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Triphenylsilylpotassium and triphenylsilyllithium have been found to add to the olefinic linkage of 1,l-diphenylethylene 
and of triphenylethylene. No addition occurred, under corresponding conditions, to tetraphenylethylene and to a variety of 
aliphatic and alicyclic olefins. For comparison purposes, triphenyl-( 1,l-diphenylethy1)silane and triphenyl-( 1, lJ2-triphenyl- 
ethy1)silane were synthesized by metalation of triphenyl( diphenylmethy1)silane with n-butyllithium and subsequent treat- 
ment with methyl sulfate and benzyl chloride, respectively. 

It has been reported recently that triphenyl- 
silylpotassium (I) adds to the carbon-carbon double 
bond of trans-stilbene' to  give triphenyl-( 1,2- 
diphenylethy1)silane (11). In  addition t,o 11, a 

variety of other compounds of higher molecular 
weight was isolated from the reaction of trans- 
stilbene with triphenylsilyllithium2 (111). 

As an extension of these studies, the addition 
of triphenylsilyl-metallic compounds to other ole- 
fins has now been investigated. I and I11 were 
found to add to 1,l-diphenylethylene. In  correspon- 
dence with the addition products of other organo- 
alkalimetal compounds to  this ~ l e f i n , ~  the structure 
of triphenyl-(2,2-diphenylethyl) silane (IV) is as- 
signed to  the product obtained from both reactions 
in high yields. 

Compound IV was also obtained from the re- 
action of 1,l-diphenylethyl chloride with tri- 
phenylsilylpotassium. 1,l-Diphenylethyl chloride 
has been reported to  dehydrohalogenate quite 
readily to form 1,l-di~henylethylene.~ A similar 
course of reaction might have taken place in its 
reaction with I, as a result of which IV might have 
formed from the addition of excess I to  the 1,l- 
diphenylethylene formed in this manner. 

As I and I11 had been found to  add to benzo- 
phenone in a reverse manner,6 giving rise to a 
product in which the silicon atom is bonded to the 
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(2) A. G. Brook, K. M. Tai, and H. Gilman, J .  Am. 

(3)  K. Ziegler and K. Bahr, Ber., 61, 253 (1928). 
(4) C. S. Schoepfle and J. D. Ryan, J .  Am. Chem. SOC., 

52,4021 (1930). 
( 5 )  H. Gilman and T. C. Wu, J .  Am. Chem. Soe., 75, 

2935 (1953); H. Gilman and G. D. Lichtenwalter, J .  Am. 
SOC., 80, 607 (1958). 

oxygen, a second possible mode of addition of I 
and I11 to 1,ldiphenylethylene has to be consid- 
ered: namely, the formation of triphenyl-(1,l- 
diphenylethy1)silane (V) by the addition reaction. 
In  order to throw light on these reactions, it seemed 
desirable to  synthesize IV and V by independent 
met hods. 

Organolithium compounds have been reported 
to add to the olefinic linkage of triphenylvinyl- 
silane.6 The corresponding reaction of phenyl- 
lithium with triphenyl-p-styrylsilane mas investi- 
gated in the hope of synthesizing compound IV in 
this manner. However, no addition took place. 
Instead, tetraphenylsilane was isolated from the 
reaction mixture, apparently formed by a displace- 
ment reaction. An analogous transformation has 
C6HsCH=CHSi( C&)3 f C&&i ---f 

(C6Hs)&i -k C6H5CH=CHLi 

been reported in the reaction of n-butyllithium 
with triphenyl(phenylethyny1)silane.' 

The metalation of beneyltriphenylsilane' by 
n-butyllithium had been reported to occur in the 
side chain. A similar reaction was expected with 
triphenyl(diphenylmethy1)silane. When the latter 
compound was metalated with n-butyllithium in 
a mixture of tetrahydrofuran and ether and sub- 
sequently treated with methyl sulfate, V was iso- 
lated in a 58% yield. The compound mas shown to 
be unlike the addition compound IV. 

(c6H&SiCH(C6H& _____f (C&)BiCLi( c6H.i)~ 
+ n-GHoLi 

(CsH6)8iC( CGHS)PCHZ( C6Hs) ( C ~ H ~ ) ~ S ~ C ( C H ~ ) ( C B H ~ ) ~  

Molecular rearrangements excluded, I and I11 
might be expected to  add to  1,l-diphenylethylene 
in a 1,2- or a 2,l-manner. As structure V has been 
excluded, the addition compound very probably 
has structure IV. 

VI v 

(6) L. F. Cason and H. G. Brooks, J .  Org. Chem., 19, 
1278 (1954); J .  Am. Chem. Soc., 7 4 ,  4582 (1952). 

(7) H. Gilman and H. Hartzfeld, J .  Am. Chem. SOC., 73,  
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SOC., 70, 2872 (1948). 



APRIL 1960 ADDITION OF SILYMETALLIC COMPOUNDS 597 

Triphenylsilyllithium also added smoothly to  EXPERIMENTAL' 
triphinylethylene. The addition may have taken 
place in a 1,2- or a 2,1-manner. Triphenyl-(l,l,2- 
triphenylethy1)silane (VI) was synthesized by 
metalation of triphenyl (diphenylmethy1)silane with 
n-butyllithium and subsequent treatment with 
benzyl chloride, and was shown to be unlike the 
addition compounds. In  correspondence with the 
related addition of 2-phenyl-2-propylpotassium to 
9-benzylidenefluorene,* the structure of triphenyl- 
(1,2,2-triphenylethyl)silane (VII) is assigned to 
the addition product of I11 to triphenylethylene. 

111 4- ( GH~)&=CHCGH~ + 
(C,H&SiCH(Ca,)CH( 

VI1 

No addition product was isolated from the re- 
action of I or 111, under corresponding conditions, 
with tetraphenylethylene. Triphenylsilylpotassium 
also did not add to a variety of aliphatic and ali- 
cyclic olefins (see Table I). 

TABLE I 
REACTION OF TRIPHENYLSILYLPOTASSIUM WITH OLEFINS 

Yield 
of 

Pure 
Reac- Tri- 

Time, silanol, Other Products 
tion phenyl- 

Olefin hr. % Isolateda 

n-Octene- 1 
n-Octene- 1 

n-Dodecene-1 
n-Dodecene-1 

n-Hexadecene-1 
n-Octadecene-1 
Cyclohexene 
Cyclohexene 
1-Methylcyclo- 

pen t,ene 
1,l-Diphenyl- 

ethylene 
Tetraphenyl- 

ethylene 
Te t,raphenyl- 

ethylene 
1,4-Diphenyl- 

butadiene-1,3 
Ag*g'-Bifluorene 

96b 
48' 

72b 
48' 

24b80 
24b*e 
4Sd 
48b 
48b 

3 b  

5 d  

3b 

63 
25 

78 
21 

86 
89 
87 
66 
72 

74 

52 

42 

R,Si, 24% 
(R1Sih0, 22% 

R4Si, 36% 
(RiSi)zOJ 20% 

Adduct, 42% 

R2C=CRs, 70% 

R2C=ChJ 74% 

R3SiSiR, 12% 

Tars 

a R represents a phenyl group. * The excess alloy present 
after the preparation of triphenylsilylpotassium was removed 
by the amalgamation procedure. See ref. 10. 1,2-Dimeth- 
osyethane was used as a solvent. Excess alloy was present 
in the system. e Dr. K. M. Tai (unpublished studies) treated 
RISiK with these olefins in a 1,2-dimethoxyethane and ob- 
tained 30% of R4Si, 28% of R&OH and 30% of (R&3i)20 
from n-heusdecrnr-1, while n-octadecene-1 gave 32%) of 
R&, 17y0 of R3SiOH and 42y0 of (R3Si)*O (R is a phenyl 
group). 

(8) K Ziegler, F Crossmann, H. Kleiner, and 0. Schafer, 
A n n . ,  473, 1 (1929). 2-Phenyl-2-propylpotassium did not 
add to triphenylethylene. 

~ . _ _  

Triphenyl(b,%-dipheny1ethyl)siEane. A .  From triphenylsilyl- 
potassium and 1 ,l-diphenylethylene. A triphenylsilylpotas- 
sium suspension was prepared in ether by cleaving 0.01 mole 
of hexaphenyldisilane according to a described procedure. 
The excess alloy was removed by the amalgamation 
method.10 The triphenylsilylpotassium suspension so oh- 
tained was added to 3.6 g. (0.02 mole) of 1,l-diphenyl- 
ethylene dissolved in 20 ml. of ether. Some heat was evolved, 
the reaction mixture became deep red and finally dark 
bronyn. After 2 hr. of stirring a t  room temperature, the mix- 
ture was hydrolyzed. The ethereal solution was dried over 
sodium sulfate and the solvent removed by distillation. 
The gummy residue gradually solidified on standing. Re- 
crystallization three times from ethanol gave 3.5 g. (42Yc) 
of triphenyl(2,2-diphenylethyl)silane as lustrous plates, 
melting a t  106-108". 

Anal. Calcd. for Ca2HzsSi: Si, 6.37. Found: Si, 6.43, 
6.45. 

B. From triphenylsilyllithium and 1,1-diphenylethylene. A 
solution of 0.0122 mole of triphenylsilyllithium11 in tetra- 
hydrofuran was added to 2.2 g. (0.0122 mole) of 1,l-di- 
phenylethylene. A deep red color developed immediately 
and heat was evolved. After stirring for 30 minutes a t  room 
temperature, the mixture was hydrolyzed. From the organic 
layer, after drying with sodium sulfate and removal of the 
solvent by distillation, an oily residue was obtained which 
slowly solidified. Recrystallization from a mixture of ethanol 
and benzene gave two crops of triphenyl( 2,2-diphenylethyl)- 
silane, 3.5 g., m.p. 105-107', and 0.8 g., m.p. 103-106'. 
Recrystallization from the same solvent pair raised the 
melting point to 107-108O. The yields was 80%. 

C. From triphenylsil ylpotassium and 1,l -diphenylelhyE 
chloride. A solution of 4.3 g. (0.01 mole) of 1,l-diphenylethyl 
chloride (supplied by the Techniservice Co., Xew York, 
N. Y.) in 20 ml. of ether was added, within a period of 2 
min., to an amalgamated suspension of 0.02 mole of tri- 
phenylsilylpotassium.1~ The reaction mixture became 
brownish-red and some heat was evolved. After 2 hr. of 
stirring, Color Test 112 became negative. The reaction mix- 
ture was hydrolyzed and filtered to separate 1.1 g. of hexa- 
phenyldisilane, m.p. 365-368", identified by mixed melting 
point. The ethereal solution was dried and the solvent 
removed by distillation. The residue was recrystallized twice 
from ethanol to give 4.1 g. (4774,) of shiny crystals, m.p. 
106-107". A mixed melting point with triphenyl(2,2- 
diphenylethy1)silane was not depressed. The infrared spectra 
of these two products were identical. 

D. From triphenyl-p-styryluilane and phenyllithium. (At- 
fentpfed) .  A solution containing 0.002 mole of phenyllithium 
in tetrahydrofuran, prepared according to a reported pro- 
cedure,13 was added to 0.5 g. (0.00138 mole) of triphenyl- 
8-atyrylsilane. The deep red solution soon turned brown. 
After stirring for 2 hr. at room temperature, the mixture 
was hydrolyzed, some ether was added, and the solvent 
removed from the dried organic layer. The pale yellow 
residue was chromatographed on alumina. The product 
eluted with petroleum ether (b.p. 60-70') was recrystallized 

(9) All melting points are uncorrected. Reactions involv- 
ing organometallic compounds were carried out in an atmos- 
phere of dry, oxygen-free nitrogen. Silicon analyses were 
carried out according to the procedure of H. Gilman, 
H. R. Melvin, Jr., and G. E. Dunn, J. Am. Chem. Sac., 72, 
5767 (1950). 

(10) H. Gilmm and T. C. Wu, J .  Orq. Chem., 18, 753 
(1953). 

(11) H. Gilmnn and G. D. Lichtenwalter, J .  A m .  Chzm. 
Sac., 80, 608 (1958). 

112) H. Gilman and F. Schuhr. J .  Am. Chem. Soc.. 47. 
. I  

?Ob2 il925). 

(1957). 
(13) H. Gilman and B. J. Gaj, J. Org. Chem., 22, 1165 
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from a mixture of benzene and ethanol to give 0.18 g. (39%) 
of tetraphenylsilane, m.p. 230-233', identified by mixed 
melting point and infrared spectra. No other product was 
isolated from the mother liquor. 

Triphenyl(1 ,ldiphenylethyE)silane. An ethereal solution of 
0.015 mole of 7cbutyllithium14 was added at once to a solu- 
tion of 5.0 g. (0.012 mole) of triphenyl(diphenylmethy1)- 
silane, dissolved in 25 ml. of tetrahydrofuran. Heat was 
evolved and the solution turned deep red immediately. 
After stirring for 40 min. a t  room temperature, an excess of 
methyl sulfate was added. The color of the solution was 
discharged inunediately. Hydrolysis and the usual work-up 
of the organic layer gave an oily residue, which gradually 
solidified. Two recrystallizations from a mixture of benzene 
and ethanol gave 3.0 g. (58%) of triphenyl(1,l-diphenyl- 
ethyl)silane, m.p. 193-195". 

Anal .  Calcd. for C32H&i: Si, 6.37. Found: Si, 6.34, 6.47. 
Triphenyl(1,2,Gtriphenylethyl)silane. A solution of 0.020 

mole of triphenylsilyllithium11 in tetrahydrofuran was added 
with stirring to 5.12 g. (0.020 mole) of triphenylethylene. A 
deep red color developed immediately and heat was evolved. 
After stirring for 1 hr. at room temperature, the mixture m-as 
hydrolyzed. Subsequent to the usual work-up of the organic 
layer, an oily residue waa obtained, which partially solidified. 
Two recrystallizations from a mixture of benzene and 
ethanol gave 6.4 g. (620j0) of triphenyl( 1,2,2-triphenylethyl)- 
silane, m.p. 171-172'. 

Anal .  Calcd. for CasHszSi: Si, 5.45. Found: Si, 5.42, 5.59. 
Triphenyl( 1,l ,d-triphenylethy1)silane. An ethereal solution 

of 0.015 mole of n-b~tyllithiuml~ was added a t  once tro a 
solution of 5.0 g. (0.012 mole) of triphenyl( diphenylmethy1)- 
silane, dissolved in 25 ml. of tetrahydrofuran. After stirring 
for 40 min. a t  room temperature, an excess of benzyl chloride 
was added. The color of the solution was discharged after a 
few minutes. Hydrolysis and the usual work-up of the organic 
layer gave a yellow oil, which partially solidified on standing 
with 10 ml. of petroleum ether (b.p. 60-70"). The crystalline 
product was recrystallized t,hree times from a mixture of 
benzene and ethanol to give 1.5 g. (25%) of triphenyl- 
(1,1,2-triphenylethyl)silane, m.p. 198-200'. 

Anal .  Calcd. for CasHarSi: Si, 5.45. Found: Si, 5.58, 5.60. 

(14) H. Gilman, J. A. Beel, C. G. Brannen, M. W. Bul- 
lock, G. E. Dunn, and L. S. Miller, J. Am. Chem. SOC., 71, 
149'3 (1949). 

Reaction of triphenylsilyllithium with tetraphenylethylene. 
A solution of 0.015 mole of triphenylsilyllithium in tetra- 
hydrofuran was added to 5.0 g. (0.015 mole) of tetraphenyl- 
ethylene. Apparently no reaction took place. The mixture 
was stirred for 6 hr. a t  room temperature, at n-hich time the 
solution had turned deep brown. After stirring for one addi- 
tional hour a t  50', the mixture was hydrolyzed with dilute 
acid. The work-up of the organic layer gave oily crystals, 
which were washed with 25 ml. of petroleum ether (b.p. 
60-70') and recrystallized from ethyl acetate to give 4.2 g. 
(847,) of tetraphenylethylene, m.p. 222-224' (mixed mclt- 
ing point). The filtrate was chromatographed on alumina. 
With petroleum ether as an eluent, 2.2 g. (560j0) of triphenyl- 
silane was obtained, m.p. 43-45' (after recrystallization 
from methanol). 

Attempted reactions of triphenytsilylpotassium with other 
olefins. All reactions were carried out in the same mrlnner. 
The triphenylsilylpotassium suspension was mixed with an 
equimolar amount of the olefinic compound and the mix- 
ture stirred for a certain period of time. Then water was 
added, the layers separated, the organic layer dried, and 
the solvent removed. The residue was recrystallized from 
petroleum ether (b.p. 60-70") to give triphenylsilanol as the 
chief product. The results are given in Table I. In two 
experiments using 1,2-dimethoxyethane as the solvent in 
place of ether, a mixture of tetraphenylsilane and hexa- 
phenyldisiloxane also was obtained. 

In the reaction of A8i'J'-bifluorene with triphenylsilyl- 
potassium in ether, heat was evolved and the reaction mix- 
ture became very dark. The work-up gave a tar-like material, 
from which no pure product has been isolated. 
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N-Trimethylsilylpyrrole has been synthesized by the reaction of potassium pyrrole and trimethylchlorosilane and by an 
exchange reaction between hexamethyldisilazane and pyrrole. N-Trimethylsilylpyrrole has been found to be stable in 
ethanol; however, it  undergoes cleavage to  pyrrole and silicon derivatives (trimethylsilanol, hexamethyldisiloxane, or tri- 
methylethoxysilane, depending upon the conditions of the reaction) in boiling water and in refluxing aqueous ethanol. 
The cleavage reaction is catalyzed by either acid or base. N-Trimethylsilylpyrrole undergoes decomposition when heated 
in a sealed tube a t  225'. No evidence for the formation of 2-trimethylsilylpyrrole in this reaction could be obtained. Infrared 
spectra are given for N-trimethylsilylpyrrole and tetrapyrrylsilane. 

Although a number of compounds containing the heterocyclic system. In view of the known suscep- 
silazane linkage are known, there appears to be no tibility of the silazane linkage to cleavage by water, 
reported study of the stability of such a linkage in alcohols, and other reagents,2 this investigation 
which the nitrogen of the silazane is in an aromatic has been directed toward preparation of such a 

(1) This work was supported by a Frederick Gardner compound and a study Of its cleavage reactions. 
Cottrell grant from Research Corporation. Silaeane compounds undergo solvolysis and 


