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I. INTRODUCTION 

The application of organosilylmetallic compounds in the 

realm of synthetic organic chemistry blossomed into maturity 

with the advent of convenient and relatively stable solutions 

12 
of orgsnosilyllithium compounds in tetrahydrofuran. ' Prior 

to this, research along these lines was limited to reactions 

involving suspensions of triphenylsilylpotassium in ethers,^ 

or unstable solutions of organosilylpotassium compounds in 

ethylene glycol dimethyl ether.^ The use of tetrahydrofuran 

as a solvent for the preparation and reactions of these ver

satile intermediates provided an incentive to initiate a broad 

end intensive study of their utility in the synthesis of a 

wide variety of so-called "custom-made" organosilicon com

pounds 

Particularly noteworthy among the more recent endeavors 

]-H. Gilman and G. D. Lichtenwalter, J. Am. Chem. Soc.. 
SO, 608 (1958). 

~H. Gilman, D. J. Petersen and D. Wittenberg, Chemistry 
and Industry. 1479 (1958). 

3r. A. Benkeser and R. G. Severson, J. Am. Chem. Soç., 
73, 1424 (1951) . 

4H. Gilman and T. C. Wu, ibid. . 73, 4031 (1951). 

5A. G. Brook and H. Gilman, ibid.. 76, 278 (1954). 

®For an interesting and informative review on organo
silylmetallic compounds, see D. Wittenberg and H. Gilman, 
Quart. Rev.. 13, 116 (1959). 



www.manaraa.com

2 

7 
in this field is the elegant study by Lichtem?alter, pertain

ing to the chemistry of organosilyllithium compounds. Of even 

greater importance, however, is the voluminous literature, 

dealing with reactions of organosilylmetallic compounds, which 

has been summarized in the excellent review by Wittenberg and 

G-ilman.® The recent expansion in this field, together with 

the interest in organosilicon compounds as possible high-

temperature lubricants and anti—oxidants helped to stimulate 

the inauguration of this investigation. 

In the present study, the reactions of triphenylsilyl

lithium with a variety of compounds containing group VB ele

ments have been investigated. Thus, triphenylsilyllithium 

has been shown to : (l) react with trialky1 phosphates to give 

good yields of alkaltriphenylsilanes; (2) react with triaryl 

phosphates to displace aryloxy groups; (-3) cleave triphenyl 

derivatives of the more metallic group VB elements; (4) form 

silicon-containing amines when reacted with N,N-disubstituted 

amides ; and (5) react with ^-substituted phthalimides to form 

o.-formyl-N-substituted benzamid.es, with the concomitant forma

tion of hexaphenyldisilsne. 

The products isolated from the reactions involving phos

phate esters, imides and N,N-disubstituted amides were un-

D. Lichtenwalter- Organosilylmetallic compounds and 
derivations. Unpublished Ph.D. Thesis. Ames, Iowa, Library, 
Iowa State University of Science and Technology. 1958. 
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expected on the basis of the corresponding reactions with 

Grignard reagents and organolithium compounds. An attempt 

has been made"to explain their formation. 

Incidental to this research, two unprecedented reactions 

of organolithium compounds were discovered: namely, their 

alkyla.tion with tri alky 1 phosphate esters, and the cleavage 

by them of the silicon-silicon bond in hexaphenyldisilane. 

The former reaction was found to be applicable to some Grig

nard reagents. 

Efforts during the past few years have contributed con

siderably toward an understanding of organosilylmetallic 

chemistry. However, the possibilities for future research in 

this field appear to be unlimited; much interesting and chal

lenging work remains to be done. 
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II. HISTORICAL 

g 
In 1924, Kraus and Nelson reported the isolation of tri-

ethylsilane from the reaction of lithium with triethylsilyl-

triphelylgermane in ethylamine. This was the first indication 

for the existence of an organo silylmetallic compound as a re

action intermediate. Comparatively little was done in the 

field of organosilylmetallic chemistry in the subsequent years 

until t r ipheny 1 s i ly Ipo t a s s ium'^ ' ~ and organosilyllithium^'^ 

compounds became available as research tools. The ready 

accessibility of these reagents has brought about an extremely 

rapid growth in this area during the past nine years. The re

cent review® testifies to the importance of this field in the 

chemical world today. 

Although progress during the present decade has been 

marked, a search through the literature yielded only two 

references to reactions of organosilylmetallic compounds with 

reactants closely related to those used in this investigation. 

One of these^ represents work done in connection with the 

present research, and describes the reaction of triphenyl-
n 

silyllithium with tri-n-butyl phosphate. The other reports 

two unsuccessful attempts to,prepare triphenylsilylaldehyde 

®C. A. Kraus and W. H. Nelson. J. Am. Chem. Soc.. 56. 
195 (1924). ~ — 

V. George, B. J. Gaj and H. Gilman, J. Org. Chem.. 
24, 624 (1959). 
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from triphenylsilyllithium snâ N,N-dime thylformamide; the 

only product isolated being triphenylsilanol. 

Because of the absence of previous work in these direc

tions, the Historical section covers the corresponding reac

tions of organolithium compounds and Grignard reagents with 

substances related to those used in this investigation. No 

attempt, however, has been made to include the very large 

number of references to reactions of the amide group with 

organometallic compounds; only a few representative examples 

of this reaction have been discussed. 

A. Reactions of Grignard Reagents end 
Organolithium Compounds 

1. With phosphate, phosphite. 
phosphonate and related esters 

In 1915, Michaelis and Wegner"® reported the isolation 

of triphenylphosphine oxide from the reaction of phenylmag-

nesium bromide with phenyl dichloropho sphine te in diethyl 

ether. This unexpected displacement of g phenoxide group 

from phosphorus by a Grignard reagent wes the first of numer

ous displacements of this type to be reported. Gilman and 

Vernon^ isolated the same product from the reaction of phenyl-

IC>A. Michaelis and F_ Wegner, Ber.. 48, -316 ( 1915) . 

•^H. Gilman and C. C. Vernon. -J. Am. Chem. Soc.. 48. 
1063 (1926). ~ " 
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magnesium "bromide with triphenyl- and tri-p-tolyl phosphate 

in yields of 17 and 50 percent, respectively; whereas, the 

use of triphenyl phosphite resulted in the isolation of tri-

phenylphosphine, in 60 percent yield. These investigators 

failed to identify the phosphorous-containing products from 

the reactions of n-p rop y1m agn e s ium bromide end triphenyl 

phosphate, or from benzylmagnesium chloride, and tri-o-tolyl 

phosphate, although phenol and n-cresol were obtained in 

yields of 49 and 28 percent, respectively, from these reac

tions . 

In 1929, the reaction was extended to trialkyl phos

phates and phosphites, with the hope of observing alkylation 

of the Grignard reagent; however, similar displacements were 

observed. For example, the action of three equivalents of 

phenylmagnesium bromide on trimethyl phosphite resulted in 

the formation of methyldiphenylphosphine oxide ; a rearrange

ment of methyl diphenylphosphinate to the isolated product was 

used to explain its formation. When tri ethyl phosphite was 

used in a similar reaction, the only product isolated was tri-

phenylphosphine oxide; however, triethyl phosphate gave di

ethyl benzenepho sphonate and diphenylphosphinic acid in meagre 

yields. Similarly, no toluene could be detected from the re

action of phenylmagnesium bromide with trimethyl phosphate. 

•^H. G-ilman and J. Robinson, Rec. trav. chim.. 48, -328 
(1929). 
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The first reaction of a phosphonste ester with a Grig-

1 ? 
nard reagent was reported by Kosolapoff in 1950; diphenyl

pho sphinic acid was prepared from phenylmagnesium bromide and 

diethyl benzenephosphonate, in a. study concerned with methods 

for preparing phosphinic acids. 

1A Burger and Dawson " reported the preparation of seven 

aromatic phosphonlc acids and six triarylphosphine oxides by 

using dialkyl phosphorochloridates and Grignard reagents or 

organolithium compounds. In this publication, the importance 

of mode of addition and steric hindrance were discussed. Thus, 

esters of aromatic phosphonlc acids result from the addition 

of unhindered Grignard reagents to one equivalent of a dialkyl 

phosphorochloridate, or when the ester is added to a solution 

of an ortho-substltuted Grignard reagent. However, the addi

tion of the phosphorochloridate ester to an unhindered Grig

nard reagent in a one to three mole ratio resulted in the 

formation of a triarylphosphine oxide. Based on the reactions 

of ortho- and nsra-tolyllithium with diethyl phosphorochlori-

date, the authors concluded that organolithium compounds be

haved similarly to Grignard reagents in these reactions. 

1 ̂  
During the same year, Kosolapoff and Watson" obtained 

13 G. M. Kosolapoff, J. Am. Chem. Soe., 72, 5508 (1950). 

A. Burger and N. D Dawson. J. Org. Chem., 15, 1250 
(1951). 

l^G. M. Kosolapoff and R. M. Watson, J. Am. Chem- Spc., 
73, 4101 (1951) . 
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di-n-propyl and di-n-butyl phosphinic acid from diethyl phos

phite and the appropriate Grignard reagent subsequent to 

peroxide oxidation. Morgan and Herr^® obtained triphenyl-

and tri-p-tolylphosphine, in yields of less than 50 percent, 

from the reactions of trialky1 phosphites with Grignard re

agents, while attempting to prepare alkyIdiarylphosphine 

12 
oxides via a previously reported reaction. These investi

gators were unable to isolate the desired compounds. 

Williams and Hamilton-^ succeeded in preparing di-n-

octyl- and di-n-octadecylphosphine oxide by reacting three 

equivalents of the appropriate G-rignard reagent with di-n-

butyl phosphite in diethyl ether. The yields were reported 

to be 70 and 26 percent, respectively. 

14 In 1953, the earlier work of Burger and Dawson was ex

tended to determine the relative amount of bulk necessary in 

the ortho-position of the G-rignard reagent to prevent the 

occurrence of di- and trisubstitution in their reactions with 

dialkyl phosphorochloridates.^ They reported that p-anisyl-

magnesium bromide gave a 65.4 percent yield of the dialkyl 

phosphonate ester; whereas, o-fluorophenylmagnesium bromide 

"^P - W. Morgan and B. C. Herr, ibid., 74, 4525 (19 52.) . 

1?R. H. Williams and L. A. Hamilton, ibid.. 74. 5418 
(1952). " 

. D. Dawson and A. Burger, J. Org. Chem., 18, 207 
(1953). 
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afforded only 5.7 percent of o-fluorobenzenephosphonic acid, 

subsequent to hydrolysis with hydrochloric acid. The latter 

reaction gave a large amount of neutral materiel, but the 

investigators were unable to establish its structure. In 

connection with this study, diethyl benzenephosphonate was 

reacted with magnesium bromide, then with phenylmagnesium 

bromide to help elucidate the mechanism of the reactions 

forming triarylphosphine oxides. 

The equimolar reaction of diethyl phosphite with ethyl-

magnesium bromide has been studied by G-awron and co-workers.^^ 

In this case, the alkoxy groups were not affected by the 

G-rignard reagent, but instead, the ester was metalated. These 

workers were able to prepare diethyl 2-hydroxypropane-2-

phosphonate and the corresponding toluene derivative by treat

ing the metalated ester with acetone and benzaldehyde, re

spectively. 

In 1955, Maguire and Shaw^ treated triethyl phosphite 

with one equivalent of phenylmagnesium bromide, and obtained 

a mixture of triphenylphosphine oxide, diphenylphosphinic acid 

and phenyIphosphonous acid, together with biphenyl and re

covered triethyl phosphite. These products were also obtained 

when two equivalents of the ester were used. During the same 

1^0. G-awron, C. Grelecki Wm. Reilly and J. Sands, J. 
Am. Çhem. Soc.. 75 . 3591 (1953/. 

20m. H. Maguire and G-. Shaw, J. Chem. Soc. (London), 
2039 (1955). 
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year, Williams-and Hamilton extended their previously reported 

"I 7 reaction to synthesize the series of di-n-alkyIphosphine 

oxides which included the di-n-smyl to the di-n-octsdecyl 
91 

derivatives, with the exception of the tridecyl compound. 

In these preparations, yields from 12 to 70 percent were ob

tained when di-n-butyl phosphite wes allowed to react with 

three or, in some cases, six equivalents of the appropriate 

Grignard reagent. This procedure has been applied in the 

synthesis of dibenzyl-~^'~^ and di-n-octyIpho sphine^ oxide 

in connection with an investigation of their addition reac

tions with carbonyl-containing compounds and alpha.beta-

unsaturated nitriles. The reaction was also used by Hunt 

94. 
and Saunders"" to prepare diphenylphosphine oxide from the 

corresponding diethyl ester. These workers were able to 

demonstrate, at least in aqueous solution, an equilibrium 

between the phosphine oxide and diphenylphosphinous acid. 

The equimo1er reaction of diphenyl phosphorochloridite 

with a variety of Grignard reagents has been reported by 

21b. H. Williams and L. A. Hamilton, J. Am. Chem. Sac., 
77, 3411 (1955). 

22b. C. Miller, J. S. Bradley and L. A. Hamilton, ibid.. 
78, 5299 (1955). 

23R. C. Miller, C. D. Miller, Wm. Rogers, Jr. and L. A. 
Hamilton, ibid.. 79, 424 (1957). 

2^B. B. Hunt and 3. C.'Saunders, J. Chem. Sqc. (London), 
2413 (1957). 
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v P5 
Kamai and Gerasimova. In these reactions, only the chlorine 

atom was displaced by the Grignard reagent. 

A comprehensive study on the use of organolithium com-

pounds in reactions of this type was reported by Willans~ in 

1957; however, details are lacking. Phenyllithium was re

acted with diethyl phosphorochloridste, in a three to one mole 

ratio. to give 80 percent of t riphenylp ho sphin e oxide. Ana

logous reactions using triethyl phosphite or trialkyl phos

phates produced equally good yields of triphenylphosphine, 

or triphenylphosphine oxide, respectively. Diaryl phosphinic 

acids were also prepared in satisfactory yields from di-n-

butyl phosphite and aryllithium compounds, subsequent to 

perioxide oxidation. 

27 
In 1959, Janczewski obtained similar results from the 

reactions of phenyllithium with diethyl phosphorochloridate 

and diethyl benzenephosphonate. A high yield of triphenyl

pho sphine oxide was obtained in each case. 

2°G. Kamai and E. A. Gerasimova, Trudy Kazan. Khim. 
Tekhrol. Inst, im. S. M. Kirova. 1950. No. 15, 26 (1951). 
(Original not available for examination; abstracted in 0. 
A., 51, 11273 (1957)). 

. L. Willans, Chemistry and Industry. 235 (1957). 

Janczewski, Rocznikl Chem.. 33, 185 (19.59). (In 
Polish, French summary, p. 188). 
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2. With the amide group 

The first report of ketone formation from the reaction 
r)Q 

of a G-rignard reagent with an acid amide appeared in 1903."' 

At that time, Beis reported the synthesis of six ketones in 

yields of 20 to 50 percent from the reactions of methvlmag-

nesium iodide or ethylmagnesium bromide with acetsmide, pro-

pionamide, butyramide, isovaleramide or benzamide- He also 

found that the reaction was not applicable to formamide. Al-
pO 

most simultaneously, however, Bouveault—' succeeded in pre

paring a number of aldehydes by employing N,N-disbustituted 

formamides in an analogous synthesis. The latter reaction, 

commonly referred to as the "Bouveault aldehyde synthesis", 

is one of the seemingly ever-increasing number of "name reac

tions" of organic chemistry. Although aldehydes and ketones 

generally result from reactions of G-rignard reagents with 

amides, a number of investigators have observed several other 

transformations, among which are conversions to amines, 

imines, nitriles and phthalides, to name only a few.'^ 

Shortly after the discovery of this reaction by Beis, 

28c. Beis, Compt. rend., 157. 575 (1903). 

Bouveault, ibid.. 157. 987 (1905)-

50por a comprehensive discussion and accompanying bib
liography on reactions of the amide group with Grignard re
agents, see M. S. Kharasch and 0. Heinmuth. G-rignard reac
tions of nonmetallic substances. New York, N. Y., Prentice-
Hall, Inc. 1954. pp. 870-908. 
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several 3-substituted isoindolinones were prepared from phthal

imide and the G-rignard reagents derived from ethyl, isobutyl 

31 
and isosmyl halides.' During the same year, Sachs end Lud-

3P 
wig' ~ succeeded in preparing 2-ethyl-5-methyl-3-hydroxyiso-

indolinone, as well as the 3-ethyl- and 3-phenyl- derivatives. 

from N-ethylphthalimide and the appropriate Grignard reagent. 

These workers also reported the occurrence of ring opening 

when N-ethylsaccharin was treated with ethyl- or phenylmag

nesium bromide; the products isolated were o-(N-e thylsfulfon-

amido)diethylphenylcarbinol and o-(N-ethylsulfonamido)tri-

pheny1carbino1, respectively. 

An interesting case of reductive alkylstion was observed 

33 
by Viguier in 1911." In this study, the author reported the 

isolation of 4-(diethylamino)heptadiine-2,5 from the equimolar 

reaction of propynylmagnesium bromide with N,N-diethylforma-

mide. Numerous other references to reactions of this type 

can be found scattered throughout the literature.3̂  In all 

of the reported cases, however, N,N-disubstituted amides were 

involved, and in no instance was this type of reaction observ

ed when organolithium compounds were used. 

31C. Beis, Çompt. rend.. 158. 987 (1904). 

32F. Sachs and A. Ludwig, Ber., 37, 385 (1904). 

33P. L. Viguier, Comnt. rend.. 153. 955 (l91l). 
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Imides of aliphatic dicarboxylic acids heve also been 

employed in reactions with G-rignard reagents. Prom the inter

action of phenylmagnesium bromide with N-methylsuccinimide, 

2-hydroxy-2-phenyl-l-methylpyrrolid-2-one end 2,ô-diphenyl-l-

methyIpyrrole were obtained.^" In contrast. Ellingboe end 

o 5 
Fuson* reported the occurrence of ring opening when N-phenyl-

1,2-cyclobutanedicarboxamide was reacted with either one or 

two equivalents of the same G-rignard reagent ; the products 

isolated were cis-2-benzoylcyclobutanecsrboxanilide and 

2-(alpha-hydroxybenzhydrvl)eyelobutanecarboxanilide, respec

tively. 

Maxim and Mavrodineanu'^®5'~'7 observed the formation of 

tertiary amines, together with small amounts of aldehydes, 

from reactions of N,N-disubstituted formemides with Grignard 

reagents. The same products were isolated when either one, 

two or three equivalents of the Grignard resgents were em

ployed. 

Treatment of N-methylglutarimide with a series of Grig-

34P.. Lukes and V. Prelog, Chem. Ljsty. 22. 244 (1928). 
(Original available but not translated; abstracted in C. A., 
23, 1408 (1929)). 

35e. Sllingboe and R. C. Fuson, J.'Am. Chem. Soc.. 56, 
1777 (1934). 

3%. Maxim and R. Mavrodineanu, Bull, soc. chim.. F s), 
2, 591 (193 5). 

3^K. Maxim and R. Mavrodineanu, ibid., [s] , 3, 1084 
(1936). 
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nard reagents resulted in the isolation of six l-methyl-6-

38 
alkyl-6-hydroxypiperia-2-ones. In this series, the alkyl 

groups varied from methyl to n-hexyl. 

.30 
In 1951, Kuffner and Polke " observed results similar 

to those of Maxim and Mavrodineanu.' 0̂'^ These workers also 

reported the isolation of tertiary amines together with alde

hydes from the reactions of ethyl-, S-propyl- and n-butylmag-

nesium bromide with N,N-diisopropylformamide. The yield of 

5-(diisopropylamino)nonsne from the reaction involving the 

n-butyl compound was 67 percent. 

One year later, Lukes and Blaha"® extended the reaction 

of N-methylglutarimide with G-rignard reagents, to obtain mix

tures of alpha,omega-bis(1-methy1-2-hydroxy-6-oxo-2-pip eri dy1)-

alkanes and l-methyl-2-alkyl-2-hydroxy-6-piperidones by using 

Grignard reagents derived from aloha,omega-dihaloalkanes. 

The G-rignard reagents contained from five to ten methylene 

units. 

In contrast, N-phenylsulfonylphthalimide and N-phenyl-

sulfonyl-1,2-benzisothiazol-3-one were observed to undergo 

ring opening when treated with phenylmagnesium bromide, giving 

Lukes and J. Gorocholinskij, Collection Czech. Chem. 
Communs.. 8, 223 (1936). 

3^F. Kuffner and E. Polke, Monetsh.. 82. 330 (195l). 

40r. Lukes and K. Blaha, Chem. Llsty. 46, 726 (1952). 
(Original available but not translated: abstracted in C. A.. 
47, 11133 (1953)). 
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rise to the formation of o-bis(diphenylhydroxymethyl)benzene 

end 2-pheny 1m e r c ap t o t riph en y le a rbino 1, respectively.No 

ring opening was observed, however, in the reactions of 

organolithium compounds with N-phenylphthalimidine or N-
4.0 

methylphthalimide." The former compound gave e 65 percent 

yield of l-methyl-2-phenylisoindole with methyHithium; while 

N-methylphthalimide afforded e 29 percent yield of 2-methyl-

3-phenyl-3-hydroxyisoindolinone when allowed to reset with 

phenyllithium in a one to one mole retio. Sirpiler conversions 

of phthalimidenes to isoindoles have been reported"0 to occur 

in excellent yields. 

A number of unsaturated aldehydes were prepared by Brsude 

and Evans" via the reaction of N,N-dime thyIformamide with 

unsaturated organolithium compounds - For example, 3-methyl-

crotonaldehyde was synthesized in 2? percent yield by applica

tion of isobutenyllithium, while the use of cycloheptenyl

lithium resulted in the formation of 1-formylcycloheptene in 

70 percent yield. Evans"^'"® extended this study to prepare 

41a. Mustafa and 0. H. Hishmat, J. Am. Chem• Soc., 75. 
4647 (1953) . 

wittig, G-. Gloss and F. Mindermann, Ann., 594. 89 
(1955). 

Thielacker end W. Schmidt, ibid.. 597. 95 (1955). 

44e. A. Braude and E. A. Evans, J. Chem. Soc. (London), 
3334 (1955). 

45E. A. Evans, ibid., 4691 (1956). 

~®E. A. Evans, Chemistry and Industry. 1596 (1957). 
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a variety of aldehydes and ketones in yields ranging from 7 

to 86 percent. 

An interesting example of imine formation from reactions 

of this type was reported "by G-ilman and Sisch in 1957. ~ In 

this study, the authors reported the isolation of 6-n-butyl-

phenanthridine (as the picrate) from the reaction of two 

equivalents of n-butyllithium with phenanthridinone. When 

2-bromophenanthridinone was allowed to react with two equiva

lents of n-butyllithium at —35°, the amide carbonyl was not 

attacked; an 82 percent yield of phenanthridlnone-2-carboxylic 

acid was realized. 

3. With triaryl grout) VB elements 

Challenger and Ridgway"® reported no reaction occurred 

when a mixture of phenylmagnesium bromide and tri-n-chloro-

phenylbismuthine was heated at 100° for three hours. In 1939, 

however, it was reported that n-butyllithium was capable of 

cleaving triarylbismuthines to give n-butyl-substituted bis-

muthines and aryl carboxylic acids subsequent to carbona-

tion.*^ For example, n-butyllithium reacted with tri-j)-

-?H. Gilman and J. Sisch, J. Am. Chem- Soç., 79, 5479 
(1957) . 

48p. Challenger and L. R. Ridgway, J. Chem. Soc. 
(London), 121, 104 (1922). 

Gilman, H. L. Yablunky and A. C. Svigoon, J. Am. 
Chem. Soc.. 61, 1170 (1939). 
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tolylbismuthine, in a three to one mole ratio, to yield -o-

toluic acid and tri-n-butylbismuthine. In the seme manner, 

these investigators successfully cleaved tri-n-chlorophenyl-, 

t ri-al^ha-n aph thy1-, tri-o-ethoxyphenyl- end tri-n-ethoxy-

phenylbismuthine to obtain the corresponding eryl cerboxylic 

acids in varying yields. 

In 1940, the reaction of triphenylamine with the same 

organolithium compound (in the presence of copper bronze) was 

reported to yield an unidentified acidic materiel subsequent 

to carbonation.Later, this product was identified as 

51 m-carboxytriphenylamine.v 

The metal-metal interconversion reaction, previously re-

49 
ported by G-ilman et al.,. was extended to symmetrical and 

unsymmetrical triarylstibines in connection with a study con

cerned with relative reactivities of organoantimony compounds. 

The reactions were carried out in a one to one mole retio 

under comparable conditions, and the yields of ecids obtained 

were used to formulate a. series of aryl groups with respect 

59 
to their cleavability by n-butyllithium. ~ 

In contrast to the meta-metelation observed with tri-

Gilman, G. E. Brown, F. J. Webb end S. K. Soatz, 
ibid., 62, 977 (1940). 

Gilman and G. E. Brown, ibid. . 62, -32.08 ( 1940) . 

A. Woods end H. Gilmen, Proc. I owe Ac ad. §jci., 48, 
251 (1941). 
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phenylamine,N-phenylcarb azole was found to metalate in 
C^'Z 

the ortho-nosition when treated with n-butyllithium•^ The 

product isolated, subsequent to carbonation, was 9-(o-car-

boxyphenyl) carbazole . Similar reactions with triphenyl-

arsine^ and triphenylpho sphine^ gave low yields of the cor-

55 
responding m-carboxylic acids. In the latter study, phenyl

lithium and phenylmagnesium bromide were also reacted with 

triphenylphosphine. The solutions were oxidized, and 

treated with hydrobromic acid to give tetraphenylphosphonium 

bromide dihydrate in yields of 31 and 82.6 percent, respec

tively. 

A studv^® of the factors effecting the relative ease of 

cleavage of aryl groups from trisubstituted bismuthines by 

n-butyllithium was reported by Gilman and Yale in 1950. As 

in the previous study, the reactions were carried out in a 

one to one mole ratio under corresponding conditions, and an 

extended series of aryl groups were arranged in order of 

their ease of cleavage. The same type of reaction using tri

substituted stibines and bismuthines was used by Talalaeva 

Gilman, 0. G. Stuckwisch and A. R. Kendall, J. Am. 
Chem. Soc.. 63, 1758 (l94l). 

Gilman and C. G. Stuckwisch, ibid.. 63, 3552 (1941). 

^H. Gilman and G. E. Brown, ibid. . 67. 824 ( 1945) . 

Gilman and H. L. Yale, ibid.. 72, 8 (1950). 
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57 58 59 
and Kocheshkov ' ' ' to prepare a large number of organo

lithium compounds in good yields. In these studies, ethyl-

lithium was used as the cleaving agent, and the reactions 

were generally carried out in the inert solvent, benzene. 

Chernovs, and Mikhailov®^ also used this reaction to prepare 

phenyllithium in a study concerned with ether complexes of 

organolithium compounds. In this case, the product was shown 

to form a monodioxanate-

In 1958, the effect of solvent and metelating agent on 

the extent of metalstion was investigated with a variety of 

compounds, among which was triphenylamine Using a 

mixture of diethyl ether and tetrahydrofuran, triphenylamine 

was metalated with n-butyllithium to give, -subsequent to car-

V. Talalaeva and K. A. Kocheshkov, Doklady Akad. 
Nauk S.S.S.R., 77, 261 (l9 5l). (Original available but not 
translated; abstracted in C_. A., 45, 10191 ( 1951) ) . 

5®T. V. Talalaeva and K. A. Koscheshkov, Izvest. Akad. 
Nauk S.S.3.R., Otdel. Khim. Nauk. 1953. 126. (Original 
available but not translated; abstracted in Ç. A., 48, 3285 
(1954)). 

59t. V. Talalaeva and K. A. Kocheshkov, ibid., 1953. 290. 
(Original available but not translated; abstracted in Ç. A., 
48, 6389 (1954)). 

®®N. G. Chernova and B. M. Mikhailov, Zhur. Obshchei 
Khim.. 25. 2280 (1955). (Original available for examination; 
translated in J. Gen. Chem. U.S.S.R., 25, 2249 (1956)). 

®lK. Gilman and S. Gray, J. Org. Chem.. 23, 1476 (1958). 

Gray. Some orgenometallic reactions in tetra
hydro fur an. Unpublished M.S. Thesis. Ames, Iowa, Library, 
Iowa State University of Science and 'Technology. 1958. 
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bonation, a product which is thought to be 3,-3' -dicarboxytri-

phenylamine; however, the compound was not obtained in pure 

form. 

B. Silicon-Silicon Bond Cleavage by 
Organometallic Compounds 

Friedel and Ladenburg reported " the formation of tetra-

ethylsilane and hexaethyIdisilane from the reaction of hexa-

iododisilane with diethylzinc, thus reporting the first cleav

age of the silicon-silicon bond by an organometallic compound. 
64. 

G-attermann and Weinlig " later reported the isolation of 

tetraphenylsilane (as the only product) from the reaction of 

hexachlorodisilane, chlorobenzene and sodium metal in a 

Wurtz-type reaction. In 1913, Martin®® obtained low-boiling 

oils from the reaction of hexachlorodisilane with methyl-

magnesium iodide, and postulated these to be mixtures of mono-

silanes with chlorine atoms and methyl groups attached to 

silicon, vvhen hexachlorodisilane was treated with phenyl-

magnesium bromide, a mixture of monosilanes was obtained, 

from which dichlorodiphenylsilane was the only product iso-

. Friedel and A. Ladenburg, Compt. rend.. 68. 923 
( 1859) ; Ann. chim. nhvs.. [s] r 19. 401 ( 1880) ; Ann. . 251 
(1880). L~J 

G-L. G-. G-attermann and K. Weinlig, Ber., 27, 1946 ( 1894) . 

65&. Martin, Ber.. 46, 2442, 3294 (l913). 



www.manaraa.com

22 

lated by distillation.®® 

Twelve years later, Schumb and co-workers®*7 reinvesti

gated the reaction of hexachlorodisilane with alkyl and aryl 

halides in the presence of sodium, and obtained good yields 

of tetrasubstituted silanes. The compounds investigated were 

ethyl bromide, n-amyl chloride, chlorobenzene and n-chloro-

biphenyl. Also reported at that time was the attempted 

cleavage of hexaphenyldlsllane with sodium in refluxing xylene 

and benzene. 

68 
In a later study, Schumb and Saffer obtained a mixture 

of tetraphenylsilane and hexaphenyldlsllane from the reaction 

of phenylmagnesium bromide with oct rachlorotrlsilane. The 
go 

same authors reported that the two-stage Wurtz-type reac

tion of hexachlorodisilane, using chlorobenzene and benzyl 

chloride to prepare the organosodium compounds, gave satisfac

tory yields of hexasubstituted disilanes. A small amount of 

tetraphenylsilane was isolated from the reaction using phenyl-

sodium but no tetrasubstituted silane was obtained in the 

latter case. Similarly, benzylmagnesium chloride and hexa-

Schwarz and W. Sexauer, ibid.. 59B. 333 (1926). 

G. Schumb, J. Ackerman, Jr. and C. M. Saffer, Jr., 
J. Am. Chen. Soc.f 60. 2486 (1938)• 

C. Schumb and C. M. Saffer. Jr.. ibid.. 61. 363 
(1939). 

69W. C. Schumb and C. M. Saffer. Jr.. Ibid.. 63. 93 
(1941). 
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chlorodisllane gave hexabenzyldisilane as the only product 

isolated. These workers concluded that the exothermicity of 

the reaction between sodium and the organic halide was re

sponsible for the observed bond scission. 

In 1951, Oilman and Dunn^ reported the reaction of n-

biphenylyllithium with hexachlorodisilane to give both the 

tetrasubstituted silane and hexa-^-biphenylyldisilane. In 

this connection, Dunn reported7"*" that hexaphenyldlsllane was 

not cleaved by either n-butyl- or phenyHithium in refluxing 

diethyl ether or diethyl ether-xylene mixtures. Wu obtained 

similar results with pheny111thium; however, a small amount of 

material was isolated which melted over the range 210-240°, 

but it was not investigated further• 
rrz 

Oilman and Gorsich observed an interesting case of 

cleavage in the reaction of 2,2'-biphenylenedilithium with 

hexachlorodisilane. The only product isolated was the mono-

70H. Oilman and G. E. Dunn, ibid., 73, 5077 (1951). 

?]-G. E. Dunn. Relationships between some organosilicon 
compounds and their carbon analogs. Unpublished Ph.D. Thesis. 
Ames, Iowa, Library, Iowa State University of Science and 
Technology. 1951. 

7^T. C. Wu. Comparisons of some organic compounds con
taining group IVB elements. Unpublished Ph.D. Thesis. Ames, 
Iowa, Library, Iowa State University of Science and Tech
nology. 1952. 

*^H. Oilman and B. D. Gorsich. J. Am. Chem. Soe.. 80. 
3243 (1958). 
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silane, 5,5' -spirobi-[dlbenzosilole] . 

Lichtenwalter reported that hexaphenyldlsllane was un

affected by jD-tolyllithium at 0° or by triphenylmethyllithium 

at room temperature in tetrahydrofuran; a nearly quantitative 

recovery of the disilane was realized in both cases. 

74 
In 1959, Wittenberg et al. reported the isolation of 

large amounts of hexaphenyldlsllane, together with other 

products, from the reactions of triphenylsilyllithium with a 

variety of silicon-containing compounds which included penta-

phenyldisilane, chloropentaphenyldisilane, diphenyl(diphenyl-

methoxy)silane, dichlorodiphenylsilane, ethyl silicate, sili

con tetrachloride and trlchlorosilane. In these reactions, 

cleavage of compounds containing silicon-silicon bonds by 

triphenylsilyllithium was postulated to explain the formation 

of the products Isolated. 

Shortly thereafter, Oilman et al.75 observed the facile 

cleavage of hexasubstitued disilanes by organosilyllithium 

compounds in tetrahydrofuran• For example, hexaphenyldlsllane 

was cleaved by methyldlphenyIsilyllithium and dlmethylphenyl-

silyillthium to give, in addition to recovered starting mate

rial, a 26 percent yield of symmetrical dimethyltetraphenyl-

7̂ D. Wittenberg. M. V. George and H. Oilman..ibid.. 81, 
4812 (1959). 

75H. Oilman. G. D. Lichtenwalter and D. Wittenberg, 
ibid.. 81, 5320 (1959). 
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disilane and 56 percent of 1,1,2,2-tetramethyl-1,2-diphenyl-

dlsllane, respectively. Also formed In the former case, but 

not Isolated In pure form, was methylpentaphenyldlsllane. 

Similarly, dimethylphenylsilyllithium reacted with 1,1-

dlmethy1-1,2,2,2-tetraphenyldisilane and 1,2-dimethyl-l,1,2,2-

tetraphenyldisilane to give symmetrical tetramethyldiphenyl-

disilane in yields of 26 and 45 percent, respectively. 

Methyldiphenylsilane was also isolated in 77.5 percent yield 

from the latter reaction, after acid hydrolysis. 

76 
During the same year, Gilman and Lichtenwalter found 

dlphenylsilane, as the only product, from the reaction of 

four equivalents of phenylmagnesium bromide with hexachloro

disilane, subsequent to reduction with lithium aluminium 

hydride. When the reaction was repeated and the products were 

not reduced, a low yield of dichlorodiphenylsilane was iso

lated together with an oil, which afforded 1,2-dimethyl-

1,1,2,2-tetraphenyldisilane when treated with methyllithium. 

C. Reactions of Organosilylmetallic Compounds 
with the Carbonyl Group 

1. Carbon dioxide 

g 
In 1951, Benkeser and Severson isolated a product, in 

low yields, from the reaction of triphenylsilyIpotassium with 

Gilman and G. D. Lichtenwalter, J. Org. Chem.. 24, 
in press (1959). 
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carbon dioxide, to which they tentatively assigned the struc

ture of triphenylsilanecarboxylic acid. This compound was 

reported to be unstable, via decarbonylation, to heat and 

acids, or simply by dissolution in polar solvents like ace-

77 
tone or ethanol. Brook and Oilman reinvestigated this re

action in 1955 and obtained high yields of triphenylsilane

carboxylic acid, of high purity, by working up the reaction 

mixtures rapidly and in the cold, out of contact with basic 

reagents. These workers reported the acid to be moderately 

stable when pure, undergoing no decarbonylation when exposed 

to absolute ethanol or ethanol-pyridine mixtures. They were 

able to demonstrate, however, the instability of this acid 

and its methyl ester to basic reagents such as aqueous alkali, 

aqueous pyridine, methoxide Ion or ethoxide ion. In these 

cases, either triphenylsilano1 or alkoxytriphenylsilanes were 

isolated as the decomposition products, together with carbon 

monoxide. 

Incidental to a study concerned with the thermal decom-
rpo 

position of silanecarboxylic esters, Brook and Mauris re

ported the preparation of tri-jD-tolylsilanecarboxylie acid 

via carbonation of tri-^-tolylsilylpotassium. They found the 

yield of acid to be higher when the organosilylpotas slum com-

??A. 0. Brook and H. Oilman, J. Am. Chem. Soc. . 77. 
2322 (1955). 

78a. 0. Brook and R. J. Mauris, ibid.. 79. 971 (1957). 
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pound was prepared directly from the corresponding chloro-

silane, than when prepared by the cleavage of hexa-p-tolyl-

disilane. 

George and Gilman,7® while investigating the oxygen-

oxidation of triphenylsilyllithium, -utilized the carbonation 

reaction to determine the yield of triphenylsilyllithium ob

tained from the lithium-cleavage of hexaphenyldlsllane in 

tetrahydrofuran. friphenylsilanecarboxylic acid was isolated 

in 83.4 percent yield from this reaction. The carbonation 

reaction has also been applied to methyldiphenylsllylllthium 

AO 
and dimethylphenylsilyllithium by Trepka. In these cases, 

fair yields of the silanecarboxylie acids were obtained, even 

after a normal basic extraction. Based on these results, it 

80 
is believed that silanecarboxylic acids containing alkyl 

groups attached to silicon, are more stable to decarbonyla-

tion by basic reagents than the previously discussed triaryl 

derivatives. 

2. Aldehydes 

, The first reaction of an organosllylmetaille compound 

V. George and H. Gilman, J. Org. Chem.. 24, 1349 
(1959). 

J. Trepka, Ames, Iowa. Information concerning 
reactions of organosllylmetallic reagents with carbonyl-
containing compounds. Private communication. 1959. 
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81 
with an aldehyde was described by Gilman and Wu in 1954. 

These investigators reported that trlphenylsilylpotassium 

added normally to formaldehyde to give a low yield of tri

phenylsily Imethanol. Four years later, Wittenberg and Gil-
op 

man reacted triphenylsilyllithium with acetaldehyde, and 

obtained a 39 percent yield of l-(triphenylsilyl)ethanol 

together with 38 percent of triphenylsilane. The former com

pound was also prepared by the reduction of acetyltriphenyl-
op 

silane with lithium aluminum hydride. Almost simultaneous-

83 
ly, Gilman and Peterson succeeded in preparing l-(triphenyl

silyl) -1-propano1 from triphenylsilyllithium and propionalde-

hyde. As is sometimes the case in a rapidly growing field, 

84 
Brook and co-workers independently reported the synthesis 

of l-(triphenylsilyl)ethanol from triphenyIsilyllithium and 

acetaldehyde, in connection with a. study of the base-catalized 

rearrangement of alpha-silylcarbinols• The yield of l-(tri

phenylsilyl) ethanol in this investigation was reported to be 

53 percent. 

Gilman and T. C. Wu. J. Am. Chem. Soc.. 76. 2502 
(1954). 

. Wittenberg and H..Gilman, ibid., 80, 4529 (1958). 

8^5. Gilman and D. J. Peterson, J. Org. Chem., 23, 1895 
(1958). 

84a. G-. Brook, C. M. Wagner and M. E. McGriskin, J. Am. 
Chem. Soc.. 981 (1959). 
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In 1959, Wittenberg et al described the reactions of 

triphenylsily lmetallic compounds with benzaldehyde under a 

variety of reaction conditions. At -50°, the equimolar re

action gave a 46 percent yield of benzyloxytriphenylsilane; 

whereas the use of two equivalents of the organosilyllithium 

compound under similar conditions resulted in the isolation 

of an oil, which is believed to be composed of stereoisomers 

of 2-triph eny lsi lo xy-1,2-diphenylethano.l. A one to one reac

tion at room temperature, however, afforded 66 percent of 

hexaphenyldlsllane and 49 percent of 1,2-dihydroxy-l,2-di-

phenylethane (as a mixture of isomers). A small amount of 

the meso-form was separated from this mixture of isomers by 

crystallization techniques. In contrast, triphenylsilyl-

potassium in diethyl ether gave tetraphenylsilane (77 percent) 

and 1,2-dihydroxy-l,2-diphenylethane (16 percent), together 

with triphenylsilanol (11 percent), when reacted with benzal

dehyde at room temperatureThe reactions of triphenyl-

silylpotasslum with formaldehyde, paraldehyde and paraformal

dehyde gave, respectively, triphenylsilyImethanol and an un

identified compound; no identifiable addition products; and a 

product melting at 128-130° whose structure is not known.^ 

In this connection, the reaction of dimethylphenylsilyl-

11thium with formaldehyde is presently under investigation by 

Wittenberg, T. C. Wu and H. Gilman, J. Org. Chem., 
24, 1349 (1959). 
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T r e p k a i t  a p p e a r s  a s  t h o u g h  a d d i t i o n  t o  t h e  c a r b o n y l  g r o u p  

proceeds normally to give the expected alpha-silvlcarbino1 in 

good yield. 

3. Ketones 

86 
In 1953, Gilman and Wu reported the isolation of the 

"abnormal" addition product, diphenylmethoxytriphenylsilane 

(instead of triphenylsilyldiphenylmethanol) from the reaction 

of triphenylsllylpotassium with benzophenone in diethyl ether. 

This compound was also synthesized (as a proof of structure) 

from chlorotrlphenylsilane and sodium diphenylmethoxide in 

benzene.®® The silylether likewise was obtained when di-p.-

tolyl ketone was reacted with triphenylsllylpotassium in 

diethyl ether.®® Later, Brook and Wolfe®7 utilized this type 

of reaction to demonstrate the occurrence of halogen-metal 

interconversion in the reactions of triphenylsllylpotassium 

with aryl halides. In this study, benzophenone was alio %ed 

to compete with bromobenzene in a reaction with triphenyl

sllylpotassium. No diphenylmethoxytriphenylsilane was iso

lated from this reaction; however, triphenylmethanol was 

found among the reaction products, thus proving that pheny1-

potassium was present also. When the reaction was repeated 

®®H. Gilman and T. C. Wu, J. Am. Chem. Soc., 75, 2935 
(1953). 

87A. G. Brook and S. Wolfe, ibid.. 79, 1431 (1957). 
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without bromobenzene, a 21 percent yield of diphenylmethoxy

triphenylsilane was obtained together with benzhydrol and tri-

phenylsilanol. 

In order to test the effect of variation of the organo

sllylmet alii c compound and solvent on this reaction, Gilman 

88 
and Lichtenwalter studied the reactions of triphenylsily1-

lithium, methyldiphenylsilyllithium and dime thylphenyIs ilyl-

lithium with benzophenone in tetrahydrofuran. As was the case 

with triphenylsllylpotassium in diethyl ether, the "abnormal" 

addition compounds were obtained in yields of 57, 19 and 20 

percent, respectively. Small amounts of symmetrical dlmethyl-

tetraphenyl- and tetramethyldiphenyldisilane were obtained 

from the reactions involving methyldiphenylsily111thium and 

dimethylphenylsilyllithium. In addition, small amounts of 

benzhydrol and benzopinacol were isolated from the two last-

mentioned reactions. 

89 
Later, these investigators extended the reaction to 

aliphatic ketones, and found that normal addition occurred to 

give varying yields of alnha-s ilvlcarbinoIs. Thus, treatment 

of acetone with triphenylsilyllithium resulted in the forma

tion of 2-triphenylsllyl-2-propanol in 52 percent yield to

gether with some triphenylsilane. Similarly, cyclohexanone, 

88H. Gilman and G. D. Lichtenwalter, ibid.. 80. 607 
(1958). 

8®H.- Gilman and G. D. Lichtenwalter. ibid.. 80. 2680 
(1958). ' 
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8-pentadecanone, 3-octadecanone, 2-nonadecanone 9-nonadecanone 

and 12-tricosanone afforded the corresponding alpha-s11vl-

carbinols In yields ranging up to 34 percent. The results 

were essentially the same when organosllyllithium compounds 

containing methyl and phenyl groups attached to silicon were 

exposed to acetone and cyclohexanone. Hydrogen abstraction 

from the ketone by the organosllyllithium compound was an im

portant side-reaction in this study, as evidenced by the iso

lation of large amounts of the trisubstituted silane corre

sponding to the organosllyllithium compound used. In the ex

treme cs.se, triphenylsilane was obtained in 78 percent yield 

from the reaction of triphenylsilyllithium with dibenzyl ke

tone; no aloha-silvlcarbino1 was isolated from this reaction. 

In this connection, Lichtenwalter obtained a small amount of 

product believed to be 2-triphenylsilylethyl phenyl ketone 

from the reaction of triphenylsilyllithium with benzalaceto-

phenone; either addition across the olefin linkage, or more 

likely, 1,4-addition followed by rearrangement having 

occurred. 

In a study concerned with organometallic reactions of 

90 
heterocycles, Diehl reported the isolation of 10-triphenyl-

J. W. Diehl. Some organometallic reactions with 
heterocyclic compounds. Unpublished Ph.D. Thesis. Ames, 
Iowa, Library, Iowa State University of Science and Tech
nology. 1959. 
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siloxythiaxanthene,91 in 12 percent yield, together with 34.6 

percent of hexaphenyldlsllane from the reaction of triphenyl

silyllithium with 10-thiaxanthenone. In contrast, no hexa

phenyldlsllane was isolated from the corresponding reaction 

with 9-xanthenone (the oxygen analog) and the same organo-

80 
sillithium reagent. The latter reaction gave a product 

which decomposed over a thirty-degree range when heated, whose 

analysis and infrared spectrum agree with those expected for 

the "abnormal" addition compound, 9-triphenylsiloxyxanthene.91 

Attempts to isolate addition compounds from the reac

tions of triphenylsllylpotassium.with hexamethylacetone, 

benzalacetophenone and Michler's ketone failed.8® 

4. Carboxvlic acids and their derivatives 

rpp 
In 1952, Wu reported that triphenylsllylpotassium 

failed to react with the potassium salt of ji-iodobenzoic acid 

in diethyl ether after 90 hours at room temperature. A 92 

percent recovery of starting material (isolated as jD-iodo-

benzoic acid) was realized. A few years later, Gilman and 
QO 

Gerow reported the isolation of triphenylsilyItriphenyl-

^^-Following procedures recommended by Chemical Abstracts. 
these compounds are named as triphenylsiloxy derivatives of 
the heterocycle, since the triphenylsilyl group is non-func
tional, although another name had been used previously for 
10-triphenylsiloxythiaxanthene. See footnote 90. 

Gilman and C. W. Gerow, J. Am. Chem. Soc.. 77, 
4575 (1955). 
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germane (84 percent) from the reaction of triphenylsilyl

lithium with methyl triphenylgermanecarboxylate. Apparently, 

in this reaction, the germanium atom was attacked in prefer

ence to addition across the carbonyl. 

93 
In 1957, Brook reported the first reaction of an acid 

halide with an organosilylmetallic compound. In this study, 

triphenylsllylpotassium was reported to give a low yield of 

benzoyltriphenylsilane together with hexaphenyldlsllane, when 

reacted with benzoyl chloride in diethyl ether. Shortly 

82 
thereafter, Wittenberg and Gilman published an informative 

and thorough study on the reaction of triphenylsilyllithium 

with acetyl chloride under a variety of conditions. A large 

excess of acetyl chloride and low-temperature reactions were 

employed in attempts to obtain acetyltriphenylsilane in high 

yields. This result could not be realized, however, because 

of the facile addition of the organosllyllithium compound 

across the carbonyl, to give as final products, triphenyl-

(l-triphenylsiloxyethyl)silane and l,l-bis(triphenylsilyl)-

ethanol in fair yields, together with varying amounts of tri

phenylsilane. 

The reactions of triphenylsilyllithium with derivatives 

83 
of carboxylic acids were extended by Gilman and Peterson ' to 

a variety of carbonyl-containing compounds. Ethyl acetate, 

93A. G. Brook, ibid.. 79, 4373 (1957). 
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for example, gave triphenyl(1-triphenylsiloxyethyl)silane 

together with 1,1-bis(triphenylsilyl)ethanol when reacted 

with this reagent. No acetyltriphenylsilane, however, was 

Isolated from this reaction. Similarly, l,l-bis(triphenyl

silyl) ethanol and triphenylC1-triphenylsiloxypropyl)silane 

were obtained from acetic anhydride and propionyl chloride, 

83 
respectively. The former compound, together with tri-

phenyl(l-trlphenylsiloxy)silane was prepared via the same 

OA 
synthesis by Brook and co-workers. ~ No addition compounds 

were obtained from the reaction of triphenylsilyllithium with 

A3 ppk 
phenylacetyl chloride. The reaction of triphenylsilyl-

lithium with M,N-dimethylformamide failed to yield trlphenyl-

silylaldehyde, as mentioned early in the Historical section 

of this Thesis; the only product isolated was triphenyl-

silanol. 

7? 
In contrast to the results obtained by Wu, in the 

attempted reaction of triphenylsllylpotassium with potassium 

90 
p-iodobenzoate, Diehl obtained a 71 percent yield of hexa

phenyldlsllane from the reaction of two moles of triphenyl

silyllithium with o-bromobenzoic acid. This product was 

apparently formed via a halogen-metal interconversion reac

tion. In addition, 24.7 percent of starting material was re

covered. 

The reaction of triphenylsilyllithium with ethyl benzoate 

AO 
is presently under investigation by Trepka. Thus far, he 
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has been able to isolate hexaphenyldlsllane, triphenylsilanol 

, and ethoxytriphenylsilane, together with a small amount of 

product which may be aljsha-triphenylsilyl-algha-triphenyl-

siloxytoluene. This reaction appears to be quite complex 

and is being actively investigated at the time of this writ

ing. 

D. Reactions of Organosllylmetaliic Reagents with 
Compounds Containing Group VB Elements 

1. Amines 

94 
Reynolds £t al., while attempting to prepare triphenyl-

silylsodium via the action of sodium on triphenylsilane in 

liquid ammonia, isolated bis(triphenylsilyl)amine after treat

ment of the reaction mixture with ammonium bromide. Later, 

Kraus and Eatough^® reported the isolation of the solvated 

free radical, "triphenylsilicy1 ethylamine", from the reaction 

of bromotriphenylsilane with lithium in ethylamine. In both 

of these cases, as well as in the previously described work 

Q 
of Kraus and Nelson, it appeared as though the organosllyl

met allic compounds (if formed under these conditions) under

went transformations with the solvent to yield the products 

isolated. 

r. Reynolds, L. A. Bigelow and C. A. Kraus, ibid.. 
51, 3067 (1929). 

®®C. A. Kraus and H. Eatough, ibid.. 55. 5008 (1933). 
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96 
In 1952, Benkeser et al. reinvestigated the work of 

Kraus and Eatough, and proved that the solvated free radical 

described by these early workers was in reality the silyl-

7? 
amine, N-ethy1-1,1#1-triphenylsilyamine. Wu arrived at this 

same conclusion nearly simultaneously after reacting chloro-

triphenylsilane with ethylamine, both in the presence and 

absence of lithium. In either case, the product isolated 

was N-ethyl-1,1,1-triphenylsilylamine. 

7 
Several years later, Lichtenwalter successfully applied 

this reaction, using pre-formed organosilyllithium compounds, 

to prepare a variety of silylamines in connection with a study 

concerned with reactions of organosilyllithium compounds. For 

example, morpholine, piperidine and piperazine reacted smooth

ly with triphenylsilyllithium to give 1-triphenylsilylmor-

pholine, 1-triphneylsilylpiperidine and 1,4-bis(triphenyl

silyl) piper azine, in yields of 83, 86 and 93 percent, respec

tively. Similarly, n-butylamine and di-n-butylamine gave N-n-

butyl-1,1,1-triphenylsilylamine and N,N-di-n-buty1-1,1,1-

triphenylsilylamine in yields of 56 and 53:5 percent, re

spectively. Analogous compounds were prepared by Lichten-

7 
waiter from the reactions of methyldiphenylsilyllithium and 

dimethylphenyls ilylli thium with di-n-butylamine. An attempt 
rp 

to extend the reaction to diphenylamine with triphenylsilyl-

®®R. A. Benkeser, R. E. Robinson and H. Landesman, ibid., 
74 , 5699 (1952). 
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lithium failed to give the coupling product even though the 

organosilyllithium compound was consumed. The amine apparent

ly underwent metalation, but the N-lithio compound failed to 

displace the hydride ion from triphenylsilane• Wittenberg et 

97 
al. had similar results when, in an attempted proof of 

structure, they reacted triphenylsilyllithium with N-(di-

phenylmethyl)aniline in tetrahydrofuran. 

Incidental to a study dealing with the cleavage of ethers 

98 
by organosilyllithium compounds, Wittenberg and co-workers 

prepared N-(triphenylsilylmethyl)piperidine in 55 percent 

yield via the reaction of triphenylsilyllithium with N-(n-

butoxymethyl)piperidine in tetrahydrofuran. 

It is noteworthy that dicyclohexylamine^ failed to yield 

isolable amounts of the sllylamine when reacted with tri

phenylsilyllithium; only triphenylsilane and triphenylsilanol 

were identified from the reaction products. 

Trepka" recently has shown that N,N-dimethylaniline 

failed to undergo metalation when heated with triphenylsilyl

lithium for 24 hours at 50° in tetrahydrofuran. Subsequent 

to derivatization with benzophenone, diphenylmethoxytriphenyl-

97p. Wittenberg, M. V. George, T. C. Wu, D. H. Miles and 
H. Gilman, ibid., 80, 4532 (1958). 

. Wittenberg, B. Aoki and H. Gilman, ibid.. 80, 5933 
(1958)• 

9®W. J. Trepka, Ames, Iowa. Information concerning 
metalation studies. Private communication. 1959. 
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silane, hexaphenyldlsllane, a trace of an unidentified com

pound containing no silicon, and starting materials were the 

only compounds isolated. 

2. Nitroeen-heterocvcles and 
their halogenated derivatives 

In 1951, Honeycutt100 failed to isolate addition or coup

ling products from the reactions of triphenylsllylpotassium 

with pyridine, quinoline, or their 2-chloro derivatives. A 

few years later, however, Meen and Gilman101 succeeded in pre

paring 3-triphenyIsily1-9-ethylearbazole, in 57 percent yield, 

from the reaction of triphenylsllylpotassium with 3-bromo-9-

TO? 
ethylcarbozole in diethyl ether. In contrast, Ranck ob

tained an unidentified amorphous solid (as the only product) 

from the reaction of this organosllylmetaille compound with 

3-bromo-10-ethylphenothiazine. 

Two years later, Diehl90 used this reaction to prepare 

a number of silicon-containing derivatives of carbazole and 

phenothlazine. When triphenylsilyllithium was allowed to 

100j. g. Honeycutt, Jr. Preparation of some nitrogen-
containing organosilicon compounds. Unpublished M.S. Thesis. 
Ames, Iowa, Library, Iowa State University of Science and 
Technology. 1951. 

101R. H. Meen and H. Gilman, J. Org. Chem.. 20. 73 
(1955). 

lô R. 0. Ranck. Some reactions of phenothlazine and its 
derivatives. Unpublished Ph.D. Thesis. Ames, Iowa, Library, 
Iowa State University of Science and Technology. 1957. 
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react with 3-b ro mo-9-ethylcarb azole, a 27.5 percent yield of 

3-triphenylsilyl-9-ethylcarbazole was obtained together with 

57.7 percent of hexaphenyldlsllane. Using a mixture of di

ethyl ether and tetrahydrofuran, the yield of the silylcar-

bazole was increased to 40.7 percent, while that of hexa-

90 
phenyldisilane dropped to 44.3 percent. Phenothlazine 

derivatives were prepared in the same manner from 2-chloro-

10-ethyl-, 3-chloro-10-ethy1-, 3-bromo-10-ethyl-, 4-iodo-10-

ethyl-, 10-(2-chloroethyl)-, 3,7-dichloro-10-ethyl- and 3,7-

dibromo-10-ethylphenothiazine, in yields which were uniformly 

less than 35 percent. From these reactions, hexaphenyldl

sllane was isolated in yields ranging between 46.3 and 64.2 

percent. 

Attempts to metalate 10-ethylphenothiazine-5-oxide and 

the 5,5—dioxide failed to give any acidic materials subsequent 

90 
to carbonation. In the former case, 10-ethylphenothiazine 

was found together with other products, indicating that reduc

tion of the sulfoxide group had occurred, whereas only start

ing material was isolated from the dioxide reaction. Metala

tion of 10-ethylphenothiazine, however, was successful as evi

denced by the isolation of 10-ethylphenothiazine-4-carboxylic 

acid subsequent to carbonation. 

3. Compounds containing the azo and azomethine linkage 

Honeycutt100 reported the failure of triphenylsllyl

potassium to add to the azomethine linkage of pyridine and 
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qulnollne, or their 2-chloroderivatives shortly after tri

phenylsllylpotassium became available as a research tool. 

Efforts along these lines have given more promising results 

when triphenylsilyllithium was used. In 1958, Wittenberg 

1 og 
and Oilman4" reported the isolation of 4-triphenylsilyl-1,4-

dihydropyridine (63 percent) from the cleavage of hexaphenyl

dlsllane with lithium in pyridine, followed by an in situ 

1,4-addition to the solvent. This compound was also formed, 

but not isolated as such, from the reaction of pre-formed 

triphenylsilyllithium with pyridine in tetrahydrofuran. Oxi

dation of the mixture with nitrobenzene gave a 53 percent 

overall yield of 4-triphenylsilylpyridine. 

A similar 1,4-addition of triphenylsilyllithium to 

acridine was reported almost simultaneously by Gilman and 

Lichtenwalter.10̂  The 10-11thio-9-(triphenylsilyl)acrldan so 

formed was reacted with water, dimethyl sulfate and oxygen 

to give 9-(triphenylsilyl)acridan, 10-methyl-9-(triphenyl

silyl) acrldan and 9-(triphenylsilyl)acridine In 27, 60 and 31 

percent yields, respectively. 

During the same year, the reactions of triphenylsllyl

potassium and -lithium with benzophenone anil were reported 

103d^ Wittenberg and H. Gilman, Chemistry and Industryf 
390 (1958). 

104H. Gilman and G. B. Lichtenwalter, J. Org. Chem.. 
23, 1586 (1958). 
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to proceed smoothly to give high yields of the addition prod-

97 
uct, N-diphenylmethyl-N-phenyl-1,1,1-triphenylsilylamine. 

An attempt to synthesize the last-mentioned compound from 

triphenylsilyllithium and N-(diphenylmethyl)aniline failed, 

as did the attempts using chlorotriphenylsilane with 3S-(di-

phenylmethyl)aniline or its N-lithio derivative.97 These in

vestigators also succeeded in adding triphenylsllylpotassium 

and triphenylsilyllithium to azobenzene; the product isolated 

being N,N*-diphenyl-K-(triphenylsilyl)hydrazine. It is inter

esting to note that this compound can be prepared from tri

phenylsilyllithium and azoxybenzene,105 as well as from the 

Q7 
azobenzene-di11thium adduct and chlorotriphenylsilane. 

Attempts by Lichtenwalter7 to add triphenylsilyllithium 

to isoquinoline, phenanthridine and phenazine uniformly 

failed, and either small amounts of unidentified compounds, 

or no pure products were obtained, except in the last-mention

ed case where triphenylsilane was isolated in 38 percent 

yield. In contrast, Marrs10® isolated a product from the 

reaction of triphenylsilylli thium with quinqline, whose 

analysis agrees quite closely with that of a triphenylsilyl-

105$£# v, George, Ames, Iowa. Information concerning 
reactions of triphenylsilyllithium with nitrogen compounds. 
Private communication. 1958. 

106o. L. Marrs, Ames, Iowa. Information concerning 
reactions of triphenylsilyllithium with aromatic compounds. 
Private communication. 1959. 
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substituted quinoline. The position of substitution, however, 

has not yet been established. An attempt to add triphenyl

sllylpotassium to benzalaniline gave no addition compound.85 

4. Nitriles 

Reactions of organosilyllithium compounds with nitriles 

are meagre, and appear to be difficult to reproduce. When 

triphenylsilyllithium was reacted with acrylonltrile, a resin

like solid was obtained from which no pure compounds could be 

83 
isolated. The same organosilyllithium compound and acetoni-

trile gave only triphenylsilanol and a small amount of uniden

tified solid, whose analysis agrees exactly for a compound 

containing two moles of acetonitrile to one of triphenyl-

A3 
silane. In contrast, the reaction of triphenylsilyllithium 

with benzonitrlle has been reported to give a 50 percent yield 

of crude tetraphenylsilane, from which 27 percent of the pure 

* A3 
compound was isolated. In addition, triphenylsilanol was 

obtained in 15 percent yield. Recent attempts to duplicate 

this high yield of tetraphenylsilane by Peterson,107 Trepka108 

107 
D. J. Peterson, Ames, Iowa. Information concerning 

reactions of triphenylsilyllithium with nitriles. Private 
communie ation. 19 59. 

1°8W. J. Trepka, Ames, Iowa. Information concerning 
reactions of triphenylsilyllithium with nitriles. Private 
communication. 1959, 
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and Zuech,109 under comparable conditions or under different 

conditions, have given only small amounts of tetraphenylsilane 

together with triphenylsilanol and tars. Investigation of 

this reaction is still in progress. 

5. Miscellaneous compounds 

The reaction of triphenylsilyllithium with N,N-dlmethyl-
n 

formamide has already been discussed under the section deal

ing with reactions of organosilylmetallic compounds with 

derivatives of carboxylic acids. 

In 1958, Kdgler and Seyferth110 reported the reaction of 

triphenylsilyllithium with cyanuric chloride in tetrahydro

furan to give a 44 percent yield of hexaphenyldlsllane, to

gether with a polymeric material containing carbon, hydrogen, 

nitrogen and silicon, whose structure has not been establish

ed. They also reported that phosphonltrille chloride trimer 

gave only hexaphenyldlsllane in 55 percent yield when similar

ly reacted with triphenylsilyllithium in the same solvent. 

These two attempts to prepare organosilylmetallic derivatives 

of inorganic "benzenoid" compounds failed, apparently due to 

109e. A. Zuech, Ames, Iowa. Information concerning re
actions of triphenylsilyllithium with nitriles. Private com
munication. 1959. 

HOh. P. Kôgler and D. Seyferth. Research on organo-

fetallic derivatives of inorganic "benzenoid" compounds. Wright Air Development Center Quarterly Report, No. ll . 
Oct. 31, 1958. 
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the facile halogen-metal Interconversion reaction which takes 

place between the reactants- Numerous other examples of 

halogen-metal interconversion reactions involving organosllyl

met allic compounds are summarized elsewhere.®»7 >90 

In 1959, the reactions of triphenylsilyllithium with a 

number of halogenated group VB elements were described by 

George .et al.9 For example, triphenylsilyllithium reacted 

with phosphorus trichloride in tetrahydrofuran to give 68 

percent of hexaphenyldlsllane together with triphenylsilanol 

and hexaphenyldisiloxane. With phosphorus tribromide, hexa-

phenyldisilane and triphenylsilanol were isolated in 80.5 and 

9.7 percent yields, respectively. Similar results were ob

tained from the reactions using phosphoryl chloride, arsenic 

trichloride, antimony trichloride and bismuth trichloride. 

From the reactions employing the arsenic, antimony and bismuth 

compounds, varying yields of triphenylsilane were also obtain

ed. The authors postulated the formation and cleavage of 

intermediates containing silicon-group VB element bonds to 

explain the formation of the products isolated. In this con

nection, Mai er111 succeeded in isolating compounds containing 

silicon-phosphorus and silicon-arsenic bonds in low yields 

from the reactions of triphenylsilyllithium with alkyl-

Maier, Zurich, Switzerland. Information concerning 
reactions of triphenylsilyllithium with alkyl-substituted 
phosphorus and arsenic halides. Private communication. 1959. 
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substituted phosphorus and arsenic halides. He likewise ob

served the formation of considerable amounts of hexaphenyldi-

silane from these reactions. 
g 

George et al. also reported the Isolation of n-butyl-

triphenylsilane (83.5 percent) from the reaction of triphenyl-

silyllithium with tri-n-butyl phosphate. 

In 1959, Kôgler and Seyferth^^ succeeded in preparing 

B-tris(triphenylsilyl)-N-trimethylborazene from triphenyl-

silyllithium and B-trichloro-N-trimethylborazene. The reac

tion was run in a mixture of diethyl ether and tetrahydro-

furan. 

The action of triphenylsilylpotassium on phenyl isocya-

nate gave hexaphenyldisilane and symmetrical diphenyl urea; 

however, the corresponding reaction with phenyl isothiocyanate 

afforded a product which is thought to be bis(triphenylsilyl) 

113 
ketone anil. 

P. Kôgler and D» Seyferth. Research on organo-

Î
etallie derivatives of inorganic "benzenoid" compounds. 
Wright Air Development Center Quarterly Report, No. 3]. 
Sept. 1, 1959. 

Gilman, Ames, Iowa. Information concerning T. C. 
Wu1s studies with triphenylsilylpotassium. Private communi
cation. 1959. 
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III. EXPERIMENTAL 

A. General Procedure 

Melting and boiling points reported herein are in degrees 

Centigrade and are uncorrected. Generally, melting points 

were taken in an electrically heated copper block using a 360° 

thermometer calibrated in one-half degree divisions. For 

compounds melting below 100°, an electrically heated oil-bath 

was employed. 

Reactions involving organosilylmetallic or organometaliic 

compounds, in general, were carried out in oven-dried glassware 

under an atmosphere of dried, oxygen-freed, nitrogen. The 

equipment was assembled while hot and the apparatus was swept 

with a brisk stream of nitrogen while cooling. 

Diethyl ether, when employed as a solvent for organo-

metallic reactions, was sodium-dried. The tetrahydrofuran 

used in the same capacity was dried and purified by refluxing 

over sodium wire for at least twenty-four hours, followed by 

distillation into a refluxing suspension of lithium aluminum 

hydride under a dry, nitrogen atmosphere. The solvent was 

distilled from this suspension immediately before use and 

generally transferred to an addition funnel which was still 

warm and contained a nitrogen atmosphere. 

Silicon analyses were performed by a modified reported 
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procedure^"* using a ten to one mixture of concentrated sul

furic and nitric acids to initiate the decomposition in 

weighed platinum crucibles. Decomposition was completed with 

warm fuming nitric acid, and the weight of the residue was 

used to calculate the percent silicon. 

Infrared spectra, reported in microns, were obtained 

either on a Baird, model B, or Perkin-Elmer, model 21, record

ing spectrophotometer. 

Triphenylsilyllithium was prepared from hexaphenyldisi-

lane by lithium cleavage in tetrahydrofuran according to a 

published procedure. 

B. Reactions of Triphenylsilyllithium with 
Trialky1 Phosphates 

1. Tr im ethvl pho sph at e (1:1) 

A solution of 0.04 mole of triphenylsilyllithium in 75 

ml. of tetrahydrofuran was added dropwise to a stirred solu

tion of 5.6 g. (0.04 mole) of trimethyl phosphate in 50 ml, 

of the same solvent. Color Test was negative immediately 

after the addition was completed. Work-up by hydrolysis, 

addition of 100 ml. of diethyl ether, separation of the layers, 

extraction of the aqueous layer with diethyl ether, drying of 

Oilman, B. Hofferth, H. W. Melvin and G. E. Dunn, 
J. Am. Chem. Soc-, 7£, 5767 (i960). 

H®H. Oilman and F. Schulze, ibid., 47, 2002 (1925). 
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the organic layer and removal of the solvents left an oil, 

which was poured on a column of dry alumina. 

Elution with 400 ml# of petroleum ether (b.p. 60-70°) 

gave 7.8 g. (71^) of methyltriphenylsilane, m.p. 63-65°, and 

an oil which contained triphenylsilane as the main constitu

ent, as evidenced by strong absorption bands at 4.75 and 8.97 

f* in its infrared spectrum, characteristic of the Si-H and 

silicon-phenyl bond, respectively. Recrystallization of the 

solid from methanol raised the melting point to 65-66°. The 

product 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. 

2- Tri-n-butyl phosphate (l:l) 

The addition of one-third of a solution of 0.04 mole of 

triphenysilyHithium 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 sily111thium reagent. The addi

tion of another 0.013 mole of the organometallic compound 
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resulted in a brown solution which gave a positive Color Test 

I even after stirring for one hour. An additional 6.65 g. 

(0.025 mole) of tri-n-butyl phosphate in 30 ml. of tetrahy

drofuran was added, and the remaining triphenylsilyllithium 

reagent then was added dropwise. Color Test I became nega

tive and the mixture developed a pale pink coloration. 

Hydrolysis with water, and the addition of 100 ml. 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 

g. (97^) of n-butyltriphenylsilane, m.p. 85-87°, identified 

by mixed melting point and infrared spectra. 

3. Tri-n-butyl phosphate (3:1) at reflux, run 1 

A solution of 0.08 mole of triphenylsilyllithium in 160 

ml. of tetrahydrofuran. was added to 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 hours at room temperature (Color Test I positive) then 

at reflux for 18 hours. Hydrolysis, filtration and washing 

of the insoluble material with water and diethyl ether left 

2.2 g. of hexaphenyldisilane, m.p. and mixed m.p. 364-366°. 

The filtrate, which had a strong phosphine-like odor, 

was acidified, and the aqueous layer was extracted with 

diethyl ether, then discarded. Removal of the solvents from 
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the dried organic phase left an oily solid, which was washed 

with petroleum ether (b.p. 60-70°), and crystallized from ben

zene to give 0.1 g. of impure hexaphenyldisilane, identified 

by mixed melting point. 

The petroleum ether extract was chromatographed on an 

alumina column to give 12.5 g. (49.5#) of n-butyltriphenyl

silane; 0.1 g. ( 2. 7#) of hexaphenyldisiloxane ( eluted with 

benzene); 0.1 g. of hexaphenyldisilane (total yield, 2.4 g., 

11.6#) ; 1.7 g. (6-4#) of 4-triphenylsilylbutanol (eluted with 

ethyl acetate) ; and 1.5 g. (5.9%) of triphenylsilanol. All 

products were identified by mixed melting points. 

4. Run 2 

A solution of 0.06 mole of triphenylsilyllithium in 70 

ml. of tetrahydrofuran was 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. The mixture was 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, followed by filtration and washing, gave 2.15 

g. (13.8#) of hexaphenyldisilane, m.p. and mixed m.p• 363-

365° The filtrate had a phosphine-like odor. 

Chromatographic separation of the organic layer gave: 

9.8 g. (51.5'#) of n-butyltriphenylsilane, m.p. 86-88° (mixed 

m.p. and infrared spectra); and 1.5 g. (9.05#) of triphenyl-
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silanol, m.p. 152-154° (mixed m.p.). 

5. Trilsobutvl phosphate (l:l). run 1 

A mixture of 0.06 mole of triphenylsilyllithium and 16 

g. (0.06 mole) of triisobutyl phosphate in 170 ml. of tetra

hydrofuran gave, after the initial heat of reaction had dis

sipated, a negative Color Test 1. The pink solution was 

hydrolyzed with 50 ml. of half-saturated ammonium chloride, 

and 100 ml. of diethyl ether was added. Drying of the sep

arated organic layer, followed by removal of the solvents and 

boiling of the residue with 150 ml. of absolute ethsnol, gave 

upon filtration, 0-3 g. (2#) of hexaphenyldisilane, m.p. 357-

360° (mixed m.p.). 

The ethanolic filtrate yielded upon concentration two 

crops of isobutyltriphenylsilsne (13.75 g., 72.4#), m.p. 

75-76° (mixed m.p.). This 'compound has been previously pre

pared from triphenylsilyllithium and isobutyl chloride. 

6. Run 2 

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 

116G-. Dappen, Ames, Iowa. Alkylation of triphenylsilyl
lithium. Private communication. 1959. 
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"by passing it through a column of alumina as a petroleum 

ether (b.p. 60-70°) solution. Removal of the solvent left 

11.1 g. (87.8#) of isobutyltriphenylsilane, m.p. and mixed 

m.p. 74-76°. Eiution with ethyl acetate gave, after crystal

lization from cyclohexane, 0.5 g. (4.5#) of triphenyIsilano1, 

m.p. 151-153° (mixed m.p.). 

C. Alkylation of Sterically Hindered Organolithium and 
Grignard Reagents with Tri alky 1 Phosphates 

1. Triphenvlmethvlmagnesium chloride and 
triaethvl -phosphate in diethyl ether 

A suspension of ça. 0.03 mole of triphenylmethylmagnesium 

chloride (prepared according to the directions of Gilman and 

Zoellner117 from 8.36 g. (0.03 mole) of triphenylmethyl chlor

ide In 100 ml. of diethyl ether) was added to a stirred solu

tion of 4.2 g. (0.03 mole) of trimethyl phosphate in 50 ml. 

of diethyl ether, and the mixture was stirred for 30 minutes. 

Hydrolysis was effected with 5# hydrochloric acid. The 

aqueous layer was extracted with diethyl ether, then discarded. 

The bulk of the solvent was distilled and the last traces 

were removed under an air-jet. The orange, viscous oil which 

remained, was dissolved in petroleum ether (b.p. 60-70°), and 

poured onto a column of dry alumina. Eiution with the same 

H^H. Oilman and E. A. Zoellner. J. Am. Chem. Soc.. 51. 
3493 (1929). ~ ~~ ~~ 
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solvent gave 6.8 g. (88#) of crude 1,1» 1-triphenylethane, 

m.p. 87-90°. Two crystallizations from absolute ethanol 

afforded 5.97 g. (77#) of pure product, m.p. 93.5-95°, identi

fied by a mixture melting point determination and by infrared 

spectra. 

2. Trlphenvlmethvlllthium and trimethvl 
phosphate in diethyl ether 

The triphenylmethyllithium was prepared according to a 

modified, reported procedure.^® A mixture of 8.36 g. (0.03 

mole) of triphenylmethyl chloride, excess lithium and 60 ml. 

of diethyl ether was refluxed gently with stirring for 2 days. 

The suspension was filtered through a stopcock into a solu

tion of 0.03 mole of trim ethyl phosphate (freshly distilled) 

in 50 ml. of diethyl ether. Reaction was instantaneous as 

evidenced by the rapid loss of color of the organolithium re

agent. 

Work-up by hydrolysis, separation of the layers, drying 

of the organic layer over sodium sulfate, removal of the 

solvent and two crystallizations of.-the residue from ethanol 

gave 6.7 g. (86.5#) of 1,1,1-triphenylethane, m.p. and mixed 

m.p. 93-95° • 

118pe Tomboullan, J. Org. Chem., 24, 229 (1959). 
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3. 9-Phenvl-9-fluorenv111thium and trlmethyl 
phosphate in tetrahydrofuran. run 1 

The 9-phenyl-9-fluorenyllithium was prepared by a modi

fied, reported procedure."*"^ A mixture of 4.84 g. (0.02 mole) 

of 9-phenylfuorene, 0.7 g. (0.1 g. atom) of lithium wire, cut 

into fine pieces, and 50 ml. of tetrahydrofuran was stirred 

without cooling for 24 hours. The dark solution was filtered 

through a stopcock into an addition funnel, and then added to 

a stirred solution of 2.8 g. (0-02 mole) of trimethyl phos

phate in 25 ml. of the same solvent. The mildly exothermic 

reaction mixture was hydrolyzed with water, and 50 ml. of 

diethyl ether was added to facilitate separation of the layers. 

The solvent was. removed from the combined, dried organic 

layer and diethyl ether extracts of the aqueous layer, and 

the residue was taken up in petroleum ether (b.p. 60-70°) • 

An unfortunate accident led to the loss of part of the mixture 

at this point. The remaining solution was chromatographed on 

an alumina column to give (from the petroleum ether eluates) 

2.08 g. (52.5^) of 9-methy1-9-phenyIfluorene, m.p. 84-85° 

120 
after crystallization from ethanol. The reported melting 

point is 84-85°. 

H9h. CHLlman and R. D. Gorsich, ibid. . 23 . 550 (1958). 

I20g^ Bergman and A. Bond, Ber.. 64B. 1455 (l93l). 
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4. Hun 2 

The preceding reaction was repeated using 0.02 mole of 

9-pheny1-9-fluo renylllthium (stirred for 16 hours in the 

presence of lithium) and 2.8 g. (0.02 mole) of trimethyl phos

phate, in 70 ml. of tetrahydrofuran. Work-up by hydrolysis, 

addition of 50 ml. of diethyl ether, extraction of the aqueous 

layer with diethyl ether, drying of the combined organic 

layer, removal of the solvents, passage through an alumina 

column (as a petroleum ether (b.p. 60-70°) solution), and 

recrystallization from ethanol afforded 4.5 g. (88$) of 

9-methy1-9-phenyIfluorene, m.p. 85-86°. A mixed melting point 

with the product from the preceding reaction was not depress

ed. The infrared spectrum as a carbon disulfide solution was 

consistent with the assigned structure-

5. Diphenvlmethy111thium and trimethyl 
phosphate in diethyl ether 

A solution of 0.07 mole of diphenyImethyllithium (pre

pared by the metalatlon of diphenylmethane with n-propyl-

lithium)in 75 ml. of diethyl ether was added to a solu

tion of 9.8 g. (0-07 mole) of trimethyl phosphate in 50 ml. 

of the same solvent. The reaction mixture refluxed spontan

eously and gradually developed a yellow color. Stirring was 

Oilman, A. G. Brook and L. S. Miller, J. Am. Chem. 
Soc.. 75, 5757 (1955). 
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continued for one hour, then the mixture was hydrolyzed with 

50 ml. of 10$ hydrochloric acid. 

The solvent was removed from the dried organic layer by 

distillation, and the residue was distilled (after passage 

through a column of alumina) to give 10.25 g. (80.5$) of 1,1-

diphenylethane, b.p. 136-137° ( 11 mm.), 1.5730, 

1.0058. The reported^^ constants are: b.p. 136° ( 12.5 mm.); 

Pi 21 
ngx 1.573, d 1.006. 

6. Mesltvlmagneslum bromide and trimethyl 
phosphate in diethyl ether 

Mesitylmagnesium bromide, prepared in 89$ yield (as 

determined by acid titration) from 19.9 g. (0.1 mole) of 2-

bromomesitylene in 100 ml. of diethyl ether, was stirred with 

14.08 g. (0.1 mole) of trimethyl phosphate in 30 ml. of di

ethyl ether. Color Test was negative after 24 hours ; 

hence, the mixture was hydrolyzed with dilute hydrochloric 

acid. The usual work-up followed by passage through a column 

of alumina and distillation of the oil, which was eluted with 

petroleum ether (b.p. 60-70°), gave 3.65 g. (30$) of mesity-

lene, b.p. 165°, n^ 1.4992, and 5.25 g. (39.1$) of isodurene, 

b.p. 193°, 1.5125. In addition, 2.7 g. of a mixture of 

these two compounds was obtained, b.p. 165-193°, n^° 1.5038. 

Sabatier and M. Murat, Compt. rend.. 154. 1772 
(1912). 
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The structures of both compounds were confirmed by infrared 

spectra. 

Identity of the isodurene was also confirmed by prepara

tion of the sulfonic acid, m.p. 78°, according to a published 

procedure.The reported melting point is 79°. 

7. Triphenylmethyllithium and tri-n-butyl 
phosphate in diethyl ether 

A suspension of 0.03 mole of triphenylme thy 111 thium3-1® 

in 100 ml, of diethyl ether was allowed to react with a solu

tion of 8 g. (0.03 mole) of tri-n-butyl phosphate in 50 ml. 

of the same solvent. Work-up by hydrolysis, separation of 

the layers, extraction of the aqueous phase with diethyl 

ether, drying of the combined organic layer, and removal of 

the solvents left a yellow-orange, viscous oil which was dis

solved in petroleum ether (b.p. 60-70°) and passed through a 

column of alumina. The petroleum ether eluates gave, after 

crystallization from ethanol, 6.98 g. (77.5$) of 1,1,1-trl-

phenylpentane, m.p. 60-61". The reported1̂  melting point is 

61.5°. 

123l. I. Smith and 0. W. Cass, J. Am. Chem. Soc. 54, 
1609 (1932). 

124K. Ziegler and L. Jacob, Ann.. 511f 45 (1934). 
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8. 9-Phenvl-9-fluorenyllithium and 
tri-n-butyl phosphate in tetrahydrofuran 

A solution of 0.02 mole of 9-phenyl-9-fluorenyllithium119 

(prepared by reacting 4.84 g. (0.02 mole) of 9-phenyIfluorene 

with excess lithium in 50 ml.- of tetrahydrofuran) was added 

to a stirred solution of 5.32 g. (0.02 mole) of tri-n-butyl 

phosphate in 30 ml. of the same solvent. No appreciable heat 

was evolved, nor was the color of the organolithium reagent 

discharged; hence, the mixture was refluxed for 2 hours, 

hydrolyzed, and the layers separated. The residue, after re

moval of the solvent from the dried organic layer, was chroma-

tographed on an alumina column. The solid, eluted with petro

leum ether (b*p. 60-70°), upon recrystallization from absolute 

ethanol, afforded 5.62 g. (94$) of 9-n-buty1-9-phenylfluorene, 

m.p. 98-99°. 

Anal. Calcd. for ̂ 23^22: 92.58; H, 7.42. Found: 

C, 92.45, 92.54; H, 7.53, 7.41. 

9. DIphenyImethy111thium and tri-n-butyl 
phosphate in diethyl ether 

A solution of 0-07 mole of diphenylmethyllithium1̂ 1 in 

110 ml. of diethyl ether was allowed to react for 2 hours with 

a solution of 19.62 g. (0.07 mole) of tri-n-butyl phosphate 

in 20 ml. of the same solvent. The mixture was hydrolyzed 

and worked up In the manner described for 1,1-diphenylethane 
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to give 11.65 g. (74.5$) of 1,1-diphenylpentane, b.p. 80-81° 

A solution of 0.1 mole of mesitylmagnesium bromide in 

120 ml. of diethyl ether was refluxed for 24 hours with 26.63 

g. (0.1 mole) of tri-n-butyl phosphate. Color Test I was 

positive at the end of this time; hence, the mixture was car

bonated and worked up by hydrolysis, extraction of the organic 

layer with 10$ sodium hydroxide, acidification of the aqueous 

layer and filtration to give (after crystallization from 

aqueous ethanol) 7.27 g. (44.2$) of beta-isodurvlic acid, 

m.p. and mixed m.p. 152-154°. 

The dried organic layer was stripped of solvent and dis

tilled to give 9.6$ of mesitylene and 87$ of recovered tri-n.-

butyl phosphate, identified by infrared spectra. 

In a second reaction using the same quantities of reac-

tants, there was isolated 43.3$ of beta-isodurvlic acid after 

refluxing the mixture for 3 days and carbonating on a Dry Ice-

ether slurry. 

The organic layer was stripped of solvents and passed 

(0-005 mm.), njP 1.5510. The reported values1^® 

307.8°; n§0 1.5510. 

are: b.p. 

10. Mesitylmagnesium bromide and tri-n-butyl 
phosphate in diethyl ether (attempted) 

125^ Serijan and P. H. Wise, J 
5191 (1951). 

. AJH_. Chem. SQC ., 73, 
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through an alumina column, then distilled to give 19.5$ of 

mesitylene and 86$ of tri-n-butyl phosphate. 

11. Mesitylmagnesium bromide and tri-n-butyl 
phosphate in tetrahydrofuran (attempted) 

A mixture of 0.1 mole of mesitylmagnesium bromide (pre

pared in 95$ yield from 2-bromomesitylene in 100 ml. of tetra-

hydrofuran) and 26.63 g. (0.1 mole) of freshly distilled tri-

n-butyl phosphate in 50 ml. of the same solvent was heated 

short of reflux for 3 days and then carbonated. Work-up of 

the basic extract and crystallization of the acid from petro

leum ether (b.p. 60-70°) gave, in three crops, 10.75 g. 

(65.5$) beta-isodurylic acid, m.p. and mixed m.p. 152-154°. 

The neutral organic layer furnished 1.05 g. (9.2$) of 

crude mesitylene, b.p. 65-70° (25 mm.), njp® 1,4980, identified 

by infrared spectra; and 22.9 g. (86$) of recovered tri-n-

butyl phosphate, b.p. 165-167° (15 mm.). 

12. Mesityillthium and tri-n-butyl phosphate 
Tn diethyl ether-tetrahvdrofuran (attempted) 

A solution of 0.1 mole of mesltyllithium in tetrahydro

furan (150 ml.) was added rapidly to a solution of 26.63 g. 

(0.1 mole) of tri-n-butyl phosphate in 100 ml. of diethyl 

ether, and the solution was stirred overnight (Color Test I 

positive). Hydrolysis and solvent removal from the dried 

organic layer left a gel which was suspended in petroleum 



www.manaraa.com

62 

ether (b.p. 60-70°) and passed through a column of alumina. 

Distillation of the petroleum ether eluates gave 8.77 g. 

(73$) of mesitylene, b.p. 57-58° (20 mm.), identified by 

infrared spectrum, and less than 0.2 g. of material boiling 

over the range 60-165° (20 mm.) followed by 11.2 g. (42$) of 

tri-n-butyl phosphate, b.p. 168-172° (20 mm.), identified by 

infrared spectra. The dark glass-like distillation residue 

could not be crystallized and appeared to be a polyphosphate 

by its infrared spectrum. 

13. 9-Phenyl-9-fluorenyllithium and 
triisobutvl phosphate. run 1 

119 
A solution of 0.02 mole of 9-phenyl-9-fluorenyllithium 

in 50 ml. of tetrahydrofuran was added to a stirred solution 

of 5.32 g. (0.02 mole) of triisobutyl phosphate in 25 ml. of 

the same solvent. There was no detectable evidence of reac

tion; hence, the mixture was stirred for 24 hours and then 

carbonated by pouring it onto a slurry of Dry Ice and diethyl 

ether. The organic layer was extracted with 10$ sodium 

hydroxide, and the basic extract was boiled to convert the 

acid salt to 9~phenylfluoreneFiltration afforded, after 

washing with water, 0.7 g. (14.5$) of 9-phenylfluorene, m.p. 

and mixed m.p. 145-146°. 

The solvents were removed from the dried organic layer 

126tye Schlenk and E. Bergman, Ann. 463. 203 (1928). 
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under an air-jet, and the dark oily residue was passed through 

an alumina column. The material eluted with petroleum ether 

(b.p. 60-70°) was boiled with 50 ml. of absolute ethanol and 

filtered hot to remove 0.25 g. of a hydrocarbon, m.p. 208-209° 

(after crystallization from a benzene-ethanol pair). The 

structure of this compound has not yet been established; how

ever, the analysis fits well for a compound containing two 

9-phenyIfluorenyl groups and one isobutyl group. 

Anal. Calcd. for ̂ 42^34' C, 93.62; H, 6.38. Found: 

C, 93.53, 93.50; H, 6.43, 6.53. 

The ethanol filtrate gave after two additional crystal

lizations from the same solvent, 1.7 g. (28.5$) of 9-isobutyl-

9-phenylfluorene, m.p. 94-95°. 

Anal. Calcd. for CggHgg: C, 92.58; H, 7.42. Found: 

G, 92.59, 92.65; H, 7.64, 7.49, 

No other pure crystalline compounds could be isolated 

from the benzene, ethyl acetate or methanol elustes, which 

were uniformly viscous oils. 

14. Run 2 

The reaction was repeated using the same quantities of 

reactants. There was obtained 0.6 g. of the unidentified 

hydrocarbon, m.p. 209-210°, and 1.6 g. of 9-isobutyl-9-

phenylfluorene, m.p. 94-95°. No other pure compounds were 

isolated. 
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D. Reactions of Triphenylsilyllithium 
with Triaryl Phosphates 

1. Triphenyl phosphate (5:1) 

A solution of 4.20 g. (0.0155 mole) of triphenyl phos

phate in 10 ml. of tetrahydrofuran was added to a stirred 

solution of 0.04 mole of triphenylsilyllithium in 90 ml. of 

the same solvent. The reaction was mildly exothermic, and a 

suspension developed after the first few ml. of solution had 

been added. Upon complete addition, Color Test I11® was nega

tive, hence, the mixture was hydrolyzed with water in a hood 

(strong phosphine-like odor). Filtration and thorough wash

ing with water and diethyl ether left 2.8 g. ( 27$) of hexa

phenyldisilane, m.p. and mixed m.p. 562-564°. The phenol 

was extracted from the organic layer with 10$ sodium hydroxide 

solution and discarded. 

The solvents were removed from the dried organic layer, 

which still smelled strongly of phosphine, to leave an oily 

solid which was crystallized from cyclohexane to give, in sev

eral crops, 5.75 g. ( 52$) of triphenylsilanol, identified by 

mixed melting point and infrared spectra. 

2. Triphenvl phosphate (6:l) 

A mixture of 0.12 mole of triphenylsilyllithium and 6.32 

g. (0.02 mole) of triphenyl phosphate in 250 ml. of tetra-
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hydrofuran was stirred at room temperatures for 2 days to 

give a brown suspension. Color Test I was pale green. The 

mixture was hydrolyzed with 100 ml. of dilute hydrochloric 

acid, filtered, and the insoluble material was washed thor

oughly with water and diethyl ether to lesve upon drying, 10.2 

g. (33$) of hexaphenyldisilane, m.p. and mixed m.p. 353-365° -

The layers of the filtrate, which had a pronounced phos-

phine-like odor, were separated and the organic layer was 

washed with 10% sodium hydroxide to remove phenol, then dried 

over sodium sulfate. Removal of the solvent pair by distil

lation and treatment of the residue with cyclohexane afforded 

11.25 g. (34$) of triphenylsilanol, m.p. 149-152° (mixed m.p. 

and infrared spectra). The material in the cyclohexane fil

trate oiled upon further concentration; hence, the solvent 

was removed and the residue passed through a column of alumina-

Slution with 600 ml. of petroleum ether (b.p. 60-70°) gave 4.5 

g- (14$) of triphenylsilane, m.p. 42-44° (mixed m.p. and infra

red spectra). The next 600 ml. of the same solvent gave 0.8 

g. (3$) of hexaphenyldisiloxane, m.p. 224-226° after two 

crystallizations from cyclohexane. Ethyl acetate then eluted 

2.5 g. of triphenylsilanol, m.p. 152-154° (total yield, 13.75 

g., 4120. 

3. Triphenyl phosphate (6:1) at reflux 

The preceding reaction was repeated using the same quan

tities of materials; however, the mixture was refluxed gently 
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for 21 hours, at the end of which time, Color Test I was neg

ative. The mixture was worked up as in the previous reaction 

to give 12.3 g. (39.6$) of hexaphenyldisilane, m.p. and mixed 

m.p. 366—568°• 

The solvents were removed from the dried organic layer 

and the residue was chromâtographed on alumina to give 3.9 g. 

(11.8$) of hexaphenyldisiloxane, m.p. and mixed m.p. 226-228°, 

after crystallization of the material eluted with petroleum 

ether (b.p. 60-70°) and benzene from cyclohexane. The first 

50 ml. of ethyl acetate eluates gave an oil, which when 

crystallized from petroleum ether (b.p. 60-70°), afforded 

1.5 g. (5.75$) of 4-triphenylsilylbutanol, m.p. 107-109° 

(mixed m.p. and infrared spectra). Further elution with the 

same solvent gave after recrystallization from cyclohexane, 

9.95 g. (50$) of triphenylsilanol and ça. 2 g. of an oil whose 

infrared spectrum indicated it to be a mixture of triphenyl

silanol and 4-triphenylsilylbutanol. This material was not 

worked up any further. 

The basic extract of the organic layer was acidified and 

extracted with diethyl ether. Drying and removing the ether 

gave, upon bromination, 16 g. (81$) of tribromophenol, m.p. 

92-94° (mixed m.p.). 
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4. Tri-s-tolyl phosphate (2:1) 

A mixture of 0.04 mole of triphenylsilyllithium and 7.37 

g. (0.02 mole) of tri-^-tolyl phosphate in 110 ml. of tetra

hydrofuran was stirred overnight at room temperature (12 

hours), then hydrolyzed with 10$ hydrochloric acid. Filtra

tion and washing gave 3.7 g. (35.8$) of hexaphenyldisilane, 

m.p. and mixed m.p. 355-367°. 

The organic layer was separated and washed with 10$ 

sodium hydroxide to remove p-cresol, then dried. The solvent 

was removed by distillation, and the residue was dissolved 

in cyclohexane. Concentration afforded 4.78 g. (43.3$) of 

triphenylsilanol, m.p. 152-154° (mixed m.p.). Further con

centration of the filtrate left an oil, which was passed 

through a short column of alumina to give a trace of hexa-

phenylaisiloxane, m.p.222-224° (mixed m.p.); 1.1 g. (14.9$) 

of recovered tri-jD-tolyl phosphate, m.p. 74-76° (mixed m.p.) ; 

and 0.5 g. (4.5$) of triphenylsilanol, m.p. 152-154° (after 

crystallization from cyclohexane). 

5. Trl-prtolyl phosphate (3:1) 

A mixture of 0.06 mole of triphenylsilyllithium in 100 

ml. of tetrahydrofuran was allowed to react for three hours 

with a solution of 7.37 g. (0.02 mole) of tri-p.-tolyl phos

phate in 50 ml. of the same solvent. Hydrolysis with 100 ml. 

of water followed by acidification and filtration gave 5.15 g. 
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(33$) of hexaphenyldisilane, m.p. and mixed m.p. 360—364°. 

The separated organic layer was extracted with 10$ sodium 

hydroxide, then dried. The basic extract was acidified and 

extracted with diethyl ether and the ether extracts were dried. 

Solvent removal from the ether extract left an oil which was 

distilled to give 3.7 g. (57.2$) of s.-cresol, b.p. 95-97° (20 

mm.), identified by infrared spectra. A considerable amount 

of distillation residue remained. Attempts to distill it at 

a lower pressure led to decomposition by charring and fuming. 

The neutral organic layer was chromatographed on alumina 

to give 0.6 g. (3.8$) of triphenylsilane, identified by infra

red spectra, and 7.5 g. (45.2$) of triphenylsilanol, identified 

by mixed melting point. 

E. Reactions of Triphenylsilyllithium with 
Phenylated Group VB Elements 

1. Triphenvlblsmuthine (l:l) at -60° 

A solution of 0.02 mole of triphenylsilyllithium in 30 

ml. of tetrahydrofuran was added to a stirred solution of 8.8 

g. (0.02 mole) of triphenylbismuthine in 50 ml. of the same 

solvent, while the mixture was cooled in a Dry Ice-acetone 

bath. The red-brown suspension, which gave a positive Color 

Test I115 after stirring for one hour at -60°, was carbonated 

by pouring it jet-wise onto a slurry of Dry Ice and diethyl 

ether. 
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The eream-colored carbonation mixture gradually darkened 

to black as it warmed to room temperature. Acidification 

caused the black solid to dissolve leaving a cream-colored 

suspension. Filtration and washing with water and diethyl 

ether left 1.30 g. (8.7$) of hexaphenyldisilane, m.p. 362-364° 

(mixed m.p.). Removal of part of the solvent by aspirator pre

cipitated 0.8 g. (11.9$) of tetraphenylsilane, m.p. 232-234°, 

after recrystalligation from ethyl acetate. 

The layers of the filtrate were separated subsequent to 

making the mixture basic with sodium hydroxide, and allowing 

it to stand for several hours with occasional stirring to in

sure conversion of the triphenylsilanecarboxylic acid to tri

phenylsilanol." 7̂ The organic layer was extracted with 10$ 

sodium hydroxide and the basic extract boiled to expel organic 

solvents, then acidified to give 0.5 g. (6.9$) of benzoic 

acid, m.p. 120-121°, after recrystallization from water. 

The dried organic layer was stripped of solvents and the 

residue was chromatographed on alumina to give 6.05 g. (69$) 

of triphenylbismuthine, eluted with petroleum ether (b.p. 60-

70°), m.p. and mixed m.p. 77-78°. Elution with benzene gave 

no identifiable compounds, however, ethyl acetate eluted 1.45 

g. (26*3$) of triphenylsilanol, m.p. and mixed m.p. 152-154°, 

after crystallization from cyclohexane. 

G-. Brook and H. Gilman, J. Am. Oh em. SQC .. 77, 
2322 (1955). 
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2. Tri-ohenvlbismuthine (3:1). run 1 

A solution of 0-06 mole of triphenylsilyllithium in 100 

ml. of tetrahydrofuran was added to a stirred solution of 8.8 

g. (0.02 mole) of triphenylbismuthine in 60 ml. of the same 

solvent. The addition was carried out at 0 to 5° and the 

mixture was stirred at this temperature range for one hour, 

then carbonated by pouring jet-wise onto a Dry Ice-diethyl 

ether slurry. 

The carbonation mixture was hydrolyzed with water and 

filtered to remove 9.6 g. of wide-melting, insoluble material. 

Treatment of this solid with dilute hydrochloric acid caused 

part of the solid to dissolve with gas evolution. The remain

ing yellow solid was washed with water and a little diethyl 

ether to leave 5.05 g. of material, m.p. 230-350°. Extrac

tion with hot ethyl acetate left a solid which was recrystal-

lized from dioxane to give 2.8 g. (17.9$) of hexaphenyldisi

lane, m.p. and mixed m.p. 364-366°. The ethyl acetate extract 

afforded 2.12 g. (10.2$) of tetraphenylsilane, m.p. and mixed 

m.p. 233-235°, after crystallization from the same solvent. 

The ether extract of the hydrolyzed solid left no residue upon 

solvent removal. 

The organic layer was extracted with 10$ sodium hydroxide, 

dried over sodium sulfate and distilled to remove solvents. 

Treatment of the residue with warm petroleum ether (b.p. 60-

70°) followed by filtration gave 0.3 g. (l.92$) of hexaphenyl-
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disilane, m.p. 357-361°. Chromatography of the filtrate and 

fractional crystallization of the solids, eluted with petro

leum ether (b.p. 60-70°) from benzene,, ethyl acetate and 

ethanol eventually led to the isolation of 0.9 g. (5.5%) of 

hexaphenyldisiloxane and 3.4 g. (16.9$) of tetraphenylsilane. 

Both compounds were identified by mixed melting points and 

infrared spectra. 

The benzene, ethyl acetate and methanol eluates afforded 

4.01 g. (24.2$) of triphenylsilanol, m.p. 152-154° (mixed 

m.p.), after crystallization from eyclohexane. 

Acidification of the basic extract and extraction with 

diethyl ether followed by crystallization from water gave 

3.9 g. (54$, based on the cleavage of three phenyl groups from 

triphenylbismuthine) of benzoic acid, m.p. and mixed m.p. 120-

121°. 

3. Run 2 

A mixture of 0.06 mole of triphenylsilyllithium and 8.8 

g. (0.02 mole) of trlphenylblsmuthine in 150 ml, of tetrahydro-

furan was stirred at 0° for 6 hours and treated with 0.06 mole 

of chlorotrimethyls11ane to obtain a negative Color Test I. 

The mixture was stirred overnight for convenience, then 

hydrolyzed with water. Filtration removed 7.0 g. of a white 

and black solid mixture which melted partially at 300° with 

preliminary softening. 
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The solid was extracted with ethyl acetate to give 0.37 

g. (1.68$) of tetraphenylsilane, m.p. 232-234° (mixed m.p.), 

as the soluble portion. Tetralin then extracted 3.46 g-

(22.2$) of hexaphenyldisilane, m.p. 363-365° (mixed m.p.) and 

left 2.75 g. of a black residue which is thought to be largely 

metallic bismuth, as evidenced by qualitative tests. 

The solvents of the organic layer were replaced with 

petroleum ether (b.p. 60-70°) and distillation was continued 

until the mixture began to darken. Cooling deposited 4.65 

g. of a brown solid which softened at 200° and was not melted 

completely at 360°. Extraction with hot ethyl acetate removed 

3.65 g. (16.6$) of tetraphenylsilane, identified by mixed 

melting point. The insoluble residue (0.8 g.) was shown to 

contain bismuth by qualitative tests. Further concentration 

of the petroleum ether solution gave 1.2 g. (5.45$) of tetra

phenylsilane, and 5.23 g. (31.5$) of triphenylsilanol; both 

compounds were identified by mixed melting point determina

tions. 

The oily filtrate was distilled to give 3.4 g. (37.8$) 

of trimethylphenylsilane, b.p. 168-171°, nj)® 1.4898. The 

identity of the latter product was confirmed by Its infrared • 

spectrum. 

4. Run 3 

The reaction was repeated using the same quantities of 

materials; however, the mixture was stirred at room tempera-
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tore for 24 hours before carbonation. Work-up in the manner 

described in Run 1 gave: 0.3 g. (8.25$) of benzoic acid; 0.94 

g. (6.03$) of hexaphenyldisilane; 7.63 g. (46$) of triphenyl-

silanol; and 7.45 g. (37$) of tetraphenylsilane. All products 

were identified by mixed melting point determinations and 

infrared spectra. In addition, 4.1 g. of the black insoluble 

material was isolated. 

5. Triphenvlstibine (3:1) 

A solution of 0.1 mole of triphenylsilyHithium in 200 

ml. of tetrahydrofuran was added, at ice-bath temperature, to 

a solution of 11.65 g. (0.033 mole) of triphenylstibine in 

50 ml. of the same solvent. The red-brown mixture developed 

a suspension early during the addition and gradually turned 

brown. Stirring was continued after removal of the ice bath 

for 24 hours. Since Color Test I was still positive at the 

end of this time, the mixture was treated with a solution of 

10.8 g. (0.1 mole) of chlorotrimethylsilane in 50 ml. of di

ethyl ether. 

The solvents were removed by distillation, during which 

a black solid began to separate. Petroleum ether (b.p. 60-70P) 

was added and the distillation was continued until the volume 

was reduced to ça. 50 ml. The mixture was cooled to room 

temperature and 100 ml. of petroleum ether (b.p. 60-70°) was 

added. Filtration removed a dark solid which melted partially 
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at 220°. Exhaustive extraction of this solid with ethyl ace

tate gave, as the soluble portion, 14.8 g. (44$) of tetra

phenylsilane, m-p. and mixed m.p. 234-235°, together with 0.2 

g. of hexaphenyldisilane, m.p. 360-363° (mixed m.p.). There 

remained a black solid which gave a qualitative test for 

antimony. 

The colorless, clear petroleum ether extract from above 

was distilled, depositing a finely divided, dark solid which 

was removed by filtration. Distillation of the clear, color

less filtrate under reduced pressure was accompanied by depo

sition of more dark, finely divided solid. Two fractions, 

boiling up to 114° (0-01 mm.), and a small forerun were col

lected. The two main fractions were redistilled to give 4.4 

g. (13.2$) of l,l,l-trimethyl-2,2,2~trlphenyldisilane, b.p. 

130-132° (0.Q5 mm.), m.p. 103-105° (mixed m.p.). The identity 

of the product was also confirmed by its infrared spectrum. 

The forerun from the first distillation together with 

the material from the Dry Ice-acetone trap was redried in 

diethyl ether, then distilled to give 2.8 g. (18.7$) of tri

me thylphenylsilane, b.p. 167-171°, n 0̂ 1.4876. The Infrared 

spectrum also was used to confirm its Identity. 

The dark, solid, distillation residue from the first 

distillation and the black solid which was removed prior to 

distillation were hydrolyzed with water and extracted with 

diethyl ether. Drying, followed by removal of the ether left 
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an oily solid, which when chromatographed on alumina, yielded 

an additional 1.5 g. (4.8$) of 1,1,1-trimethyl-2,2,2-tri-

phenyldisilane and 5.85 g. (20.4$) of triphenylsilanol. Both 

products were identified "by mixture melting points and infra

red spectra. 

6. Triphenvlarsine (5:l). run 1 

A solution of 0.06 mole of triphenylsilyllithium in 100 

ml. of tetrahydrofuran was added to a stirred solution of 

6.12 g. (0.02 mole) of triphenylarsine in 30 ml. of the same 

solvent at 0°. After warming to room temperature, the re

action mixture was stirred for 36 hours. At the end of this 

time, Color Test I was weakly positive. 

Hydrolysis and work-up as in the reactions with tri-

phenyIbismuthine gave: 4.1 g. (26.3$) of hexaphenyldisilane, 

m-p. and mixed m.p. 362-364°; 4.29 g. (21.2$) of tetraphenyl

silane, m.p. and mixed m.p. 233-235°; and 3.75 g. (22.6$) of 

triphenylsilanol, m.p. 150-152° (mixed m.p.). Considerable 

amounts of gums and wide-melting solids were also obtained 

which resisted attempts to separate them into their consti

tuents by chromatography and crystallization techniques. 

7. Run 2 

A second reaction using the same quantities of reactants 

was carbonated after 36 hours of stirring at room temperature. 
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The usual work-up gave no benzoic acid. The neutral layer 

yielded 23.3$ of hexaphenyldisilane, 39.6$ of tetraphenyl

silane and 28.4$ of triphenylsilanol, all identified by the 

method of mixed melting points. No other pure compounds could 

be isolated. 

8. Triphenylphosphine (attempted) 

A mixture of 0.1 mole of triphenylsilyllithium and 8.85 

g. (0.033 mole) of triphenylphosphine in 210 ml. of tetra-

hydrofuran was stirred at room temperature for 24 hours. The 

reaction mixture gave no evidence of reaction having occurred. 

The brown solution was carbonated and hydrolyzed with 10$ 

hydrochloric acid. Filtration gave 0.5 g. (1.9$) of hexa

phenyldisilane, m.p. 363-365° (mixed m.p.). 

The layers of the filtrate were separated after standing 

in the presence of base for several hours,and the organic 

layer was extracted with 2-25 ml. portions of saturated sodium 

bicarbonate. Acidification, extraction with diethyl ether 

and removal of the ether gave no.benzoic acid. 

The organic layer afforded, after passage through a 

column of alumina, 8.3 g. (94$) of triphenylphosphine, m.p. 

77-78° (mixed m.p.) and 25.45 g. (92$) of triphenylsilanol, 

m.p. and mixed m.p. 153-155°. 
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F. Cleavage of Hexaphenyldisilane with 
Aryllithium Compounds 

1. Phenyllithium in tetrahydrofuran. run 1 

Five and nineteen-hundredths grains (0.01 mole) of hexa

phenyldisilane, m.p. 366-367°, was added to a stirred, filter-

1PA 
ed solution of 0.1 mole of phenyllithium in 110 ml. of 

tetrahydrofuran at -50°. The Dry Ice—ace tone bath was re

placed with an ice bath and the mixture was allowed to warm 

to 0° over a 30-minute period. Stirring was continued at 

this temperature for 1.5 hours, after whieh the mixture was 

stirred at room temperature for 24 hours. Work-up by hydrol

ysis, filtration and thorough washing with water and diethyl 

ether left 3.88 g. of material, melting over the range 220-

350°. Extraction of this solid with ethyl acetate left 2.60 

g. (50$) of hexaphenyldisilane, m.p. and mixed m.p. 364-366°. 

The ethyl acetate extract gave 0.66 g. of tetraphenylsilane, 

m.p. and mixed m.p. 2.32-234°. 

The organic layer was separated and evaporated to leave 

a dark, sticky solid. Extraction with methanol, and crystal

lization of the residue from ethyl acetate-ethanol gave an 

additional 0.84 g. of tetraphenylsilane. The total yield of 

tetraphenylsilane was 1.5 g. (89.3$). The methanol extract 

^2&H. Oilman and E. J. G-aJ, J. Org. Chem.. 22. 1165 
(1957) . 
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gave a tar-like residue which yielded only a trace of hexa-

phenyldisiloxane upon solvent removal and crystallization 

from ethanol. No triphenylsilane or triphenylsilanol could 

be isolated by chromatography. 

2. Run 2 

A mixture of 0.2 mole of phenyllithium and 10.36 g. 

(0.02 mole) of hexaphenyldisilane in 150 ml. of tetrahydro

furan was stirred at room temperature for 2 days after which 

it was derivatized with ça. 0.2 mole of chlorotrimethylsilane. 

Hydrolysis and filtration gave a mixture of tetraphenylsilane 

(66$) and hexaphenyldisilane (5$), which was separated by 

ethyl acetate extraction. Chromatography of the organic layer 

afforded 31$ of l,l,l-trlmethyl-2,2,2-triphenyldisilane, m.p. 

106-108°. All three products were identified by mixed melt

ing point determinations. In addition, 7.25 g. (24$) of tri

me thy lphenylsilane, b.p. 170-173°, np° 1.4905 was isolated 

and identified by infrared spectrum. 

3. Phenyllithium in diethyl ether-
tetrahydrofuran. run 1 

A mixture of 10.36 g. (0.02 mole) of hexapbenyIdisilane 

and 0.2 mole of phenyllithium in 200 ml. of diethyl ether and 

100 ml. of tetrahydrofuran was stirred at room temperature 

for 5 days and derivatized with dimethyl sulfate. Hydrolysis 

and the usual work-up afforded 58$ of hexaphenyldisilane, 
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40.5$ of tetraphenylsilane and 2*3.7$ of methyltriphenylsllane. 

All three products were identified by the method of mixed 

melting points and infrared spectra. 

4. Run 2. at reflux 

A mixture of 0.1 mole of phenyllithium and 10.36 g. 

(0.02 mole) of hexaphenyldisilane in 100 ml. of diethyl ether 

and 50 ml. of tetrahydrofuran was refluxed for 2 days and 

derivatized with 0.1 mole of chlorotrimethylsilane. Hydrol

ysis and the usual work-up gave 10$ of hexaphenyldisilane, 

86$ of tetraphenylsilane and 67.5$ of 1,1,1-trimethy1-2,2,2-

triphenyldisilane together with 14.3$ of 4-triphenyIsily1-

butanol. All products were identified by mixed melting point 

determinations. 

5. Phenyllithium in diethyl ether, run 1 

A solution of 0.1 mole of phenyllithium (filtered through 

a tight glass-wool plug) in 100 ml. of diethyl ether was added 

rapidly to 5.18 g. (0.01 mole) of hexaphenyldisilane and the 

resulting suspension was stirred at room temperature for 24 

hours. Hydrolysis and filtration afforded 4.94 g. (95.5$) 

of recovered hexaphenyldisilane, m.p. 362-365° (mixed m.p.). 

The organic layer gave after crystallization from an ethanol-

ethyl acetate mixture, 0.15g. (4.4$) of tetraphenylsilane, 

m.p. 230-233° (mixed m.p.). 
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6. Run 2 

The preceding reaction was repeated using 0.2 mole of 

phenyllithium and 10.36 g. (0.02 mole) of hexaphenyldisilane 

in 200 ml. of diethyl ether and the mixture was stirred for 

5 days. Hydrolysis, followed by the usual work-up gave 9.61 

g. (92.8$) of hexaphenyldisilane, 0.35 g. (5.2$) of tetra

phenylsilane and 0.15 g. ( 2.72$) of triphenylsilanol; all 

products were identified by mixed melting point determina

tions. 

7. Phenylmagnesium bromide in 
tetrahydrofuran (attempted) 

Stirring a mixture of 0.15 mole of phenyImagnesium bro

mide and 5.18 g. (0.01 mole) of hexaphenyldisilane in 100 ml. 

of tetrahydrofuran for 24 hours at reflux, followed by hydrol

ysis and filtration gave a 96$ recovery of hexaphenyldisilane, 

m.p. 364-366°. No tetraphenylsilane could be isolated from 

the organic layer. 

8. n-Tolylllthium in diethyl 
ether-tetrahydrofuran. run 1 

A solution of 0.1 mole of p-tolyllithium in 200 ml. of 

diethyl ether was added to a.suspension of 10.36 g. (0.02 

mole) of hexaphenyldisilane in 100 ml. of tetrahydrofuran. 

The mixture became orange-red immediately. After stirring 

for 2 days at gentle reflux, no hexaphenyldisilane was visible 
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in the red-brown mixture. Cooling to room temperature fol

lowed by carbonatlon and the usual work-up gave a yellow 

gummy solid from the acidified basic extract, melting over 

the range 100-166° (odor of phenylacetic acid). The acid 

was reprecipitated twice by extraction of a diethyl ether 

solution with sodium bicarbonate, followed by acidification 

to give, with much loss of material, 1.05 g. (7.7$) of TD-

tolnic acid, m.p. and mixed m.p. 176-178°• 

The filtrates from the three precipitations of the yel

low acid were combined and extracted with diethyl ether, and 

the ether was removed by distillation. The residual oily 

solid was crystallized twice from petroleum ether (b.p. 60-

70°) with no marked improvement in melting range (55-60°). 

The gummy solid then was sublimed in vacuo and recrystallized 

three times from petroleum ether (b.p. 60-70°) to give 0.47 

g. (3.45$) of phenylacetic acid, m.p. 75-77° (mixed m.p.). 

The dried organic layer was distilled to remove the bulk 

of the solvents, then evaporated to dryness. The residue was 

washed with petroleum ether (b.p. 60-70°), and the insoluble 

material was recrystallized from cyclohexane to give 2-74 g. 

(50$) of triphenylsilanol, m.p. and mixed m.p. 152-154°. 

The petroleum ether extract was poured onto a column of 

dry alumina. Siution with the same solvent, and fractional 

crystallization of the eluted material gave a trace of uniden

tified solid, melting over the range 190-205°, together with 
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0.8 g. of material, m.p. 128-130°. The infrared spectrum of 

the latter product was identical with that of an authentic 

sample of p-tolyltriphenylsilane, m.p. 140°, prepared later 

by the reaction of s-tolyllithium with chlorotriphenylsilane. 

In addition, there remained an oil (0.9 g.), whose infrared 

spectrum indicated it to be a mixture of triphenylsilane and 

benzyltriphenylsilane which was not worked up any further. 

Elution with benzene gave an oil; and ethyl acetate 

eluted 0.5 g. of 4-triphenylsilylbutanol, m.p. 105-107°, to

gether with 0.7 g. of triphenylsilanol, m.p. 150-152°. The 

latter two products were identified by mixture melting points. 

9. Run 2 

The p-tolyllithium was prepared from 34.2 g. (0.2 mole) 

of prbromotoluene and excess lithium in 150 ml. of diethyl 

ether. One-half of this mixture was carbonated by pouring 

it jet-wise onto a slurry of Dry Ice and diethyl ether. Hy

drolysis and extraction with sodium bicarbonate solution, fol

lowed by acidification of the aqueous extract gave 11.6 g. 

(85$) of E-toluic acid, m.p. and mixed m.p. 178-180°, after 

recrystalllzation from ethanol-water. 

The organic layer afforded 0.8 g. (7.6$) of di-&-tolyl 

ketone, m.p. 92-94° (from ethanol). The latter product was 

identified by mixed melting point and infrared spectra. No 

odor of phenylacetic acid was detected during work-up. 
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The remaining p-tolyllithium solution was refluxed for 

2 days with 10.36 g. (0.02 mole) of hexaphenyldisilane in 50 

ml. of tetrahydrofuran. Work-up by water hydrolysis, extrac

tion with diethyl ether, drying of the combined organic phase 

over sodium sulfate and removal of the solvents left an oil. 

The oil was chromatographed; the eluted material was frac

tionally crystallized, and the residual oils were rechroma

tographed to eventually yield: 0.9 g. (8.7$) of triphenyl-

silane, m.p. 43-45°; 1.8 g. (25.7$) of n-tolyltriphenyl-

silane; m.p. 128-130°; and 3.02 g. (43.1$) of benzyltri-

phenylsilane, m.p. 94-97°. All three products were eluted 

with petroleum ether (b.p. 60-70°) and identified by mixture 

melting points and infrared spectra. 

In addition, 1.4 g. (21.1$) of 4-triphenylsilylbutanol 

was eluted with 30 ml. of ethyl acetate and recrystallized 

from petroleum ether (b.p. 60-70°). Further elution with the 

same solvent afforded 1.5 g. (27$) of triphenylsilanol, m.p. 

and mixed m.p. 152-154°. 

10. e-Tolyllithium and chlorotriphenylsilane 

XL-Tolyllithium was prepared from 0.2 mole of £-bromo-

toluene. One-tenth of this material was carbonated and worked 

up as in the previously described reaction to give 58$ of 

£-toluic acid and 34$ of di-^-tolyl ketone-

The remaining solution (ça. 0.18 mole) was added to 50 
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ml. of tetrahydrofuran, and the mixture was refluxed for 2 

days. The reaction mixture was then derivatized with 0.2 

mole of chlorotriphenylsilane. Hydrolysis was effected with 

water, and the aqueous layer extracted with diethyl ether be

fore discarding. The residue, after removal of solvents from 

the dried organic phase was alternately crystallized from 

ethyl acetate and petroleum ether (b.p. 60-70°) to give sev

eral crops of triphenylsilanol (from petroleum ether) and 

2.-tolyltrlphenyIsilane (from ethyl acetate). Hecrystalliza-

tion of the p.-to lyltripheny lsilane from ethyl acetate afforded 

40.68 g. (64.5$) of p.-tolyitrlphenylsilane, m.p. 139-140°. 

The crude triphenylsilanol was recrystallized from cyclohexane 

to give 11.96 g. (21.6$) of triphenylsilanol, m.p. 152-154°. 

Both products were identified by infrared spectra as well as 

by mixture melting points. 

The oily residues from the alternate crystallizations 

and from the recrystallizations were combined and chromato

graphed on an alumina column. The infrared spectra of the 

petroleum ether (b.p. 60-70°) eluates indicated the absence 

of benzyltriphenylsilane. The only products isolated were 

4.06 g. (6.4$) of prtolyltrlphenylsilane (in the form of long 

needles), m.p. 130-132°, after recrystallization from petro

leum ether (b.p. 60-70°). Attempts to raise this melting 

point to 140° by crystallization from dilute ethyl acetate, 

ethanol or petroleum ether (b.p. 60-70°) failed; however, 



www.manaraa.com

85 

recrystallization from 10 ml. of ethyl acetate gave the 

higher melting product, m.p. 140-141°. Ethyl acetate eluted 

I.2 g. (2.2$) of triphenylsilanol, m.p. 150-152° (mixed m.p.) . 

II. Polymorphism in g-tolyltriphenylsilane 

The difficulty encountered in raising the melting point 

of the 4.06-g. fraction of g-tolyltriphenylsilane from 130-

132° to 140-141° in the preceding reaction suggested that 

polymorphism may be involved. To test this possibility, three 

separate 5-g. fractions of E-tolyltriphenylsilane were crystal

lized separately from ethyl acetate (10 ml.), ethanol and 

petroleum ether (b.p. 60-70°)• The material which was de

posited from ethyl acetate did not alter in melting point or 

crystal structure (clumps of radiating prisms). 

The crystals which separated from ethanol and from petro

leum ether (b.p. 60-70°) were in the form of long needles 

and melted at 130-132°. The melted material was held above 

its melting point for 5 minutes, then cooled to solidify it. 

When the melting point capillary was reheated, the material 

melted at 140°. A portion of the needle-shaped crystals was 

recrystallized from a concentrated ethyl acetate solution 

(2 g. in 5 ml.). The g-tolyltriphenylsilane which deposited, 

o 
melted at 140-141 and had the same appearance as the original 

compound. 
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G-. Reactions of Triphenylsilyllithium with 
N,N-Disubstituted Amides 

1. N.K-Dlmethylbenzamide (l:l). run 1 

The addition of 0.05 mole of triphenylsilyllithium in 

100 ml. of tetrahydrofuran to a stirred solution of 7.45 g. 

(0.05 mole) of N, N-d im e t hy lben zamide in 60 ml* of the same 

solvent gave a negative Color Test 1^-® after the initial 

heat of reaction had dissipated. Hydrolysis was accomplished 

by pouring the red reaction mixture into an ice-cold, satu

rated solution of ammonium chloride. The yellow organic layer 

was washed with water, after adding 100 ml. of diethyl ether, 

then dried over anhydrous sodium sulfate. 

The aqueous layer was extracted with diethyl ether and 

discarded. Removal of the solvent from the dried ether ex

tract left 3.5 g. (42.6$) of an oil whose infrared spectrum 

was superimposable with that of authentic N,N-dimethylbenza-

mide. 

The dried organic layer was concentrated to 50 ml. and 

cooled to deposit 4.5 g. of a pale orange solid, m.p. 113-

120°. Recrystallization from a (l:l) mixture of methanol and 

ethanol, after removal of a trace of orange, insoluble materi

al, afforded 3.23 g. (16.4$, based on the amide) of a product 

which contained carbon, hydrogen, nitrogen and silicon, but 

no oxygen, m.p. 124-125°. This compound was later identified 

(with the aid of its infrared spectrum, analysis, molecular 
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weight and mixed melting point) as N.N-dimethy1-aloha-tri-

phenylsilyl)benzylamine, which was prepared unambiguously 

from alpha-bromobenzyltriphenylsilane and dimethylamine. 

Anal. Calcd. for Cĝ Hĝ NSi: C }  82.5; H, 6.9; N, 3.56; 

Si, 7.15; Mol. Wt., 395.6. Found: C, 82.6, 82.44; H, 6.68, 

6.81; N, 3.54, 3.55; Si, 7.16, 7.12; Mol. Wt. (Rast), 360. 

The filtrate from the organic layer afforded, after 

methanol extraction, 2.2 g. ( 16.4$) of hexaphenyldisiloxane, 

m.p. 224-226° (mixed m.p.), upon recrystallization from ben

zene-petroleum ether (b.p. 60-70°). The methanol extract 

was crystallized twice from cyclohexane to give 4.96 g. 

(35.9$) of triphenylsilanol, m.p. 150-152° (mixed m.p.), 

leaving a dark, viscous oil from which no pure compounds 

could be crystallized. 

The amine forms a picrate when refluxed with a saturated 

solution of picric acid in absolute ethanol, m.p. 163-165° 

dec. 

Anal. Calcd. for Ĉ gĤ N̂ Ô Si: C, 63.7; H, 4.86; N, 

8.99. Found: C, 63.45, 63.40; H, 5.05, 5.04; N, 8.99, 8.81. 

The amine also forms an unstable hydrochloride when a 

benzene solution is saturated with dry, hydrogen chloride gas. 

The benzene solution remains clear, but the product is ob

tained as a powder by rubbing the viscous residue (from sol

vent removal under an air-jet) with a spatula, while in con

tact with petroleum ether (b.p. 60-70°). The air-dried powder 

appeared to evolve a gas over the range 75-150°, during a 
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melting point determination. An attempted crystallization 

from a mixture of benzene and petroleum ether (b.p. 60-70°) 

gave a viscous oil, which could be converted to the same 

powder by scratching with a spatula, after the solvent had 

been removed and petroleum ether (b.p. 60-70°) was added. 

An attempted crystallization from methanol-water reverted 

the hydrochloride to the amine. The crude, air-dried product 

was analyzed. 

Anal. Calcd. for Ĉ HggClNSi: C, 75.45; H, 6.57; Si, 

6.53. Found: C, 75.43, 75.46; H, 6.98, 6.93; Si, 6.48, 6.59. 

2. Run 2 

A solution of 0.1 mole of triphenylsilyllithium in 150 

ml. of tetrahydrofuran was added to 14.9 g. (0.1 mole) of 

N,N-dimethylbenzamide in 100 ml. of the same solvent. After 

complete addition, the mixture was cooled in an ice bath and 

treated with 100 ml. of half-saturated ammonium chloride solu

tion. The separated organic layer was extracted with 10$ 

hydrochloric acid, and the acid extract was made distinctly 

basic with solid sodium hydroxide, while cooling it in an ice 

bath. The liberated amine (14.1 g.) was crystallized from an 

ethanol-petroleum ether (b.p. 60-70°) pair to give 13.1 g. 

(33.4$) of N,N-dimethyl-alEha-(triphenylsilyl)benzylamine, 

m.p. and mixed m.p. 122-124°. 

Distillation of the solvent from the dark brown, dried 
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organic layer left a dark viscous oil, which was allowed to 

stand overnight to deposit 5.26 g. (38.1$ of the theoretical 

amount) of triphenylsilanol, in the form of large, colorless 

prisms, which melted at 149-151° (mixed m.p.), after washing 

with a little ethanol. 

The dark oily residue was distilled to give 2.1 g. 

(14.1$) of recovered N,N-dimethylbenzamide, b.p. 150-155° 

(25-30 mm.), identified by its infrared spectrum. Further 

distillation at 115-145° (0.02 mm.) gave an oily solid. By 

crystallizing first from petroleum ether (b.p. 60-70°), there 

was obtained 3.3 g. (ll.9$) of triphenylsilanol, m.p. 149-

151° (mixed m.p.). Treatment of the filtrate, after solvent 

removal, with ethanol, and concentration gave 1.25 g. (8.5$) 

of ethoxytriphenylsilane, m.p. 63-65°. The identity of this 

product was established by a mixture melting point and by a 

comparison of its infrared spectrum with that of an authentic 

sample. 

The distillation residue afforded 1.07 g. (4$) of hexa-

phenyldisiloxane, m.p. 224-226° (mixed m.p.) after crystal

lization from cyclohexane. In addition, a viscous, glass-like 

solid remained upon solvent removal. No pure compounds could 

be isolated from this residue by attempted crystallizations 

from a variety of solvents. 
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3. N.N-Dimethylbenzamlde (2:l) 

A solution of 7.45 g. (0.05 mole) of N,N-dimethylbenza-

mide in 50 ml. of tetrahydrofuran was added dropwise to a 

stirred solution of ça. 0.1 mole of triphenylsilyllithium in 

150 ml. of the same solvent. The resulting red solution gave 

a positive Color Test I after stirring for two hours at room 

temperature. The mixture was hydrolyzed with ice-cold satu

rated ammonium chloride, and the layers were separated. The 

aqueous layer was made basic with sodium hydroxide solution 

and extracted with diethyl ether, then discarded. 

The combined organic layer was extracted with several 

small portions of 10$ hydrochloric acid, then with water, be

fore being dried over sodium sulfate. The product, N,N-

dimethyl-aJLpha-( triphenylsilyl)benzylamine, was isolated by 

making the aqueous layer basic with solid sodium hydroxide 

(while cooling in an ice bath), and extracting with diethyl 

ether. Removal of the solvent and crystallization from 

ethanol gave 13.4 g. (68.2$) of product, m.p. 123-124°. 

The solvents were removed from the neutral layer leaving 

a red, gummy residue, which was extracted with 200 ml. of hot 

petroleum ether (b.p. 60-70°) to give as the soluble portion, 

3.7 g. of triphenylsilanol, m.p. and mixed m.p. 152-154°. 

Concentration of the filtrate left an oil which was combined 

with the original petroleum ether-insoluble portion and dis

solved in ethanol. Eventually this ethanol solution yielded 
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9.45 g. (31$) of ethoxytriphenylsilane, m.p. and mixed m.p. 

63-65°. The identity of this material was further confirmed 

by its infrared spectrum. In addition, another 0.9 g. of 

triphenylsilanol was isolated by crystallization of the 

residue from cyclohexane. The total yield of triphenylsilanol 

was 4.6 g. (16.6$). 

4. N.N-Dimethvlbenzamide (3:1) 

A solution of 0.1 mole of triphenylsilyllithium was 

allowed to react for one hour with 4.92 g. (0.033 mole) of 

N,N-dimethylbenzamiSe in 160 ml. of tetrahydrofuran. Color 

Test I was still positive. Hydrolysis was effected with cold 

ammonium chloride solution, and the layers were separated, 

after adding 100 ml. of diethyl ether. The solvents were re

moved from the dried organic layer, end benzene was added to 

the residue. Four crops of wide-melting solids (21.8 g.) were 

obtained upon concentration. The infrared spectra of these 

solids indicated the presence of triphenylsilanol, hexaphenyl-

disiloxane and N.N-dimethvl-alpha-(triT?henylsilyl)benzvlamine. 

The amine (8.95 g., 69$) was separated by acid extrac

tion of a diethyl ether solution of the solid, as previously 

described. The acidified organic layer was washed with sodium 

bicarbonate and distilled water to neutralize the acid. Dry

ing, followed by removal of the ether, and extraction of the 

residue with ethanol left 2.5 g. (9.06$) of hexaphenyldi-
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siloxane, m.p. 225-227° (after crystallization from cyclo-

hexane). The ethanol extract gave 9.35 g. (33.8$) of tri

phenylsilanol, m.p. 152-154°, after crystallization from 

cyclohexane. 

The oil which remained after removal of the benzene from 

the original organic layer was distilled to give 2.7 g. 

(10.2$) of triphenylsilane, b.p. 115-117° (0.05 mm.), which 

solidified when seeded, m.p. 42-44° (mixed m.p., infrared 

spectra). No ethoxytriphenylsilane could be detected in the 

reaction mixture. 

5. Preparation of ethoxytriphenylsilane 

A mixture of 5.0 g. (0.0181 mole) of triphiphenylsilanol, 

10 ml. of absolute ethanol and one drop of 10$ hydrochloric 

acid was boiled and concentrated to give, in two crops, 5.2 

g. (94.5$) of ethoxytriphenylsilane, m.p. 63-55°. The iden

tity of the product was established by a mixture melting point 

determination, and by a comparison of its infrared spectrum, 

as a carbon disulfide solution, with that of an authentic 

sample. 

6. Preparation of methoxvtriphenylsilane 

Using the same procedure, 5.0 g. (0.0181 mole) of tri

phenylsilanol, 10 ml. of absolute methanol and one drop of 

10$ hydrochloric acid yielded 4.9 g. (98.7$) of methoxytri-
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phenylsilane, m.p. 51-53°. Recrystallization from methanol 

raised the melting point to 55-57° (90.7$) . The product was 

identified by mixed melting point and infrared spectra-

7. Preparation of benzvloxytri-phenylsllane 

A mixture of 5.0 g. (0.0181 mole) of triphenylsilanol, 

10 ml. of benzyl alcohol and one drop of 10$ hydrochloric acid 

was heated to 150°, then concentrated on a hot plate under an 

air-jet to deposit, upon cooling, 5.2 g. (82.2$) of benzyl-

oxytriphenylsilane, m.p. 84-86° (mixed m.p.). The reported1̂ 9 

melting point is 84-85.5°- The structure was also confirmed 

by its infrared spectrum. 

8. Preparation of dlphenvlmethoxv-
triphenylsilane (attempted) 

A solution of 3.68 g. (0.02 mole) of benzhydrol, 5-52 g. 

(0.02 mole) of triphenylsilanol and two drops of 10$ hydro

chloric acid, in 10 ml. of acetone, was refluxed for 15 min

utes and the solvent was distilled to ça. 5 ml. The remain

ing solvent was removed under an air-jet leaving a solid 

residue, melting over the range 80-150°. Extraction with 50 

ml. of warm petroleum ether (b.p. 60-70°) left 3.4 g. of tri

phenylsilanol, m.p. and mixed m.p. 151-153°. Concentration 

129H. Gilman, G. E. Dunn, H. Hartzfeld and A. G-. Smith, 
J. Anj. Chem. Soç., 77, 1287 (1955). 
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and cooling of the petroleum ether extract deposited an addi

tional 1.45 g. of triphenylsilanol, m.p. 151-153° (total re

covery, 4.85 g., 87$). The residue was crystallized twice 

from ethanol to give 2.88 g. (82.3$) of benzhydryl ether, m.p. 

and mixed m.p. 107-109°. The filtrate was allowed to stand 

in an open flask for one week, and the semi-solid residue was 

washed with petroleum ether (b.p. 60-70°) to give 0.25 g. 

(6-7$) of benzhydrol, m.p. 67-68° (mixed m.p.). 

9. Alternate synthesis of N.N-dimethyl-
alT?ha-( triphenylsllyl) benzylamine 

alpha-Bromobenzvltrlphenylsllane was prepared from 24.8 

g. (0.07 mole) of benzyltriphenylsilane and 13.35 g. (0.075 

mole) of N-bromosuccinimide in 400 ml. of carbon tetrachloride 

according to a published procedure.^® The yield of product, 

m.p. 147-148°, crystallized from benzene, was 16.66 g. 

( 55.5$). The reported melting point and yield are 145° and 

52$, respectivelyThe amine was prepared by a modifica-

131 
tion of the directions of Noll et al., for similar com

pounds . 

A mixture of 8.59 g. (0.02 mole) of bromobenzyltriphenyl-

silane and ça. 4.5 g. (o.l mole) of dimethylamine was sealed 

130c. R. Hauser and C. R. Hance, ibid., 74, 5091 (1952). 

131j. E. Noll, J. L. Speier and B. P. Daubert, ibid., 73, 
3867 (1951). 
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in a Carius tube while the mixture was cooled in a Dry Ice-

acetone bath. The reaction vessel was then heated to 150-160° 

for 8 hours, cooled to room temperature overnight, and re

heated to 160° for an additional 8 hours. The mixture was 

cooled in a Dry Ice-acetone bath, opened, and the excess 

dimethylamine was allowed to evaporate in a. hood. 

The solid residue was hydrolyzed and extracted with 10$ 

hydrochloric acid, after adding 100 ml. of diethyl ether. 

Work-up in the usual manner from this point on, and crystal

lization from an ethano1-petroleum ether (b.p. 60-70°) mix

ture, afforded 4.7 g. (60$) of the amine, m.p. 123-124°. 

This product did not depress the melting point of the amine 

isolated from the reaction of triphenylsilyllithium and N,N-

dimethylbenzamide. The infrared spectra, as carbon tetra

chloride solutions, were identical. 

10. Methiodide of N.N-dimethvl-
al-oh a- ( tripheny lsi ly 1 ) b en zy lamine 

A mixture of 2.0 g. (0.0051 mole) of the amine and 7.1 

g. (0.05 mole) of methyl iodide in 25 ml. of methanol was 

refluxed for 10 hours, then distilled to one-half of its 

original volume. Two crops of needle-like crystals sepa

rated, weighing 2.6 g. (90$) after air-drying, m.p. 141° 

(with effervescence). The material gradually resolidified 

with continued heating, then decomposed at 228°. Recrystal

lization from methanol failed to alter the melting-point 
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behavior. The infrared spectrum as a Nujol mull had a sharp 

band at 2.98/*, indicative of the hydroxy 1 group. The 

melting-point behavior, infrared spectrum, and analysis indi

cated the possibility that it had methanol of crystallization. 

Anal. Calcd. for C28H30INSi'GH30H: C> 61.5; H, 6.04; 

I, 22.18; Si, 4.95. Pound: C, 61.76, 61.65; H, 6.14, 6.03; 

I, 21.8, 21.9; Si, 4.92, 4.98. 

A portion of the product was dried at 130° in an oven 

for 18 hours. This dried product did not have a band in the 

2.98 /< region of its infrared spectrum, nor did it effervesce 

at 141°. It melted at 225° with decomposition. 

Anal. Calcd. for CggHgQlNSi: G, 62.8; H, 5.65; N, 2.62; 

Si, 5.25. Found: C, 63.4, 63.27; H, 5.77, 5.66; N, 2.70, 

2.69; Si, 5.34, 5.27. 

II. Trlt>henvlsilyllithium and N.N-dimethvl-
ait>ha-(trlphenylsilyl)benzylamlne (attempted) 

A solution of 0.02 mole of triphenylsilyllithium in 70 

ml. of tetrahydrofuran was added to a solution of 7.9 g. (0.02 

mole) of N,N-dimethyl-alBha-(triphenylsilyl)benzylamine in 50 

ml. of the same solvent. The mixture was stirred at room 

temperature for 16 hours, at the end of which time there 

appeared to be no evidence of reaction. A solution of 0.02 

mole of methyl iodide in 50 ml, of diethyl ether was added, 

and the mixture, which contained some suspended material, was 

hydrolyzed with half-saturated ammonium chloride. Filtration 
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afforded 1.25 g. (24.1$) of hexaphenyldisilane, m.p. 360-362° 

(mixed m.p.). 

The layers of the filtrate were separated, and the amine 

was extracted from the organic layer with 10% hydrochloric 

acid. The usual work-up, followed by crystallization from 

ethanol afforded 6.85 g. (86$ recovery) of the original amine, 

m.p. 123-125° (mixed m.p.). 

The dried organic layer was chromatographed to give 3.6 

g. (65.7̂ ) of methyltriphenylsilane, m.p. 66-67° and a trace 

of triphenylsilanol. 

12. N.N-Bimethvlbenzaalde (2:1). 
followed bv methyl iodide 

A solution of 0.1 mole of triphenylsilyllithium in 150 

ml. of tetrahydrofuran was added to a solution of 7.45 g. 

(0.05 mole) of N,N-dimethylbenzamide in 50 ml. of the same 

solvent. The mixture was refluxed gently for one hour, and 

then stirred at room temperature for 18 hours. Color Test I 

appeared to be negative. The blood-red mixture was never

theless treated with a solution of ça. 0.11 mole of methyl 

iodide to discharge the red color, and give a pale yellow 

suspension. After stirring overnight at room temperature, 

hydrolysis was effected with 100 ml. of saturated ammonium 

chloride solution. Some ether was added, and work-up by 

acid extraction gave 14.7 g. (72.2$) of H.H.alpha-trimethyl-

alpha-(trlohenvlsllvl)benzvlamlnef m.p. 143-144° (from 
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petroleum ether (b.p. 60-70°)). 

Anal. Calcd. for CggHggNSi: C, 82-5; H, 7.19; N, 3.44; 

Si, 6.89. Found: C, 82-80, 82.70; H, 6.83, 6.92; N, 3.63, 

3.58; Si, 6.92, 6.96. 

Work-up of the neutral organic layer gave 12.69 g. 

(93.6$) of triphenylsilanol, identified by mixed melting point 

and infrared spectra. 

13. N.N-Dimethvlacetamide (l:l) 

A solution of 0.06 mole of triphenylsilyllithium in 75 

ml. of tetrahydrofuran was added to a solution of 5.23 g. 

(0.06 mole) of N,N-dimethylacetamide in 50 ml. of the same 

solvent. The reaction mixture gave a negative Color Test I at 

the end of the addition. Hydrolysis was accomplished by pour

ing into 50 ml. of 10$ hydrochloric acid. Work-up as in the 

previously described reactions afforded 8.0 g. (40.2$, based 

on triphenylsilyllithium) of MfN-dimethv1-alpha-(triphenvl-

silyl)ethylamine, m.p. 116-117.5°, from petroleum ether (b.p. 

60-70°). 

Anal- Calcd. for CggHggNSl: C, 79.8; H, 7.61; N, 4.24; 

Si, 8.49. Found: C, 79.96, 80.05; H, 7.50, 7.42; N, 4.32, 

4.24; Si, 8.39, 8.28. 

The neutral organic layer was evaporated. The residue 

was crystallized from cyclohexsne to give 7.5 g. (45.3$) of 

triphenylsilanol, m.p. 152-153° (mixed m.p.). 
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The amine forms a picrate when refluxed with an excess 

of saturated picric acid in 95$ ethanol, m.p. 177° dec. 

Anal. Calcd. for CggHggN̂ OrpSi* 60.8; H, 4.92; N, 

9.79. Found: C, 60.21, 60.09; H, 4.87, 4.69; N, 9.35, 9.52. 

14. NrN-Dimethvlacetamide (2:1). reverse addition 

To a solution of 0.08 mole of triphenylsilyllithium in 

120 ml. of tetrahydrofuran was added a solution of 3.48 g. 

(0.04 mole) of N,N-dimethylacetamide in 50 ml. of the same 

solvent. The mixture was stirred at room temperature for one 

day, then at gentle reflux for two days, after which it was 

hydrolyzed with 10$ hydrochloric acid and 100 ml. of diethyl 

ether was-added. The organic layer was extracted with 10$ 

hydrochloric acid then washed with water and dried. The acid 

extract was made basic with solid sodium hydroxide and ex

tracted with diethyl ether. Drying of the ether extract, re

moval of the solvent, and crystallization of the residue from 

petroleum ether (b.p. 60-70°) gave 8.15 g. (61.5$) of N,N-

dimethvl-aloha-(trlphenvlsilvl)ethvlsminer m.p. 115.5-117°, 

identified by mixed melting point and infrared spectrum - An 

additional 1.0 g. (7.55$) of less pure product, m.p. 112-116°, 

was obtained also. 

The neutral organic layer furnished 9.24 g. (41.8$) of 

triphenylsilanol, identified by mixed melting point. 
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15. N.N-dimethyl-p-toluamide (g:l) 

A solution of 0.04 mole of triphenylsilyllithium and 

3.26 g. (0.02 mole) of N,N-dimethyl-p.-toluamide in 105 ml. of 

tetrahydrofuran was stirred until the initial heat of reaction 

had dissipated. Hydrolysis with 50 ml. of 10$ hydrochloric 

acid, followed by extraction of the organic phase with 2-25 

ml. portions of the same acid, led to the Isolation of 4.95 

g. (60.7$) of N.N-dlmethyl-alpha-(t rlphen vis ilvl)--n-xylv lamine, 

m.p. 144-145°, from petroleum ether (b.p. 60-70°). 

Anal. Calcd. for CggHggNSi: C, 82.5; H, 7.19; N, 3.44; 

Si, 6.89. Found: C, 82.41, 82.45; H, 6.96, 7.06; N, 3.51, 

3.43; Si, 6.79, 6.75. 

The neutral organic layer yielded 5.2 g. (94.5$) of 

triphenylsilanol, m.p. 149-151° (mixed m.p.). 

16. N.N-Djphenylacetamide (l:l) 

A solution of 0.06 mole of triphenylsilyllithium in 200 

ml. of tetrahydrofuran was added to a suspension of 12.7 g. 

(0.06 mole) of N,N-diphenylacetamide in 100 ml. of the same 

solvent. The blue-green mixture turned brown when the addi

tion was complete, and Color Test I was negative. Hydrolysis 

was accomplished by adding 100 ml. of saturated ammonium 

chloride solution. Diethyl ether (100 ml.) was added, and 

the organic layer was washed with 10$ hydrochloric acid, then 

with distilled water. The acid extract gave no amine when 
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made basic, and extracted with diethyl ether after drying and 

removal of the solvent. 

The dried organic layer was distilled to remove solvents 

leaving a dark brown oil which was distilled under reduced 

pressure to give 9.2 g. of material, b.p. 95-100° (0.06 mm.). 

Further distillation gave 10-37 g. of material boiling over 

the range 100-143° (0.04 mm.). An infrared spectrum of the 

low-boiling material indicated it to be a mixture of diphenyl-

amine and triphenylsilane. The higher boiling fraction 

appeared to contain triphenylsilane, triphenylsilanol and a 

c arbonyl-containing compound. 

The 9.2-g. fraction was washed with petroleum ether 

(b.p. 60-70°) to give (in two crops) 5.6 g. (55.2$) of di-

phenylamine, m.p- and mixed m.p. 53-54°. No other crystalline 

compounds could be isolated upon concentration. 

The second fraction from the distillation was treated 

similarly to obtain 1.8 g. (10-9$) of triphenylsilanol, m.p. 

154-156° (mixed m.p.). The two petroleum ether extracts were 

combined with the distillation residue and chromatographed on 

alumina. The first 50 ml. of petroleum ether (b.p. 60-70°) 

eluted 6.7 g. (43$) of triphenylsilane, m.pand mixed m.p -

45-46°• The next 50 ml. of the same solvent eluted 5.93 g. 

(23$) of an oil, whose infrared spectrum as a carbon disul

fide solution, indicated it to be a mixture of triphenylsilane 

and diphenylamine. Further elution with 100 ml. of the same 
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solvent yielded 1.3 g. (8.33$) of diphenylamine, m.p. 52-54° 

(mixed m.p.). Cyclohexane eluted an oil from which no pure 

compounds could be isolated, and further elution with benzene 

afforded 1.0 g. (6.04$) of triphenylsilanol, m.p. 149-152° 

(mixed m.p.). No pure compounds could be isolated from the 

ethyl acetate or methanol elua.tes. 

17. N.N-Diphenylacetamide (2:1) 

A mixture of 0.08 mole of triphenylsilyllithium and 8.45 

g. (0.04 mole) of N,N-diphenylacetamide in 320 ml. of tetra

hydrofuran was stirred at room temperature for two days, at 

the end of which time Color Test I was still positive. The 

mixture was hydrolyzed with saturated ammonium chloride and 

filtered to remove 1.1 g. of hexaphenyldisilane, m.p. and 

mixed m.p. 364-366°. 

The layers of the filtrate were separated and the organic 

layer, together with the diethyl ether extracts of the aqueous 

layer, was dried over sodium sulfate. The solvents were re

moved and the residual brown oil was distilled to give five 

wide-boiling fractions. Fraction one, 5.15 g., b.p. 96-103° 

(0.05 mm.), was swirled with petroleum ether (b.p. 60-70°) and 

filtered to remove 2.4 g. (35.4$) of diphenylamine, m.p. 51-

52° (mixed m.p.). The infrared spectrum of the other frac

tions, and of the oily residue from fraction one, indicated 

the presence of Si-H (4.75/*), the carbonyl group (6/*), 
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sllicon-phenyl (8.98/*) and aliphatic, as well as aromatic C-H. 

These fractions were chromatographed on alumina to give 

12.8 g. (61.5$) of triphenylsilane; 1.55 g. (7$) of triphenyl

silanol; and 2.55 g. (31.8$) of recovered N,N-diphenylace-

tamide. All compounds were identified by mixed melting point 

determinations and infrared spectra. 

The distillation residue from the original distillation 

afforded 0.15 g. of hexaphenyldisilane, m.p. 360-363°, and 

0.9 g. (4.06$) of hexaphenyldisiloxane, m.p. 224-226° (mixed 

m.p.). The total yield of hexaphenyldisilane was 1.25 g. 

(6.05$) . 

18. NrN-Diphenvlbeny.flm1de (2:l) 

A solution of 0.04 mole of triphenylsilyllithium in 50 

ml. of tetrahydrofuran was added to a suspension of 5.46 g. 

(0.02 mole) of N,N-diphenylbenzamide in 50 ml. of diethyl 

ether. The mixture turned green, then red-brown during the 

addition. After stirring at room temperature for 6 hours, the 

suspension was hydrolyzed with 50 ml. of water to give an 

emulsion, which was dispersed by adding 20 ml. of 10$ hydro

chloric acid and 100 ml. of diethyl ether. The mixture was 

stirred for 1 hour, then filtered to remove 5.25 g. of a pale 

pink solid, m.p. 236-238°. Several recrystallizations from 

benzene failed to alter the melting point of the N,N-diphenyl-

alpha-(triphenylsilyl)benzylamine. 
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Anal. Calcd. for Cĝ Hĝ NSi: C, 85.8; H, 6-04; N, 2.70; 

Si, 5.43. Found: C, 86.2, 86.25; H, 5.95, 6.08; N, 2.68, 

2.79; Si, 5.42, 5.40. 

The layers of the filtrate were separated, and the ether 

extracts of the aqueous layer were combined with the organic 

layer, and then dried. Concentration to 15 ml., followed by 

the addition of 50 ml. of diethyl ether, deposited an addi

tional 2.9 g. of the amine, which melted at 235-237° after 

crystallization from benzene. The total yield was 8.15 g. 

( 73. 7$). 

The red residue gave upon treatment with cyclohexane 3.1 

g. (27$) of triphenylsilanol, m.p. 150-153°, identified by 

mixed melting point and infrared spectra. Chromatography of 

the oily filtrate gave 0.5 g. (9.15$) of recovered N,N-di-

phenylbenzamide (benzene eluate), m.p. 178-179°, together 

with viscous oils which could not be identified. 

H. Reactions of Triphenylsilyllithium with Imides 

1. Phthallmide (l:l) 

Color Test I115 became negative immediately after 0.02 

mole of triphenylsilyllithium in 30 ml. of tetrahydrofuran 

was added to a solution of 2.94 g. (o.02 mole) of phthallmide 

in 80 ml. of the same solvent. Hydrolysis with dilute, cold 

sulfuric acid and filtration gave 0.2 g. (3.85$) of crude 

hexaphenyldisilane, m.p. 358-362° (mixed m.p.). 
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The aqueous layer of the filtrate was extracted with 

2-25 ml. portions of diethyl ether then discarded. Removal 

of the solvents from the dried organic layer left an oily 

solid which was treated with 200 ml. of warm petroleum ether 

(b.p. 60-70°), and filtered to remove 2.62 g- (89$) of re

covered phthalimide, m.p• 233-235° (mixed m.p.), after crys

tallization from ethanol. 

The petroleum ether extract gave, after passage through 

a column of alumina, 2.88 g. (55.5$) of triphenylsilane and 

1.32 g. (23.9$) of triphenylsilanol. Both compounds were 

identified by mixture melting points and infrared spectra. 

In addition, oils, from which no pure compounds could be iso

lated, were eluted with benzene. 

2. Phthalimid e (2:1) 

The addition of 0.1 mole of triphenylsilyllithium in 150 

ml. of tetrahydrofuran to 7.36 g. (0.05 mole) of phthalimide 

in 100 ml. of the same solvent gave a yellow-brown suspension, 

which did not respond to Color Test I at the end of the addi

tion. The mixture was hydrolyzed with water and filtered to 

remove 0.6 g. (2.3$) of hexaphenyldisilane, m.p. 360-363° 

(mixed -m.p. ). 

Work-up of the dried organic layer by chromatography gave 

19.73 g. (71.3$) of triphenylsilanol, identified by mixed 

melting point, together with 1.2 g. (4.5$) of hexaphenyldi-
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siloxane. In addition, chloroform eluted 3.15 g. of a yellow 

oil which was not identified, and could not be crystallized 

from a variety of solvents. 

3. N-Methylphthalimide (4:1). run 1 

A solution of 4.04 g. (0.025 mole) of N-methylphthalimide 

in 100 ml. of tetrahydrofuran was added to a tetrahydrofuran 

solution of 0.1 mole of triphenylsilyllithium. The red re

action mixture was stirred for 1 hour, at the end of which 

time it had cooled to room temperature. To this solution 

(Color Test I positive) was added an excess of chlorotri-

methylsilane (ça. 0.11 mole). The mixture was then stirred 

overnight for convenience, and the solvent, together with un-

reacted chlorotrimethylsilane was removed by distillation. 

Benzene was added to the residue and 13.5 g. of insoluble 

material was removed by filtration. The solid melted par

tially at 360°, and was shown to contain lithium chloride by 

qualitative tests. 

Hydrolysis of the solid with water, followed by filtra

tion left 8.95 g. (34.5$) of hexaphenyldisilane, m.p. and 

mixed m.p. 364-366°. Extraction of the aqueous filtrate with 

diethyl ether, and removal of the solvent from the dried ex

tract, gave only a trace of material from which no pure com

pounds could be isolated. 

The benzene extract furnished an additional 2.15 g. 
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(8.3$) of hexaphenyldisilane upon concentration. The dark 

brown residue from solvent removal gave, upon crystallization 

from ethanol and methanol, 12.24 g. (36.8$) of 1,1,1-trl-

methyl-2,2,2-triphenyldisilane, m.p. and mixed m.p. 107-108°. 

Chromotography of the oily filtrates failed to yield any other 

pure compounds. 

4. Run 2 

A solution of 0.1 mole of triphenylsilyllithium in 200 

ml. of tetrahydrofuran was added to a stirred solution of 4.04 

g. (0.025 mole) of N-methylphthalimide in 20 ml. of diethyl 

ether and 50 ml. of tetrahydrofuran. The mixture was stirred 

at room temperature for 24 hours. Color Test I was positive 

at this time. The mixture was hydrolyzed with saturated 

ammonium chloride solution and filtered to remove 8.3 g. of 

hexaphenyldisilane, m»p. 365-367° (mixed m.p.). The identity 

of the compound was further confirmed by its infrared spec

trum. 

The layers of the filtrate were separated, and the dark 

brown organic layer together with the ether extracts of the 

aqueous layer, was dried over sodium sulfate and the solvents 

removed. Treatment of the residue with hot benzene left 0.5 

g. of insoluble hexaphenyldisilane, m.p. and mixed m.p. 360-

363° (total yield, 34$). The benzene filtrate failed to 

crystallize upon concentration, hence it was poured on a 
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column of alumina. 

Elution with petroleum ether gave 7.1 g. (27,2$) of tri

phenylsilane, m.p. 43-45° (mixed m.p.). Further elution with 

the same solvent gave 0.4 g. of a compound, m.p. 130-132°, 

which is thought to be o-formyl-N-methyl-benzamide. Further 

elution with cyclohexane, benzene and ethyl acetate gave 

(after recrystallization from cyclohexane) 6.35 g. (23$) of 

triphenylsilanol, m.p. 151-153° (mixed m.p.). 

5. Run 3. at reflux 

The preceding reaction was repeated using the same quan

tities of reactants; however, the mixture was gently refluxed 

for 24 hours. Work-up as in the previous, reaction gave 7.88 

g. (30.4$) of hexaphenyldisilane, m.p. and mixed m.p. 364-

366°; 4.1 g. (15.8$) of triphenylsilane, m.p. 42-44° (mixed 

m.p.); 7.83 g. (23.6$) of 4-triphenylsilylbutanol (eluted 

with ethyl acetate and crystallized from petroleum ether (b.p. 

60-70°)); and 2.35 g. (8.52$) of triphenylsilanol. No product 

derived from the phthalimide reactant was isolated; however, 

oils and tar-like substances remained after crystallizing 

out the triphenylsilanol from the ethyl acetate and methanol 

eluates, and only unidentified, viscous oils were eluted with 

benzene. 
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6. N-Methvlphthallmide (2:1) 

A solution of 0.08 mole of triphenylsilyllithium in 170 

ml. of tetrahydrofuran was added to a stirred suspension of 

6.43 g. (0.04 mole) of N-methylphthalimide in 50 ml. of 

diethyl ether and 20 ml. of tetrahydrofuran. The mixture be

came green during the addition of the first equivalent, then 

turned red and a precipitate developed. Hydrolysis was 

effected with a half-saturated ammonium chloride solution, 

after stirring overnight. Filtration gave 14.13 g. (68.3$) 

of hexaphenyldisilane, m.p. 360-363° (mixed m.p.). 

The separated and dried organic layer was concentrated 

and filtered to remove 0.2 g. of hexaphenyldisilane, m.p. 

359-362° (mixed m.p.). Complete removal of the solvent fol

lowed by treatment with a benzene-petroleum ether (b.p. 60-

70°) mixture, gave only an orange, vixcous material. The 

oil was then redissolved in benzene and distilled to give one 

fraction, boiling over a wide range up to 150° (0.07 mm.), 

and a solid which crystallized in the side-arm of the distill

ing flask. The fraction which distilled and dropped into the 

receiver was extracted with cold petroleum ether (b.p. 60-

70°) to give 2.55 g. of material, m.p. 122-129°. Recrystal-

lization from benzene raised the melting point to 133-135°. 

The product is thought to be o-formyl-N-methylbenzamide• 

Anal. Calcd. for GgHgN02: C, 66.25; H, 5.55; N, 8.59. 

Found: C, 66.55, 66.41; H, 5.70, 5.75; N, 8.43, 8.45. 
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The aldehyde forms a phenyIhydrazone, m.p. 231-253°. 

Anal. Calcd. for C15H15Ng0: C,- 70.9; H, 5.96; N, 16-52. 

Found: C, 71.59, 71.4; H, 6.13, 6.08; N, 16.50, 16.54. 

The infrared spectrum of the aldehyde, as a KBr pellet, 

has strong absorption bands at 3.04, 3.44, 3.51, 5.98 (broad) 

and 13.35/4, indicative of N-H, aromatic C-H, aliphatic C-H, 

the amide carbonyl and o-disubstitution, respectively. In 

addition, a weak but distinct band at 3.7 , indicative of the 

aldehyde C-H bond was present. 

The solid which condensed in the side-arm of the distil

lation flask yielded, after fractionation from benzene and 

benzene-petroleum ether (b.p. 60-70°) mixtures, 0.2 g. of the 

same aldehyde, m.p. 131-133° (mixed m.p.), and 0.2 g. of tri

phenylsilanol, m.p. 150-152° (mixed m.p.). The total yield 

of the aldehyde was 2.75 g. (42.2$) -

No crystalline compounds could be isolated from the 

petroleum ether extract of the distilled material, hence it 

was combined with the distillation residue and chromotographed 

on alumina to give 0-5 g. (2.4$) of triphenylsilane; 0.8 g-

(3.61$) of triphenylsilanol; and 0.85 g. (3.74$) of hexa-

phenyldisiloxane. All three products were identified by mix

ture melting points. In addition, ça. 3.5 g. of viscous oils 

remained, from which no pure compounds could be isolated by 

crystallization techniques. 
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7. N-Phenvlphthalimlde (4:1) 

A solution of 0.1 mole of triphenylsilyllithium and 5.58 

g. (0.025 mole) of N-phenylphthalimide in 200 ml. of tetra

hydrofuran was stirred for 24 hours at room temperature, then 

at gentle reflux for the same length of time. Hydrolysis was 

accomplished by adding 50 ml. of saturated ammonium chloride, 

after which 100 ml. of diethyl ether was added. Filtration 

afforded 13.4 g. (51.7$) of hexaphenyldisilane, m.p. 359-362° 

(mixed m.p.). 

The dark organic layer was washed with 10$ hydrochloric 

acid, but no pure compounds could be isolated from the small 

amount of dark oil which remained after treatment with solid 

sodium hydroxide, extraction with diethyl ether, drying of the 

ether extract, and solvent removal. 

The still darkly colored organic layer was dried. The 

solvents were removed to leave a dark viscous oil, which was 

separated partially into its constituents with much diffi

culty, by chromatography and fractional crystallization. The 

products isolated were: 6.95 g. (26.7$) of triphenylsilane, 

m.p. 42-44° (mixed m.p.), eluted with petroleum ether (b.p. 

60-70°); 2.15 g. (38.2$) of a product thought to be o-formyl-

N-phenylbenzamide, m.p. 169-170°, eluted with benzene together 

with a viscous oil, and crystallized from benzene-ethyl ace

tate mixtures; 2.4 g. (7.21$) of 4-triphenylsilylbutanol, 

m.p. 107-109° (mixed m.p.), eluted with ethyl acetate, to-
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gather with an unidentified, dark oil, and crystallized from 

petroleum ether (b.p. 60-70°); and 1.08 g. (3.9$) of tri

phenylsilanol, m.p. 148-151° (mixed m.p., infrared spectra). 

The infrared spectrum of the aldehyde, which was eluted 

with benzene, had sharp absorption bands at 2.96, 3.26, 3.7, 

5.92, 7.13 and 13.4/*, indicative of N-H, aromatic C-H, 

aldehyde C-H, the amide carbonyl, the amide linkage and o-

disubstitution, respectively. 

Anal. Calcd. for C14H1;lN02: C, 74.7; H, 4.91; K, 6.21. 

Found: C, 74.66, 74.49; E, 4.80, 4.61; N, 6.14, 6.14. 

8. N-Phenvlpbthfllimide (2:l) 

A solution of 0.04 mole of triphenylsilyllithium in 70 

ml. of tetrahydrofuran was reacted with a suspension of 4.46 

g. (0.02 mole) of N-phenylphthalimide in 30 ml. of the same 

solvent. The imide dissolved after the addition of the first 

10 ml. of the triphenylsilyllithium. The mixture developed a 

suspension after one-half of the o rgano silylli thium compound 

had been added. Subsequent to stirring for one hour, the 

suspension was hydrolyzed with saturated ammonium chloride, 

filtered, and the solid was washed with water and diethyl 

ether to leave 5.9 g. (57$) of hexaphenyldisilane, m.p. 365-

367° (mixed m.p.). 

The dried organic layer was stripped of solvents leaving 

a dark, viscous oil. Attempts to crystallize products from 
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this oil failed to give more than trace amounts of wide-

melting yellow solids, even though a wide variety of solvents 

were tried. The oil was not worked up any further. 
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IV. DISCUSSION 

A. Alkylation vs.- Displacement with Tri alkyl Phosphates 

The difference in behavior toward Grignard reagents of 

alkyl sulfates and phosphates has been known for many years. 

Grignard reagents are alkylated when exposed to dlalkyl sul

fates, the process involving scission of a carbon-oxygen bond 

X32 
and formation of a carbon-carbon bond (I). Phosphate 

esters (both alkyl and aryl), on the other hand, are attacked 

at the central phosphorus atom, the process entailing rupture 

of the phosphorus-oxygen bond, with the concomitant creation 

of a carbon-phosphorus linkage (II) (refer to the Historical 

section of this Thesis)Alkyl esters of aryl sulfonic acids 

similarly react according to path I, and extensive use has 

I H'MgX + ROSOgOR > RR« + ROSOgOMgX 

II R'MgX + ROP(O) (OR)g > R'P(0)(0R)g + ROMgX 

been made of this reaction to prepare alkyl derivatives of 

Grignard reagents.̂ 3̂  In general, however, esters of other 

Inorganic oxygen acids undergo displacements of the type 

shown in equation II. To illustrate : alkyl borates give 

boronic acids; carbonates yield ketones and tertiary alcohols; 

132M. S. Kharasch and 0. Reinmuth. Grignard reactions 
of nonmetallic substances. New York, N.Y., Prentice-Hall, 
Inc. 1954. 
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orthocarbonates give substituted orthoformates; nitrates and 

nitrites generally yield disubstituted hydroxylamine deriva

tives; sulfites and sulfonates give sulfoxides; sulfonates 

yield thioethers; silicates give silane derivatives; and 

esters of other inorganic oxygen acids, as a general rule, 

have been observed to undergo similar transformations when 

treated with Grignard reagents. 

On this basis, one might expect products containing 

silicon attached to phosphorus to result from reactions of 

triphenylsilyllithium with phosphate esters. Compounds of 

133 
this type had previously been prepared by other methods, 

but this reaction was of interest in the present study from 

the standpoint of the organosilylmetalllc chemistry involved. 

As mentioned in the Historical section, the reaction of tri

phenylsilyllithium with trl-n-butyl phosphate gave a high 

9 
yield of n-butyltriphenylsilane, the alkylation product. 

This observation prompted further study of the reaction to 

test its general applicability and to determine, if possible, 

the reason for this unexpected course of reaction with tri

phenylsilyllithium. 

One equivalent of triphenylsilyllithium was found to 

l̂ See, for example: G. Fritz, Z. NaturforschT 8b. 776 
(1953); B. J. Aylett, H. J. Emeleus and A. G. Maddock, J. 
Inorg. Nuclear Chem.. 1, 187 (1955); W. H. Keeber and H. W. 
Post, J. Org. Çhem., 21. 509 (1956); F. Feher, G. Kuhlbôrsch, 
A. Bluneke, H. Keller and K. Lippert, Chem. Ber.. 90. 134 
(1957); W. Kuchen and H. Buchwald, Angew. Chem.. 69, 307 
(1957); and references cited in these papers. 



www.manaraa.com

116 

react smoothly and promptly with trlmethyl, tri-n-butyl and 

triisobutyl phosphate to give the corresponding alkyltri-

phenylsilanes in yields of 88, 97 and 87.8 percent, respec

tively. The use of three equivalents of triphenylsilyllithium 

with tri-n-butyl phosphate, however, required forced condi

tions in order to consume all of the organosilyllithium re

agent. Apparently the removal of a second or third alkyl 

group from the ester is much more difficult than is the re

moval of the first. This has also been found to be the case 
T % si 

in the hydrolysis of phosphate esters. Moreover, it was 

evident from this reaction that all three alkyl groups were 

not functioning as alkylating agents since n-butyltriphenyl

silane was formed in only 49.5 and 51.5 percent yields from 

two reactions where forced conditions were employed. Con

siderable amounts of hexaphenyldisilane (11.6 and 13.8 per 

cent) together with varying yields of triphenylsilanol, 4-

triphenylsilylbutanol and hexaphenyldisiloxane were also ob

tained. Since previously,® hexaphenyldisilane was reported 

to have been formed via cleavage of intermediates having 

silicon attached to phosphorus, it appeared likely that this 

type of reaction might likewise be involved here. The phos-

phine-like odors noticed after hydrolysis supported this 

3-'34g.. M. Kosolapoff. Organophosphorus compounds. New 
York, N.Y., John Wiley and Sons, Inc. 1950. pp. 211-277. 
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mechanism; hydrolysis of the phosphorus-lithium intermediate, 

so produced, would lead to the formation of a product having 

a phosphorus-hydrogen bond. The proposed transformations are 

illustrated in the following equations: 

2 PhgSiLi + (n-BuO)gP(O) > 2 PhgSiBu-n + (LiO)gP(P)OBu-n 

PhgSiLi + (LiO)gP(0)OBu-n > n-BuOLi + (Li0)gP(0)SiPhg 

PhgSiLi + (Li0)gP(0ySiPh3 > PhgSig + (Li0)gP(0)Li 

(Li0)gP(0)SiPh3 + 3 HgO > PhgSiOH + (H0)gP(0)H + 2 LiOH 

(Li0)gP(0)Li + 3 HgO >(H0)gP(0)H + 3 LiOH 

The 4-triphenyIsllylbutanol can be accounted for by cleavage 

of the solvent, since this reaction is known to occur when 

triphenylsilyllithium solutions are refluxed in tetrahydro-

faran.7'90-98 

The explanation for the formation of hexaphenyldisilane 

becomes even more probable when one considers that silicon-

oxygen^'^ ,135 silicon-sulfur"^6'13bonds are readily 

cleaved by triphenylsilylmetallic compounds to give hexa

phenyldisilane as a major product. Analogous cleavages 

l^H. Oilman and T. C. Wu, J. Org. Çhem., in press (i960). 

-*-3®H. Gilman and D. Wittenberg, J. Am. Chem. SQC. . 79. 
6339 (1957). 

. 137p^ Wittenberg, T. C. Wu and H. Gilman, J. Org. Çhem., 
23, 1898 (1958). 

138D. Wittenberg. H. A. McKinch and H. Gilman, J. Am. 
Chem. SQC.. 80. 5418 (l953). 
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involving o rgano silylmercury intermediates have also been re

ported.139 

The results of these experiments strongly suggest (as 

had been felt previously) that the eteric requirements of the 

triphenylsilyl group might be responsible for the observed 

alkylation of triphenylsilyllithium with trialkyl phosphates. 

To test this, a variety of relatively large organometallic 

compounds (including both organolithium compounds and Grignard 

reagents) were reacted with these same esters and found to 

behave similarly to triphenylsilyllithium. The size of the 

organometallic compound was gradually reduced from that of 

the triphenylmethyl to that of the mesityl group, hoping that 

somewhere in between, an organometallic compound of proper size 

would be encountered which would react by both mechanisms 

simultaneously, affording both alkylation and displacement 

Pfi 
products. Since Willans had observed displacement with 

o-anisyllithium, the mechanistic change ought to occur some

where between it and triphenylmethyllithium. 

High yields of alkylated compounds were obtained when 

trimethyl and/or tri-n-butyl phosphate were allowed to react 

with triphenyImethylmagnesium chloride, triphenylmethyl

li thium, 9-phenyl-9-fluorenyllithium and diphenylmethyl-

139j,je y. George. G. D. Lichtenwalter and H. Gilman, 
ibid.. 81, 978 (1959). 
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lithium. Triisobutyl phosphate also alkylated 9-phenyl-9-

f luorenyllithium, however, in a much lower yield. Large 

amounts of viscous oils were obtained from the latter reac

tion together with small amounts of a hydrocarbon, which 

appears to be composed of two 9-phenylfluorenyl groups and one 

isobutyl group. The structure of this product is not known. 

When the reaction of mesitylmagnesium bromide with the 

trimethyl ester was investigated, mesitylene (50 percent) and 

isodurene (39.1 percent) were found to be the products of re

action. However, none of the alkylated compound was obtained 

from the corresponding reaction using tri-n-butyl phosphate, 

although several attempts were made. In every case employing 

mesitylmagnesium bromide, varying yields of mesitylene were 

obtained even when the reactions were terminated by carbona-

tion. Its mode of formation is not understood since the Grig

nard reagent appeared to be formed in high yield, and freshly 

distilled esters were employed. The fact that high recoveries 

of tri-n-butyl phosphate were realized, indicates that no 

reaction occurred between the ester and organometallic com

pound. Apparently, the steric hindrance of both the ester 

and Grignard reagent could not be overcome by the low reactiv

ity of the Grignard reagent. In this connection, mesityl-

lithium also failed to undergo alkylation with tri-n-butyl 

phosphate in refluxing tetrahydrofuran-diethyl ether. This 

reaction gave a viscous gel from which no pure compounds 
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could "be isolated other than recovered ester (42 percent) and 

mesitylene (73 percent). 

The failure of tri-n-butyl phosphate to alkylate mesi-

tyllithium and the corresponding Grignard reagent, together 

with the large number of possible organometallic compounds 

having sizes between o-anisyllithium and mesityllithium, dis

couraged any further attempts to find the turning point in 

this reaction mechanism. 

The results of these experiments indicate that organo

metallic compounds, having both steric requirements and re

activities comparable to or greater than those of mesityl

magnesium bromide, may be successfully alkylated by trialkyl 

phosphates. The limitations on size and reactivity will un

doubtedly hinder the extensive application of these esters 

for this purpose. However, the high yields obtainable through 

their use could make their future application in this capacity 

advantageous. 

Others at these Laboratories have also made use of this 

140 
reaction. Peterson, for example, derivatized the 1,3-

dilithium salt of hexaphenyltrisilane with both dimethyl sul

fate and trimethyl phosphate. He obtained a somewhat higher 

yield of the dimethyl derivative from the phosphate reaction; 

' 

140D. J. Peterson, Ames, Iowa. Information concerning 
reactions of organosilylmetalllc compounds. Private commu
nication. 1959. 
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however, the work-up procedures differed, and the comparison 

may not be strictly valid. Trepka^^" likewise used the reac

tion incidental to some relative reactivity studies. He found 

that trim ethyl phosphate was one of the most reactive deriv-

atizing agents tested for triphenylsilyllithium. 

The side-reaction converting Grignard reagents to disub

stituted magnesium compounds (observed with dialkyl sul-

132 
fates) has not yet been found to occur with phosphate 

esters. Because of this, an excess of the sulfate should be 

employed to obtain good yields; whereas high jrields of alkyla-

tion products resulted when one mole of the phosphate ester 

was employed in this study. 

Alkyl halides have been used extensively to prepare com-

13P 
pounds of this type from Grignard reagents and organosilyl-

metallic compounds. In many cases, high yields were rea

lized. Relative to the reactions involving organosilylmetal-

142 
lie compounds, the alkyl chlorides and fluorides are be&t-

suited because the other halides exhibit a tendency to undergo 

halogen-metal interconversion reactions.®'^^'143 In this 

. V 

I4Iw. j. Trepka, Ames, Iowa. Information on relative 
reactivity studies. Private communication. 1959. 

I42Heactions of organosilylmetallic compounds with alkyl 
and aryl halides have been recently reviewed by Lichtenwalter 
and Diehl. See Theses cited in Footnotes 7 and 90. 

143(3^ Dappen, Ames, Iowa. Information concerning reac
tions of triphenylsilyllithium with alkyl and aryl halides. 
Private communication. 1958. 
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connection, varying yields (in some cases excellent) were ob

tained from the reactions of aloha.omega-dihalides with tri-

phenylmethyl- and diphenylmethylsodium in liquid ammonia.144 

Ethylene chloride, for example, gave a 93 percent yield of 

the bis(diphenylmethyl) compound via this reaction. Compar

able yields have been obtained from reactions employing phos

phate esters; moreover, these reactions do not require the 

special techniques necessary for reactions in liquid ammonia. 

In the light of these facts, it is suggested that tri-

alkyl phosphates supplement the previously used alkylating 

agents in this reaction. Where applicable, this may be the 

method of choice, particularly for the derivatization of 

organosilylmetallic compounds. 

B. Reactions of Triphenylsilyllithium 
with Triaryl Phosphates 

The reactions of triphenylsilyllithium with triaryl phos

phates, although not extensively studied, appear to proceed 

via displacements of aryloxy groups from phosphorus. As men

tioned in the preceding section, this type of reaction was 

postulated to account for the formation of hexaphenyldisilane 

in the forced reactions of triphenylsilyllithium with tri-n-

butyl phosphate. 

R. Hauser, C. F. Hauser and P. J. Hamrick, Jr., 
£. Org. Chem.. 24, 397 (1959). 
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The reactions using triaryl phosphates also have been ob

served to give considerable amounts of hexaphenyldisilane. 

This course of reaction is not surprising since the aryl-

oxygen bond is expected to be more resistant to cleavage by 

triphenylsilyllithium than is the alkyl-oxygen bond due to 

resonance interaction between oxygen and the aryl group. In 

this connection, some sulfonic esters have been found to yield 

13? m 
suifones when treated with Grignard reagents. This is 

particularly true for esters of alkane sulfonic acids and 

aryl esters of aryl sulfonic acids. Similar displacements 

are involved in these reactions; however, the carbon-sulfur 

bonds are not subsequently cleaved. 

At room temperature, the yields of hexaphenyldisilane 

did not exceed 33 percent when triphenylsilyllithium was 

allowed to react with triphenyl phosphate, even though long 

reaction times were employed. From the first reaction using 

three equivalents of triphenylsilyllithium, a 27 percent yield 

of hexaphenyldisilane was realized together with 52 percent of 

triphenylsilano1. All of the organosilylmetallic reagent was 

consumed as evidenced by a negative Color Test I prior to 

hydrolysis. When six equivalents of triphenylsilyllithium 

were used, these products were isolated in 33 and 41 percent 

yields, respectively, together with 3 percent of hexaphenyl-

disiloxane and 14 percent of triphenylsilane• Color Test I 

was positive when the reaction was terminated, which accounts 
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for the formation of triphenylsilane in the latter reaction. 

These results can be rationalized via the following reaction 

scheme: 

PhgSiLi + (PhO)gPO > PhOLi + PhgSiP(0)(0Ph)2 

> Ph-Si- + LiP(0)(0Ph)9 
b 2 II ^ 

PEgSiLi + PhgSiP(0)(0Ph)2 

^ PhOLi + (Ph3Si)9P(0)0Ph 
2 III 

PhgSiLi + (PhgSi)gP(0)0Ph » PhgSlg + PhgSiP(0)(Li)OPh 
• 1XX 

H2° 
PhgSiP( 0 H Li )OPh > PhgSiOH + HgP(0)0Ph + LiOH 

The first step in the reaction involves the displacement 

of either one or two phenoxide anions from the phosphate ester 

by triphenylsilyllithium to give I or III, as the case may be. 

Subsequent cleavage of the silylphosphorus compounds with-tri

phenylsilyllithium yields hexaphenyldisilane. Based on con

siderations already discussed in the preceding section, these 

cleavages are expected to occur with relative ease. However, 

the removal of a triphenylsily1 group from IV would be diffi

cult via this cleavage reaction, because the process would 

entail an anionic displacement from a position of high elec

tron density. This accounts for the failure to realize more 

than 33 percent of the disilane from the reaction employing 
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six equivalents of triphenylsilyllithium. 

The low yield of hexaphenyldisilane from the three to 

one reaction, together with the fact that Color Test I was 

negative before hydrolysis, indicates that the displacement 

of a second phenoxide ion from I is indeed occurring. If this 

were not so, the yield of hexaphenyldisilane should have been 

closer to 67 percent, the maximum obtainable from this ratio 

"of reactants. Apparently, III and probably IV are formed in 

this reaction. 

Similarly, the hydrolysis of these intermediates contain

ing silicon-phosphorus bonds would account for the formation 

of triphenylsilanol, as well as the phosphine-like odors 

noticed after hydrolysis. Some of this odor is also derived 

from the hydrolysis of phosphorus-lithium intermediates. The 

fact that these odors are carried into the organic layer after 

hydrolysis indicates that hydrolysis of the ester is not com

plete. No products containing phenoxide groups attached to 

phosphorus, however, were isolated from these reactions. The 

mechanism for the formation of silanols via the hydrolysis of 

silylphosphorus compounds is well-known.^ 

In order to determine whether or not forced conditions 

I^SSee, for example: G. Fritz, Z. Naturforsch. 8b. 776 
( 1953) ; G-. Fritz, Z. anorg. u. allgem. chem.. 280. 332 M955); 
W. Keeber and H. W. Post, J. Org. Chëm.. £1, 509 (l956); G-. 
Fritz and H. 0. Berkenhoff, Z. anorg. g. allgem. çhem., 289. 
250 ( 1957) ; F. Feher, G-. Kuhlbôrsch, A. Blûneke, H. Keller 
and K. Lippert, Chem• Ber.f 90. 134 (1957). 



www.manaraa.com

126 

might cause cleavage of a second trlphenylsilyl group from 

intermediates of type IV, the reaction using six equivalents 

of triphenylsilyllithium was repeated under reflux conditions 

for 21 hours. Color Test I was negative after this time. The 

products isolated were: hexaphenyldisilane, hexaphenyldi-

siloxane, 4-triphenyIsilylbut anol, triphenylsilanol and phenol 

(isolated as the tribromo-derivative), in yields of 39.6, 

11.8, 3.75, 30 and 81 percent, respectively. The slight in

crease in yield of hexaphenyldisilane together with the high 

yield of phenol suggests that placing a second negative charge 

on phosphorus via this reaction is possible but not readily 

accomplished, and that all three phenoxide groups are capable 

of displacement in.this reaction. 

Similar results were obtained from reactions employing 

either two or three equivalents of triphenylsilyllithium with 

tri-E.-tolyl phosphate. The former reaction gave 35.8 percent 

of hexaphenyldisilane together with triphenylsilanol (47.8 

percent) and recovered ester (14.9 percent). These results 

indicate that the second displacement occurred to at least 

some extent here also. The three to one reaction afforded 

the disilane, triphenylsilanol, triphenylsilane and 32-cresol 

in yields of 33, 45.2, 3.8 and 57.2 percent, respectively. 

These yields are also consistent with the proposed mechanism. 

Although compounds containing silicon-phosphorus bonds 

were not isolated from these reactions, there is strong evi-



www.manaraa.com

127 

deuce that they exist as reaction intermediates. Compounds of 

this type may be isolated from reactions of a similar nature, 

providing the reaction mixtures are derivatized with suitable 

reagents, and anhydrous work-ups are employed; however, the 

problem of separation might discourage future use of this 

reaction for that purpose. 

C. Reactions of Triphenylsilyllithium with 
Phenylated Group VB Elements 

Although triaryl derivatives of all group VB elements 

have been reported to undergo cleavage reactions with alkali 

metals,146,147» 148,149,150 corresponding reactions with 

alkyllithium compounds are known only for the triaryl deriv

atives of bismuth and antimony. Triphenylarsine, -phosphine 

and -amine, on the other hand, undergo slow metalation in the 

Beta-position when treated with n-butyllithium (refer to the 

Historical section of this Thesis).. In contrast, triphenyl-

I46R. V. Talalaeva and K. A. Kocheshkov, J. Gen. Chem. f 
U.S.S.R. 1831 (1938). 

147H. Gilman and J. J. Dietrich, J. Am. Chem. Spç. r 80. 
380 (1958). 

14®D. Wittenberg and H. Gilman, J. Org. Chem.. 25. 1063 
(1958). 

14®K. Issleib and H. 0. Frohlich, Z. Naturforsch. 14b. 
349 (1959). 

150K. Issleib and A. Tzschach, Chem. Ber.. 92. 1118 
(1959). 
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silyllithlum has been found to cleave not only triphenylbis-

muthine and triphenylstibine, but triphenylarsine as well. 

In this study, triphenylbismuthine was chosen as the 

first compound to be investigated, since the earlier work 

employing alkali metals and alkyllithium compounds indicated 

that cleavage would occur more readily and quantitatively with 

this compound than with the other members of the series. Low 

reaction temperatures were desirable due to the instability of . 

lPft m 
organolithium compounds in tetrahydrofuran. The results of 

these experiments are tabulated for convenience in Table 1. 

Using triphenylbismuthine as an example, the results of 

these experiments can best be explained by the following se

quence of reactions: 

PhLi Ph^Si 

Ph3SiBiPh2 + 

PhgSiLi >PhgSig 

PhLi > Ph^Si 

+ PhgSiBi(Li)Ph 

PhgSiLi > Ph6Si2 

3 PhgBiLi > PhgBi + 3 PhLi + 2 Bi 
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Table 1. Reactions of triphenylsilyllithium with phenylated group VB elements 

Compound 
reacted ; Reaction 

(moles RgSiLi: conditions Products ( %) 
moles RgË) hr. ; °C R6Sl2 R4S1 RgSlOH Other products 

R3BI; ( l:l)to 1; -60 8.7 11.90 26.3 R3Bi(69); RC0pH(6.9) 

RgBl; (3:l)b 1; 0-5 19.82 27.10 24.2 R6Sig0(5.6); RC0gH(s4) 

R3B1; (3:1)° 6; 0-5 22.20 23.73 31.5 RSlMeg(37.8); bismuth 

R3BI; (3:l)b 24; 26 6.03 37.00 46.0 RC0gH(8.25); bismuth 

R&Bb; (3:l)° 24; 26 trace 44.00 20.4 RsSiSiMegde); RSiMe3( 18.7) ; 
antimony 

R3AS; (3:l)d 36; 25 26.30 21.20 22.6 Unidentified mixtures 

R3AS; (3:l)b 36; 26 23.30 39.60 28.4 Unidentified mixtures 

R3P ; (3:l)b 24; 26 1.90 — — 92.0 R3P(94) 

aR in these reactions is a phenyl group. 

bDerivatlzed by carbonation. 

°Derivatlzed with chlorotrimethylsilane. 

^Derlvatized with water. 
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A similar disproportionation reaction involving IV probably 

occurs, but a formulation of it is more difficult because of 

the various possible products which may be formed. An anal

ogous mechanism, with the exception of the disproportionation 

reaction is proposed for the cleavage of triphenylarsine and 

triphenylstiblne. 

The initial reaction involves the displacement of a 

phenyl anion from triphenylbismuthine. By analogy to the re

actions of triphenylsilyllithium with triaryl phosphates, 

triphenylsilyllithium apparently is capable of displacing two, 

or perhaps all three of the phenyl groups in this reaction. 

Evidence for this is found in the high yield of benzoic acid 

( 54 percent) isolated from the second reaction. One might 

argue that some of the phenyHithium forming this may have 

come from the disproportionation reaction; however, no bismuth 

was found in this case, therefore this seems unlikely. 

Cleavage of the organosilylbismuthine intermediates (I 

and II) by phenyHithium or triphenylsilyllithium would give 

rise to the formation of tetraphenylsilane or hexaphenyldi

silane, as the case may be. All of these cleavages apparently 

occur simultaneously. The bismuth and antimony isolated 

from the third, fourth and fifth reactions can be accounted 

for by the disproportionation of III and IV or their deriv-

atized antimony analogs. Disproportionation reactions of com

pounds of type III have been reported to occur slowly in 
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liquid ammonia, giving rise to the formation of bismuth and 

l nl 
the triarylbismuthine. 

Hydrolysis of triphenylsilyllithium, or intermediates 

having silicon-bismuth, -antimony or -arsenic bonds, would 

give rise to the formation of the triphenylsilanol isolated. 

That the latter mechanism is contributing to the formation of 

this compound is evident from the high yields obtained when 

c hloro t rimethyIs ilane was used to terminate the reaction. 

Since care was taken to exclude moisture, the triphenylsilanol 

could only have arisen via this path. 

An attempt to isolate products having silicon-antimony 

bonds failed, apparently due to a disproportionation reaction 

having occurred while attempting to separate them by distilla

tion (refer to the Experimental section). A colorless petro

leum ether extract of the reaction mixture, prior to hydrol

ysis, deposited a dark, finely divided solid when the solvent-

free extract was subjected to reduced pressure distillation. 

The distilled material was identified as 1,1,lvfcrimethyl-

2,2,2-triphenyldisllane. This product was probably formed 

earlier by the reaction of triphenylsilyllithium with chloro-

trimethylsilane. The possibility of this compound having been 

formed by the coupling of free radicals is not held very like

ly since none of the symmetrical coupling products were found. 

151H. Gilman and H. L. Yablunky, J. Am. Chem. Soc, 63 
212 (1941). 
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As noted in Table 1, triphenylphosphine failed to react 

with triphenylsilyllithium when the mixture was stirred at 

room temperature for 24 hours. Carbonation failed to give any 

acidic material and a high recovery of the phosphine was 

realized. Although n-butyllithium metalated this compound, in 

55 
low yield, it is not surprising that triphenylsilyllithium 

90 
failed to do so, since Diehl reported that only those com

pounds with relatively active hydrogens are capable of metala-

tlon by this reagent. Perhaps cleavage or metalation might 

be effected, if forced conditions were employed, but the sep

aration problem, if cleavage were to occur, discouraged 

attempting this reaction. 

The yields of hexaphenyldisilane obtained from this 

series of reactions deserve some comment. As expected, the 

yield of this compound increases with increasing reaction time 

in the low-temperature reactions with triphenylbismuthine. 

However, these yields fall off abruptly when long reaction 

times at room temperature are employed with triphenylbis

muthine and triphenylstibine, implying that some type of 

cleavage reaction is removing it from the reaction mixture. 

The concomitant increase in yield of tetraphenylsilane in re

actions where this occurs, indicates that phenyllithium may 

be effecting this cleavage- That phenyllithium is capable 

of doing so under these conditions has been proven by using 

pre-formed hexaphenyldisilane and phenyllithium (refer to the 
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Experimental section). These reactions will be discussed 

later. 

One might logically wonder then, why the yields of hexa

phenyldisilane were so high in the two reactions of triphenyl

silyllithium with triphenylarsine, particularly since even 

longer reaction times were employed. However, the failure to 

isolate benzoic acid from the second reaction involving this 

compound, indicates that phenylli thium is not available to 

effect this cleavage. The reason for this probably centers 

around the disproportionation reaction previously discussed. 

Since arsenic is less metallic than antimony or bismuth, 

diphenylarseniclithium, or the other organoarseniclithium 

compounds which may be present in the reaction mixture, would 

be less apt to undergo disproportionation. Organoarsenlc-

metaille compounds are known14®»152,153,154,155 ^ave been 

employed in synthetic work, but there has been no report of 

their ability to undergo disproportionation reactions of the 

type observed with the bismuth compounds. 

In this connection, the reaction of triphenylsilyllithium 

152M. H. Beeby and F. G. Mann, J. Chem. Soc. (London), 
886 (1951). 

153f. &. Mann and B. B. Smith, ibid., 4544 (1952). 

I54&. Wittig, M. A. Jesaitls and M. Glos, Ann.. 577, 1 
(1952) . 

I55Xj. Anshutz and H. Wlrth, N aturwi s s en s chaf t en. 43, 59 
(1956). 



www.manaraa.com

134 

with triphenylarsine is not completely understood, since the 

fate of the arsenic in these two reactions is not known. Con

siderable difficulty was encountered during work-up of these 

reaction mixtures, and no compounds containing arsenic could 

be separated. It is not unlikely, on the basis of the lithium 

cleavage of triphenylarsine, previously reported by Witten-

148 
berg and Oilman, that phenyl- or triphenylsilyl-substituted 

arsenic oxides or arsines were present in the reaction mix

tures, but such compounds could not be isolated. 

As is the case with triaryl phosphate esters, there is 

strong evidence that compounds containing silicon attached 

to group VB elements exist as reaction intermediates, but the 

complexity of the cleavage reactions involved, coupled with 

the separation difficulties, makes the application of these 

reactions for their synthesis rather doubtful. 

D. Cleavage of Hexaphenyldisilane with 
Aryllithium Compounds 

Cleavage studies involving the use or formation of 

organosilylmetallic compounds have become relatively important 
C rj 

during the past ten years. ' Although the silicon-silicon 

bond in halogenated polysilanes has been cleaved by a variety 

of organometallic compounds (refer to section IIB), hexa

phenyldisilane has been found to be resistant to such cleav

ages by these reagents. Both Dunn71 and Wu7^ failed to 

accomplish this in diethyl ether or diethyl ether-xylene mix-
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71 
tures with phenyllithium. Likewise, Dunn obtained an 82 

percent recovery of the disilane from an attempted cleavage 

with n-buty111thium in these solvents. The loss of material 

from the last-mentioned reaction was thought to be mechanical. 
n 

More recently, Lichtenwalter obtained nearly quantitative 

recoveries of hexaphenyldisilane from attempts to cleave this 

compound in tetrahydrofuran with p-tolyllithium at ice-bath 

temperature, or with triphenylmethylli thium at room tempera

ture. 

On the other hand, the cleavability of hexaphenyldisilane 

1_ 4 by alkali metals and sodium-potassium alloy is well-known. * 1 

5,7,98,103,156 jn fact, this method for preparing organo-

Ph3SiSiPh3 + 2M —> 2Ph3SiM 

silylmetallic compounds has been largely responsible for the 

rapid growth in this field during the last decade. 

Based on the results obtained from the experiments dis

cussed in the preceding section, there was reason to believe 

that hexaphenyldisilane was being cleaved by phenyllithium in 

some of these reactions. In order to test this hypothesis, as 

PhgSiSlPhg + PhLi > PhgSiPh + PhgSiLi 

156gee also : H. Gilman, T. C. Wu, H. A. Hartzfeld, G. 
A. Guter, A. G. Smith, J. J. Goodman and S. H. Eidt, J. Am. 
Chem. Soc., 74, 561 (1952): H. Gilman and T. C. Wu, J. Org. 
Chem.. 18. 753 (1953); T. C. Wu and H. Gilman, ibid.. 23, 
913 (1958). 
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well as to confirm or disprove the long-held belief that hexa

phenyldisilane could not be cleaved by organolithium com

pounds, pre-formed hexaphenyldisilane, of the highest purity 

available, was reacted with phenyllithium in tetrahydrofuran 

for 24 hours at room temperature. Hydrolysis and filtration 

of the reaction mixture gave a 50 percent recovery of the di-

silane. Work-up of the organic layer afforded a high yield 

of tetraphenylsilane, but no triphenylsilanol. The viscous 

oil which remained, after removal of the tetraphenylsilane, 

yielded only a trace of hexaphenyldisiloxane. 

A second reaction (stirred for two days and derivatized 

with chloro trimethylsilane) gave hexaphenyldisilane (5 per

cent), 1,1,l-trimethyl-2,2,2-triphenyldisilane (31 percent), 

tetraphenylsilane (66 percent) and trimethylphenylsilane (24 

percent). A large excess of phenyllithium was used in these 

reactions because of the instability of pheny111thium in this 

solvent.1̂ 8 

Although tetraphenylsilane was isolated in satisfactory 

yields, indicating that cleavage by phenylli thium was taking 

place, the derivatized triphenylsilyllithium could only be 

separated with difficulty from the viscous decomposition 

products of the organometallic compounds. 

In order to circumvent this difficulty, the reaction was 

repeated in a mixture of diethyl ether and tetrahydrofuran, 

since earlier studies had indicated that this solvent was 
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superior to tetrahydrofuran alone in metalation®1,157 and 

coupling 0̂ reactions. Although cleavage took place much 

slower in the mixed solvent, considerably less difficulty was 

encountered in separating the products of reaction. To illus

trate, refluxing a mixture of the disilane and pheny111thium 

for two days in a (2:l) mixture of diethyl ether and tetra

hydrofuran gave, subsequent to treatment with chlorotrimethyl-

silane, hexaphenyldisilane (10 percent); 1,1,1-trimethy1-

2,2,2-triphenyldisilane (67.5 percent); tetraphenylsilane 

(86 percent); and 4-triphenylsilylbutanol (14.3 percent). The 

isolation of products was nearly quantitative. A similar re

action, stirred for 5 days at room temperature, gave a 58 per

cent recovery of the disilane in addition to the cleavage 

products. 

High recoveries of hexaphenyldisilane were realized when 

the reaction was carried out in diethyl ether. However, small 

amounts of tetraphenylsilane and triphenylsilanol were also 

isolated, indicating that cleavage was even possible in this 

solvent. The reaction was extremely slow. PhenyImagneslum 

bromide failed to accomplish this cleavage in refluxing tetra

hydrofuran . 

The encouraging results obtained with phenyllithium 

prompted the extension of this reaction to another organo-

157H. Oilman and H. D. Gorslch. J. Ore. Chem. . 22. 687 
(1957). " 
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lithium compound. Tolyllithium was chosen for this purpose 

since the compound was readily preparable, and the correspond

ing tetrasubstituted silane was well-characterized. Although 

cleavage of the disilane occurred, as in the reactions employ

ing phenyllithium, several unanticipated complications made 

separation of the products difficult. The reaction is still 

not completely understood. 

The first reaction of the disilane with $>-to ly lli thium, 

subsequent to carbonation after two days, at reflux, gave a 

yellow, acidic gum having the odor of phenylacetic acid. 

Eventually this gum afforded phenylacetic acid (3.4 percent) 

and 2,-toluic acid (7.7 percent). The neutral organic layer 

furnished triphenylsilanol (50 percent), but no £-tolytri-

phenylsilane having the reported1̂ ® melting point of 140°. 

Instead, a small amount of material melting at 128-130° was 

obtained. The infrared spectrum of this product was identical 

with that of authentic &-tolytripbenylsilane. An oil was also 

obtained whose infrared spectrum indicated it to be a mixture 

of trlphenylsilane and benzyltriphenylsilane. 

This reaction was repeated, after insuring that the &-

tolyllithium had no benzyllithium in it by carbonating part 

of the reaction mixture. The remaining solution of the 

!58R. A. Benkeser, G. E. DoBoer, R. E. Robinson and D. M. 
Sauve, J. Am. Chem. Soc., 78, 682 (1956). 
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organolithium compound was allowed to react with hexaphenyl

disilane as in the preceding reaction. After a very meticu

lous work-up, involving two chromatographic separations and 

fractional crystallization of the eluted material, there was 

obtained: triphenylsilane (8.7 percent); benzyltriphenyl-

silane (43.1 percent); £-tolyltriphenylsilane (25.7 percent); 

4-triphenylsilylbutanol (21.1 percent); and triphenylsilanol 

(27 percent). The o-tolyltriphenylsilane melted at 128-130°. 

An attempt was made to explain the formation of benzyl-

triphenylsilane in this reaction by refluxing a £-t olylli thium 

solution under similar conditions without having hexaphenyl

disilane present. After two days, the solution was deriva

tized with chlorotriphenylsilane. Only &-tolyltriphenylsilane 

and triphenylsilanol could be isolated from this mixture. 

Most of the tetrasubstituted silene melted at 140°; however, 

a small amount of material isolated from the mother liquors 

melted at the lower temperature. This suggested that an in

teresting case of polymorphism may be involved, especially 

since the lower melting product was eventually converted to 

the higher melting form by crystallization from a concentrated 

solution in ethyl acetate. The reverse transformation was 

also accomplished by changing solvents. Crystallization of 

the material from ethanol, methanol or petroleum ether (b.p. 

60-70°) gave fine needles, which melted at 130-132°- Heating 

this above its melting point, and remelting caused it to melt 
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at 140°, as did reerys t alii z at ion from ethyl acetate. The 

higher melting compound crystallized in the form of hard 

agglomerates of radiating prisms or thick needles. 

Although rare, polymorphism in organosilicon compounds is 

known. Lichtenwalter,1̂  in conjunction with Brook, found two 

crystalline forms of methoxytriphenylsilane- Similarly, two 

forms have been reported for tetramethylsilane,160 vinylsi-

lane,160 diethylsilanediol161 and 1,2-dibromo-l,2-bis(tri-

methylsllyl)ethane.16̂  The last-mentioned case apparently 

involves stereoisomers. 

Another case which may involve polymorphism of the type 

found in £-tolyltriphenylsilane is that observed with beta-

163 
phenyléthoxytriphenylsilane. Gerrard and Kilburn report 

159gee & D. Lichtenwalter. Organosilylmetallic com-

Ïounds and derivatives. Unpublished Ph.D. Thesis. Ames, 
owa, Library, Iowa State University of Science and Tech
nology. 1958. p. 48. 

160g. Tannenbàum, S. Kaye and G. F. Lewenz, J. Am. Chem. 
Soc.. 75-, 3753 (1953). 

I6i-J. J. Duane. Silanol and siloxane preparation. 
British Patent 683,182. Nov. 26, 1952. (Original not avail
able for examination; abstracted in Ç.A., 47, 5720 (1953)); 
P. D. George, L. H. Sommers and F. C. Whitmore, J. Am. Chem• 
Soc.. 75, 1585 (1953). 

162v. F. Mironov, V. G. Glukhovtsev and A. D. Petrov, 
Dokladv Akad. Nauk S.S.S.R.. 104. 865 (1955). (Original 
available but not translated; abstracted in C.A., 50, 11234 
(Î956)). See also H. Gilman and G. N. R. Smart, J. Org. 
Chem.. 15. 720 (1950); and G. N. R. Smart, H. Gilman and H. 
W. Otto, J. Ajg.' Chem. Soc.. 77. 5193 (1955) for other examples. 

Gerrard and K. D. Kilburn, J. Chem. Soç. (London), 
1536 (1956).' 
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metalated was most likely toluene which conceivably could have 

arisen via a reaction of B.-to ly 111 thium with the solvent. In 

PhgSiLi + PhCHg > PhgSiH + PhCHgLi 

PhCHgLi +• PhgSiSiPhg > PhgSiCHgPh + PhgSiLi 

this connection, Marrs16® attempted to metalate toluene with 

triphenylsilyllithium in tetrahydrofuran, but was unable to 

isolate any derivatized benzyllithium, although red solutions 

were obtained when the mixtures were stirred at room tempera

ture. This might indicate that the metalation involved in 

this reaction, as well as in the reaction with p.-tolyllithium 

Is an equilibrium process, strongly favoring the triphenyl

silyllithium or E-tolylllthium side, as the case may be. 

Attempts to derivatize the metalated product would give too 

small a quantity of derivative to detect. Providing this is 

true, the reaction of g-tolylli thium with hexaphenyldisilane 

could go to completion forming considerable amounts of benzyl-

triphenylsilane, because the benzyllithium is continuously 

being removed from the equilibrium by cleavage of the disi

lane. The low yield of triphenylsilane from this reaction is 

explainable when it is recalled that silicon hydrides undergo 

166o, L. Marrs, Ames, Iowa. Information concerning 
metalation reactions with triphenylsilyllithium. Private 
communication. 1959. 
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1 «7 
hydrolysis to silanols in "basic media. 

The possibility that B-tolyllithium is effecting the 

metalation, however, cannot be discounted since analogous 

benzilic rearrangements of other tolylmetallic compounds are 

known.168 

Although it must be admitted that the preceding discus

sion is largely speculative and based on inadequate evidence, 

it does account for the observed results. Exactly what is 

undergoing metalation, and what the metalating agent is, can 

only be surmised. Apropos the answers to these questions, it 

might be interesting to repeat the reaction of triphenylsilyl

lithium with toluene in the presence of hexaphenyldisilane. 

The isolation of benzyltriphenylsilane from this reaction 

would substantiate this mechanism. 

These experiments have shown that hexaphenyldisilane may 

be cleaved by aryllithium, and probably alkyllithium compounds 

as well. Should further research along these lines be done, 

it is recommended that an excess of the organolithium compound 

be used and that the reaction be done in a mixture of diethyl 

15?See, for example, H. Gilman and G. E. Dunn, J. Am. 
Chem. Soc.. 73, 3404 (1951). 

168geef for example: M. Tiffeneau and R. Delange, Compt• 
rend.f 137. 573 (1903;; W. E. Bachmann and H. T. Clarke, J. 
Am. Chem. Spç.. 49. 2089 (1927); H. Gilman and F. Breuer, 
ibid., 56. 1127 TÏ934); H. Gilman and R. L. Bebb, ibid.. 61, 
109 (1939); H. Gilman and H. A. Pacevitz, ibid., 62, 673 
(1940); H. Gilman, H. A. Pacevitz and 0. Baine, ibid.. 62. 
1514 (1940); M. Pacevitz, Iowa State Coll. J. Sçi., 16, 
117 (1941). 



www.manaraa.com

144 

ether and tetrahydrofuran. 

Although this cleavage reaction has no for see able value 

as a synthetic tool, its use in the same capacity for which 

it was employed in this study may find some degree of future 

application, namely, to explain what appear to be unusual 

experimental results from reactions involving organosilicon 

compounds. 

E. The Rearrangement Theory 

Since 1953, when Oilman and Wu86 reported the isolation 

of diphenylmethoxytriphenylsilane (the "abnormal" addition 

product) from the reaction of triphenylsilylpotassium with 

benzophenone, there has been considerable speculation as to 

the mode of formation of compounds of this type from similar 

reactions. Reverse addition to the carbonyl did not seem 

likely because of the known polarity of the carbonyl group; 

therefore, these investigators postulated a normal addition, 

followed by a rearrangement to the silyl ether, as the prob

able course of reaction. 

PhgSiK + PhgCO >Ph3SiC(0K)Ph2 

Ph3SiC(0K)Ph2 »PhgSiOC(K)Phg 

Although support for this rearrangement mechanism has 

been amassed, through the years, no real proof has yet been 

presented. This support centers around the fact that normal 
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addition products have been isolated from reactions of orgsno-

silylmetallic compounds with aliphatic aldehydes^81,83,84 

ketones,®® acid chlorides,8^'83 ethyl acetate83,84 and acetic 

83 
anhydride. From some of these reactions, the rearranged 

silyl ethers were isolated together with the normal addition 
op Q"5 OA. 

compounds. * ' Reactions of triphenylgermyllithium with 

formaldehyde and benzophenone, likewise, gave the normal addi-

169 
tion products. In this connection, the isolation of N-

diphenylmethyl-N-pheny1-1,1,1-triphenylsilylamine from the 

reactions of triphenylsilylmetaille compounds with benzo-

Q7 
phenone anil has been explained by a similar rearrangement. 

Support for the rearrangement theory from another aspect 

"L70 84 
was furnished by Brook, Brook and co-workers, as well as 

Qp 
by Wittenberg and Gilman. These investigators demonstrated 

that alpha-silvlcarblnols undergo rearrangements to the iso-

170 
merle silyl ethers when exposed to basic reagents. Brook, 

for example, succeeded in preparing t riphenyls ilyldiphenyl-

methanol, and then isomer!zed it to diphenylmethoxytriphenyl

silane in the presence of mildly basic reagents. Later, Brook 

A4» 
and co-workers showed that this reaction was general for a 

Ph3SiC(0H)Ph2 base > Ph3SiOC(H)Ph2 

169h. Gilman and C. W. Gerow, J. Am. Chem. Soç., 77r 
5740 (1955). 

170A. G. Brook, ibid.. 80, 1886 (1958). 
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variety of alpha-sllvlcarbinols containing both aliphatic and 

aromatic groups. The only compound tested by these workers, 

which failed to undergo rearrangement was triphenylsilyl-
on 

methanol. Wittenberg and Oilman similarly isomerized 1,1,-

bis(triphenylsilyl)ethanol to 1-triphenyl(1-triphenylsiloxy-

ethyl)silane by treating it with ethanolic potassium hydrox-
QO 

ide- TriphenyIsilyldimethyIcarbino1, at first appeared to 

be an exception to the rule; however, its isomerization to 

isopropoxytriphenylsllane has also been accomplished using 
OA 

sodium-potassium alloy as the catalyst. 

In an attempt to prove the rearrangement theory, Brook 

171 
and Schwartz reinvestigated the reaction of triphenylsilyl-

metallic compounds with benzophenone. By isolating and char

acterizing the potassium salt of diphenylmethoxytriphenyl-

silane, these workers demonstrated that the rearrangement, if 

it actually occurs, takes place before hydrolysis of the re

action mixtures. By varying the reaction conditions, they 

also obtained a hitherto unreported compound from this reac

tion, namely, 2-triphenylsiloxy-l,l,2,2-tetraphenylethanol. 

This product was formed in high yields when two equivalents 

of benzophenone were employed. The analogous compound, de

rived from triphenylsilyllithium and benzaldehyde, has been 

I7Ia. O-. Brook and N. V. Schwartz, ibid. T in press (ça. 
1960). 
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described by Wittenberg et al.8̂  

The last-mentioned investigation®^ also reported the iso

lation of large amounts of hexaphenyldisilane from triphenyl-

silyllithium and benzaldehyde, when the reaction was carried 

out at room temperature. It has been postulated®^ that this 

product arises via cleavage (by triphenylsilyllithium) of the 

lithium salt of benzyloxytriphenylsilane or 2-t-riphenylsiloxy-

1,2-diphenylethanol. The isolation of hexaphenyldisilane 

from a number of reactions involving triphenylsilyllithium 

and compounds having silicon attached to a hetero atom has 

been explained by similar cleavage reactions (refer to the 

Discussion section dealing with reactions of triphenylsilyl

lithium with phenylated group.VB elements). Cleavages of this 

type, therefore, appear to be quite general for compounds hav

ing silicon attached to elements other than carbon, and use 

might be made of this reaction to explain certain observed 

phenomena. 

For example, Gilman and Lichtenwalter®® reported the 

isolation of symmetrical dimethyltetraphenyl- and tetramethy1-

dipnenyldisilane from reactions of methyldiphenylsilyllithium 

and dimethyIphenyIsilyHithium, respectively, with benzo-

phenone. Although these disilanes may be uncleaved starting 

materials from the preparations of the organosilyllithium re

agents, they may also be reaction products formed via cleavage 

of the silyl ethers by the organosilyllithium compounds. 
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A similar type of cleavage reaction may "be involved in 

the reactions of phenyllithium and/or phenylmagnesium bromide 

03 
with benzy ltriphenylsilane," ethyl triphenylsilanecarboxy-

late^"70 and triphenylsilyldiphenylmethanol,"*"70 all of which 

have been reported to give tetraphenylsilane. In these re

actions, a mechanism involving displacement of carbon from 

silicon has been proposed to explain the isolation of this 

product. However, in the light of the rearrangement theory, 

it would appear equally probable, if not more probable, that 

either rearrangement (for the case involving triphenylsilyl-

diphenylmethanol), or addition followed by rearrangement (for 

the carbonyl compounds) occurred, and the rearranged products 

then were attacked by the organometallic compounds to give the 

tetraphenylsilane isolated. This displacement of oxygen from 

13? 
silicon by anion attack is well-known. Unfortunately, the 

other fragments of reaction were not isolated except from the 

reaction involving the alpha-sllvlcsrblno1f in which case, 

benzhydrol was also found. 

This rearrangement mechanism appears to be even more 

probable since methyMagnesium iodide has been reported to 

add to benzoyltriphenylsilane to give 1-phenyl-l-triphenyl-

silylethano1.84 THese investigators reported84 that they 

observed some conflicting results; however, they did not 

elaborate on these. They also reported that they are present

ly reinvestigating the mechanism for the rearrangement of 
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alpha-sllvlcarblnols. upon which the mechanism for the forma

tion of tetraphenylsilane was based. 

In this connection, it should be relatively easy to test 

which of these displacements is actually occurring. The re

action of a catalytic amount of phenyllithium with triphenyl-

silyldiphenylmethanol should convert the alcohol to the sllyl 

ether, since this rearrangement has been effected in a matter 

170 
of minutes with sodium-potassium alloy. The isolation of 

diphenylmethoxytriphenylsllane from this reaction would imply 

that the rearrangement occurs before displacement. The iso

lation of the oxygen-containing fragments from the equimolar 

reaction using benzoyltrlphenylsilane, similarly should tell 

whether or not addition and rearrangement occurred prior to 

displacement. Perhaps, if moderate reaction conditions were 

employed, the rearranged addition compound could be isolated 

from this reaction. 

Apropos the inclusion and discussion of the "rearrange

ment theory" at this time, use will be made of it to explain 

the formation of products isolated from the reactions c? tri

phenylsilyllithium with amides and imides. These reactions 

will be discussed in the following section. 

F. Reactions of Triphenylsilyllithium 
with Amides and Imides 

Thé failure to isolate triphenylsilylaldehyde or its 

derivatives from reactions of N,N-dimethylformamlde or ethyl 



www.manaraa.com

150 

orthoformate with triphenylsilyllithium7 might well be due to 

an inherent instability of this compound, since related com

pounds containing carbonyl groups adjacent to silicon are only 

moderately stable. Triarylsilanecarboxylic acids and their 

esters, for example, have been shown to undergo thermal and 

base catalyzed decompositions quite readily,172 Sim

ilarly, alpha-silvlketones are reported to be unstable to 

basic reagents.®^»^ In fact, many compounds containing 

elements other than carbon adjacent to a silicon atom exhibit 

a certain degree of instability. Examples include silyl 

ethers®6,170,173 giiyiamineg^ ̂-73 aloha-halo s lianes.174 alpha-

silyl carbinoIs? 82,84,89,170 as mentioned in section IVC 

in connection with cleavage reactions by organometaille re

agents, numerous other compounds of this type• It is not un

reasonable then to assume that triphenylsilylaldehyde might 

be too unstable to isolate from reactions employing basic re

agents. 

93 
Although somewhat unstable, benzoyltriphenylsilane has 

sufficient stability to enable its isolation from the reaction 

of triphenylsilylpotassium with benzoyl chloride; hence, it 

was felt that the reaction of triphenylsilyllithium with an 

172A. G. Brook, Ibid., 77, 4827 (1955). 

1?3E. Gr. Rochow. Chemistry of the silicones. 2nd ed. 
New Yort, N.Y., John Wiley and Sons, Inc. 1951. 

174p^ G. Whitmore and L. H. Sommer, J. Am. Chem• Soc.f 
68. 481 (1946). 
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N,N-disubstituted benzamide might be a useful exploratory re

action for this class of compounds. 

Several reactions employing either one, two or three 

equivalents of triphenylsilyllithium with N,N-dimethylbenza-

mide were performed; however, none of the expected benzoyl-

triphenylsilane could be isolated. The first reactions, using 

one equivalent of triphenylsilyllithium gave recovered N,N-

dimethyIbenzamide together with hexaphenyldisiloxane, tri-

pheny Is Hanoi, ethoxytriphenylsilane and a compound, whose 

structure was not known at the time, which appeared to be a 

silicon-containing amine. This compound formed a picrate and 

hydrochloride salt, but the hydrochloride was of doubtful use 

as a derivative since it could not be crystallized and was 

thermally unstable. 

The use of two and three equivalents of the organosilyl

lithium reagent indicated that the reaction forming the amine 

required two moles of triphenylsilyllithium to one of the 

amide, since triphenylsilane was found among the reaction 

products from the three to one reaction, and the yield of the 

amine was improved considerably when either two or three moles 

of the former reagent were employed. 

Eventually, with the aid of its elemental analysis, 

infrared spectrum and molecular weight, the amine was iden

tified as N,N-dimethyl-£l32hs-( triphenylsilyl)benzylamine. 

The structure was proven unambiguously via an alternate 
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synthesis from alpha-bromobenzyltriphenylsllane and dimethy1-

amine. 

The deep red colors of the reaction mixtures from tri

phenylsilyllithium and the amide suggested that an organo-

metallic compound was the final reaction product prior to 

hydrolysis, in spite of the fact that these solutions failed 

to respond to Color Test I. That this "was so, was demonstrat

ed by treating one of these mixtures with methyl iodide. From 

this reaction, an amine was obtained whose analysis indicated 

it to have one more methyl group than the product obtained by 

hydrolysis of the reaction mixture. This compound is thought 

to be N,N,alpha-trimethy1-alpha-(triphenyIsilyl)benzylamine, 

although its structure has not been proven. 

On the basis of the fore-mentioned experimental results, 

it appeared as though a reaction resembling reductive alkyla-

tion of N,K-disubstituted amides, sometimes observed with 

Grignard reagents and these compounds (refer to section II-M 

had occurred between triphenylsilyllithium and N,N-dimethyl-

benzamide- The reactions involving Grignard reagents incor

porate two moles of the organometallic compound in the ter

tiary amine isolated, whereas, in the reactions studied here, 

only one mole of the organosilyllithium reagent appears in the 

product. The second mole of triphenylsilyllithium apparently 

serves to remove the oxygen and appears as triphenylsilanol, 

ethoxytriphenylsilane or hexaphenyldisiloxane. 
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Although conjectural, the following reaction scheme 

accounts for the products isolated: 

0 OLi 
II I 

PhgSiLi + Ph—C—NMe? > Ph~Si—C— NMep 
I ^ I 

Ph 
II 

1 
Ph-zS j.0 —C ——NMe 

Ph 
III 

Me 
Mel 

Ph-^Si—C—NMe C-NMe, 

Ph 
VIII 

Ph 
VI 

Ph3SiOLi + HCl > PhgSiOH + LiCl 

H H 
I I 

PhgSi-C-Br + HNMe„ ? PhgSi—C—NMe- + HBr 
| 2 I 2 

Ph Ph 
VII 
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The first step of the reaction probably involves a normal 

addition to the carbonyl to give II. By analogy to the re

arrangements observed with other carbonyl-containing compounds 

(refer to the preceding section), this intermediate then 

undergoes lsomerization to the organometallic compound, III. 

The reversible loss of the triphenylsiloxide anion would give 

rise to the formation of the very reactive species, V (shown 

in two possible resonance forms). The reaction of triphenyl

silyllithium with V then yields the organometallic compound 

VI, which upon hydrolysis would give the observed product, 

N,N-dimethyl-algha-(triphenyIs1ly1)benzylamine (VII). Sim

ilarly, the action of methyl iodide on VI gives rise to the 

formation of M.N.alpha-trimethvl-alpha-(triphenvlsilvl)benzvl-

amine (VIII). 

As indicated in the reaction scheme, III or some inter

mediate between it and V could be undergoing attack by tri

phenylsilyllithium to give VI. Attack by triphenylsilyl

lithium on III itself, is highly unlikely since this would 

involve an anionic displacement from a position of high elec

tron density. The nature of the intermediate actually react

ing with triphenylsilyllithium in this step is unknown ; how

ever, the structures shown in V appear to be most likely. The 

charged form is reminiscent of the zwltterion (IX) proposed 

by Breslow in his paper on the "Mechanism of Thiamine 
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A c t i o n S u c h  a n  i n t e r m e d i a t e  w o u l d  b e  e x p e c t e d  t o  b e  e x 

tremely reactive toward triphenylsilyllithium, much more so 

than its precursor, III. 

IX 

The non-charged species depicted in V (a non-free rad

ical carbene) also appears to be an equally possible inter

mediate in this reaction; considerable evidence for the 

existence of analogous non-radical carbenes has been presented 

176 
recently. 

It appears quite likely that the non-bonded electrons 

on nitrogen participate in the removal of the triphenylsilox

ide moiety during the formation of V since this type of re

action is not observed with other carbonyl-containing com

pounds not having nitrogen adjacent to the carbonyl group 

(refer to the preceding section). For example, the reaction 

of triphenylsilyllithium with benzaldehyde afforded a con

siderable amount of hexaphenyldisilane when carried out at 

175R. Breslow, ibid., 80, 3719 (1958). 

176See, for example, H. C. Woodworth and P. S. Skell, 
ibid.. 81. 3383 (1959), and pertinent references cited 
therein. 
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room temperature; this was apparently formed via cleavage of 
p K 

the silicon-oxygen bond of an intermediate silyl ether. 

This type of cleavage does not occur in the reactions with 

N,N-disubstituted amides. On this basis therefore, it 

appears quite likely that the unshared pair of electrons on 

nitrogen are contributing toward the removal of oxygen (as 

lithium triphenylsiloxide) from III, otherwise, one might 

expect hexaphenyldisilane to be a major product from these 

reactions. Actually, none of this disilane was isolated from 

reactions involving N,N-disubstituted amides. 

The proposed sequence of reactions, thus accounts for 

the formation of all products isolated except triphenylsilane, 

e thoxytriphenylsilane and hexaphenyldisiloxane. The tri

phenylsilane is probably formed via hydrolysis of unreacted 

triphenylsilyllithium, and hexaphenyldisiloxane by dehydra

tion of triphenylsilane! during work-up. Ethoxytriphenyl-

silane appears to have been formed via an acid catalyzed re

action between ethanol (employed during work-up) and tri-

phenylsilanol. This product was not found when the acid-

PhgSiOH + HOEt —aCld > PhgSiOEt + E%0 

extracted organic layer was washed with sodium bicarbonate. 

Evidence that this is the mode of formation of this product 

is given in the preparation of methoxy-, ethoxy- and benzyl-

oxytriphenylsilane from triphenylsilanol and the respective 
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alcohols, using a drop or two of 10 percent aqueous hydro

chloric acid as the catalyst. Undoubtedly, other acids would 

work equally as well, perhaps even those Lewis acids which are 

not destroyed by reaction with water. The yields in these 

three preparations were excellent except for benzyloxytri-

phenylsilane, where removal of the excess alcohol may have 

led to a slight loss of material. An attempt to prepare di-

phenylmethoxytriphenylsilane from triphenylsilanol and benz-

hydrol in acetone solution by this method failed, due to the 

ease of dehydration of the alcohol to benzhydryl ether. The 

triphenylsilanol was recovered in 87 percent yield. 

Based on these few experiments, it would appear that the 

method is satisfactory only for liquid, primary alcohols; 

however, secondary alcohols and possibly tertiary alcohols, 

if liquids, may also undergo this reaction. It might be 

better to run these reactions with dry hydrogen chloride in 

water-free alcohols, since conversion of triethylsilanol to 

hexaethyldisiloxane has been reported to occur in ethanolic 

or methanolic solutions containing relatively high concentra-

177 
tions of aqueous hydrochloric acid. 

The methiodide of N.N-dimethy1-alpha-(triphenvlsllvl)-

benzylamine apparently crystallized with a molecule of 

methanol of crystallization. Drying the product in an oven 

177U. Takahashi, J. Ghem. Spc. J anan. Pure Chem. Sect., 
75, 245 (1954). 
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at 130° caused it to lose this solvent of crystallization; 

however, the analysis of the dried compound was marginal. 

This aspect was not investigated further. 

After having established the nature of the products from 

the reaction of triphenyIsilyllithium with N,N-dimethylbenz-

amide, an investigation designed to test the general applica

bility of this reaction was conducted. The amides tested had 

various combinations of alkyl and aryl groups attached to 

carbon and nitrogen. N,N-Dimethylacetamlde, N,N-dimethyl-

E.-toluamide and N,N-diphenylbenzamide were found to undergo 

similar transformations, giving the expected asymmetric alnha-

silylamines in yields of 61.5, 60.7 and 78.8 percent, respec

tively. 

However, when N,N-diphenylacetamide was reacted with 

triphenylsilyllithium, the only compounds isolated were di-

phenylamine, triphenylsilane, triphenylsilanol and recovered 

amide. It is not known for certain how the products were 

formed, but the fact that Color Test I was negative at the 

end of the reaction using one equivalent of triphenylsilyl

lithium indicates that enolization of the amide may have 

occurred. The electron-withdrawing power of the phenyl groups 

attached to. nitrogen, coupled with the Inductive effect of the 

methyl group may make a methyl-hydrogen acidic enough to be 

removed by triphenylsilyllithium, thus forming triphenyl

silane. Hydrolysis of the enol could then give rise to the 



www.manaraa.com

159 

formation of the diphenylamine isolated. The amide was iso

lated only when two moles of triphenylsilyllithium were used, 

indicating that this was unreacted starting material. No 

products indicating that addition to the carbonyl group 

occurred were isolated. The proposed reaction scheme is 

illustrated below: 

» 8 
PhgSiLi + PhgN-C-CHg > PhgN-C-CHgLi + PhgSiH 

HgO lî 
PhgNH + CHg=C=0 < Ph N-C=CHg 

In this connection, hydrogen abstraction by triphenylsilyl

lithium from aliphatic carbonyl-containing compounds has been 

82 83 89 
observed in several investigations. ' ' 

The rather interesting results obtained with N,N-disub

stituted amides prompted the extension of this reaction to 

phthalimide and its N-substituted derivatives. From the early 

reactions involving phthalimide, varying yields of hexaphenyl

disilane, triphenylsilanel and triphenylsilane were isolated, 

but no product derived from the imide could be identified 

except recovered phthalimide, and this only from the equimolar 

reaction. In this case, metalation of the imide probably 

occurred giving rise to the formation of triphenylsilane and 

N-lithiophthalimide. The latter compound reverted back to 

phthalimide on hydrolysis. 

Similar results were obtained with the N-substituted 
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phthallmldes except when distillation was attempted to sep

arate the products. In these cases, small amounts of prod

ucts, thought to be o-formy1-N-subs ti tut ed benzamides were 

isolated from the distilled fractions. Although the struc

tures of these compounds have not been confirmed, their 

analyses and infrared spectra agree with those expected for 

o-formy1-N-substituted benzamides. The compound derived from 

N-methylphthalimide (isolated in 42 percent yield from a re

action employing two equivalents of triphenylsilyllithium) 

forms a phenylhydrazone whose analysis agrees quite closely 

with that for the phenylhydrazone of o-formy1-N-methylbenz-

amide. 

In spite of the fact that these compounds are readily 

crystallized from benzene or benzene-ethyl acetate mixtures, 

they could not be separated by crystallization techniques 

from the darkly colored, crude oils which remained after 

solvent removal. Also, the infrared spectra of the crude 

oils had only one or two absorption bands in common with the 

spectra of the pure compounds. These compounds could only be 

separated after distillation of the dark, viscous oils. 

These facts tend to indicate that the compounds Isolated 

(which are thought to be o-formylbenzamides) are not present 

as such in the crude oils obtained after hydrolysis, but 

rather, are formed during distillation by thermal decomposi
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tions or rearrangements of compounds present in the oil. 

Working on this assumption, attempts were made to iso

late the precursor from a reaction of two moles of triphenyl

silyllithium with N-phenylphthalimide by crystallization tech

niques employing a variety of solvents. Only trace amounts 

of wide-melting solids could be isolated from the dark organic 

residue, although hexaphenyldisilane was formed in 57 percent 

yield from this reaction. The mode of formation of the com

pounds isolated is unknown; however, it is interesting to 

speculate upon possible reaction paths leading to the forma

tion of these products. 

By analogy with the reactions of triphenylsilyllithium 

and amides as well as with other carbonyl-containing com

pounds, it is quite likely that normal addition to the car-

bonyl group occurs first, and is followed by a rearrangement 

to the isomeric siloxy-compound (III or IV). Cleavage of 

this intermediate by the second equivalent of triphenylsilyl

lithium could explain the formation of hexaphenyldisilane in 

these reactions. As mentioned previously (see section IVE), 

there has been some evidence in earlier work that this type 

of cleavage occurs, particularly in the work of Wittenberg 

et al.®^ The triphenylsHanoi could then arise by hydrolysis 

of the same intermediate (III or TV), since apparently all 

of it is not being cleaved, as evidenced by the low yields 

of hexaphenyldisilane obtained. The nature of the imide 
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residue after the cleavage has occurred can only be surmised, 

but structure 71 appears to be most likely after hydrolysis. 

Compounds with analogous structures, having an alkyl or aryl 

group in place of hydrogen on the hydroxylic carbon atom have 

been isolated from reactions of Grignard reagents with N-

ethyl-phthalimide or from the reaction of phenyllithium 

with N-methylphthalimide. ~ Similar products have been ob

tained from reactions of Grignard reagents with N-methyl-

glutarimide^®'and N-methylsuccinimideThielacker and 

Schmidt,4̂  however, isolated 1,2,3-triphenylisoindole from 

the reaction of phenyllithium with 1,2-diphenylphthalimidine 

followed by heating. This compound has a structure similar 

to VII with phenyl groups replacing the methyl and hydroxyl 

groups. Thermal rearrangement of either VI or VII could 

lead to the formation of o-formy1-N-methylbenzamide. 

This series of transformations illustrated on page 163 

accounts for the products isolated; however, it must be ad

mitted that this mechanism is largely speculative and based 

on the minimum of experimental evidence, hence, it may be 

quite incorrect. On the other hand, analogous transformations 

for other reactions of a similar nature are known. The 

present interpretation is merely a combination of mechanisms 

which have already been presented in the literature, with the 

exception of the final thermal rearrangement, which apparently 

has not yet been reported. This rearrangement, however, 
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appears sound on the basis of the work done in the present 

study. 

In conclusion, several general comments about these re

actions might be made. The reaction of triphenylsilyllithium 

with N,N-disubstituted amides may prove to be a useful method 

for preparing compounds of the type isolated in these reac

tions, namely, asymmetric alnha-silvlamlnes. The reaction 

appears to be quite general except for aryl amides of ali

phatic carboxylic acids, in which case enolization of the 

amide apparently occurs. Other methods have been described 

178 -r 
for the preparation of compounds of this type. It is sug

gested that this method be used to supplement those used pre

viously. The yields are relatively high, and when acid ex

traction can be employed to separate the amine, the work-up 

procedure is uncomplicated. The wide variety of N,N-disub

stituted amides available both commercially -and by utiliza

tion of well-known synthetic procedures, makes the synthesis 

developed in this study an attractive method for preparing 

these alpha-silvlamlnes. Compounds of this type may find use 

in the future as anti-oxidant additives for high-temperature 

lubricants. 

The reactions of triphenylsilyllithium with N-substituted 

178SEE, for example, P. D. George, M. Prober and J. R. 
Elliott, Chem. RPV.. 56, 1065 (1956). 
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imides, when developed further, may prove to be a useful 

method for preparing aldehydes of the type formed here. The 

reaction may also be applicable to imides derived from ali

phatic dicarboxylic acids, however, enolization may occur 

here also. By varying reaction conditions and work-up pro

cedures, compounds of the type shown in III may even by iso-

lable from these reactions, and this aspect should be investi

gated in the future. 

G. Suggestions for Future Research 

The alkylation reaction observed with trialkyl phosphate 

esters might be worthy of further extension, particularly to 

esters having branched-chain alkyl groups. This procedure 

proved to be a suitable method for preparing isobutyltri-

phenylsilane, and may be equally suited for the synthesis of 

compounds having tertiary alkyl groups attached to silicon, 

or for that matter, to carbon as well. 

The present methods for preparing such compounds are far 

from satisfactory, especially those procedures using alkyl 

halides, due to side reactions which occur. It may be pos

sible to synthesize such compounds readily from organosilyl-

metallic compounds via this reaction. 

The effect of variation of groups in the organosilyl-

lithium compound should be tested also. Apparently these 

compounds need not have a great deal of steric hindrance to 
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effect this reaction. DimethyIphenylsily111thiurn should be

have similarly. 

Although only three organosilyllithium reagents have been 

used to any great extent in the past, the possibilities for 

variation of the groups attached to silicon are very great. 

It might be Interesting to test the effect of this variation 

with electron-withdrawing and -donating groups incorporated 

in the aryl groups of the organosilyllithium reagents, not 

only in this reaction but in others as well. 

Another extension which might be made in connection with 

the alkylation reaction involves the use of esters of other 

inorganic acids. Borates, sulfites, phosphites, phosphonates 

and arsenates, for example, might undergo similar reactions 

with sufficiently large and reactive organometallic compounds. 

This aspect should be investigated. Even if these esters 

should fail to alkylate organosilylmetaille compounds, the 

reaction may prove to be a useful means for preparing com

pounds having silicon attached to an element other than car

bon . 

Numerous attempts have been made in the past to prepare 

trialkylsilyllithlum compounds by methods which were suitable 

for the aryl types; however, no useful method has yet been 

found. The ready cleavage of the silicon-group VB element 

bond, (except for nitrogen) by triphenylsilyllithium, suggests 

that these compounds might also be readily cleaved by alkali 
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metals. Should this cleavage occur, it may be possible to 

effect it under such conditions where the trlalkylsllylmetal

lie compounds produced would be relatively stable, such as In 

inert solvents, or at low temperatures. 

The problem involved in this line of reasoning is the 

preparation of compounds having silicon-hetero atom bonds. 

Some of these are already known, as for example, the silyl-

phosphines and thiosilanes. The phosphorus compounds are 

readily synthesized from phosphorus-lithium derivatives and 

halotrialkylsilanes. To illustrate, the reaction of an 

organolithium compound with phosphine would give lithium 

phosphide, which could be reacted with chlorotrimethylsilane 

to give tris(trimethylsilyl)phosphine. Subsequent cleavage 

of this by an alkali metal should lead to the formation of 

trimethylsilyllithium, providing it is possible to prevent 

side-reactions involving the organosilylmetallic compound. 

For this reason, it might be best to employ an inert solvent 

such as petroleum ether or benzene. 

There is no reason why similar reactions cannot be 

effected with the corresponding compounds of other elements 

as well, although the possibility still remains that such 

starting materials may be preparable from organosilylmetallic 

compounds of lesser reactivity than the lithium derivatives. 

These starting materials might also be obtainable from re

actions of organosilylmetallic compounds with the free 
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elements, as already proposed by Lichtenwalter.7 

The disilane cleavage which has been shown to occur with 

organolithium compounds should be investigated further both 

with respect to the groups attached to silicon in the disilane 

and the organometallic compounds used to effect the cleavage. 

With a sufficiently reactive organometallic compound, one may 

conceivably be able to prepare a trialkylsilylmetallic com

pound by this method also. 

From the theoretical point of view, it should be inter

esting to study the metalation reaction with triphenylsilyl

lithium in the presence of hexaphenyldisilane to trap the 

metalated product as formed. This reaction, especially with 

toluene, should prove whether or not the reaction is an 

equilibrium process. Perhaps the other tolyllithium compounds 

would behave similarly. The difficulties encountered in sep

aration of the products might discourage further research 

along these lines; however, the reactions involving metala-

tions with triphenylsilyllithium should cause little diffi

culty, since the triphenylsilane formed could be hydrolyzed 

to the sHanoi, giving only the tetrasubstituted silane and 

hexaphenyldisilane as the non-polar products in the reaction 

mixture. The difference in solubility could be used advan

tageously to separate these, and the tetrasubstituted silane 

could be easily purified by chromatography. If this reaction 

be attempted, it is recommended that a diethyl ether-tetra-
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hydrofuran mixture be used as the solvent, since this mixture 

has proven to be better than tetrahydrofuran alone, due to 

less tar formation. 

Another aspect of this reaction which should be investi

gated is the mode of decomposition of organolithium compounds 

in tetrahydrofuran. This reaction apparently is not a simple 

cleavage of the ether, as is the case with organosilyllithium 

compounds. It is the opinion of the author that a metalation 

of the solvent by the organometallic reagent is the first 

step in the reaction. This could be tested by using a fairly 

high-molecular weight organolithium compound, which would 

enable the separation (from the solvent) of the hydrocarbon, 

derived from it. The ability of tetrahydrofuran to co-distill 

with so many compounds makes this separation difficult for 

low-molecular weight compounds• 

The cleavage by triphenylsilyllithium of compounds having 

hetero atoms attached to silicon might be investigated fur

ther. Although some work has been done on siloxane and 

silicon-sulfur compounds, the general applicability of these 

reactions has not been studied. To date, no silicon-nitrogen 

bonds have been cleaved by organosilyllithium compounds and 

only a few instances involving oxygen and sulfur compounds 

have been reported, hence the surface has only been scratched 

in relation to this type of reaction. 

The interesting reactions observed with the carbonyl 
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group and organosilylmetallie compounds deserve further In

vestigation. Considerable attention has been given to alde

hydes and ketones, but other types of carbonyl-containing 

compounds have been studied only slightly. Further research 

along these lines may lead to an explanation for the re

arrangements which have been shown to occur. This rearrange

ment certainly deserves further study since it appears to be 

a useful tool for explaining the formation of certain products 

isolated from these reactions. It would be enlightening, from 

a theoretical point of view, to determine why it occurs in 

some cases and not in others. In this connection, some ali

phatic compounds have been observed to rearrange while some 

of the alpha-silvlcarblnols derived from aliphatic ketones 

appear to be resistant to this isomer!nation. 

The reactions with the amide group, in particular, should 

be investigated further since all cases where addition to the 

carbonyl group occurred have been shown to give products ex

plainable by the rearrangement reaction. The large number of 

variations possible for compounds having the amide group, both 

cyclic and acyclic, should make this reaction a fruitful field 

for future endeavors. The work-up procedure is relatively 

simple when N,N-dialkyl compounds are used, since the asym

metric alpha-silvlamines can be readily separated by acid 

extraction. 

The availability of phosphorus-lithium compounds, as well 
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as their arsenic analogs, suggests the extension of this re

action to amide analogs of phosphorus and arsenic. Some of 

the former compounds have already been prepared by the reac

tion of phosphorus-lithium compounds with acid halides. It 

might be interesting to study their reactions with triphenyl

silyllithium and other organosilyllithium compounds to see if 

an analogous reaction would occur with these compounds. These 

studies may lead to the preparation of asymmetric alnha-

silylphosphines and -arsines, as was the case with their 

nitrogen analogs. This investigation should prove both en

lightening and challenging. 

Finally, the acid-catalyzed reaction of silanols with 

alcohols should be tested for its general applicability. No 

primary, solid alcohols or secondary and tertiary, liquid 

alcohols have yet been investigated, nor have any phenols been 

subjected to the reaction. The simplicity of the reaction, 

as it presently appears, indicates that a study along these 

lines would require relatively little time, but much could be 

learned from it. The possibility of its extension to mer-

captans and similar compounds should be considered. It would 

be interesting to determine in which direction the reaction 

would proceed with such compounds, providing a reaction were 

to occur. 

This sequence of reactions could be varied further by 

using polyhydroxy compounds such as glycols and glycerols, as 
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well as sugars. Further variations could be made "by using 

other silanols, since only one has been tested in this study. 

Perhaps cyclic compounds might result from those reactions 

employing silane- or disilanedioIs and polyhydroxy alcohols. 

Similar reactions might also occur with the corresponding 

sulfur and selenium compounds ; however, precautions against 

the harmful physiological effects of the latter should be 

exercised. 
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V. SUMMARY" 

This study has been concerned with reactions of tri

phenylsilyllithium with compounds containing group VB ele

ments . 

Trialkyl esters of phosphoric acid, for example, have 

been shown to alkylate this reagent in good yields. Similar 

reactions have been observed to occur with certain sufficient

ly hindered and reactive organolithium compounds and Grignard 

reagents- The steric requirements of the organometallic com

pounds apparently are largely responsible for this unexpected 

course of reaction. 

A study has been made of the analogous reactions involv

ing triphenylsilyllithium and triaryl phosphates. These 

esters were found to behave as anticipated, undergoing dis

placements of aryloxide anions. Evidence has been presented 

for the existence of compounds having silicon attached to 

phosphorus as reaction intermediates. Subsequent cleavage of 

these intermediates by triphenylsilyllithium was used to ex

plain the formation of hexaphenyldisilane from these reac

tions . 

Similar displacements and cleavages were postulated to 

explain the formation of products isolated from the reactions 

of triphenylsilyllithium with triphenyl-derivatives of the 

more-metallic group VB elements. In this study, the apparent 

disproportionation of silylstibines has been observed. Color
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less, clear solutions of compounds thought to contain silicon-

antimony bonds have been observed to deposit a dark, finely 

divided solid when attempts were made to distill them. This 

solid is thought to be elemental antimony. 

In connection with the last-mentioned series of reac

tions, the ability of aryllithium compounds to cleave hexa-

phenyldisilane has been demonstrated, contrary to earlier 

beliefs. Use may be made of this reaction in future work to 

interpret the formation of certain products from reactions 

where this type of cleavage may occur. 

When E-tolyllithium was used to effect this cleavage, an 

interesting case of polymorphism involving B-tolyltriphenyl-

silane was found. The two crystalline forms are intercon-

vertable through the use of different solvents. 

This reaction also uncovered a rearrangement of g-tolyl-

lithium to benzyllithium, although the path by which this 

rearrangement occurs has not been established. In the light 

of experimental results obtained from this reaction, it 

appears that triphenylsilyllithium may play a part in this 

transformation. A possible reaction to test this hypothesis 

has been suggested. 

An interesting series of reactions Involving N,N-disub

stituted amides and triphenylsilyllithium has been studied. 

Several types of amides containing alkyl and aryl groups have 

been found to give satisfactory yields of alpha-silvlamines 
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having an asymmetric carbon atom when reacted with triphenyl

silyllithium. N,N-Diphenylacetamide was the only compound 

tested which failed to react in this way. This compound 

apparently underwent enolization by the organosilyllithium 

compound. The study of the amide series also revealed what 

appears to be a new type of synthesis for alkoxysilanes from 

silanols and alcohols employing a trace of acid as a catalyst. 

For all of the reactions studied, possible mechanisms 

have been proposed to explain the formation of products iso

lated. Although several of these are based on inadequate 

evidence, most of the postulated transformations have their 

counterpart in mechanisms proposed in other reactions. Based 

on the small amount of evidence accumulated in this study from 

the mechanistic point of view, these proposed reaction paths 

presently appear to be possible, if not probable. 

Finally, a number of suggestions for future research 

have been made. Endeavors along these lines may possibly 

lead to a better understanding of organosilylmetallic chem

istry. 
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