.2(1) C17 -Sl6 -C20 109.8(1)
C17 -Sl6 -C21 112.0(1) C20 -Sl6 -C21 109.3(1)
s -C1 -C2 176.6(2) Sl2 -C2 -C1 177.0(2)
S -C3 -SI3 121.8(1) SI3 -C4 -C5 178.3(2)
Si4  -C5 -C4 175.8(2) S -Cé6 -Sl14 122.2(1)
SI5 -Ci5 -C16 177.2(2) Si6° -C16 -C15 176.6(2)
SI5 -C17 -S16 122.0(1)

38" 579
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2
Distance Distance
st -C1 1.846(1) S -C3 1.878(1)
S -C5 1.866(1) SH  -Cé6 1.864(1)
sl2  -c2 1.842(1) sl2 4 1.879(1)
Si2  -C7 1.869(1) Si2 -C8 1.865(1)
C1 -C2 1.213(2) C3 -C4 1.544(2)
Angle Angle
C1 -SH -C3 105.7(1) C1 -Sit -C5 108.9(1)
C1 -Sh —C6 108.9(1) C3 -SIt -C5 109.8(1)
c3 -Sit -C6 112.2(1) c5 -SH -C6 111.2(1)
Cc2 -SI2 -C4 105.8(1) c2 -SI2 -C7 108.2(1)
c2 -SI2 -C8 109.4(1) C4 -SI2 -C7 111.2(1)
C4 -SI2 -C8 111.5(1) c7 -Sl2 -Cs 110.7(1)
s -C1 -C2 173.8(1) Si2  -C2 —Ct1 173.5(1)
St -C3 -C4 116.1(1) Si2 -C4 -C3 113.3(1)
3
Distance Distance
S -C1 1.842(6) S -C5 1.871(5)
Sit  -Ct1 1.862(5) s -C12 1.866(6)
Sl2  -C2 1.853(6) Si2 -Cs 1.888(5)
Sl2 -Ci5 1.848(6) Si2 -Ci16 1.862(6)
SI3 -C3 1.850(6) SI8 -C7 1.877(5)
SI3  -Ci13 1.874(6) SI3  -Ci14 1.859(6)
Sl4 -Ca 1.857(6) Sl4 -C10 1.863(6)
Si4  -C17 1.856(6) Sl4 -C18 1.868(5)
C1 -C2 1.219(7) c3 -C4 1.213(7)
Cs5 -Cé 1.518(7) ce -C7 1.514(8)
cs -C9 1.517(7) co -C1 1.540(7)
Angle Angle
C1 -Si -C5 107.4(2) C1 -Si -C11 108.4(2)
(03] -Sn -C12 109.0(2) Cs -SIt -C11 110.3(3)
cs -8Sih -C12 111.4(3) cC11  -SH -C12 110.3(3)
c2 -Sl2 -C8 108.5(2) c2 -SI2 -Ci5 107.8(3)
c2 -Sl2 -Cté 107.4(3) cs -SI2 C15 111.1(3)
cs -Sl2 -Ci6 110.7(3) Ci5 -SI2 -Ci16 111.2(3)
c3 -SI3 -C7 108.2(2) c3 -SI8 -Ci13 107.9(3)
C3 -SI3 -Ci4 108.4(3) c7 -SI3 -Ci13 110.8(3)
Cc7 -SI3 -Ci4 109.9(3) C13 -SI3 -Ci14 111.4(3)
C4 -Sl4 -C10 107.8(2) C4 -S4 -C17 107.9(2)
C4 -Sl4 -Ci18 109.3(2) ci10 -S4 -C17 110.3(2)
c10 -S4 -C18 111.6(2) C17 -S4 -Ci8 109.8(2)
St -Ci1 -C2 179.3(5) Sl2  -C2 -C1 179.9(5)
SI3 -C3 -C4 179.1(5) Sl4 -C4 -C3 179.5(5)
St -C5 —C6 114.4(4) cs -C6 -C7 115.2(4)
SI3 -C7 —C6 115.5(4) Si2 -C8 —C9 114.2(3)
cs -C9 —-C10 114.2(4) Si4 -C10 -C9 114.3(4)
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4

Distance Distance

Sit -C1 1.842(1) sl -Ce6’ 1.875(1)

St -C9 1.866(1) S -Ci10 1.872(1)

Si2 -C2 1.844(1) Sl2 -C3 1.879(1)

Si2  -C7 1.865(1) Si2 -C8 1.865(1)

C1 -C2 1.220(1) C3 -C4 1.539(1)

C4 -C5 1.529(1) cs -Cé 1.539(1)
Angle Angle
C1 -Si -C6 107.0(0) C1 -Si -C9 108.6(0)
(03] -Sn -C10 108.2(0) cée -Si —C9 111.6(0)
cé -Si -C10 110.6(0) c9 -Sn -C10 110.7(0)
c2 -SI2 -C3 106.4(0) c2 -Sl2 -C7 109.3(0)
c2 -SI2 -C8 108.3(0) c3 -Si2 -C7 111.1(0)
Cc3 -SI2 -C8 111.9(0) c7 -Sl2 -Cs8 109.7(0)
s -Ci -C2 178.5(1) Si2  -C2 -C1 177.6(1)
SI2 -C3 -C4 113.8(1) C3 -C4 -C5 113.8(1)
C4 -C5 -C6 113.3(1) S’ —C6 -C5 114.7(1)

Table 6. Averaged structural data with sample standard deviations in patentheses if more than two
measurements.

Bond lengths (A) 1 2 3 4 Weighted
mean

Si-C(H,) 1.867(2) 1.866(2) 1.862(8) 1.867(3) 1.867
Si-C(H,) 1.872(4) 1.879 1.877(10) 1.877 1.877
Si-C= 1.842(1) 1.844 1.851(6) 1.843 1.843
c=C 1.216(1) 1.213 1.216(4) 1.220 1.217
Bond angles (°) 1 2 3 4
Si-C=C 176.9(8) 173.7 179.5(3) 178.1
Si-C-Si 122.0(2)
Si-C(H,)-C(H,) 114.7 114.6(6) 114.3
-C(H,)-C(H,)-C(H,) 114.7(7) 113.6
=C-Si-C(H,) 109.0(7) 105.8 108.0(5) 106.7
=C-Si-C(H,) 108.7(8) 108.9(5) 103.3(6) 108.6(5)
C(H,)-Si-C(H,) 109.3(4) 111.0 110.7(8) 110.2

, eq. 109.8(4) 111.9 111.2(4) 111.4
ClHo)-SI-C(Hy) 5 111.9(3) 110.5 110.3(3) 111.4
Torsion angles (°) 1 2 3 4
C(H,)(eq)-Si-C(H,)-Si 178.0(8)
C(H;)(eq)-Si-C(H,)-C(H,) 160.9 177.3(9) 166.3
Si-C(H,)-(CH,)-Si 157.4
Si-C(H,)-C(H,)-C(H,) 178.4(9) 162.3
C(H,)-C(H,)-C(H,)-C(H,) 1707
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ues are listed in Table 6. The figures in paren-
theses are standard deviations of the sample
measurements.

It can be seen from Table 6 that there are three
significantly different Si-C bond lengths, the
weighted mean of Si-C (methyl), Si-C (methy-
lenic) and Si-C (acetylenic) being 1.867 A, 1.877
A and 1.843 A, respectively. The mean C=C
bond length is 1.217 A. The strain imposed on 2
and 4 is also evident from the bond angles. The
deviation from linearity of the Si-C=C-Si arran-
gements is larger for 2 than for I and also larger
for 4 than for 3. The deviation of the =C-Si-CH,-
angle from tetrahedral is also quite large (3-4°) in
2 and 4. The packing of the molecules in the crys-
tals is governed by normal van der Waals’ inter-
actions between hydrogen atoms of neighbouring
molecules.
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