
JULY 1961 ALKYLATIOS O F  TRIPHEKYLSILYLLITHIUiCI 2471 

[C/OXTRIBCTION BROXI THE CHEMIClL LABORATORY OF I O W A  S T 4 T E  UUIVERSITY] 

Alkylation of Triphenylsilyllithium with Trialkyl Phosphates 

HENRY GILMAN AND BERNARD J. GAJ 

Received November 88, 1960 

High yields of methyl-, n-butyl- and isobutyltriphenylsilane were obtained from the equimolar reactions of triphenyl- 
vlyllithium with the respective trialkyl phosphates. The 3 : 1 reaction of triphenylsilyllithium with tri-n-butyl phosphate 
gave n-butyltriphenylsilane, hexaphenyldisilane, hexaphenyldisiloxane, 4-triphenylsilglbutanol and triphenylsilanol when 
forced conditions were employed. A. possible mechanism for the formation of these products has been proposed. 

I n  1915 Michaelis and Wegner,l while attempting 
to prepare the phenyl ester of diphenylphosphinic 
acid via the reaction of phenyl dichlorophosphinate 
with phenylmagnesium bromide, obtained an un- 
cpecified yield of triphenylphosphine oxide. Not 
only were the chlorine atoms displaced by the Gri- 
gnard reagent, but the phenoxide group as well. 
Similar displa6ements of -0-R groupings from 
triphenyl phosphite, trjphenyl phosphate, and tri-p- 
caresyl phosphate by phenylmagnesium bromide 
have also been observed.2 

The reaction, however, is not limited to aryl 
esters of this type, but appears to  be quite general 
for compounds having either alkyl or aryl groups 
attached through oxygen to  phosphorus. To illus- 
trate, trialkyl phosphates,384 trialkyl phosphite~,~-O 
dialkyl p h o s p h i t e ~ , ~ $ ~ - ~ ~  alkyl, and aryl5 phos- 
phonates and phosphoro~hloridates,~~~~~~5 have all 
been found to undergo similar displacements when 
treated with organometallic compounds. 

Triphenylsilyllithium, on the other hand, reacted 
with tri-n-butyl phosphate in tetrahydrofuran to  
give an 83.5% yield of n-butyltriphenylsilane, the 
alkylation product16: 
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Alkylation reactions involving alkyl sulfates and 
sulfonates with Grignard reagents are well known1' ; 
however, this type of reaction has not been ob- 
served for alkyl esters of acids containing phos- 
phorus as the central element, except for the reac- 
tion involving triphenylsilyllithium and tri-n- 
butyl phosphate. This study describes further 
investigation of the scope and limitations of this 
alkylation reaction. 

It was found that triphenylsilyllithium reacts 
smoothly and promptly with trimethyl, tri-n- 
butyl, and triisobutyl phosphate in a 1:l  mole 
ratio to give methyl-, n-butyl-, and isobutyltri- 
phenylsilane in yields of 88, 97, and 87.8%, re- 
spectively. All three products were identified by 
mixed melting point determinations and infrared 
spectra. 

As it was desirable to  know whether all three 
alkyl groups of the ester could be utilized in this 
reaction, the reaction of triphenylsilyllithium with 
tri-n-butyl phosphate was repeated in a 3 :  1 mole 
ratio. The n-butyl ester was chosen for this purpose, 
because i t  gave the best yield of alkylation product 
of the three esters tested, although the yields in 
all three cases were satisfactory. 

Forced conditions were required in order to 
consume all of the organosilyllithium reagent, but 
the yield of n-butyltriphenylsilane was found to be 
only 49.5%. In  addition, hexaphenyldisilane 
(1 1.6%), hexaphenyldisiloxane (2.7%), 4-triphenyl- 
silylbutanol (6.4%), and triphenylsilanol (5.9%) 
were isolated from the reaction mixture. A check- 
run gave n-butyltriphenylsilane (51 .573 ,  hexa- 
phenyldisilane (13.8%), 4-triphenylsilylbutanol 
(4.5%), and triphenylsilanol (9.05%). 

As forced conditions (reflux and long reaction 
times) were required to  obtain a negative Color 
Test 1,18 it is apparent that the removal of the 
second and third alkyl groups from the ester is 
much more difficult than is the removal of the 
first. This is probably due to repulsion by the nega- 
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tive charge on the ester after one alkyl group 
has been removed. In  this connection, it has also 
been found that the second and third alkyl groups 
of phosphate esters arc more difficult to  hydro- 
lyze. I9 

Secondly, it is apparent that all three alkyl 
groups of the ester are not functioning as alkylating 
agents, as n-butyltriphenylsilanc was isolated in 
only 49.5 and 51.5% yields from these two reac- 
tions employing €orced conditions. The isolation 
of hexaphenyldisilane also suggests that a different 
methanism is involved in the removal of l h e  third 
alkyl group, The following reaction scheme is 
consistent with the observed results; 

2(CIJ&j3SiLi + (n-CJ&OjaPO + 
2(C&&,)sSjc,as-n f (LiO)&O)(Ocd&-n) 

(C&3s)d3i(CH&3B -I- LiOR 

The first two alkyl groups of the ester react with 
triphenylsilyllithium to form1 and n-butyltriphenyl- 
silane. Although not indicated as such, this reac- 
tion probably occurs stepwise. Triphenylsilylli- 
thium then reacts with I to give the silylphosphorus 
intermediate (11) by displacement of the n-butoxide 
group. Apparently after two of the alkyl groups 
have been removed from the ester, the steric 
hindrance around phosphorus is reduced suffi- 
ciently for the organolsilyllithium compound to 
attack the central phosphorus atom in the 
manner usually observed with compounds of this 
type. 

Subsequent cleavage of the silylphosphorus in- 
termediate (11) by tripheiiylsilyIIithium leads to the 
formatioii of hexaphenyldisilane and lithium phos- 
phite (111). Cleavages of this type have been used to 
explain the formation of hexaphenyldisilane from 
reactions of t,riphenylsilyllithium with halides of 
group V-B elements.16 Similar reactiocs involving 
silicon-s~lfur,~~ silicon-oxygen,21 and silicon-mer- 

bonds are also known. 

(19) G. hf. Rosolapoff, Or9anOph05phOrUS Compo~ntk,  
ehapt. 9, !Gley, Nem York, 1950. 

(20)  H. Gilinan and 2). Wittenberg, S. Am. Chem. Soc., 
79, 6339 (1957); D. Wittenberg, T. C. Wu, and €I. Gilman, 
J. 0:s. Chem., 23, 1898 (1958); D. Wittenberg, H. A. 
McNmcb, and H. Gilman, J .  Am. Chem. Soc., 80, 5418 
(1958). 

As care \vas taken to exclude moisture from 
these reactions, the triphenylsilanol probably was 
formed via hydrolysis of the silylphosphorus com- 
pound (XI). Connpouricis containing silicon-phos- 
phorus bonds are known to undergo ready hydrol- 

The hexaphengrldisiioxane isolated in the 
first reaction employing forced condition? was 
formed by dehydration of triphenylsilanol, and the 
4-triphenylsilylbutanol, alia cleavage of the solvent 
by triphenylsilyllithium. 24 

It would appear that steric requiremcnts of the 
triphenylsilyl group are largely responsible for the 
occurrence of alkylation in these reactions. The 
large sizc oi this anion prevent& its attack on the 
ester a t  the central phosphorus atom. Apparently 
there is not loo much difftrence, energywise, be- 
tween these two possible r ~ a c  Lions (alkylation us. 
displacement): and the more favored displacement 
reaction gives way i o  the dkyla,tion reaction when 
the organometallic cornpound is stiEciently hin- 
dered. An inwstigstioxi t o  test tlzjs hindrance 
hypothesis employing Qrjgnard reagents and 
organulithium cornpouiids is presently being eer- 
ried out. The results of this work wjll be reported 
later. 

 EXPERIMENTAL^^ 
Reactaon of triphenylsilyllzthium wzth trimelhyl phosphate 

( 1 9  j. X solution of 0.04 mole of triphenglsilyllithium~~ in 
i 5  nil. of tetrahydwfuran was added dropwise to a stirred 
solution of 5.6 g. (0.04 mole) of trimethyl phosphate in 50 
ml. of the same sulvent. Color Test 1'8 was negative irn- 
mediately after the addition WRS completed. Work-up by 
hydrolysis, addition of 100 nil. of diethyl ether, separation of 
the layers, extraction of the aqueous layer with dipthy1 ether, 
drying of the organic layer and removal of the solvents loft 
an oil which was poured on a column of dry alumina. 

121-ition with 400 nil. of peiioleixn ether (b.p. 6O-70" j gave 
7.8 g. (71 yo) of mettiyltripher13.lsilane, 1n.p. 63-65', and an 
oil which contained triphenylvilane as the main constituent, 
as evidenced by fitrong absorplion bands at 4.75 and 8.97 p 
in its infrared spectrml, chvac te  i e  of the Si-H and sili- 
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con-phenyl bond, respectively. Recrystallization of the solid 
from methanol raised the melting point to  65-86'. Theprod- 
uct was identified by the method of mixed melting points 
and by a comparison of its infrared spectrum, as a carbon 
disulfide solution, with that of an authentic sample. 

The reaction was repeated using the same quantities of 
triphenylsilyllithium and freshly distilled trimethyl phos- 
phate. Hydrolysis and work-up as in the previous reaction 
gave 9.6 g. (88%) of methyltriphenylsilane, m.p. and mixed 
m.p. 67-68', after crystallization from methanol. 

Reaction of triphen&ilyllithium with tri-n-butyl phosphate 
(1: 1). The addition of one-third of a solution of 0.04 inole of 
triphenylsilyllithium in 90 ml. tetrahydrofuran to a stirred 
solution of 3.99 g. (0.015 mole) of tri-n-butyl phosphate in 30 
ml. of the same solvent gave a negative Color Test I and 
discharged the color of the silyllithium reagent. The addition 
of another 0.0133 mole of the organometallic compound re- 
sulted in a brown solution which gave a positive Color Test I 
even after stirring for 1 hr. .4n additional 6.65 g. (0.025 mole) 
of tri-n-butyl phosphate in 30 ml. of tetrahydrofuran was 
added and the remaining triphenylsilyllithium reagent then 
was added dropwise. Color Test I became negative and the 
mixture developed a pale pink coloration. 

Hydrolysis with water, and the addition of 100 nil. of 
diethyl ether produced an emulsion which was cleared by 
the addition of a small amount of dilute hydrochloric acid. 
Work-up in the manner described for trimethyl phosphate 
gave 12.3 (97%) of n-butyltriphenylsilane, m.p. 85-87', 
identified by mixed melting point and infrared spectra. 

Reaction of Iriphenylszlyllithium with tri-n-butyl phosphate 
(3 : I )  ut reflux. Run 1 .  A solution of 0.08 mole of triphenyl- 
silyllithium in 160 ml. of tetrahydrofuran was added t o  a 
stirred solution of 7.1 g. (0.0267 mole) of freshly distilled 
tri-n-butyl phosphate in 50 ml. of the same solvent. The dark 
mixture was stirred for 2.5 hr. a t  room temperature (Color 
Test I positive), then a t  reflux for 18 hr. Hydrolysis, fjltra- 
tion, and watrhirig of the insoluble material with wat,er and 
diethyl ether left 2.2 g. of hexaphenyldisilane, 1n.p. and 
mixed m.p. 36G366'. 

The filtrate, which had a strong phosphine-like odor, was 
acidified and the aqueous layer extracted with diethyl ether. 
Removal of the solvents from the dried organic phase left an 
oily solid which mas washed with petroleum ether (b.p. 60- 
70') and crystallized from benzene to give 0.1 g. of impure 
hexaphenyldisilane, identified by mixed melting point. 

The petroleum ether extract was chromatographed on a 
column of alumina to give 12.5 g. (49.570) of n-butyltri- 
phenylsilane, 0.1 g. (2.7%) of hexaphenyldisiloxane (eluted 
with benzene), 0.1 g. of hexaphenyldisilane (total yield, 2.4 
g., 11.670), 1.7 g. (6.4%) of 4-triphenylsilglbutanol (eluted 
with ethyl acetate), and 1.3 g. (5.97,) of triphenylsilanol. 
All products were identified by mixed melting points, 

Run 2.  A solution of 0.06 inole of triphenylsilyllithium in 
70 ml. of tetrahydrofuran \vas added to  5.3 g. (0.02 mole) of 
tri-n-butyl phosphate in a mixture of 40 ml. of tetrahydro- 
furan and 30 ml. of diethyl ether, and refluxed gently for 5 

days with continuous stirring. At the end of this time, Color 
Test I was negative. Hydrolysis with 100 ml. of water and 
filtration gave 2.15 g. (13.8%) of hexaphenyldisilane, m.p. 
and mixed m.p. 363-365'. The filtrate had a strong phos- 
phine-like odor. 

Chromatographic separation of the organic layer gave 9.8 
g. (51.5%) of n-butyltriphenylsilane, map. 86-88'. (mixed 
m.p.) ; 0.85 g. (4.5%) of 4-triphenylsilylbutanol, m.p. 107- 
109' (mixed m.p. and infrared spectra); and 1.5 g. (9.05%) 
of triphenylsilanol, m.p. 152-154' (mixed m.p.). 

Reaction of triphenylsilyllithium with triisobutyl phosphate 
( 1 : 1) Run 1. A mixture of 0.06 mole of triphenylsilyllithium 
and 16 g. (0.06 mole) of triisobutyl phosphate27 in 170 ml. of 
tetrahydrofuran gave, after the initial heat of reaction had 
diesipated, a negative Color Test I. The pink solution was 
hydrolyzed with 50 ml. of half-saturated ammonium chloride, 
and 100 ml. of diethyl ether TI"S added. Drying of the sepa- 
rated organic layer followed by removal of the solvents and 
boiling of the residue with 150 ml. of absolute ethanol gave 
upon filtration 0.3 g. (2%) of hexaphenyldisilaue, m.p. 357- 
360" (mixed map.). 

The ethanolic filtrate yielded upon concentration, two 
crops of isobutyltriphenylsilane (13.75 g., 72.3%), m.p. 
75-7G0. The product was identified by a mixed melting point 
with a sample prepared from the reaction of isobutyl chloride 
with triphenylsil~llithiuin,z~ and hy infrared spectra. 

Run 1. The previous reaction was repeated using 0.04 mole 
of each reactant in 110 ml. of tetrahydrofuran. Hydrolysis 
and removal of the solvents from the dried organic layer 
was accomplished as described in Run 1. The residue was 
purified by passing it through a column of alumina as a 
petroleum ether (b.p. 80-70") solution. Removal of the sol- 
vent left 11.1 g. (87.8%) of isobutyltriphenylsilane, m.p. and 
mixed m.p. 74-76'. Elution with ethyl acetate gave, after 
crystallization from cyclohexane, 0.5 g. (4 5%) of triphenyl- 
silanol, m.p. 151-153' (mixed 1n.p.). 
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