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The reaction of (CH3)3SiC=CSi(CH3)3 and B8H, at  135-140 "C in a stainless-steel reactor produced 
the title compound I11 as an air-stable solid, along with the known compounds ([(CH,),SiCH=CSi- 
(CH,)J,BHj, (I) and ~ Z ~ ~ O - [ ( C H ~ ) ~ S ~ ] ~ C ~ B ~ H ~  (11). Compound I11 was characterized by IR, mass, and 'H, 
13C, and ?3i N&fR spectra and by single-crystal X-ray diffraction. Compound III crystallizes in the triclinic 
space group P1 (no. 2) with u = 6.466 (1) A, b = 9.073 (2) A, c = 10.965 (2) A, a = 74.29 (2)", p = 85.72 
(l)', y = 71.90 (l)', U = 589 (1) A3, and 2 = 1. Final refinement converged at values R = 0.0602 and R, 
= 0.0699. Under similar conditions, the pyrolysis of [ (CH3)3SiCH=CSi(CH3)3]3B failed to produce 111. 

Introduction 
A wide variety of alkenylsilanes, alkynylsilanes, and 

arylsilanes have been synthesized.l In most cases, spec- 
troscopic data and theoretical calculations fail to provide 
enough information concerning the geometry of such de- 
rivatives. At present, X-ray diffraction is the method of 
choice for the characterization of silyl-substituted alkene 
derivatives.2 Recently, the controversy concerning the 
geometry of 1,4-cyclohexadiene derivatives3 has been re- 
solved by the synthesis and crystal structure of cis- and 
t runs- 1,4- bis (trime thylsilyl) hexamethyl- 1 ,4-disilacyclo- 
he~a-2,5-diene.~ This provided an unambiguous proof of 
their preferred conformational geometries; the cis isomer 
has a slightly twisted boat conformation and the trans 
isomer adopts a nearly planar c~nfo rma t ion .~  

Another group of interesting silicon compounds, which 
has received much attention, is the trimethylsilyl-substi- 
tuted 1,3-butadienes. The  isomeric 1,2-, 1,4-, and 2,3- 
bis(trimethylsilyl)-l,3-butadienes and 1,1,3,4-tetrakis(tri- 
methylsilyl)-1,3-butadiene have been synthesized by Bock 
and Seidl.5 These workers determined the vertical ioni- 
zation energies, characteristic vibrational frequencies, 'H 

(1) Armitage, D. A. in 'Comprehensive Organometallic Chemistry"; 
Wilkinson, G., Stone, F. G. A, Abel, E. W., Edq Pergamon Press: Oxford, 
1982; Vol. 2, chapter 9.1.3, and references therein. Magnus, P. D.; Sarkar, 
T.; Djuric, S. Ibid., Vol. 7, chapter 48, and references therein. Corriu, R.; 
Escudie, N.; Guerin, C. J. Organomet. Chem. 1984,264,207. Ishikawa, 
M.; Tobohashi, T.; Kumada, M.; Iyoda, J. J. Organomet. Chem. 1984,264, 
79. Sakurai, H.; Eriyama, Y.; Kamiyama, Y.; Nakadaira, Y. J.  Organo- 
met. Chem. 1984,264, 229. 
(2) Vol'pin, M. E.; Dulova, V. G.; Struchokov, Y.; Bokiy, N.; Kursanov, 

D. J. Ormnomet. Chem. 1967.8.87. Bokiv. N. G.: Struchkov. Y. T. Zh. 
Strukt. h i m .  1965,6, 571. hl-hkawa, MG'Sugisawa, H.; Kukada, M.; 
Higuchi, T.;* Matsui, K.; Hirotsu, K. Organometallics 1982, 1, 1473. 
Ebsworth, E. A. V. "Volatile Silicon Compounds"; Pergamon Press: 
London, end MacMillan Co.: New York, 1963. Sakurai, H.; Nakadaira, 
Y.; Tobita, H.; Ito, T. J. Am. Chem. SOC. 1982,104,300. Sakurai, H.; 
Tobita, H.; Nakadaira, Y.; Kabuto, C. J. Am. Chem. SOC. 1982,104,4288. 
Collins, R. C.; Davies, R. E.; Acta Cryst. B, 1978,34B, 288. Hosmane, 
N. S.; Sirmokadam, N. N.; Walkinshaw, M. D.; Ebsworth, E. A. V. J. 
Organomet. Chem. 1984, 270, 1-7. 
(3) Rabideau, P. Acc. Chem. Res. 1978, 11, 148. Raber, D.; Hardee, 

L.; Rabideau, P.; Lipkowitz, K. J. Am. Chem. SOC. 1982, 104, 2843. 
Lipkowitz, K.; Rabideau, P.; Hardee, L.; Raber, D.; Schleyer, P. v. R.; Kos, 
A.; Kahn, R. J. Org. Chem. 1982, 47, 1002. Birch, A. J.; Hinde, A.; 
Randon, L.; J. Am. Chem. SOC. 1981,103,284. Saebo, S.; Boggs, J. E. J. 
Mol. Struct. 1981, 73, 137. 
(4) Rich, J. D.; Shafiee, F.; Haller, K. J.; Harsy, S. G.; West, R. J .  

Organomet. Chem. 1984,264, 61. 
( 5 )  Bock, H.; Seidl, H. J.  Am. Chem. SOC. 1968,90, 5694. 

NMR spectra, half-wave reduction potentials, radical-anion 
ESR coupling constants, and electronic transitions for 
these compounds. However, attempts to synthesize 
1,1,4,4-tetrakis(trimethylsilyl)-substituted 1,3-butadiene 
were unsuccessful. In addition, no crystal structures for 
any of these derivatives have been reported. We report 
herein the synthesis, spectroscopic data, and crystal 
structure of trans-1,1,4,4-tetrakis(trimethylsilyl)-l,3-b~- 
tadiene. 

Experimental Section 
Pentaborane(9) was obtained from Callery 

Chemical Co., Callery, PA, and was checked for purity by IR 
spectroscopy and vapor pressure measurements before use. 
Bis(trimethylsily1)acetylene (Petrarch Systems, Inc., Bristol, PA) 
was also checked for purity by IR, NMR, and vapor pressure 
measurements. Tris[l,2-bis(trimethylsilyl)ethenyl]borane was 
prepared by using the method described elsewhere.6 All solvents 
were dried over 4-8 mesh molecular sieve (Davidson) and either 
saturated with dry argon or degassed before use. All other reagents 
were commercially obtained and used as received. 

Instrumentation. Proton, boron-11, carbon-13, and silicon-29 
pulse Fourier-transform NMR spectra at 200.13, 64.2,50.3, and 
39.76 MHz, respectively, were recorded on an IBM-2OOSY 
multinuclear NMR spectrometer. Unit resolution mass spectra 
were obtained on a Du Pont GC/mass spectrometer Model 321. 
Infrared spectra were recorded on a Perkin-Elmer Model 283 
infrared spectrometer. Elemental analyses were obtained from 
Galbraith Laboratories, Knoxville, TN. The molecular weight 
determinations were made on Wescan Model 233 molecular weight 
apparatus. 

X-ray Analysis of 111. Large well-formed clear colorless 
crystals of I11 were grown by sublimation onto a glass surface. 
A suitable single crystal of dimensions 0.3 X 0.3 X 0.2 mm was 
glued to a glass fiber and mounted on an Enraf-Nonius CADI-F 
diffractometer. Initial lattice parameters were determined from 
a least-squares fit to 15 accurately centered reflections 10.0 5 28 
5 24.0' and subsequently refiied using higher angle data. These 
indicated a triclinic lattice. Data were collected for one hemi- 
sphere, + h i k i l ,  using the w-28 scan method. The final scan speed 
for each reflection was determined from the net intensity gathered 
during an initial prescan and ranged from 2 to 7" min-'. The 
w-scan angle was determined for each reflection according to the 

Materials. 

(6) Hosmane, N. S.; Sirmokadam, N. N.; Buynak, J. D. Abstr. ZME- 
BORN-V 1983, CA22,39. Hosmane, N. S.; Sirmokadam, N. N.; Mollen- 
hauer, M. N. J.  Organomet. Chem. 1985,279,359-371. Hosmane, N. S.; 
Sirmokadam, N. N.; Mollenhauer, M. N. "Abstracts of Papers", 18th 
Organosilicon Symposium held at Schenectady, New York, Apr 1984. 
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Table I. Mass Spectrometric Data of 111 (EI, 70 eV) 
m l e  % re1 intensity most intense peak ion 

345. 344. 342 2.06. 4.72. 15.78 342 [ (12CH3)28Si]22C= 12CH12CH=12C[28S i( l2 CH3)312+ 
269 [ (12CH3),28Si] 212C=12CH12CH=12C [ 28Si(12CH3)3] 
254 [ (12CH3)~8Si]212C=12CH12CH=12C[P8Si(12CH3)2] 
239 [ (12CH3)328Si]212C=12CH12CH=12C[28Si(12CH3)]+ 
195 I( 12CH,)128Silo1zC='2CH12C~12Ct 

271; 270; 269, 268 
256, 255, 254, 253 
242, 241, 240, 239, 237 
197, 196,195 
184, 183, 182, 181, 179 
169, 168, 167, 166, 165, 163 
157, 156, 155, 153 
85, 84, 83, 81 
75,73 
60, 59, 58, 57 
47, 46, 45, 44, 43 

2.07; 5.23; 15.40, 8.68 
3.58, 7.49, 25.49, 7.49 
2.33, 14.80, 25.53, 46.12, 1.15 
1.69, 2-90, 16.17 
1.06, 9.20, 19.17, 50.00, 3.02 
1.07, 0.86, 2.52, 5.01, 14.20, 0.69 
5.96, 7.23, 31.50, 1.58 
5.0, 3.86, 25.21, 1.42 
25.18, 100.00 
2.44, 28.74, 8.32, 6.17 
5.77, 10.05, 45.62, 19.28, 29.80 

equation A + B tan 0 for which A and B were set at values 0.8 
and 0.35", respectively. Aperture settings were derived in a like 
manner with A = 4.0 and B = 1.0 mm. Two check reflections 
were measured every 30 min throughout the 28.5 h of data col- 
lection and showed a linear decay of 15.4%. 

Data were corrected for the effects of Lorentz, polarization, 
and decay, but not for absorption ( p  = 2.4 cm-l). Merging of 
equivalent and duplicate reflections gave a total of 1862 unique 
measured data for which 1329 were considered observed, I > 
3.0a(I). The structure was solved by using the direct methods 
program MULTAN, which revealed the positions of most of the 
non-hydrogen atoms. All others were revealed in a subsequent 
difference Fourier synthesis. The molecule resides on a crys- 
tallographic center of inversion confirming the choice of PI as 
the space group. All non-hydrogen atoms were refined by using 
anisotropic thermal parameters. Hydrogen atoms were placed 
in calculated positions, 0.95 A from their respective carbon atoms, 
and included in the structure factor calculations. Final refinement 
using full-matrix, least-squares converged smoothly to values of 
R = 0.0602 and R, = 0.0699. The highest peak in the final 
difference Fourier map was 0.0295 e/A3. 

Synthetic Procedures. Except where otherwise indicated, 
all operations were conducted in vacuo. All room-temperature 
experiments were carried out in Pyrex glass round-bottom flasks 
of 250" capacity, containing a magnetic stirring bar, and fitted 
with high-vacuum Teflon valves. All high-temperature experi- 
menta were carried out in stainless-steel single ended cylinders 
of 500 mL capacity (obtained from Tech Controls, Inc., Dallas, 
TX) fitted with forged body shut-off valves of in. male npt 
and in. Swagelok fittings (obtained from Texas Valve and 
Fitting Co., Dallas, TX). Nonvolatile substances were manipulated 
in evacuable glovebags under an atmosphere of dry argon. 

All known compounds among the products were identified by 
comparing their infrared and 'H NMR spectra with those of 
authentic samples. 

Synthesis of trans - 1 ,I ,4,4-Tetrakis( trimet hylsily1)- 1,3- 
butadiene. Pentaborane (6.40 g, 100 mmol) and bis(tri- 
methylsily1)acetylene (78.0 g, 459 mmol) were condensed at -196 
"C into a 500-mL single-ended stainless-steel reactor fitted with 
a high vacuum (lo4 torr) Swagelok shut-off valve. Extreme care 
was taken to keep the upper end of the reactor at room tem- 
perature by occasional warming with a heat gun during the 
condensation of the reactants. The mixture was later warmed 
to room temperature, after which the lower half of the reactor 
was immersed in an oil bath maintained at a temperature of 
135-140 "C. The heating was continued for 48 h. After the 
mixture was cooled to -196 OC, accumulated noncondensable gas, 
presumably H2 (4.00 mmol) was pumped out. After the most 
volatile products were transferred from the reactor into a vacuum 
line trap at -196 OC, the remaining mixture was heated to 70 O C .  

A low volatile, colorless liquid was distilled into a vacuum line 
trap at -78 "C over a period of 24 h. All the distillable and/or 
volatile products were transferred to the main vacuum line traps 
and were mixed and fractionated through traps, as described 
elsehwere? to collect ([ (CH3)3SiCH==CSi(CH3)3]2BH)2 (I) (0.81 
g, 1.14 mmol), n i d ~ - [ ( C H ~ ) ~ s i ] ~ c ~ B ~ H ~  (11) (12.67 g, 57.6 mmol), 
(CH3)3SiH (90.0 mmol), and unreacted starting materials, B5H9 
(20.0 m o l )  and (CH3)3SiCeSi(CH3)3 (2.60 g, 15.3 mmol). The 
compounds I and I1 have been characterized as described else- 
where.6 After removal of all the volatile and distillable products 
at 70 "C (in vacuo), the least volatile material remained in the 

181 ~(12CHj)22sSiji(12CH3)328Si]12C=12CH12C~12CH+ 
165 [ (12CH3)28Si] [ (12CH3)328Si]12C=12CH12C~12Ct 
155 [ (12CH3)28Si] [ (12CH3)328Si]12C=12CH12CH2t 
83 ('2CH3)28Sj12Cd2CH+ 
73 (12CH3)$8Sit 
59 (12CH3)28SiHt 
45 (12CH3)28SiHzt 

stainless-steel reactor. This residue was heated to 180 "C in vacuo 
for 24 h and a white solid [(CH3)3Si]zCYH-CH=C[Si(CH3)3!2 
(111) collected in a detachable U trap at 0 "C, while polymeric 
material remained in the stainless-steel reactor. All the attempts 
to characterize this polymeric material were unsuccessful and 
hence this material was discarded. 

The solid I11 was resublimed under high vacuum at 78 "C into 
a second U-trap to give ca. 2.21 g (6.46 mmol, 2.91% yield based 
on (CH3)3SiC=CSi(CH3)3 consumed) of pure 111. The physical 
properties and characterization of I11 are as follows: mp 120 O C ;  

solubility, highly soluble in CH2C12, CDCl,, Cc&, C6H6, THF, 
(C2H&0, (CH3)2C0, C2H50H, and C6H14. Anal. Calcd for 
C1$3&4: C, 56.14; H, 11.11; Si, 32.75. Found C, 56.19; H, 11.14; 
Si, 32.68. NMR (CDC13): 'H (relative to external Me,Si) 6 7.38 
[s (br), 1 H, olefinic HI, 0.19 [s (br), 9 H, Si(CH3)3], 0.10 [s (br), 
9 H, Si(CH3),]; '% (relative to extemal Me4Si) 6 153.17 [d, olefinic 
carbon (=CH), 'J(13C-'H) = 153.0 Hz], 148.80 [s (br), olefinic 
carbon (=C(Si=)z), 1.95 [q, (CH3)3Si, 1J('3C-'H) = 119.0 Hz], 
and 0.40 [q, (CHJ3Si, 'J(13C-'H) = 119.0 Hz]; '%i (relative to 
external Me4Si) 6 4 . 4 9  [m, Si(CH3)3, 2J(29Si-1H) = 4.8 Hz], and 
-9.08 [m, Si(CH3),, 2J(29Si-1H) = 5.2 Hz]. Mass spectrum of I11 
is listed in Table I. IR (CDC1, vs. CDC13): 2955 (m, s) and 2895 
(w) (v(C--H)), 1599 (w, br) (v(C=C)), 1405 (w, br) (6(CH), asym), 
1251 ( 8 )  (6(CH), sym), 1050 (m, br), 841 (ws, br) (p(CH)), and 
670 (m, br) (v(Si-C)) cm-'. 

Pyrolysis of Tris[ 1,2-bis(trimethylsilyl)ethenyl]borane. 
A stainless-steel reactor was charged with 5.62 g (10.73 mmol) 
of [ (CH3)3SiCH=CSi(CH3)3]3B (IV) and was evacuated. The 
trivinylborane derivative was then pyrolyzed at 135-140 "C under 
the same conditions as those employed in the preparation of 111. 
The fractionation of all the volatile products gave (CHJ3SiC= 
CSi(CH3)3 (1.04 g, 6.12 mmol) and I (2.12 g, 2.99 mmol), collected 
at -78 and 0 "C traps, respectively. A nonvolatile residue remained 
at the bottom of the reactor. This residue was then heated further 
at 180 "C over a period of 24 h while being pumped through a 
series of traps at -196 "C. During this period only traces of 
(CH3)3SiH were collected in the traps, but not 111. A polymeric 
material (not characterized) remaining in the reactor was dis- 
carded. 

Results and Discussion 
Synthesis. The reaction of pentaborane and bis(tri- 

methylsily1)acetylene at 135-140 "C produced not only the 
dimer of the hydroborated species and the nido-carborane 
as liquids but also a new, air-stable solid trans-1,1,4,4- 
tetrakis(trimethylsilyl)-1,3-butadiene. This reaction is 
shown in eq 1. 

It has already been established that I is produced di- 
rectly from its trivinylborane precursor [ (CHJ3SiCH=C- 
Si(CH3),I3B (IV) at 135 "C in Pyrex-glass reactors.6 
Furthermore, the  formation of IV even at 135 O C  is be- 
lieved to  be the driving force in the  preparation of 11. 
However, the exact mechanism of the formation of I11 is 
not known. The presence of I and I1 among the products 
implies that the hydroboration of alkyne involving one BH3 
unit of B,H, occurred in reaction 1. The formation of I11 
requires a mechanism where C(sp2)-B bond should be 
ruptured at 135 "C to  form a reactive vinylsilyl fragment 
that could easily condense with another such fragment to 
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+ Me,Si-c c - SiMe, 

Hosmane  e t  al. 

I 

136-140% 

SiMe, 
/ 'c =c 
\H 

w c  =c 
n\ /H / c  =c 

SiMe, Me,Si 
/ 

Me,Si 
\ 

Me,Si h e ,  

j = BH 

i= c 

3 = "  

yield the 1,2,3,4-tetrakis(trimethylsilyl)-l,3-butadiene and 
even t u d y  the lI1,4,4-tetrakis( trimethylsilyl) - 1,3-butadiene 
by thermal rearrangement or some other intramolecular 
rearrangement. However, this mechanism could be easily 
ruled out due to the fact that the trivinylborane precursor 
IV under similar conditions failed to produce either 1,2,3,4- 
or 1,1,4,4-silyl-substituted butadiene derivatives (see Ex- 
perimental Section). 

Scheme I outlines another plausible sequence by which 
two (CH3),SiC=CSi(CH3), molecules could link and then 
further undergo a regio- and stereoselective addition of 
(CH3),SiH across each of the carbon-carbon triple bonds. 
The presence of trimethylsilane in the products requires 
the rupture of a Si-C(sp) bond and the abstraction of a 
hydrogen atom. This scheme involves the high-tempera- 
ture rupture of C(sp)-Si bond leading to the formation of 
a reactive alkyne radical and a trimethylsilyl radical which 
then could extract one of the pentaborane bridge hydrogen 
atoms forming trimethylsilane. If a side reaction such as 
the one shown in eq 2 occurs, then one could expect a 
formation of (CH,),SiC=CH or the final carborane 
product (CH,),SiC2B4H7 via a similar reaction6 shown in 
eq 1. However, neither (CH3),SiC=CH nor (CHJ3Si- 

[(CH3),SiC==C.] + B5Hg - (CH,),SiC=CH + [B5H8.] 
(2) 

C2B4H7 has been identified among the products (see Ex- 
perimental Section). Therefore, it is probable that the 
reactive alkyne fragment links directly with another such 
fragment to yield the 1,3-butadiyne  derivative^.^ Since 
this diacetylene has been found6 to undergo regio- and 
stereoselective addition reactions with a variety of silanes 
in the presence of a suitable catalyst yielding alkenes with 
the silyl groups on the same olefinic carbon, it is reasonable 
to believe that  such a reaction could be involved in the 
synthesis of 111. This is further supported by the so-called 
P-effect8 where the addition of an electrophile to a vi- 

(7) Shikhiev, J. A.; Shostakovski, M. F.; Kayutenko, L. A. Dokl. Akud. 
Nuuk SSSR 1959, 15, 21; Chem. Abstr. 1959, 53, 15957. 

Figure 1. ORTEP view of I11 showing the atom numbering scheme 
and thermal ellipsoids at the 50% probability level. 

Scheme I 
(CH3)3SiC=CSi(CH3)3 140 oc - (CH,~3SiC,CSi(CH,), ~n stainless steel reactor 

[(CHd,SiCEC.I + C(CH,),Si*l BSHg 

C(CH,),SiC~C.I + C(CH,),Si.l 
- 

H3--si8+(cH3)3 repio- and stereoselective 
addition due to 8 - e f f e c l  

(CH33SiCEC-C=CSi(CH3)3 

(CH3)$i3+--H3- 

(CH3) ,S~C8~C8+-~,~~s-S ' (CH, ) ,  - 

/" ( C H ~ ) ~ S I  

(CH,)~SI /c7c-c=c H SI(CH& 

(CH313 1 '  13<-H8- 

\ 
\ 

nylsilane or silylacetylene results in the buildup of elec- 
trophilic character P to the carbon-silicon bond; such a 
species is said to be stabilized either by bridging or by 
so-called vertical stabilization (hyperconjugation). 

Spectra. The IR and mass spectra, with assignments, 
are given in the Experimental Section and Table I, re- 
spectively. The IR assignments of I11 are in agreement 
with those of similar compounds reported by Bock and 
Seidl,5 Hosmane et al.,9 Seyferth and Vaughan,lo and 
Mironor and Chumaevskii.l' The electron-impact (EI) 
mass spectrum of I11 exhibits a grouping with an intense 
peak a t  mle 342, corresponding to the parent ion 
[ ( '2CH3)328Si] 212C=12CH12CH='2C [ 28Si( 12CH3),] 2+. 

The 'H, 13C, and 29Si FT NMR spectra (see Experi- 
mental Section) indicate the presence of two Me,Si groups 
and one type of olefinic CH at expected chemical shifts.12J3 

(8) (a) Jarvie, A. W. P. Organomet. Chem. Reu., Sect. A., 1970,6, 153. 
(b) Traylor, T. G.; Henstein, W.; Berwin, H. J. J .  Am. Chem. Soc. 1970, 
92, 7476. Eaborn, C.; Feichtmayr, F.; Horn, M.; Murrell, J. N. J .  Orgu- 
nomet. Chem. 1974, 77, 39. 

(9) Hosmane, N. S.; Cradock, S.; Ebsworth, E. A. V. Inorg. Chin. Acta 
1983, 72, 181. 

(10) Seyferth, D.; Vaughan, L. G. J. Organomet. Chem. 1963,1,138. 
(11) Mironor, V. F.; Chumaevskii, N. A. Dokl. Akud. Nuuk SSSR 1962, 

146, 1117. 
(12) Kemp, W. "Organic Spectroscopy"; Macmillan Press: London 

and Basingstoke, 1978; Chapter 3, p 76-150. 
(13) Schraml, J.; Bellama, J. M., %Si Nuclear Magnetic Resonance in 

the Determination of Organic Structures by Physical Methods"; Academic 
Press: New York, 1976; Vol. 6, and references therein. 
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Table 11. Bond Distances (A) for (MerSi)&=CHCH=C(SiMer)?. III‘ 
atom 1 atom 2 dist atom 1 atom 2 dist atom 1 atom 2 dist 
Si(1) C(1) 1.874 (5) Si(1) C(13) 1.864 (9) Si(2) C(22) 1.876 (8) 
Si(1) C(W 1.860 (7) Si(2) C(1) 1.889 (5) Si(2) (203) 1.879 (10) 

C(1) C(2) 1.351 (8) Si(1) C(12) 1.867 (8) Si@) C(21) 1.895 (8) 
C(2) C(2)’ 1.456 (8) 

Numbers in parentheses are estimated standard deviations in the least significant digits. 

Table 111. Bond Angles (deg) for (MesSi)2C=CHCH=C(SiMe3)2, 111“ 
atom 1 atom 2 atom 3 angle atom 1 atom 2 atom 3 angle atom 1 atom 2 atom 3 angle 
c(1) si(l) c(11) 110.7 (3) c(12) %(l) C(13) 109.3 (4) C(21) Si(2) C(23) 107.8 (4) 
C(1) Si(1) c(12) 111.6 (3) C(1) si(2) c(21) 110.2 (3) C(22) Si(2) C(23) 112.5 (4) 
c(1) Si(1) C(13) 110.2 (3) c(1) si(2) C(22) 110.2 (4) Si(1) C(1) Si(2) 121.5 (3) 
C(11) Si(1) C(12) 107.0 (4) C(1) Si(2) C(23) 108.9 (3) Si(1) C(l) C(2) 117.1 (4) 
C(11) Si(1) C(13) 108.0 (3) C(21) Si(2) C(22) 107.3 (4) Si(2) C(1) C(2) 121.4 (4) c(l) c(2) C(2)’ 127.6 (4) 

Numbers in parentheses are estimated standard deviations in the least significant digits. 

Table IV. Positional Parameters and Their Estimated 
Standard Deviations for (Me3Si)2CYHCH==C(SiMes)2, 111“ 

atom X N 2 B,  Az 
0.9202 (3) 
1.6761 (3) 
0.8777 (9) 
1.000 (1) 
1.125 (1) 
0.664 (1) 
1.023 (1) 
0.526 (2) 
0.467 (1) 
0.828 (1) 

0.2635 (2) 
-0.3531 (2) 
0.4495 (6) 
0.4367 (7) 
0.0898 (8) 
0.2077 (9) 
0.2934 (9) 
0.620 (1) 
0.721 (1) 
0.7941 (8) 

0.7958 (2) 
0.6731 (2) 
0.6618 (5) 
0.5574 (5) 
0.7531 (7) 
0.8354 (7) 
0.9391 (7) 
0.8289 (7) 
0.5430 (7) 
0.6692 (8) 

3.73 (4) 
4.00 (4) 
3.2 (1) 
3.6 (1) 
5.9 (2) 
6.0 (2) 
5.7 (2) 
8.4 (3) 
6.7 (2) 
6.9 (2) 

“Anisotropically refined atoms are given in the form of the iso- 
tropic equivalent thermal parameter defined as (‘l3)[aZB(l,l) + 
b2B(2,2) + c2B(3,3) + ab(cos y)B(1,2) + ac(cos @)B(1,3) + bc(cos 
a)B(2,3)1. 

This is consistent with three possible structures, namely, 
1,1,4,4-111a, 1,2,3,4-cis,cis-IIIb, and 1,2,3,4-trans,trans-IIIc 
illustrated below. 

R 

/JHR 
R’\ 

R 

1. 1.4, 4 - I I I a  

R 
\ /--R 

R./-\ 
R 

1.2,3. 4 -c / s ,~ t s - I I Ib  
1. 2.3,  

R r (  J-q 
I R  
R 
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In order to differentiate between the two 1,2,3,4- and 
1,1,4,4-substituted forms, an X-ray crystal structure de- 
termination was carried out for 111. The results are shown 
in Figure 1 along with the adopted atom numbering 
scheme. The molecule resides on a crystallographic center 
of inversion located a t  the midpoint of the C(2)-C(2)’ 
vector. As a result, the carbon skeleton C(l)-C(2)-C(2)’- 
-C(l)’ adopts a planar and transoid conformation. Each 
of the terminal C(1) carbons is bonded to two Me3Si 

oups, C(l)-Si(l) = 1.874 (5 )  and C(l)-Si(2) = 1.889 ( 5 )  x thus establishing ita identity on the 1,1,4,4-substituted 
isomer. The bond lengths within the skeleton reveal a 
substantial localization of double-bond character in the 
C(l)-C(2) bond. Thus the value C(l)-C(2) = 1.351 (8) A 
is significantly shorter than the C(2)4(2)’ bond length of 
1.456 (8) A. The angles a t  C(1) are in the normal range 
observed for olefmic carbon atoms; S i ( l ) 4 ( 1 ) 4 ( 2 )  = 117.1 

Table V. Crystallographic Data for 
(Me3Si)2C=CHCH=C(SiMe3)2, I11 

formula C16H38Si4 

Pi (NO. 2) 

fw 342.82 
cryst system triclinic 

6.466 (1) 
9.073 (2) 
10.965 (2) 
74.29 (2) 

@Id% 85.72 (1) 
7Ideg 71.90 (1) 
v/as 589 (1) 
z 1 
p(calcd)/g cm-S 0.967 
X(Mo Ka)/A 
p(Mo Ka)/cm-I 2.4 

no. of unique data measd 1862 
no. of data obsd 1329 
data cutoff I > 3.0a(n 
no. of parameters varied 167 
R 0.0602 
R w  0.0699 

:r group 
b l A  
CIA 
4deg 

0.710 69 (graphite monochromator) 

20 limitsldeg 2.0 c 2e c 50.0 

(4), Si(2)-C(l)-C(2) = 121.4 (4), and Si(l)-C(l)-Si(2) = 
121.5 (3)O. Note, however, that  the angle Si(2)-C(l)-C(2) 
is some 4O larger than the value for Si(l)-C(l)-C(2). This 
is presumably a result of intramolecular steric effects since 
Si(2) is cis to C(2)’ while Si(1) is cis to the much smaller 
hydrogen atom H(1). The geometries of the Me3Si group 
are unexceptional and deserve no special comment. Full 
listings of bond lengths, interbond angles, and atomic 
positional parameters are given in Tables 11-IV respec- 
tively, while pertinent crystallographic data are collected 
in Table V. 
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