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Hydrosilylation of styrene, 2-phenyl-1-propene, rrans-1-phenyl-1-propene by (CH)R,SiH
(R = C3Hg, i-C3H,, i-C4Hg) and R3SiH (R’ = i-Cy3H,, -=C4Hy) in the presence of [RhCI.
AP(CsHg)3}31 (1), [{RhCIC,H,),},] (1) and H,yPICH as catalysts has been studied. The
reaction of styrene with (CH3)R,SiH catalysed by complex / in benzene leads to a- and B-adduct
as well as to a substitution product. Analogous addition of (i-C3H;)3SiH catalysed by com-
plexes I and /I produces selectively rrans-1-triisopropylsilyl-2-phenylethylenc. Reaction of 2-phe-
nyl-1-propene with  CH4(C,Hj),SiH gives 1-dicthylmethylsilyl-2-phenylpropane, 1-dicthyl-
methylsilyl-2-phenyl-2-propene  and 1-dicthylmethylsilyl-2-phenyl-1-propene.  Hydrosilylation
of trans-1-phenyl-1-propene by diethylmethylsilane catalysed by complex / gave I-dicthylmethyl-
silyl-2-phenylpropane and 3-dicthylmethylsilyl-1-phcnylpropane. Conversion of 2-phenyl-1-pro-
pene and trans-1-phenyl-1-propene in their reaction with dicthylmethyisilance catalysed by com-
plex I was found to be much lower compared to the reaction with styrene and attained maximum
at 60°C. The selectivity and rates of above reactions can be influenced by the presence of air
oxygen.

Selectivity of the reaction of styrene with organosilicon hydrides homogencously
catalysed by Group VIII transition mefal ccmplexes has been investigated by a num-
ber of authors' ~'2. Selective catalysts for preparing o- and B-adducts have been
reported’'? and the effect of the addition of coordinating compounds on isomer
distribution has been examined' >. When studying this additicn catalysed by H,PtCl,
(refs*5) and [RhCI{P(CsHs);}5] (1) (ref.6) the authors found that organosilicon
hydride is playing a decisive role in determining adducts distribution. However,
to which extent is this ratio influenced by steric or electronic effects of substituents
of organosilicon hydride has not yet been determined. Reported data do not allow
to ascertain whether the higher rate of hydrosilylation in the presence of oxygen
is due to steric effects, shift in triphenylphosphine dissociation from complex /
to form [RhCI{P(C¢H;),}] via oxidation of triphenylphosphine or due to clectronic
changes caused by oxygen-containing ligand in the coordination sphere of the metal.
The aim of this work was to contribute to the elucidation of these problems.

* Part CLXX in the series Organosilicon Compounds; Part CLXIX: This Journal 45, 876
(1980).
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2086 Kuncova, Chvalovsky :

RESULTS AND DISCUSSION

We found that styrene reacts with trialkylsilicon hydrides of the type (CH;)R,SiH
in the presence of complex I in benzene to form three organosilicon products, ethyl-
benzene and hydrogen (A)

CH,SiR,
|
CgH;CH=CH, + (CH3)R,SiH To— CgHs;CHCH; + (A)
a-adduct
C6H5\ /H
+ CgHsCH,CH,Si(CH3)R, + /C=C\ + CgHs;CH,CH; + H,
H Si(CH;)R,
B-adduct substitution product

Branching of the alkyl group attached to the silicon atom of organosilicon hydride
affects substantially the yield and composition of organosilicon products and shifts
the distribution in favour of the B-adduct and substitution product (Table I). Distance
between the branching and the silicon atom determined the ratio of hydrosilylation
to substitution products. If a given alkyl group is branched on the p-carbon atom
with respect to silicon (CH,(i-C,H,),SiH) the B-adduct to substitution product
ratio remains the same as in the reaction with trialkylsilicon hydride containing

TasLe I
The Effect of Branching of Alkyl Group Attached to Silicon on Reaction of Styrene with Tri-
alkylsilanes Catalysed by Complex I

I/CgHsCH=CH, molar ratio = 107%, the catalyst added as 87.10 % mol/l benzene solu-
tion, 70°C, 6 h (equimolar amounts of reactants).

Composition of organosilicon

Silicon hydride X, %0 products, %
a-adduct B-adduct Ab
CH,(C,Hy),SiH 980 29-1 569 14-0
CH,(i-C4Hy),SiH 97:0 12:5 691 184
CH,(i-CyH,),SiH 930 17 278 705

4 Conversion of styrene. b Substitution product (Eq. (4)). All hydrogen evolved by addition-
-elimination reaction reacted with styrene to form ethylbenzene.

Collection Czechoslov. Chem. Commun. [Vol. 45] [1980]



Steric Effects in Hydrosilylation of Styrene 2087

unbranched alkyl groups (CH4(C,H;),SiH). Branching of alkyl groups on the a-car-
bon leads to such sterical shielding that substitution products prevail over adducts,
as found in the addition of diisopropylmethylsilane to styrene. Triisopropylsilane
does not react with styrene in benzene solution. This reaction can be eflected in the
absence of the solvent (I)styrene molar ratio = 1073, 100°C). Increasing catalyst
concentration increases styrene conversion (Table II). trans-1-Triisopropylsilyl-
-2-phenylethylene was found as a sole reaction product. Screening of the Si—H bond
by three tert-butyl groups is probably the reason why (t-C,H,),SiH does not react
with styrene even under conditions under which styrene was converted quantitatively

TABLE II

The Effect of Catalyst Concentration on the Yield ol trans-1-Triisopropylsilyl-2-phenylethylene
Styrene/i-(C3H)3SiH molar ratio = 1, 100°C, 6 h.

l/slyreqe X, 2 y?
mol. ratio
107 0 0
1073 550 14
1072 100-0 1-25

4 Conversion of styrene. ? Y denotes the ratio of the substitution CgHsCH==CH, -+ R;SiH —
— C¢H;CH=CHSIiR; + H, to the hydrogenation CgH;CH=-CH, + H; — CgHsCH,CHj;.
At Y = 1 all the hydrogen evolved by the addition-elimination reaction was consumed by hydro-
genation of styrene.

TasLe I
Conversion of Styrene (X) and Composition of Organosilicon Products in Reaction of Styrene

with Trialkylsilanes -3
Styrene/R3SiH molar ratio = 1, //styrene molar ratio = 5. 10”7, 100°C, 6 h.

Composition of organosilicon
products, %

Silicon hydride X, % Y
B-adduct Al
CH,(C,Hy),SiH 100 69-3 20-7 123
CH,(i-C3H,),SiH 100 0 100-0 125
(i-CyH,)5SiH 62 0 100-0 1-41

“? For designation see Table I.
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in its reaction with (i-C3H,);SiH. Using such high catalyst concentrations and
carrying out the reaction in the absence of solvent, hydrosilylation of styrene by di-
ethylmethylsilane does not yield the a-adduct (Table 11I). In this case the yield of the
substitution product increases, along with an increase in the amount of hydrogen
which is not utilized for hydrogenation of styrene.

These results can be explained in terms of the reaction mechanism proposed
by Chalk and Harrod!®. A decrease in the yield of a-adduct in the series CHj.
.(C,H;),SiH, CH,(i-C,H,),SiH and CH;(i-C3H,),SiH indicates that in equilibrium
competitive reactions leading to conversion of n-complex to o-complex the increase
in the bulkiness of the substituents on silicon shifts the equilibrium in formation
of complex V(Scheme 1, the other ligands are omitted).

H C,HsCH,CH,
~ | .
CH, " ol H—(l—C‘H, R:CH,SI\ M H /:C,H((‘Hz(nz
e =C
H—C—CHy __ Ne— —w H-C—H _—7 /C (\ * /Rh
[ == / T N, T [ H CHe HTN
Rh Rh Rh \
| / \ | H,
CH,SiR, CH,SiR CH,SiR, R,CH,SiCH,CH,C, Hy
1 142 14

SCHEME |

The substitution product is formed together with the B-adduct. Formation.of these
two products can be explained by decomposition of transition complex V which
leads to the substitution product via B-elimination of hydrogen. The hydrogen
coordinates to the rhodium to give dihydridorhodium(11l) species which via forma-
tion of h*-complex with styrene (analogous to complex IV except that (CH;)R,Si
ligand is in place of H)and its transformation into h'-complex yields ethylbenzene.
With increasing branching of the alkyl chain of substituents on silicon the R3Si—Rh
bond strength decreases!*!®, which may result in that trialkylsilyl group migrates
as the first one (Scheme 2). Analogously to the above reaction model two isomeric

H CeHg
H—(|:—H H—é—H
R,Si—c‘-c,,H5 === ¥ ==  H—C—SiR,
leh Illh
" "

vi 7/

SCHEME 2
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Steric Effects in Hydrosilylation of Styrene ' 2089

complexes are formed. Decomposition of complex VI leads to {he a-adduct and
that of complex VII yields both the B-adduct and the substitution product. Complex
VII is energetically favoured transition state for formation of substitution product
compared to complex ¥ (only one C—H bond is cleaved). Formation of the substitu-
tion product from complex VI may proceed via another h®-complex V111 (Scheme 3).

H\ /S.RJ
oo —— v == T
HCS o, M
H/ \H
J v
f-adduct suh\lllullin product

SCHEME 3

The ratio of the B-adduct to substitution product is then dependent on the relative
stabilities of complexes VII and VIII. With increasing stability of complex VIII
the yield of substitution product increases, too. This reaction model proposed for
substitution of ethylene by organosilicon hydrides catalysed'? by [Fe(CO)s] predicts
also formation of isomeric substitution product* from complex VI. This substance
has not been found among hydrosilylation products in our experiments.

The absence of the a-adduct among reaction products of the hydrosilylation carried
out without benzene seems to be related to the dependence of the stability of the
transition complex leading to the a-adduct via its decomposition on solvation by ben-
zene. Solvation by benzene plays likely also a role in stabilization of transition states
in hydrogenation of styrene, which results in that in the reaction carried out in the
absence of solvent all hydrogen evolved by the addition-elimination reaction is not
consumed by hydrogenation of styrene.

The reaction of 2-phenyl-1-propene with diethylmethylsilane catalysed by com-
plex I yields 1-diethylmethylsilyl-2-phenylpropane (B-adduct) and two substitution
products, 1-diethylmethylsilyl-2-phenyl-1-propene and 3-diethylmethylsilyl-2-phenyl-
propene (Eq. (B)).

* With respect to the mechanism proposed for formation of trans-1-diethylmethylsilyl-
-2-phenylethylene, the term addition-elimination product is more appropriate then the substi-
tution product. The latter term (Eq. (4)) was used frequently in literature (ef1h.
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CgHsC=CH, + CH3(C,Hy),SiH —> C4HsCHCH,SICH,(C,Hy), +

CH, CH,
B-adduct (B)
+ C4HsC=CH, + CgHsC=CHSICH,(C,Hy), + H,
CH,SiCH,(C,Hy), CHj,
isomeric substitution product substitution product

trans-1-Phenyl-1-propene reacts with diethylmethylsilane in the presence of complex I
to form two addition products: 2-diethylmethylsilyl-1-phenylpropane and 1-diethyl-
methylsilyl-3-phenylpropane (Eq. (C)).

CgHsCH=CH,CH; + CH,(C,H)SiH — CGHSCHz(liHSiCH3(C2H5)2
CH,
B-adduct
+ CgHsCH,CH,CH,SiCH4(C,Hs), )
y-adduct

Along with the change in the structure of organosilicon products due to substitution
of hydrogen of the double bond of styrene by methyl group, there proceeds also the
change in the conversion of phenylalkene and the composition of organosilicon
products in dependence on temperature (Table 1V). These differences can be most
probably related to the lower stability of h?-alkene-rhodium complexes centaining
2-phenyl-1-propene and trans-1-phenyl-1-propene as ligands.

Formation of the isomeric substitution product in the reaction of 2-phenyl-1-pro-
pene with diethylmethylsilane justifies the assumption about h*-allylic type of the
rhodium-2-phenyl-1-propene complex (Scheme 4).

I‘-( f-adduct
H~—C—Rh—SiCH,(C,H;),
e H5C6—C|—H \
CH, H / CH;, subst. prod.
/
H,C,—C —kR{—SiCH_\(C:H,)J
CH, “H si
. 1
I
N H—C—H
|
- H
HC, (”Z_R{ — i-subst. prod.
/C\ H
H H
SCHEME 4
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No substitution products have been detected among products of the reaction
of trans-1-phenyl-1-propene with diethylmethylsilane. Thisindicates that the y-adduct
is formed rather by isomerisation via h*-allyl complex than via h-allyl species
(Scheme 5).

o n i 1"
el == CHCH, —c|‘ ~CH, == CHOCH, =C=CH, == CHCHCH~C 1
H
Ri Rh Rh Rh
I SICH(CHY, L RIS
1CH(CHO; SICH(C M), W SICHCH, SICH(C,I),
[
' Y
H T
| |
CHCH, = C—CH, CHCHC == SICH(C ),
|
SICH(C, M), i
B-adduct J-adduct
SCHEME 5

In the presence of oxygen the reaction of styrene with trialkylsilicon hydrides
catalysed by complex I in benzene proceeds at a faster rate with an increase in the
yield of the a-adduct. This is accompanied by oxidation of the silane to disiloxane,
decomposition of the catalyst to form metallic rhodium. The reaction on air is not
inhibited by excess triphenylphosphine. In the presence of air the excess of styrene
does not suppress a-adduct formation but leads only to increase in the yield of the
substitution product in the expense of the B-adduct. Yield of the a-adduct decreases
with increasing temperature both under argon (Table 1V) and on air (Table V).
This most likely results from the lowering of the stability of the transition complex,
the decomposition of which leads to the a-adduct. The yield of the a-adduct formed
from styrene and diethylmethylsilane depends more strongly on catalyst concentra-
tion and solvent than on reaction temperature (Table VI). On using catalyst con-
centration of 5. 10‘3mol/1 and without solvent, oxygen exerts only very small
effect on products composition. The increased yield of the a-adduct and of styrene
conversion due to the presence of oxygen was observed also in the reaction of styrene
with diisopropylmethylsilane and diisobutylmethylsilane in benzene (Table VII).
Even in the presence of oxygen triisopropylsilane does not react with styrene in ben-
zene solution. Compared to the reaction without solvent carried out in an inert
atmosphere, conversion of styrene in its reaction with triisopropylsilane increased
from 55% to 100% by the effect of oxygen (I[styrene molar ratio = 5.107%), but
other reaction products than trans-2-triisopropylmethylsilyl-1-phenylethylene have
not been detected.
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The presence of oxygen in the reaction of diethylmethylsilane with 2-phenyl-
-1-propene and trans-1-phenyl-1-propene increased conversion of phenylalkenes

and organosilicon products formed were exclusively corresponding PB-adducts
(Table VIII).

TaBLE IV
The Effect of Temperature on Hydrosilylation of Phenylalkenes by Diethylmethylsilane Catalysed
by Complex I

Phenylalkene/CH4(C,H;),SiH molar ratio = 1, I/the alkene molar ratio = 1075, 6 h. The
catalyst added as 8:7 . 10~ # mol/| benzene solution.

Composition of organosilicon products, %

°C X, %
a-adduct B-adduct A® B®  y-adduct
Styrene®
40 43 195 69-0 205 - —
60 40-5 368 499 13-3 —
70 980 29-1 569 14-0 — — -
80 1000 136 58-5 277 — -
100 1000 72 58-5 343 — —
2-Phenyl—propened
40 7-6 — 69-2 45 269 —
60 903 — 71-6 39 239 -
70 70 — 69-2 1-6 30-1 .
80 7:0 — 672 29 29-1 —
100 4-8 — 42-5 97 47-8 —
n-ans-l—Phenyl-l-propenc"
40 40 — 79-8 — — 2041
60 182 — 90-2 — — 9-8
70 133 — 74-0 - — 251
80 11-5 — 740 - - 260
100 617 — 51-6 — - 48-4

“ Substitution products (Eq. (B). ® Isomeric substitution product (Eq. (B)). ¢ All hydrogen evol-
ved by the addition—elimination reaction leading to the substitution products reacted with styrene
to give ethylbenzene. 4 Hydrogenation proceeded to less than 1 per cent.
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In order to specify the catalytically active species we performed the reaction
of styrene with diethylmethylsilane in the presence of oxidized benzene solution
of complex I and in the presence of [RhCIO,{P(C¢Hs);},], which was obtained?!

TaBLE V
The Effect of Temperature on the Reaction of Styrene with Diethylmethylsilane Catalysed
by Complex 7 in the Presence of Air

Reaction conditions see Table IV.

Composition of organosilicon
products, %

°C
a-adduct B-adduct A®
40 665 320 15
60 65-0 325 25
80 56-4 368 68
100 49-1 407 10-2

“ Substitution product (Eq. (4)). Conversion of styrene at 40°C was 56:4 per cent. See footnote
“in Table IV.

TaBLE VI
The Effect of Oxygen on the Reaction of Styrene with Diethylmethylsilane (6 h) in Benzene

Composition of organosilicon

I/styrene Silane/ Gaseous c X9 products, %
molar ratio s(yrene' phase %

molar ratio a-adduct  B-adduct  A°  YP
2.107% 1 air 70 100 467 435 97 1
5.1073¢ 1 air 60 100 0 68-4 316 11
2.107% 1 argon 60 897 0 862 138 13
5.1073¢ 1 argon 60 932 0 63:5 365 11
1.107% 1/5 air 70 100¢ 466 366 168 12
1.107% 1/5 argon 70 907 0 516 484 10
1.107%¢ 1 argon 70 0 0 0 0 -
1.10"%¢ 1 air 70 100 52:3 385 82 1

“ Substitution product (Eq. 4)). b See footnote? in Table IL. ¢ In the absence of solvent. ¢ Con-
version of the silicon hydride. © Triphenylphosphine added to the catalyst solution (I/P(C¢Hs)4
molar ratio = 1:5).
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by oxidation of [RhCI{P(C¢H;);},], (Table IX). In all experiments the organo-
silicon products contained greater amounts of the a-adducts compared to those
obtained by the reaction catalysed by complex I in an inert atmosphere. Similar

Tasre VII
The Effect of Air Oxygen on the Reaction of Styrene with Trialkylsilicon Hydrides Catalysed
by Complex [/

1/styrene molar ratio = 1074, 60°C, 6 h, the catalyst added as 8-7. 104 mol/l benzene solu-
tion.

Composition of organosilicon

oducts, %
Silicon hydride X, %° products, %

a-adduct B-adduct Al

Under argon

CH,(C,Hy),SiH 40-5 368 499 135
CH,(i-C3H;),SiH 257 1-5 334 651
CH(i-C4Hy),SiH 343 181 577 14-2

On air .
CH;4(C,Hj),SiH 100 650 325 2'5
CH,(i-C3H;),SiH 100 43 562 39-5
CH,(i-C4Hg),SiH 100 335 58-2 83

“ Conversion of styrene. b Substitution product (Eq. (4)). All hydrogen evolved by the addition-
-elimination reaction reacted with styrene to produce ethylbsnzene.

TaBLE VIII
Hydrosilylations of 2-Phenyl-1-propene and frans-1-Phenyl-1-propene by Diethylmethylsilane
in the Presence of Air

Slyrene/CHa(Csz)zSiH molar ratio = 1, I/styrene molar ratio = 10_4, 70°C, 6 h, the
catalyst added as 8:7. 10~ * mol/! benzene solution.

Phenylalkene B-Adduct, %
Phenyl-1-propene 250
trans-1-Phenyl-1-propene 248
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TabLE IX
The Effect of Catalysts on the Reaction of Styrene with Diethylmethylsilane in the Presence
of Air

For reaction conditions see Table VIII, styrene/bznzene ratio = 1 (by volume). Styrene con-
version = 100%.

Composition of organosilicon products,

Catalyst
a-adduct B-adduct A?
[RRCI{P(CeH;)s} 5] 640 327 33
[RhCIO,{P(CsH;)3} 1, 652 348 0
[RhCI{P(CsHy);}5) 551 362 87

4 Substitution product (Eq. (4)). ?87.107% mol/l benzene solution of the catalyst heated
at 70°C for 6 h prior to using.

TaBLE X
The Effect of Phosphorus-Containing Ligand of Rhodium Complexes on the Yields and Com-
position of Organosilicon Products

Phenylalkene/R3SiH molar ratio = 1, I(II)/phenylalkene molar ratio = 5. 1073, 60°C, 6 h.

Composition of organosilicon products, %

Catalyst X, %
B-adduct A B? v-adduct

CgH CH=CH, + (i-C3H);SiH

1 0 - - - -
Vi 149 — - 100 —

CgHsC(CH3)=CH, + CH3(C,H;),SiH

1 20-0 76'3 151 86 —
u 61-2 100-0 - - -

CgH;CH—CH,CH; + CH3(C,Hy),SiH

I 162 64:6 - - 26:1
4 52:0 95-2 - - 4-8

9 A = substitution product, B = isomeric substitution product (Eq. (B)).
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data obtained for oxidized complex I and oxidized [RhCI{P(C¢Hj);},], show
that the precursor of the catalytically active species is [RhCIO,{P(CsH5)3},],.

Lowering of the yield of the adduct in the reaction catalysed by catalyst solution
in which the concentration of [RhCIO,{P(C¢Hs)s},], was decreased by heating
on air can indicate that the a-adduct formation is controlled kinetically or that the
species of the lower catalytic activity is formed by oxidation [RhCIO,.{P(CsHs)3},],.

Comparison of catalytic effectiveness of complexes I, II and H,PtClg for hydro-
silylation of styrene by trialkylsilicon hydrides shows that the most selective catalyst
for the addition of diethylmethylsilane to styrene is chloroplatinic acid. At a tempera-
ture of 60°C, after 6 h styrene reacted quantitatively with CH4(C,H;),SiH (both
reactants in equimolar ratio) to give 5-8% of the a-adduct and 94-2% of the B-adduct.
Analogous addition of (i-C3H,);SiH did not proceed even at elevated temperatures
(100°C). At 60°C, higher conversions of phenylalkenes were obtained with the use
of complex II than in the case of complex I (Table X). The increase of the tempera-
ture to 100°C did not result in the case of catalyst II in the higher yield of trans-
-1-triisopropylsilyl-2-phenylethylene compared to the reaction catalysed by complex I
(Table II).

EXPERIMENTAL

Compounds Used

Diethylmethylsilane and diisobutylsilane were prepared by reported procedurels. Diisopropyl-
silane and triisopropy!lsilane were obtained from CH;SiHCI, or HSiCly and isopropylli(hium”.
Tri-tert-butylsilane was synthesized by condensation-reduction reaction of t-C,HgLi with tetra-
fluorosilane'®. The above organosilicon hydrides, the purity of which was verified by gas chro-
matography, were redistilled under argon prior to using. Styrene stabilized by hydroquinone
(Kauduk, Kralupy n/VIt.) was washed with 15% sodium hydroxide solution and by water until
neutral reaction on pH indicator. After drying with calcium(I!) chloride it was rectified on a 20Tp
adiabatic column under reduced pressure under argon. Fraction boiling 45-5—45:7°C/2-67 kPa
was collected. 2-Phenyl-1-propene (Kautuk, Kralupy n/VIL.) was purified in the same way as
styrene. trans-1-Phenyl-1-propene (Ega-Chemie, GDR) was distilled under argon. [RhCI.
A{P(CgHs)3}3] and [RhCI{P(C4Hy), )51, (ref.'?), along with [{RhCI(C,H,),},] (ref.2%21)
were prepared by reported procedures, as indicated. Chloroplatinic acid (hexahydrate, Kovo-
huté Vestec) was used as obtained.

Organosilicon Products

Organosilicon products of the reaction of styrene, 2-phenyl-1-propene and trans-1-phenyl-1-pro=
pene with diethylmethylsilane were obtained from the reaction mixture after distilling-off the
starting compounds and and benzene under reduced pressure with the aid of preparative gas
chromatography (Chrom 3 instrument). Isolation of the products of the reaction of the above
compounds was made on a column (2-4 m X 6 mm) packed with 8:4% phesnyl methy! silicone
Oil on Chromaton N (0-20—0-25 mm particle size) at 160— 170°C. The products of the reaction
of styrene with diisopropylmethylsilane were isolated on a column (3-6 m X 6 mm) filled with
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49, poly(ethylene glycol adipate) (PEGA 1500) on unglazed porous tiles (0-2—0-3 mm particle
size). The products of the reaction of styrene with diisobutylmethylsilane and triisopropylsilanc
were obtained with the use of a column (3:6 m X 6 mm) packed with 129 silicone clastomer
E 302 (ICI Ltd., England) on Chromaton N AW (0:2—0:25 mm).

Identification of organosilicon products was made by elemental analysis and by "H-NMR
spectra (a HA spectrometer, 100 MHz) using 1095 solutions of the compounds in deuterio chloro-
form. Chemical shifts are given in §, tetramethylsilane was used as internal reference.

1-Diethylmethylsilyl-1-phenylethane. For Si;C,3H,, (206-4) calculated: 75-58%; C, 10-74%, H;
found: 75-51% C, 10-61% H. 'H-NMR spectrum: 7-29 (m) — CgHgs, 1'5(d), J == 10 Hz —C4Hg.
.CCHj, 2:53 (q), J = 10 Hz —C¢H;CH, 0-5 (m) —SiCH,, overlap with SiC, H;.

2-Diethylmethylsilyl-1-phenylethane. For Si;C,3H,, (206-4) calculated: 75-50% C, 10-74%; H;
found: 75:75% C, 10-72% H. 'H-NMR spectrum: 7-:32 (m) —CgHs, 251 (1), J = 3 Hz —CgHs.
.CH,, (1) —CH,Si, overlap, 0:92 (s) —SiCHj.

trans-2-Diethylmethylsilyl-1-phenylethylene. For Si;C 3H,o (204:4) calculated: 76:39% C,
9:86% H; found: 76:21% C, 9-85% H. 'H-NMR spectrum: 7-33 (m) —CgHs, 6:22(d), J =
= 20 Hz —CgHgCH, 673 (d), J = 20 Hz —CgHsCHCH, 0-5(m) —SiCHj, overlap with
SiC,H;.

1-Diisopropylmethylsilyl-1-phenylethane. For Si; C, sH, 4 (234-5) calculated: 76:84%,C,11-98%, H
found 76:79% C, 11-93%; H. YH-NMR spectrum: 7-3 (m) —C4Hs, 475 (q), J = 95 Hz —CgHjy.
.CH, 1-2(d), J = 11 Hz —CHCHy3, 101 (m) -i-C3H,, 0-08 (s) —SiCH;.

2-Diisopropylmethylsilyl-1-phenylethane. For Si;C,;sH,s (234-5) calculated: 76:-84% C,
11-98% H; found: 76:90% C, 12-01% H. ' H-NMR spectrum: 7-3 (m) —CgHjs,2:65(1),J = 3:5 Hz
—CgHsCHy, 10 (deg. m) —CH,Si + i-C3H,, 0:5 () —SiCH.

trans-2-Diisopropylmethylsilyl-1-phenylethylene. For Si C,sH,, (232:4) calculated: 77-51%; C,
11-41% H; found: 77-60% C, 10-40% H. 'H-NMR spectrum: 7-37 (m) —C¢Hs, 6:41(d), J =
= 19 Hz —C4¢H4CH, 681 (d), J = 19 Hz —CH==CHSi, 1-01 (deg. m) -i-C3H, 0-4 (s) —SiCHj;.

1-Diisobutylmethylsilyl-1-phenylethane. For Si; C;H3q (262-5) calculated: 77-78Y; C, 11-:52% H;
found: 77-61% C, 11-50% H. 'H-NMR spectrum: 7-21 (m) —CgHg, 2:29(q), J= 75 Hz
—CgHsCH, 1:76 (h), J = 6:5 Hz —CH(CH3),, 1'39(d), J = 7'5 Hz —C¢H;CHCH,, 092 (d),
J = 7Hz —SiCH,CH(CHj,),, 0-56 (d), J = 6 Hz —SiCHj, 01 (s) —SiCHj.

2-Diisobutylmethylsilyl-1-phenylethane. For Si) C 7Hz3q (262-5) calculated: 77-78%; C, 11-52%; H;
found: 77-57% C, 11-43% H. 'H-NMR spectrum: 7:18 (m) —CgHg, 2:61 (1), J == 3-5 Hz—C4Hs.
.CH,, 176 (h), J = 65 Hz —CH(CHy),, 0:97 (d), J = 6:5 Hz —CH(CH3),, 09 (1) — overlap
SiCH,CH,, 0-61 (d), J 65 Hz —SiCH,CH, 0-07 (s) —SiCH .

trans-2-Diisobutylmethylsilyl-1-phenylethylene. For Si,C;,H,g (260-5) calculated: 77-51%; C,
10-41% H; found: 77-62% C, 10-329; H. H-NMR spectrum: 7-28 (m) —CgHjs, 6:84 (d), J =
= 19-7 Hz —CH==CHSi, 639 (d), J = 19-5 Hz —C¢HsCH, 1-78 (h), J = 6:3 Hz —SiCH,.
.CH(CHj,),, 0-91 (d), J = 6-8 Hz —CH(CHj;),, 062 (d), J = 6:9 Hz —SiCH,, 0-14 (s) —SiCH.

trans-2-Triisopropylsilyl-1-phenylethylene. For Si;C ,H,g (260-5) calculated: 77-51% C,
10:41% H; found: 77-79% C, 10-78% H. !H-NMR spectrum: 7-32(m) —C¢Hj, 6:98(d), J =
= 19:2 Hz —CH==CHSi, 635 (d), J = 19-3 Hz —C4HCH, 1-1 (deg. m) -i-C3H;.

1-Diethylmethylsilyl-2-phenylpropane. For Si;Cy H,, (220-4) calculated: 76-287; C, 10:97%; H;
found: 75-98% C, 10-81% H. *H-NMR spectrum: 7-21 (m) —CgHs, 2:88 (), J = 7 Hz —C¢Hj.
CH, 131 (d), J = 6:8 Hz —CgHsCHj, 0:92 (m) —SiCH,CHj;, 082 (s) —CgHsCHCH,Si,
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0-43 (m) —SiCH,CHy, 018 (s) —SiCH,. '3C-NMR spectrum: & = 128-26; 126:57; 12579 —
(0-, m-, p-CH), § = 150:09 (C ipso), 6 = 3626 (CqHsCH), & = 26:51 (C4HsCHCH,), & =
= 23-39 (CHCH,Si), 6 = —5:59 (SiCH}), & = 5:59 (Si(CH,CH,), § = 7-28 —(SiCH, CHj,).

1-Diethylmethylsilyl-2-phenyl-1-propene. For Si,C,4H,, (2184) calculated: 76:11% C,
10:15% H; found: 75-77% C, 10-04% H. '"H-NMR spectrum: 7-31 (m) —CgHs, 5:82 (s) —CHSi,
2:21 (s) —C4HsCCH,, 0498 (d), J = 13-9 Hz —SiCH,CH3, 0:74 (m) —SiCH,, 015 (s) —SiCHj.

3-Diethylmethylsilyl-2-phenyl-1-propene. For Si,C,,;H,;, (218'4) calculated: 76:11% C,
10-15% H, found: 75:82% C, 10-11% H. 'H-NMR spectrum: 7-26 (m) —CgHs, 498(d), J =
22:5 Hz —CHy==CCgHy, 2:02 (s) —CCH,Si, 0-85 (m) —SiCH,CH3;, 0-44 (m) —SiCH,CHj,
—0-18 (s), —SiCHj.

2-Diethylmethylsilyl-1-phenylpropene. For Si C, H,4 (220-4) calculated: 76:28%,C, 10-97%,H;
found: 75-95% C, 10-919% H. 'H-NMR spectrum: 7-1 (m) —CgHs, 1:87 (deg. m.) —C4Hs.
.CH,CH, 0-83 (deg. m) —CCHj, 0-51 (m) —SiCH,, —0-1 (s) —SiCHj.

1-Diethylmethylsilyl-1-phenylpropene. For Si, C,  H;,, (220-4) calculated: 76:28%; C, 10:97%; H;
found: 75:61% C, 10-8% H. 'H-NMR spectrum: 7-18 (m) —CgHs, 2:63 (1), J = 3:5 Hz —C¢Hs.
.CH,, 1-64 (m) —CgHsCH,CH,, 091 (deg. m) —CH,CHj;, 0-52(m) —SiCH,, —0-09 (s)
—SiCHj.

All experiments were carried out in scaled ampoules with degassed reactants and solvent.
The ampoules were heated in a thermostated bath and shaken with a mechanical vibrator. After
completion of the reaction, the ampoules were cooled by dry ice and analysed by gas chromato-
graphy (a thermal ionisation detector, 9% phenyl methyl silicone oil DC 550 (Becker, GFR)
on Chromaton N (0:2 mm). The column temperature was increased at a rate of 3°C/min from
80 to 170°C. Isomerisation of organosilicon compounds was followed under the same conditions
as hydrosilylation. It was found that within experimental errors the isomerisation of organosilicon
products does not take place. -~ .
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