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usual to give 10.0 g. (73%) of 3,4,5-trimethylphenol,17 m.p. 
105-107'. Sublimation afforded a polymorphic form, m.p. 
58-60', which easily went to the higher melting form on re- 
cryst,allization from Skellysolve B. 
4-Trichl.~romethyl-3,4,5-trimethyl-2,5-cyclohexadienone (IX) .- 

In a typical run, a solution of 2.72 g. of 3,4,5-trimethylphenol in 
50 ml. of carbon tetrachloride was added to a slurry of 5.32 g. of 
anhydrous aluminum chloridela in 80 ml. of carbon tetrachloride 
and 20 ml. of carbon disulfide held a t  -20 f 5". After 4.5 hr. 
at this temperature, the deep red mixture was poured on iced 

(17) K. von .4uwers and F. Wieners, Ber.,  68, 2815 (1925). 
(18) Supplied by the Ohio-Apex Division, Food Machinery and Chemical 

Corp. 

acid and worked up as usual to yield 1.2 g. (24%) of IX, as pale 
orange crystals, m.p. 113-115'. The colorless analytical sam- 
ple, m.p. 117.0-117.5° (infrared band a t  5.98 p ) ,  was obtained on 
recrystallization from Skellysolve B with little loss. From 
alkaline washes of the reaction mixture, 747, of starting 3,4,5- 
trimethylphenol was recovered. In a similar run, except that 
the reaction was held a t  -20 f 5' for 30 hr., the yield of pure 
I X  was 62%, but only 11% of starting phenol was recovered. 

A n a l .  Calcd. for CloHI1Cl3O: C, 47.4; H, 4.4; C1, 42.0. 
Found: C, 47.6; H ,  4.4; C1, 41.9. 
' 

The red 2,4-dinitrophenylhydrasone, m.p. 163-165" dec., waa 
readily formed. 

A n a l .  Calcd. for ClsHlsC1,N404: N, 12.9. Found: N, 
12.8. 
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The addition of certain silicon hydrides to phenylalkenes of the formula Ph(CHz),CH=CHz (I) or PhCH= 
CH(CHZ),H (11) ( n  = 0 to 4) with chloroplatinic acid as the catalyst leads in each case to two products: A, 
Ph(CH2),+,SiMe,Y3-., and C, PhCH(SiMe,Y3-.)(CH~).+1H. Examples were studied with Y = C1, F, or 
Me3Si0 and z = 0, 1, 2, or 3. The relative amounts of A to C in each case depends upon the nature of Y and 
the values of z and n. Substituents on the phenyl group in styrene also influence the ratio of products of type A 
to type C. The H 1  n.m.r. spectra of (phenylalky1)silanes were studied. 

The addition of chlorosilicon hydrides to the double 
bond of a linear olefin is catalyzed by chloroplatinic 
acid to form n-alkylsilanes, regardless of the original 
position of the double bond in the olefin. Pentene-21 
or heptene-32 gave n-pentyl- or n-heptylsilanes exclu- 
sively. 

Certain substituted olefins formed more than one 
adduct when the olefinic double bond was conjugated 
with another double bond. For example, styrene 
formed both (1- and 2-phenylethyl)chlorosilanes3 and 
methyl acrylate formed the 2- and the 3-chlorosilyl- 
propionic esters with either chloroplatinic acid' or 
platinum on carbon4 as the catalyst. Fluorosilicon 
hydrides were found to act much like chlorosilicon 
hydrides in their addition to ~ t y r e n e . ~  The only non- 
conjugated, unsaturated compounds known to have 
made nonterminal adducts with halosilicon hydrides 
have been compounds such as cyclohexene' or methyl- 
c y ~ l o h e x e n e . ~ ~ ~  

Recently Petrov, et UZ.,~ reported that RC1,SiH (R = 
Ale or Et) with alkenylbenzenes, Ph(CH2),CH=CH2 
(n = 0, 1, and 2),  makes isomeric adducts A, Ph- 
(CH2)n+2SiC12R, and B, Ph(CH2).CHCH3(SiC12R), 
with chloroplatinic acid or platinum or carbon as 
catalysts. Trichlorosilane, on the other hand, was re- 
ported to form only terminal adducts, Ph(CH2),+nSiC13. 

In this laboratory the formation of so unexpected a 
series as B was of interest as the first examples of non- 

(1) J. L. Speier, J. A. Webster, and G. H. Barnes, J. Am. Chem. Soc., 79, 

(2) J. C. Saam and J. L. Speier, ib id . ,  80, 4104 (1958). 
(3) J. W. Ryan and J. L. Speier. J. O w .  Chem., 24, 2052 (1959). 
(4) L. Goodman, R. M. Silverstein. and H. Benitez, J .  Am. Chem. Soc., 

79, 3073 (1957). 
(5) M. F. Shostakovskii, B. A. Sokolov. A. N. Grishko, K. F. Lavrova, 

and G. I. Kagan, J .  Gen. Chem. USSR,  32, 3882 (1962): Chem. A b e t r . ,  68, 
1259 (1963). 

974 (1957). 

(6) J. C. Saam and J. L. Speier, J. Am. Chem. Soc. ,  83, 1351 (1961). 
(7) T. G. Selin and R. Wrst,  ib id . ,  84, 1863 (1962). 
(8) A. D. Petrov, E .  A.  Chernyshev, M. E. Dolgaya. Yu. P. Egorov, and 

L. A. Leites, J. Gen. Chem. USSR,  SO, 376 (1960). 

terminal addition of a chlorosilicon hydride to a non- 
conjugated terminal double bond. The addition of 
chlorosilicon hydrides to alkenylbenzenes was, there- 
fore, re-examined using chloroplatinic acid in isopropyl 
alcohol as the catalyst. 

Styrene, allylbenzene, and 4-phenylbutene-1 each 
formed two isomeric adducts with chlorosilicon hy- 
hrides and chloroplatinic acid at 100" in sealed tubes 
for 16 hr. (see Table I). The silyl group in the adducts 
was attached either to the terminal position, as in A, 
or, contrary to the paper by Petrov, et U Z . , ~  in the posi- 
tion a to phenyl, as in C [(=SiCHPh(CH2),CH3]. 
No other isomers were observed. Trichlorosilane 
formed both the A and C series of adducts. 

The formation of A was favored in every example, 
but the ratio of A/C was dependent upon the silane 
and increased in the series CMiH < C12AleSiH < 
CIMe2SiH. Dimethylchlorosilane tended most strongly 
to form A and was least influenced by tetrahydrofuran 
and by ratio of reagents. The effect of tetrahydrofuran 
during the reaction was impressive with styrene and 
trichlorosilane or methyldichlorosilane, but was scarcely 
detectable with styrene and dimethylchlorosilane. 
The use of a solvent in such a system to influence the 
ratio of products has been noted by Pike and Borchert. 
As n increased and the double bond became more iso- 
lated from the benzene ring, more of the terminal 
adduct formed in each case. 

Excess allylbenzene or 4-phenylbutene became mix- 
tures of isomers very rich in trans-1-phenylpropene or 
trans-1-phenylbutene. The formation of these isomers 
was so favored that for a time we thought the isomeriza- 
tion might be stereoselective. However, isomerization 
of the olefins with sodium on alumina gave nearly 
identical mixtures, equally favoring the trans-l- 
phenylalkenes. Haag and PineslO have shown that 
(9) R. A Pike and R C Borchert, U S Patent  2,954,390 (Sept 27, 1960) 
(10) W D Haas  and H Pines, J A m  Chem Soc , 82, 387 (1960) 



2520 MUSOLF AXD SPEIER VOL. 29 

TABLE I 
ADDITION OF SILICON HYDRIDES TO ALKENYLBENZEXES 

HzPtCla 
=SiH + Ph(CHI),CH=CHt --- =Si(CHt),+IPh + =SiCH(Ph)(CHz),CHa 

(n = 0, 1, and 2)  loo’ A C 

Olefin/hydride* 

With PhCH=CH2 
36 

1 . 8  
1 . 0  
0 .45  
0.23 

With PhCHtCH=CH2 
1 . 6  
0 . 4  

1 . 4  
0.35 

With PhCHtCH,CH=CHt 

With MesClSiH 

84/16 
85/15, 86/14c 

86/14 

100/0 
95/5 

100/0 
98/2 

Ratio’ of A/C ~ 

With MeClzSiH 

65/35 
61/39 

69/31 81/1gC 
67/33 
61/39 

100/0 
89/11 

100/0 
91/9 

With ClaSiH 

63/37 
57/43, lOO/OC 

57/43 

78/22 
67/33 

82/18 
70/30 

Molar ratio of reagents. Area ratio by vapor phase chromatography (v.P.c.). Tetrahydrofuran was added: 2 v./v. of olefin. 

sodium on alumina is a very effective catalyst for the 
isomerization of olefins to form therniodynainic niix- 
tures of isomers. Excess pentene-1 or -2 was also 
recoverable from such a reaction as a mixture of iso- 
mers. A mixture of pentenes is more easily analyzed 
than a mixture of phenylalkenes. Therefore, the 
isomers resulting from the pentenes were examined 
carefully. See Table 11. 

TA4BLE I1 
ISOMERIZATION OF PENTENES 

-V.p.c. area, %--- 
Source Pentene-1 trans-2 czs-2 

Pentene-1 + C13SiH/HtPtCle 6 64 30 
cis-Pentene-2 + Cl&3iH/HtPtCle 5 68 27 
Pentenes + t-BuOK/MezSOa 3 .1  60 2 36.9 
Pentene-1 + Na/A1tO3 1 78 21 
I a Mole % determined by S. Bank, C. A. Rowe, and A. Schries- 
heim [ J .  Am. Chem. Soc., 85, 2115 (1963)] and thought to be a t  
thermodynamic equilibrium. 

From these data we conclude that the isomerization 
of olefins during the addition reactions is probably not 
stereoselective but tends toward reaching a thermo- 
dynamically determined distribution of isomers. 

In order to see if the 1-phenylalkenes might be inter- 
mediates for the formation of series C from Ph(CH,).- 
CH=CH2, the experiments were repeated with 1- 
phenylalkenes. The results of these experiments are 
found in Table 111. 

Nearly quantitative yields of the same series of ad- 
ducts A and C as shown in Table I were again obtained, 
but the ratios of A/C were much smaller. These data 
agree with an assumption that series C results from 
addition to 1-phenylalkenes, and that the l-phenyl- 
alkenes are intermediates for the (1-phenylalky1)silanes 
even when a compound such as 4-phenylbutene-1 is 
used as the original reagent. 

Further to check into this assumption, the rate of dis- 
appearance of trichlorosilane and 4-phenylbutene-1, 
from an equimolar solution of these reagents, and the 
rate of appearance of products and 1-phenylbutene 
were determined. The data are summarized in Fig. 1. 
Xote how quickly (4-phenyl butyl) trichlorosilane formed. 
About 82y0 of the maximum amount formed within 5 
min., during which time 1-phenylbutene appeared 

TABLE 111 
ADDITION OF SILICON HYDRIDES TO 1-PHENYLALKEKES 

H2PtCls 

1000 
E S i H  + PhCH=CH(CHt),H -+ 

=Si(CHt),+tPh + =SiCHPh(CHt),CH, 
A C 

(n = 0, 1, 2, and 4 )  
V.P.C.  area 

Mole ratio, ratio, Hours 
olefin series A at -~ 

Olefin Silane silane series C looo 
PhCHZCHz MetClSiH 1 . 8  84/16 16 

MeClnSiH 1 . 8  61/39 16 
CIaSiH 1 . 8  63/47 16 

PhCHzCHCHI MeCIISiH 0.80 49/51 1 
PhCH=CHCHzCHs MetClSiH 1 . 5  43/57 2 

MeCltSiH 1 . 4  39/61 2 
CI3SiH 1 4 23/77 2 

PhCH=CH(CH*)&H3 Me2ClSiH 1 . 0  37/63 66 
MeCltSiH 1 . 0  32/68 21 
ClaSiH 1 . 0  10/90 24 

along with only 28Oj, of the final amount of the (1- 
phenylbuty1)silane. The 1-phenylbutene slowly formed 
chiefly the 1-phenylbutyl adduct. Figure 1 indicates 
that the 1-phenylalkenes are precursors for the (1- 
phenylalkyl) silanee. 

Tables I and I11 both show that the ratio of adducts 
(A/C) is determined in part by the structure of the 
silicon hydride. The effect of the structure of the sili- 
con hydride was investigated further by determining 
the ratio of the two isomeric adducts made from styrene 
with hydrides of the formulas F,SiHMea-, and (Meo- 
SiO),SiHlle~-, with J: = 0, 1, 2, and 3. The results 
of these experiments are shown in Fig. 2. 
I Experiments were also performed to see if substi- 
tuents on the benzene ring influence the ratio of type 
A to type C adducts. They do indeed, as shown in 
Table IV. 

The H1 n.m.r. spectra of compounds of the formula 
R’&CH(Ph)R (R’ = l l e  or C1; R = H, Me, Et, 
n-Pr, and n-Bu) have been examined. This examina- 
tion showed a well-resolved doublet for the phenyl 
proton absorption with a splitting constant of 2-3 C.P.S. 
(see Table V), except in the spectra of (1-phenylhexyl)- 
trichlorosilane and (1-phenylethyl)inethyldichlorosilane, 
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I30 2 30 3 30 
MINUTES 

Fig. 1.-Products from the reaction of PhCH2CHZCH=CHz and CI3SiH a t  100" with 
ClaSiCHPh(CHz)&Ha; 0, trans-PhCH=CHCH2CH3 ; Q, C13SiH. 

as catalyst, 0, Ph(CH2), SiCl3; 0( 

TABLE IV 
ADDITION OF SILICON HYDRIDES TO SUBSTITUTED STYRENES 

E S i H  + RCH=CHz &Si(CH2)2R + ESiCHRMe 
HzPtCls 

1000 A C 
--V.p.c. area ratio of A/C- 
With ClrSiH With MeClzSiH 

57/43 69/3 1 
96/4 
68/39 
68/32 72/28 

100/0 100/0 
100/0 100/0 
100/0 100/0 
100/0 64/36 

which showed only a singlet for the phenyl protons. 
The H1 n.m.r. spectra of several (phenylalky1)trimethyl- 
silanes and one (phenylalky1)methyldichlorosilane not 
having the silicon CY to the phenyl group showed no such 
phenyl proton splitting. 

It is our belief that the splitting of phenyl protons in 
(1-phenylalkyl) trimethylsilanes is sufficiently charac- 
teristic of the MerSiCHPh- group to be of diagnostic 
value. 

Discussion 
The isomerization of the alkenylbenzenes in this work 

is in agreement with previous observations explained 
recentsly in a qualitative way by Ryan and Speier." 

A 
A t C  
7 

0 . 3 1  
0 I 2 3 

X 

Fig. 2.-Y,Me8-.SiH + PhCH=CH2 -. Y,Mea-,- 
SiCH2CH2Ph + Y,Me3-.SiCHMePh: 0 = Y is OSiMea, 0 = 
Y is C1, Q = Y is F; A and C are V.P.C. areas in this ratio. 

None of these new data is contrary to the postulates of 
the mechanism previously suggested," but that  mech- 
anism is not yet adequate to explain the formation of 
only two adducts from a compound like 4-phenylbu- 
tene-1. It offers no suggestions as to how substit- 
uents on the silicon hydride or in the substituted 
styrenes should influence the ratio of adducts made in 
any case. 

Much thought on these data convinces us that more 
is required before a satisfactory explanation is possible. 

(11) J. W. Ryan and J. L. Speier, J Am Chem Sac ~ 86, 895 (1964) 
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TABLE 5' and 0.53 for the methyl protons with each peak s d i t  into a doublet 
H1 K.m.r. ABSORPTIONS OF SEVERAL (PHENYLALKYL)SILANES 

Compound HI n.m.r. absorptions' 

Me3SiCHzPhb 3 .57  dc (2 .4) ,d  8.57 8, 10.30 s 
Measi( CH,),Ph" 2 .93  s, 7.43 q, 9 .20  q, 10.03 s 
JIeFZSi( CH2)zPh 2 . 8 5 ~ , 7 . 2 8 q , 8 . 9 O s e , 9 . 8 5 t  
Measi( CH,),Ph 2 . 9 4 ~ , 7 . 4 3 t , 8 . 3 9 q , 9 . 5 2 ~ ,  10.03s  
JIeClzSi( CHZ),Ph 2 . 9 3 ~ , 7 . 4 9 t , 8 . 2 9 q , 9 . 0 8 t , 9 . 4 9 ~  
?*le3SiCHzCHPhCH3e 2.92 s, 7.16  se, 8.76 d, 9.10 d, 10.13 s 
Measi( CH2),Ph 2 .955 ,  7 . 4 7 t , 8 . 5 0 c , 9 . 5 0 t J  10 .03s  
c13Si( CH2)aPh 2.92 8, 7.44 t, 8.34 e, 8.60 s 
1leFZSiCHPhCHs 2 .89s ,  7 . 7 1 q u , 8 . 5 8 d , 9 . 9 0 t  
Me3SiCHPhCH3 2 . 9 8 d ( 2 . 4 ) ,  7 . 9 1 q u J 8 . 6 8 d ,  10 .08s  
MeC12SiCHPhCHae 2 . 7 0 ~ , 7 . 5 4 q u , 8 . 5 0 d , 9 . 4 6 ~  
MesSiCHPhCHZCH, 2 .98  d (2 .4) ,  8.24 e, 9 .14  t, 10.08 s 
Me3SiCHPh(CH2)zCH3 2 .98  d ( 2 .  O), 8.12 e, 8,25-9.00 e, 

MeaSiCHPh(CH2)&Hs 3.00 d (3 . O ) ,  8.17 e, 8 .78  e, 9 .17  e, 

CI3SiCHPh( CH2)&H3 2.83 s, 7.26 d, 7.42 d, 7.97 e, 8.75 c, 

a All absorptions are in units of r relative to tetramethylsilane 
(internal). This compound was donated by W. A. Finzel, b.p. 
97" (40 mm.), 1 2 2 5 ~  1.4912. Letters following the frequencies 
refer to first-order splitting: s, singlet; d, doublet; t, triplet; 
qu, quartet; q, quintet; se, sextet; and e, complex absorp- 
tion. Splitting constants are reported in cycles per second. 
e This compound was donated by J. W. Ryan.3 

9.13 e, 10.07 s 

10.05 s 

9 . 1 7 ~  

Experimental 
Instrumental Analyses.-Vapor phase chromatographic anal- 

yse.5 (v.P.c.) were performed either on a 4- or a 10-ft. 1/4-in. 
stainless steel column packed with 23y0 by weight Dow Corning 
200 gum on Chromosorb W. Peak areas were calculated from 
the product of the peak height and the width of the peak a t  one- 
half the height. Nuclear magnetic resonance proton spectra 
(HL n.m.r.) were obtained on a Varian Associates Model A-60 
spectrometer operating a t  a radio frequency of 60 Mc/sec. using 
pure liquids with 1 % tetramethylsilane as the internal standard. 

Preparation of Starting Materials.4-Phenylbutene-1 was 
prepared in 6693 yield by coupling benzylmagnesium chloride 
with allyl chloride; b.p. 18G181" a t  747 mm., n z 5 ~  1.5051, 
dZ5, 0.8775; lit.'2 b.p. 181.1" a t  760 mm., @D 1.50748, dZo4 
0.88153. trans-1-Phenylpropene was obtained as a by-product 
from the free-radical chlorination of n-propylbenzene by sulfuryl 
chloride; b.p. 72" a t  20 mm., n2% 1.5473; lit.13 for trans b.p. 
73.5" a t  20 mm., n2% 1.5473; lit.13 for cis b.p. 64.5" a t  20 mm., 
n% 1.5400. V.P.C. indicated this compound to be pure and its 
infrared spectrum showed the strong absorption a t  10.4 p for a 
trans-ethylenic double bond. trans-1-Phenylhexene (b.p. 130' 
at 29 mm., 71% 1.5263, d25, 0.8809; lit." b.p. 108.5-109" a t  
10 mm., 7~301.1 1.52327, d3O4 0.87923) was preparedin 49 % yield 
from the dehydration of 1-phenylhexanol (b.p. 84-86' a t  0.3 
mm., 12% 1.5026, d 2 5 ,  0.9453; lit.I5 b.p. 131-134' a t  11 m m . 9  
over A1203 a t  425". V.p.c. indicated the compound to be pure 
and its infrared spectrum showed the strong absorption a t  10.4 p 
for a trans-ethylenic double bond. In  addition to the trans 
olefin a 347, yield of isomeric phenylhexenes wm obtained, b.p. 
94-99' at, 10 mm. 

Methyldifluorosilane was prepared in 75% yield from boron 
trifluoride etherate (180 g., 1.33 moles) in ether and methyl- 
hydrogenpolysiloxane (MeHSiO), (60 g.) . 

Boron trifluoride (65 g., 0.5 mole) was passed into dry n-butyl 
ether and then sym-tetramethyldisiloxane (62 g., 0.5 mole) 
was added slowly. Essentially pure dimethylfluorosilane (72% 
yield) boiled from the solution into a cold trap. 

These products were elowly evaporated from one trap into 
another and characterized by their HI n.m.r. spectra. The spec- 
trum of methyldifluorosilane consisted of a triplet a t  r 0.31, 0.42, 

(12) D. Bryce-Smith and E. E. Turner, J .  Chem. Soc.,  1975 (1950). 
(13) R .  Y.  Mixer, R .  F. Heck, S. Winstein, and W. G .  Young, J .  A m .  

Chem. Soc., 76, 4094 (1953). 
(14) A .  Bruylants, Bull. doc. chim. Belqea, 69, 421 (1950); Chem. Abstr.,  

61, 6166 (1957). 
(15) J. W. Sparks and J. 0. Knobloch, U. S. Patent 2,671,812 (March 9 ,  

19543: C h m  Abalr.. 49, 5508 (1955). 

(coupling constant =- 1:2 c.p.5.). The siiane hydrogen appeared 
as a triplet a t  I 3.69, 4.82, and 5.95 with each peak split ink) a 
quartet (coupling constant = 1.1 c.p.5.). The spectrum of di- 
methylfluorosilane consisted of a pair of doublets at 7 0.24 and 
0.36 (coupling constant = 2.7 c.p.5.) for the methyl protons. 
The silane hydrogen appeared as a pair of septets a t  T 4.42 and 
5.29 (coupling constant = 2.7 c.p.5.). 

Pentamethyldisiloxane used in these experiments was redis- 
tilled, b.p. 85" a t  750 mm., nZ5D 1.3715, dZ54 0.7546, RD 0.3008 
(calcd. RD 0.3000). 
Bistrimethylsiloxymethylsilane was prepared in a 557, yield 

by the acid-catalyzed equilibration of hexamethyldisiloxane 
(275 g., 16.9 moles) with 2,4,6,8,10-pentamethylcyclopenta- 
siloxane (359 g., 5.97 moles); b.p. 66" a t  59 mm., n Z 5 ~  1.3800, 
dZ54 0.8136, RD 0.2847 (calcd. RD 0.2841); lit.16 b.p.  142" a t  
760 mm., n 2 0 ~  1.3818, dZo4 0.8194. 

Anal. Calcd. for C7H2202Si3: Si, 37.85; SiH, 0.449. Found: 
Si, 37.95; SiH, 0.453. 

Tristrimethylsiloxysilane was prepared in an 870 yield by the 
cohydrolysis of trichlorosilane and trimethylchlorosilane in 
isopropyl alcohol solvent; b.p. 84-87" a t  30 mm., n Z 5 ~  1.3846, 
dz54 0.846, RD 0.2767 (calcd. RD 0.2777); lit." b.p. 67-68' a t  
11 mm., n Z o ~  1.3860, dZo4 0.854. 

Anal. Calcd. for C9H2803Si4: Si, 37.88; SiH, 0.340. Found: 
Si, 37.8; SiH, 0.326. 

Other Materials Used.-Trichlorosilane, methyldichlorosilane, 
and dimethylchlorosilane were redistilled production grade 
chemicals from the Dow Corning Corp. Allylbenzene was ob- 
tained from Matheson Coleman and Bell Corp., nZ5~ 1.5107. 
Pentene-1 and cis-pentene-2 were technical grade chemicals 
(95% minimum) from Phillips Petroleum Co. Styrene was 
production grade from The Dow Chemical Co. The catalyst 
used was in the form of a 0.1 M solution of H z P ~ C ~ , . ~ H , O  in 
isopropyl alcohol. 

Addition of Methyldichlorosilane to trans-I-Pheny1propene.- 
trans-I-Phenylpropene (28.7 g., 0.243 mole), methyldichloro- 
silane (28.0 g., 0.243 mole), and 0.024 ml. of 0.1 M chloro- 
platinic acid in isopropyl alcohol were heated a t  reflux for 18 hr. 
V.P.C. showed that the reaction was then essentially complete 
and that (1-phenyl- and 3-phenylpropyl)methyldichlorosilanes 
were made with a V.P.C. area ratio of 32:68. No trace of ( 2 -  
phenylpropy1)methyldichlorosilane was detected. 

The mixture was treated with excess methylmagnesium bro- 
mide in ether in the usual manner and carefully distilled to 
give (1-phenylpropy1)trimethylsilane (24% yield over-all with a 
purity of 987,), b.p. 112' a t  35 mm., n 2 b  1.4927, dZ5, 0.8680, 
RD 0.3348 (calcd. RD 0.3323). 

Anal. Calcd. for C12H20Si: Si, 14.59. Found: 14.73. 
This compound was heated with alcoholic alkali to form n- 

propylbenzene. 
The H1 n.m.r. spectrum was typically that of an a-alkylbenzyl- 

silane showing no benzyl proton absorption, a phenyl proton 
doublet, and a methyl proton absorption split into a triplet by 
adjacent methylene protons. The (3-pheny1propyl)trimethyl- 
silane was also isolated (20% yield of 99.5% purity); b.p. 119' 
a t  36 mm., 12% 1.4839, dZ64 0.8590, RD 0.3300 (calcd. RD 0.3323); 
lit.'* b.p. 78" a t  6.5 mm., ~ * O D  1.4865, d20, 0.8664; lit.8 b.p. 56' 
a t  2 mm., n e 0 ~  1.4853, d20,0.8684. 

Anal. Calcd. for ClzHzoSi: Si, 14.59. Found: 14.89. 
The H1 n.m.r. spectrum of this compound showed the typical 

chemical shifts for the starred protons of (CH3),SiCH2*-, -CHZ- 
CHz*-CH2-, and C&CHz*-. This compound was not affected 
by hot alcoholic alkali. 

Addition of Methyldichlorosilane to Ally1benzene.-Allyl- 
benzene (35.4 g., 0.300 mole), methyldichlorosilane (34.5 g., 
0.300 mole), and 0.029 ml. of 0.1 M chloroplatinic acid in 
isopropyl alcohol were treated as above. A rapid exothermic 
reaction occurred which was apparently complete within 5 min. 
V.P.C. analysis showed the same two adducta that were formed 
from 1-phenylpropene in the ratio of 6/94. The mixture was 
carefully distilled. The lower boiling (1-phenylpropy1)methyl- 
dichlorosilane was present in too small an amount to be separated 
as a pure fraction, but the higher boiling (3-phenylpropyl)- 

(16) R. 0. Sauer. W. H. Schreiber and S. D. Brewer, J .  A m .  Chem. SOC., 

(17) F. Feher and K. Lippert, Ber. ,  94, 2437 (1961). 
(18) E. A ,  Chernyshev, M. E. Dolgaya. and Yu. P. Egorov. J .  Cen. Chem. 

88, 962, 2753 (1946). 

USSR,  98, 2829 (1958). 
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methyldichlorosilane was isolated in 70y0 yield with a purity 
above 97y0; b.p. 143' a t  20 mm., n z 5 ~  1.5090, d Z 5 ,  1.1020, RD 
0.2691 (calcd. RD 0.2709); lit.8 b.p. 114' a t  6 mm., WD 1.5105, 
d209 1.1093. 

Anal. Calcd. for CSHllCH,SiC12: neut. equiv., 116.6. 
Found: neut. equiv., 117.0. 

Addition of Trichlorosilane to Ally1benzene.-Allylbenzene 
(23.3 g., 0.197 mole), trichlorosilane (33.9 g., 0.250 mole), 
and 0.021 ml. of 0.1 M chloroplatinic acid in isopropyl alcohol 
were heated a t  reflux for 5 hr. V.P.C. analysie then showed that 
the reaction was complete and that again two products were made 
with an area ratio of 14:86, nonterminal to terminal adduct. 
The mixture was treated with excess methylmagnesium bromide. 
The products were separated and identified by V.P.C. as being 
(1-phenylpropyl) trimethylsilane and (3-phenylpropyl) trimethyl- 
silane with an area ratio of 13:87. The identification of these 
compounds was by comparison of their retention times with pre- 
viously identified samples and by treatment with hot alcoholic 
caustic. A sample of the mixture treated with hot alcoholic 
alkali formed n-propylbenzene and unchanged (3-phenylpropy1)- 
trimethylsilane in a ratio of 13: 87 measured as v.p.c. areas. 

Addition of Trichlorosilane to 4-Phenylbutene-1 .-Trichloro- 
silane (226 g., 1.67 moles) was added slowly to 4-phenylbutene-1 
(200 g., 1.51 moles) which contained 0.23 ml. of 0.1 M chloro- 
platinic acid in isopropyl alcohol a t  100" and refluxed for 3 hr. 
V.p.r,. analysis showed two adducts, with an area ratio of 21:79, 
nonterminal to terminal adduct. The solution was methylated 
with excess methylmagnesium bromide and distilled after normal 
work-up to give (1-phenylbutyl) trimethylsilane (12 % over-all 
yield of 99.57, purity), b.p. 129" a t  30 mm., nZ5D 1.4917, dz54 

0.8661, RD 0.3348 (calcd. RD 0.3323). 
Anal. Calcd. for CI3H22Si: Si, 13.61. Found: Si, 13.6. 
The H1 n.m.r. spectrum of this compound did not conclusively 

identify the structure. I t  did, however, have the normal ab- 
sorptions for C6H5*-, -C-CH$*, and (CH,*),Si- a t  7-values of 
2.98, 9.00,19 and 10.07, respectively, and contained no absorp- 
tion a t  7.38 typical of C6H&H2*-.lg The cleavage of this sample 
by alcoholic alkali is described in the last section of this paper. 
The (4-phenylbutyl) trimethylsilane was also isolated (29 % over- 
all yield of 99.5y0 purity); b.p. 146" a t  30 mm., n Z 5 ~  1.4820, 
dZ54 0.8558, RD 0.3331 (calcd. RD 0.3323). 

Anal. Calcd. for C13H22Si: Si, 13.61. Found: Si, 13.4. 
This isomer was unchanged by hot alcoholic alkali. 
The H1 n.m.r. spectrum of this compound had the typical 

chemical shifts for the benzyl and silylmethylene protons in addi- 
tion to the rather broad symmetrical absorptions of the nearly 
equivalent p- and ?-methylene protons. The physical properties8 
are b.p. 91-92' a t  3 mm., n% 1.4835, d204 0.8653. Along with 
these two adducts trans-1-phenylbutene was recovered in a 
5.8% yield with a v.p.c. purity of greater than 95%; b.p. 102" 
a t  30 mm., n Z 5 ~ ,  1.5386, dZ54 0.9011; lit.20 b.p. 197.4' a t  738 mm., 
n2O~ 1.5420, d254 0.90186. The infrared spectrum of this com- 
pound had the strong absorption a t  10.4 p for a trans-ethylenic 
double bond and V.P.C. indicated only one compound. For com- 
parison, the physical properties of cis-l-phenylbuteneZ0 are b.p. 
185.6' a t  737 mm., ~ Z O D  1.5284, d204 0.89772, and of l-phenyl- 
butene-2Z1are48.5" a t  4 mm., n Z o ~  1.5115. 

Addition of Trichlorosilane to trans-1-Pheny1hexene.-A 
solution of trichlorosilane (20.6 g., 0.152 mole), trans-l-phenyl- 
hexene (23.6 g., 0.147 mole), and 0.03 ml. of 0.1 M chloroplatinic 
acid in isopropyl alcohol was heated for 18 hr., a t  which time the 
temperature was 190". V.P.C. analysis showed two products, 
(6-phenylhexyl- and 1-phenylhexyl)trichlorosilane, with an area 
ratio of 13: 87, respectively. Distillation of the crude solution 
gave a 78% yield of (1-phenylhexyl)trichlorosilane, b.p. 80" 
a t  0.07 mm., nZ5D 1.5098, dZ54 0.8732, RD 0.2611 (calcd. RD 
0.2589) . 

Anal. Calcd. for C12H17SiC13: neut. equiv., 98.58. Found: 
neut. equiv., 98.4. 

A 13% yield of 6-phenylhexyltrichlorosilane was also isolated, 
b.p. 92' a t  0.07 mm., 72% 1.5052. 

Anal. Calcd. for C12H17SiCla: neut. equiv., 98.58. Found: 
neut. equiv., 99.4. 

(19) L. M. Jackman, "Applications of Nuclear Magnetic Resonance 
Spectroscopy in Organic Chemistry," Pergamon Press, London. 1960, pp. 
47, 52. 
(20) A. L. Henne and A. H. Matusaak, J. Am. Chem. Soc.,  66, 1649 

(1949). 
(21) W. Porell, J .  0x7. Chem., 16, 178 (1951). 

The H' n.m.r. spectrum of (1-phenylhexy1)trichlorosilane 
shows how an asymmetric center adjacent to a methylene group 
makes the methylene protons nonequivalent. The result of this 
nonequivalence was the formation of a pair of doublets at 7 

7.26 and 7.42 (splitting constants of 5 c.p.s. each). The inte- 
grated peak areas for the aliphatic protons in order of increasing 
I were 1.0:2.0:6.0:2.9. The spectrum of the 6-phenylhexyl 
isomer was quite simple, showing a phenyl proton singlet, a 
benzyl proton triplet, and a very broad single peak for the 
other aliphatic protons. The integrated peak areas of 4.9:Z.O: 
9.9, respectively, is consistent with the proposed structure. 
When these two isomers were treated with hot alcoholic caustic, 
n-hexylbenzene wa.~ obtained from the 1-phenylhexyl adduct 
while only high boiling residue was obtained from the 6-phenyl- 
hexyl adduct. 

Permethylation of (1-phenylhexy1)trichlorosilane (10.1 g., 
0.0342 mole) with excess methylmagnesium bromide in the 
usual manner gave upon distillation 5.6 g. of (1-phenylhexy1)- 
trimethylsilane (707, yield); b.p. 7&72" a t  0.2 mm., n26~ 

1.4889, dZ54 0.8631, RD 0.3343 (calcd. RD 0.3322). The H1 
n.m.r. spectrum was consistent with the proposed structure, 
giving the expected proton ratio and the phenyl proton doublet 
of an a-trimethylsilylalkylbenzene. The trimethylsilyl group 
was also cleaved by alkali to give n-hexylbenzene. 

Addition of Silicon Hydrides to Styrene .-An equimolar 
solution of styrene and tristrimethylsiloxysilane containing 

to 10-5 moles of chloroplatinic acid per mole of styrene 
was heated in a flask. The reaction proceeded smoothly to 
greater than 90% completion by v.p.c. Similar reactions were 
carried out with bistrimethylsiloxymethylsilane and pentamethyl- 
disiloxane. The area ratios of isomeric products from each 
reaction by V.P.C. were 93.7, 84: 16, and 79:21, respectively, 
(2-phenylethyl- to 1-phenylethy1)silane. 

Methyldifluorosilane (0.50 mole) was bubbled into styrene 
(52.1 g., 0.50 mole) containing 0.1 ml. of 0.1 M chloroplatinic 
acid in isopropyl alcohol a t  a temperature of 50 to 90". V.P.C. 
analysis indicated the reaction to be 58% complete with an area 
ratio of 37: 63 (2-phenylethyl- to 1-phenylethy1)methyldifluoro- 
silane. Distillation yielded the 2-phenylethyl isomer in a 207, 
yield; b.p. 191' a t  746 mm., nZ5D 1.4562, dZ54 1.058, RD 0.2570 
(calcd. RD 0.256); 1it.l b.p. 184" a t  728 mm., n z O ~  1.4600, dZo4 
1.0674. 

Anal. Calcd. for C9H12F2Si: neut. equiv., 93.14; F ,  20.40. 
Found: neut. equiv., 93.9; F, 20.4 ( % b y  n.m.r.). 

Also obtained was the 1-phenylethyl isomer in a 14% yield; 
b.p. 181" a t  746 mm., n Z 5 ~  1.4602, dZ54 1.063, RD 0.2579 (calcd. 
RD 0.256); lit.5 b.p. 178" a t  728 mm., n Z 0 ~  1.4620, dZo4 1.0668. 

Anal. Calcd. for CgH12FZSi: neut. equiv., 93.14; F ,  20.40. 
Found: neut. equiv., 94.2; F, 20.4 (% by n.m.r.). 

The structures of these isomers were confirmed by their HI 
n.m.r. spectra (see Table IV).  

Dimethylfluorosilane (2.3 g., 0.0029 mole), styrene (3.1 g., 
0.0029 mole), and 0.01 ml. of 0.1 M chloroplatinic acid in iso- 
propyl alcohol were sealed in a Pyrex tube and heated a t  100" 
for 30 min. V.P.C. analysis indicated the reaction to be greater 
than 95% complete with two isomeric products being present 
with an area ratio of 49:51, (2-phenylethyl- to 1-phenylethy1)- 
dimethylfluorosilane. 

Addition of Dimethylfluorosilane to Hexene-2.-Hexene-2 
(2.03 g., 0.024 mole), dimethylfluorosilane (1.88 g., 0.024 mole), 
and 0.005 ml. of 0.1 M chloroplatinic acid in isopropyl alcohol 
were sealed in a Pyrex tube and heated a t  100" for 18 hr. V.P.C. 
analysis indicated the reaction to be nearly complete with only 
one product. The product was methylated with methylmag- 
nesium iodide to give 1-hexyltrimethylsilane in a 12% yield; 
b.p. 65-67' a t  30 mm., @D 1.4131, dZ5( 0.7429, RD 0.3357, 
calcd. RD 0.3375; lit.22 b.p. 163" a t  760 mm., n20~ 1.4154, d20, 

0.7422. 
Very careful analysis of the permethyl derivative by a capillary 

column V.P.C. capable of resolving the 1-, 2-, and 3-hexyltri- 
methylsilanes showed only that 1-hexyltrimethylsilane was 
present. Its infrared spectrum was identical with that of an 
authentic sample of 1-hexyltrimethylsilane prepared from the 
coupling of 1-hexyllithium with trimethylchlorosilane, b.p. 161 
a t  731 mm., n Z 5 ~  1.4142, dZ5( 0.7474. 

(22 )  F. C. Whitmore, L. H.  Sommer, P. A. DiGiorgio, W. H. Strong, 
R. E. Van Strien, D.  L. Bailey, H. K. Hull, E. W. Pietrusa, and G. T. Kerr, 
J .  Am. Chem. Soc., 68, 475 (1946). 
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Addition of Trichlorosilane to 4-Phenylbutene-1, Rate Study.- 
Into each of eight 1 X 20 cm. Pyrex tubes cooled in Dry Ice 
were sealed 0.01 ml. of 0.1 Z P  chloroplatinic acid in isopropyl 
alcohol and 2.0 ml. of an equimolar solution of trichlorosilane in 
4-phenylbutene-1. The tubes were heated in a boiling water bath, 
cooled by Dry Ire, and analyzed immediately by v.p.c. The 
first tube was heated only 5 min., after which it contained little 
or no 4-phenylbutene-1, but trans-1-phenylbutene with a trace 
of another olefin which has not been identified. The successive 
tubes, each heated for a longer time, showed that the trans-l- 
phenylbutene and the unidentified olefin slowly disappeared 
as the relative amount of (1-pheny1butyl)trichlorosilane increased 
(see Fig. 2) .  

Addition of Trichlorosilane to cis-Pentene-2 and Pentene-1.- 
In  a similar manner pentene-l and cis-pentene-2 (1.00 ml.) were 
heated for 10 min. in sealed tubes a t  100" with trichlorosilane 
(0.50 ml.) and 0.0025 ml. of 0.1 M chloroplat'inic acid. Analysis 
by v.p.c. and infrared showed that all of the trichlorosilane was 
gone and that n-pentyltrichlorosilane was the only adduct. 
The distribution of isomers in the recovered olefins can be found 
in Table 11. 

Isomerization of 4-Phenylbutene-1 .-4-Phenylbutene-1 (1 0 
ml.) and 3.9 g. of 870 sodium on alumina were heated at 58" 
in a dry 20-ml. ampoule for 48 hr.  The isomerization proceeded 
smoothly but slowly. V.P.C. analysis showed the presence of four 
olefins, two of which were 4-phenyl- and trans-1-phenylbutene. 
Xinety-one per cent of the total area was due to trans-l-phenyl- 

butene. A 0.05-ml. sample of t'he mixture waa chromatogrammed 
and t'he major compound collected to give a pure fraction having 
the infrared spectrum of a trans olefin and a refractive index of 

Cleavage of (1-Phenylbuty1)trimethylsilane with Alcoholic 
Ca~stic.-~411 (phenyla1kyl)silanes in this study were treat,ed 
with alcoholic caustic t'o determine t,hose compounds containing 
a silicon attached to a position a to a benzene ring.23 (1-Phenyl- 
buty1)trimethylsilane (15.4 g . ) ,  potassium hydroxide (34.2 g . ) ,  
absolute ethanol (51 ml.), and water (3 ml.) were heated at 
reflux (108') for 22 hr. The organic layer was separated, washed 
with water, dried wit'h anhydrous sodium sulfate, and carefully 
distilled to give a 95% yield of n-butylbenzene, b.p. 185' a t  746 
mm., n Z b ~  1.4872, dZ64 0.8548. V.P.C. analysis before dist'illation 
showed that all of the (1-phenylbuty1)trimethylsilane had been 
cleaved. The infrared spectrum and V.P.C. retention time of this 
product were identical with those of an authentic sample of n- 
butylbenzene prepared by the reaction of n-butylbromide, 
bromobenzene, and sodium; b.p. 185" a t  740 mm., 12% 1.4873, 
dZ54 0.8585; lit.12 b.p. 182.9' a t  760 mm., 722% 1.48975, $04 

0 A601 7. 
The other samples mentioned in this paper were subjected 

to treatment with alcoholic caustic as here described, but the 
products were identified only by their v.p.c. retention times. 

nZ5D 1.5395. 

(23) C. Eaborn, "Organosilicon Compounds," But te raor ths  Scientific 
Publications, London, 1960, pp. 143-146. 
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The radical-chain addition of deuterium bromide to a terminal olefin, 1-deuterio-1-hexene, is a stereospecific 
reaction, 

The stereochemistry of free-radical additions of 
hydrogen bromide and deuterium bromide to olefins 
has aroused considerable interest. The interest in 
this topic has been generated by studies which have 
denionstrated that hydrogen bromide adds in a com- 
pletely trans manner to 1-methylcyclohexene, l-bromo- 
cy~lohexene,~ and l-chlorocyclohexene.4 However, in 
the similar 1-bromocyclobutene, 1-broniocyclopentene, 
and 1-bromocycloheptene systems, even though a 
preference remains for trans addition, the reactions 
are no longer conipletely stereo~pecific.~ I n  a some- 
what more complex, but still similar system, 2-bromo- 
2-norbornene, reaction with hydrogen bromide gives 
predoniinantly cis addition.6 

In acyclic systems radical additions of deuterium 
bromide to cis- and tians-2-butenes7 are stereospecific 
and trans, and hydrogen bromide additions to 2-bromo- 
2-butenes are 90-95yo trans additions, the source of 
the contaminating isomers being undetermined.8 

Since all previous studies had been constrained to 
nonterniinal olefins, the stereochemistry of additions 
to terminal olefins was investigated using l-deuterio- 

(1) This --as supported by the Directorate of Chemical Sciences, Air 

(2)  The Pennsylvania State University, 1958-19.59. 
(3) €1. L. Goerinp, P. I. hbell. and B. F. Aycock, J .  A m .  Chem. Soc . .  

(4) H. L. Goering and L. L. Sims, ib td . ,  77, 3465 (1955). 
( 5 )  P. I. Ahell and C. Chiao, tb id . ,  81 ,  3610 (1960). 
(6) N .  A .  LeBel, zb id . .  81, 623 (1960). 
(7) P. 9. Skell and R.  G. Allen, tb td . ,  81, 5383 (1959). 
( 8 )  H .  L. Goering and D. UT. Larsen, i b i d . ,  81, 6937 (1959). 

Force Office of Scientific Research, Contract No. AF 49(638)-457. 

74, 3588 (19.52). 

I-hexene and deuterium bromide. The procedure of 
Wilke and Mullerg for the synthesis of trans-l-deuterio- 
1-hexene was used with somewhat different results. 
Whereas Wilke and Muller found that the addition of 
diethylaluniinum hydride to 1-hexyne, followed by 
deuterolysis, yields trans-1-deuterio-1-hexene, in our 
hands the reaction gave varying ratios of trans-l- 
deuterio-1-hexene and 1-deuterio-1-hexyne, which were 
dependent on the reaction temperature. Addition of 
diethylaluminum hydride to 1-hexyne a t  35-45 O 
gave a 44yc yield of trans-1-deuterio-1-hexene and a 
12y0 yield of 1-deuterio-1-hexyne. When the reac- 
tion was carried out at a lower temperature (5-15'), 
a 76% yield of trans-1-deuterio-1-hexene and 10% 
yield of 1-deuterio-1-hexyne was obtained. The 1- 
deuterio-1-hexyne was removed by shaking the product 
with aqueous ammoniacal silver nitrate solution. 

and and 
C~H~--CEC-AI( CzH5)z CaHs-C-CD 

The infrared spectrumlo of the purified product was 
identical with that prepared by Wilke and lZuller.g 
Although comparison with the spectrum of cis-l-deu- 
terio-1-hexene failed to indicate the presence of this 

(9) G Wilke and H Muller, Ann , 618, 267 (1958) 
(10) E G Hoffmann, ib rd I 618, 276 (1958) 


