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I. INTRODUCTION

Since organosilyllithium compounds became readily accessible as
relatively stablé solutions in tetrahydroi‘uran,l' 2 their chemistry and
application in organic synthesis have been studied intensively and ex~
tensively. Recently, certain aspects of the subject have been reviewed
and summarized.3r % 5 6, 7 .

It has been found that these highly reactive organosilyllithium com-
pounds react with a variety of compounds forming new bonds between
silicon and many other elements., In general, they react with .functional

groups in a manner similar to other organometallic compounds such as

, :)’-H Gilman and G. D. Iichtemwalter, J. Am. Chem. Soc., 80, 608
1958

2H. Gilman, D. J. Peterson, and D. Wittenberg, Chemistry and
Industry, 1958, 1479.

3D. Wittenberg and H. Gilman, Quart. Rev., 13, 116 (1959).

44, Gilman and H. J. S. Winkler, Organosilylmetallic chemistry. In
H. Zeiss, ed. Organometallic Chemistry, pp. 270-345. New York, Reinhold
Publishing Corporation. 1960.

5G. D. lichtenwalter. Organosilylmetallic compounds and deriva-
tions. Unpublished Ph.D. Thesis. Ames, Towa, Iibrary, Iowa State
University of Science and Technology. 1958,

6B, J. Gaj. Reactions of triphenylsilyllithium with compounds
containing group VB elements. Unpublished Ph.D. Thesis. Ames, Iowa,
Iibrary, Iowa State University of Science and Technology. 1960.

. J. Trepka. Aryloxy and related organosilicon chemistry.
Unpublished Ph.D. Thesis. Ames, Iowa, Iibrary, Iowa State University of
Sciznce and Technology. 1960. .
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Grignard reagents and organolithium compounds. However, perhaps owing in
part to Larée electronegativit;} differences between silicon and other
more electronegative elements than the differences between carbon and the
corresponding elements, organosily]iithimn compounds often exhibit dis-
similarities in their mode of reaction. The fact that this has shown to
be particularly true of their reactions with organic ha]idess’ 9 has led

to the present investigation.

e —

.

The reactions studied were those of triphenylsilyllithium with
aliphatic mono- and polyhalides and vinyl-type halides. During the
course of the investigation it was learned that the resulting silanes
having unsaturated linkages on the side-chain close to a silicon atom
undergo metalation quite readily. This fact has led to the synthesis of
 several stable triphenylsilyl substituted allenes. Other functional
silanes of particular interest, which were synthesized and studied for
their reactions with organometallic compounds, are halotriphenylsilyl-
acetylenes.,

The scope of the reaction is unlimited. Tt is partieslarly inter-
esting to study more thoroughly the mechanisms involved in many of the
reactions presented in this thesis and many other reactions which one can

easily conceive.

8H. Gilman, D. Aoki, and D. Wittenberg, Je Am. Chem. Soc., 81, 1107
(1959).

9H. Gilman and D. Aoki, J. Org. Chem., 24, 426 (1959).



IT. HISTORICAL

A. Reactions of Grignard Reagents with Organic Halideslo

The reaction of benzyl chloride and methylmagnesium iodide may
illustrate the development of the understanding of the reaction mechanism
of Grignard reagenté with organic halides in general.

In 1903 Houbenu first reported the reaction just cited above. He
isolated ethylbenzene, the "normal" condensation product, in a yield of
25% and some dibenzyl, the "coupling" product. Ten years later Spl':i"l',h:12
reported the reaction. He obtained ethylbenzene (37%), dibenzyl (large
amount), and a compound he called 1,2,3-triphenylpropane. Fusonl3s 1 15
was led to a more detailed study of the reaction when he obtained
s-bis(o-cyanophenyl)ethane as an only product (43%) from the reaction of
methylmagnesium iodide with o~cyanobenzyl bromide .:"3 He obtained the
"normal" product, ethylbenzene, in a yield of 23-27%; the "coupling"

product, dibenzyl, in a yield of 31-33%; and a gaseous material (33-35%)

loFor a comprehensive discussion and accompanying bibliography on
reactions of Grignard reagents with organic halides, see M. S. Kharasch
and O. Reinmuth. Grignard Reactions of Nonmetallic Substances. New
York, N.Y., Prentice-Hall, Inc. 1954. pp. 1046-1132.

115, Houben, Ber., 36, 3083 (1903).

Lspath, Monatsh., 34, 1965 (1913).

3R, C. Fuson, J. Am. Chem. Soc., 48, 830 (1926).

g ¢, Fuson, ibid., 48, 2681 (1926).

15, G. Fuson, ibid., 48, 2937 (1926).
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16 made a more

which he characterized as e'l:.ha.ne.ll+ Kharasch et al.
thorough investigation of the gaseous products obtained when wvarious
organic haflides were reacted with phenylmagnesiuvm bromide in the presence
of cobaltous chloride. It is now an accepted view that the "“coupling"
reaction is free-radical in nature. The methyl radical in ether solu~-
tion, Kharasch observed, does not couple to give ethane; instead it
either abstracts hydrogen from the solvent to give methane or reacts with
diethyl ether, attacking the oxygen atom and yielding methyl ethyl ether
and ethyl radicals, which disproportionate to give ethane and ethylene.
Therefore, he concluded that the gaseous product, which Fuson called
ethane, was in reality a mixture of methane, ethane, and‘etlwlene.lo
The course of the reaction is influenced by various factors. Gen-
erally speaking, the "normal" condensation reaction occurs with rela-
tively reactive halides. Thus, alkyl halides do. not react appreciably
with Grignard reagents at room temperature .17 Allyl halides, on the
other hand, give the "mormal® product in high yield under mild condi~

tions. Regier and Bluel8 applied this reaction to synthesize l-butene

* HI‘ * }qg R *
CHA0H —> CHgl ) o Cllgtlel

1 CH,=CH-CHp~Br

CH2=CH,-CH2-BH3 (63%)

16y, S. Kharasch, D. W. Iewis, and W. B. Reynolds, ibid., 65, 493
(1943).

17M, S. Kharasch, F. L. lambert, and W. H. Urry, J. Org. Chem., 10,
298 (1945). —

18R, B. Regier and R. W. Blue, ibid., 1%, 505 (1949).




5

labelled with G1#* in the Yuposition. Bertl? reported the reaction of
1, 3-dichloropropene with phenylmagnesium bromide which gave an almost

quantitative yield of l-chloro-3-phenylpropene.

A =Haloethers give the "normal' products in many casese.
C2H5-0~CHp~Cl + Ph-CHy-MgCl — Ph-CHp-0-C2Hs (53-92%)

+ 2~CHy3-Ph~CHy-0-GoHg (16-2%)

+ U-CHp-Ph-~CHp-0-CpHg (31-6%)%0 21

QL= QL =
0 Br 0

C2Hs

Diphenylmethyl bromide gave the "normal' condensation product in a
yield of 85% with methylmagnesium bromide, ;out with ethy]magnésium iodide
the "eoupling® product, s-tetraphenylethane, was the major produc‘l:.12
The reaction of triphenylmethyl chloride with methylmagnesium bromide
also resulted in a high yield (958) of 1,1,1-triphenylethane.l?

Grignard et Q.ZB reported that ethynylmagnesium bromide reacted
with n-butyl bromide to give the "normal" product.

n-CyHigBr + B-CEC-MgBr —> n-Cyfig-C=C-H (72%)

19M. L. Bert, Compt. rend., 180, 1504 (1925).

204, Gilman and J. E. Kirby, J. Am. Chem. Soc., 54, 345 (1932).
211, Malm and L. Summers, ibid., 73, 362 (1951).

22R, Paul, Compt. rend., 198, 1246 (1934).

23V, Grignard, L. Iapayre, and Tchéou Faki, Compt. rend. 187, 517
(1928); Bull. soc. chim., Series 4, 43, 931 (1928).
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Binaghi and Oddo?*» 25+ 26 reported the reactions of ethylmagnesium
bromide and phenylmagnesium bromide with haloforms and carbon tetra-
chloride, The reactions were very complex, except in the case of the
reaction of phenylmagnesium bromide with chloroform, where triphenyl-
methane was the only product.27 When phenylmagnesium bromide was reacted
with iodoform and carbon tetrachloride, there were obtained, among other
products, s-tetraphenylethans and hexaphenylethane, respectively. Appar-
ently, in these reactions the "normal" reaction was followed by the
"eoupling™ reaction.

Although the haiogen—me‘hal interconversion reaction is often ob-
served in the reactions of organolithium and organosilyllithium compounds
with organic ha]ides, the analogous reaction of Grignard reagents is a
rather rare phenomenon. Indeed, Gilman and Jones28 found that no such
_.interconversion occurs when the following Grignard reagents and organic

halides are heated together.

2kg, 0ddo and R. Binaghi, Gazz. chem. ital., 51, No. 2, 330 (1921).
(Original available but not translated; abstracted in C. A., 16, 1392

(1922)). :

25R, Binaghi, ibid., 52, No. 2, 132 (1922). (Original available but
not translated; abstracted in C. A., 17, 1425 (1923)).

26g, Binaghi, ibid., 53, 879 (1923). (Original available but not
translated; abstracted in C. A., 18, 1488 (1924)).

27‘].‘his reaction was reported earlier by Reychler, who obtained
triphenylmethane in a yield of 70-80%4. A. Reychler, Bull. soc. chim.,
Series 3, 35, 737 (1906).

28y, Gilman and H. L. Jones, J. Am. Chem. Soc., 51, 2840 (1929).



(a) PhCHMgBr + PhBr
(b) PhyCMgCl + PhBr
(c) PhMgBr + PhCH,C1
(d) PhMgBr + PhgCCl
(e) PhCHMgBr + Ph3CCl

Iater Kharasch et 2l.%2? confirmed their finding. One exception is found

in the reaction of Grignard reagents with ethynyl halides.

Ph~GSC-Br + CHy-MgBr —» Ph-C=C-MgBr + CHyBrl/

I

Ph-C=C-H (89%)

It is of interest that the presence of a small amount of cobaltous
chloride induced the functional interchange reactions in many cases.29
Kharasch suggested that the mechanism in such cases is different from

that of the normal interchange reactions and is free-radical in nature.
(1) g—Gq,PngBr + CoCly —> n-CyHgCoCl + MgBrCl
(2) 2 p-CyHgCCL — CyHyq + Cyfig + 2 *CoCl

(3) Ph20=c\B + *CoCl — PhyC=C. ' + CoClBr
r

2%, S. Kparasch and C. F. Fuchs, J. Org. Chem., 10, 292 (1945).



; P
4 Ph20=c/Ph + n-C Br —> P C=c/ . + °C
* & 4H9Mg hy \MgBr 4H9

_Ph _Ph

(5) PhyC=C{  + *CyHy —> PhyC=C: + n-CiyigBr

\Br
Metallic halides affect the reactions of Grignard reagents with
organic halides in a number of ways. The "coupling" reaction is greatly
enhanced in their presence 3% 31 Functional exchange reactions occur in
some cases as cited above. Another important effect some of the metallic
halides have upon Grignard reactions is that some Grignard reagents con-
densé with vinyl halides and also with ethynyl halides. Thus, phenyl-
magnesivuin bromide reacts with vinyl chloride in the presence of a small

amount of cobaltous chloride to give styrene in 50-75% yield.32

no cat. .
PhMgBr + CHp=CHCl ————— no reaction

CoCly

PhlgBr + CHp=CHCl Ph~CH=CHp (50-75%) + MgBrCl

When bromophenylacetylene was treated with methylmagnesium bromide in the
presence of cobaltous chloride, l-phenylpropyne was obtained in a yield
of 1-&].%.33

3%, Gilman and M, Iichtenwalter, J. Am. Chem. Soc., 61, 957 (1939).

3lM, s. Kherasch and E. K. Fields, ibid., 63, 2316 (1941).

32M, s, Kharasch and C. F. Fuachs, ibid., 65, 504 (1943).

334, K. Black, H. S. Horn, and B. C. L. Weedon, J. Chem. Soc., 195k,
170L.



CoClp

Ph-C=C-Br + CHyMgBr Ph-C=C-H (34%)

+ Ph-C=C-CHy (41%) + Ph-C=C-C=C-Ph

Armitage et al.3% synthesized dodeca-3,5,7,9-tetrayne in a 47% yield by
refluxing in ether the acetylenic Grignard réagent of hexa~l,3=diyne in
the presence of cupric bromide.

A few cases of condensation reactions of acetylenic Grignard
reagents with ethynyl halides without any catalyst are reported in the

1literature.

PheC=C-MgI + Ph~CSC-I —» Ph-C=C~C2C-Ph + Mg1235

n-CyH,1C=C-YgT + n-~CsHy7C20-I — (n-CsHy7C=C-), + Mg1235

Ph~C=C-MgCl + C1-C=C-C1 —» Ph-C=C-C=C-Cl + MgCl236

B. Reactions of Organolithium Compounds
with Organic Halides

The reactions of organolithium compounds with organic halides may be
divided into three main types: the condensation reaction; the halogen~

metal interconversion reaction; and the metalation reaction.

345, B. Armitage, E. R. H. Jones, and M. C. Whiting, ibid., 1952,
201l

35v, Grignard and Tchéon Faki, Bull. soc. chim., Series k4, 43, 42
(1928).

364, G. Viehe, Ber., 92, 3064 (1959).



10

1. The condensation reaction

A division of the "normal® reaction and the "coupling! reaction,
which is so important with Grignard reactions, has little significance in
the reactions 61‘ organolithium compounds with organic halides,

Urder ordinary conditions organolithium compounds do not undergo
"ecoupling" reactions. However, Kharasch et a,._l_.37' 38 demonstrated that
in the presence of catalytic amounts of cobaltous halide the "coupling"
reaction does take places When n~butyllithium was allowed to react with
bromobenzene for 44 hours in the absence of a catalyst, n-butylbenzene
was obtained in 52% yield. In the presence of cobaltous chloride, how-
ever, the products were benzene (10%), biphenyl -(50%),. n~-butylbenzene
(4%), bromobenzene (204), a mixture of butane and l-butene (35%), and
n-octane (27%). In the case of the reaction of phenyllithium with
n-butyl bromide, the condensation product was obtained in 55% yield in
the absence of the catalyst; biphenyl (67%) and p-octane (40%) were the
major products when a catalyst was present.

The question of whether the reactions of organolithium compour_xds
with organic halides proceeds via an ionic or a free radical mechanism

has received considerable attention.39

37M, S. Kharasch, D. W. Lewis, and W. B. Reynolds, J. Am. Chem,
§9_§01 éiv 498 (1943)0

38M, S. Kharasch and W. B. Reynolds, ibid., 63, 3239 (1941).

3%or a general discussion of the subject, see E. A. Braude.
Organic compounds of lithium. In J, W. Cook, ed. Progress in Organic
Chemistry. Vol. 3, pp. 172-217. New York, N.Y., Academic Press, Ince.,
Publishers. 1955.
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BEvidence for both mechansims has accumulated. Several Workersl"o'

¥1l, 42, 43 pavor the ionic mechanism in view of their studies, done
either kinetically or using optically active halides. Bzyce-Smi'bh,u"'

on the other hand, has concluded that the condensation reaction proceeds
largely by a free radical path. He demonstrated this fact by capturing
free radicals with isopropylbenzene. In a typical run, n-butyllithium
and n~butyl halide were allowed to react in isopropylbenzene a;b 95°, The
major products obtained were 2,3-dimethyl-2,3~diphenylbutane (9-18%), and
octane (29-504). He postulated the following mechanism for the formation

of 2,3=-dimethyl~2,3-diphenylbutane.

CHy
. ! .
Cufig* + Ph-C-H —> Cyfiyq + Ph-C(CH3),

CHy

2 Ph~-G(CHz)y —> Ph-C(CHy)p-C(CH;)p~Ph

2. The halogen-metal interconversion reaction

The halogen-metal interconversion reaction was discovered

HOp. 1. Ietsinger, J. Am. Chem. Soc., 72, 4842 (1950).

M5, J. cristol, J. W. Ragsdale, and J. S. Meek, ibid., 73, 810
(1951).

425, J. Cristol, W. C. Overhults, and J. S. Meek, ibid., 73, 813
(1951).

43n. D. Zook and R. N. Goldey, ibid., 75, 3975 (1953).

44n, Bryce~Smith, J. Chem. Soc., 1956, 1603.
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independently by Gilman and oo-workersu's’ h6 and by Wittig and his
associates.l"'? Since then it has been studied extensively and was re-
viewed by Gilman and Jones .’"'8

The mechanism of the reaction is generally viewed as a nucleophilic
attack by the anion of the organometallic compound on the positively |
polarized halogen aﬂ;ozrx."“8 The fact that the exchange occurred with some
retention of the configuration at the carbon atom originally linked to
halogen"'o' 49 suggests the following transition state.39

Br,

\\C-Br + m-c\/ — ~\c:': ‘

L a r
/ AN

~——» C~li + Br-C
/ \
1s

Since the interconversion reaction depends largely on the
polarizability of the halogen atoms, it is most often observed with .
iodides and bromides, less often with chlorides, and not at all with

fluorides .“'8

45y, Gilman, W. langham, and A. L. Jacoby, J. Am. Chem. Soc., 61,
106 (1939).

Yy, Gilman and A. L. Jacoby, J. Org. Chem., 3, 108 (1938).

S (R Wittig, U. Pockels, and H. Drége, Ber., 71, 1903 (1938).

L"SR. G. Jones and H, Gilman. The halogen-metal interconversion
reaction with organolithium compounds. In R. Adawus, ed. Organic
Reactions. Vol. 6, pp. 339-366. New York, N.Y., John Wiley and Sons,
Inc. 1951.

49y, M, Walborsky and F. J. Impastato, J. Am. Chem. Soc., 81, 5835
(1959).
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Where vinyl halides are concerned, metalation and addition reactions
compete with halogen metal interconversion reactions, depending on the

-t

nature of halogen.

Ph I P Ph g >0
n-3uld

h 14
H
>c=c< _Lons \c=c< _HO >c=c<
p-C1-Ph " B-Cl-Ph/ H p-C1-Ph "

C=C —_—

W:.'bh. polyhalomethanes and related compounds, metalation seems to
occur more readily than halogen-metal interconversion when o(-hydrogen is
present. When no active hydrogen is available, however, such a compound
undergoes the interconversion reaction.

THus, Miller and K:‘un53 demonstrated the formation of

503, W. Crump, Dissertation Abstract, 17, 977 (1957).
51p, Y. Curtin and J. W. Crump, J. Am. Chem. Soc., 80, 1922 (1958).

523, Dixon, J. Org. Chem., 21, 400 (1956).

(1959).
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dihalocarbenes5u" 55 from tetrahalomethanes upon treatment with methyl-
or n-butyllithium.

GBrClB + n-Buli —W» CGl‘BLi + n-BuBr

[gch] _QL (p<low

Cc1

The reaction of iodotrifluoromethane with methyllithium at =74° resulted

in the formation of tetrafluoroethylene.®
OF,T + CHjIL ———> Pyl + CHgI

- l [1c,)

[107,] ——=2> Fo0=cF,

When heptafluoro-l-iodopropane was treated with organolithium compounds
at ~74° in ether, heptafluopropyllithium was formed.5® Acid hydrolysis
at 0° gave heptafluoropropane in 64% yield. When the solution was
refluxed for half an hour, lithium fluoride was eliminated to form
hexafluoropropene (77%).

Moore and Ward®? reported the synthesis of various allenes by

543, Hine, ibid., 72, 2438 (1950).

55W. von E. Doering and A. K. Hoffman, ibid., 76, 6162 (1954).

560. R. Pierce, E. T. McBee, and G. F. Judd, ibid., 76, 474 (1954).

5%, R. Moore and H. R. Ward, J. Org. Chem., 25, 2073 (1960).
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treating gem-dibromocyclopropanes with methyl- or p-butyllithium in ether
at 0° to -80°,58

R. H R
\ / \ /
AN N AT
C R > I)‘ c + R"Br
c/ \B c/"'\m
/N 20N
R' H R' H

R-CH=C=CH-R' + IiBr

In these reactions no evidence of a carbene intermediate has been found
in experiments employing cyclohexene as a trapping agent. When, however,
7, 7=dibromobicyclo [4.1.0] ~heptane was treated in an ether-cyclohexene |
mixture at -80°, three products were isolated.’! The structures,

7,7 {bicyclo [4.1.0] hep'bylidene} (I) and 7,7'-spirobi- -
{bicyclo [4.1.0} heptane} (II), were assigned to two of them. In the
absence of cyclohexene, (I) was obtained, but the other two compounds

were not formed.

o= <O

(D (I1)

58pnalogous reactions are brought about by the use of an active
metal such as sodium. See W. von E. Doering and P, M, IaFlamme,
Tetrahedron, 2, 75 (1958).
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The formation of benzyn359 is often brought about by halogen-metal

interconversion as the first step with o~dihalobenzenes.

X . X
X Ii

The success of Closs and Closs in the synthesis of various

3. The metalation reaction

chlorocyclopropaneséo' 61 rests on the faect that metalation rather than
halogen~metal interconversion occurs when methylene chloride is treated
with organolithium compounds. With methylene bromide, carbene is formed

after an initial halogen-metal interconversion.o3

CH,CL, + RIi 5" CHC1pId + R-H
[:crm] ————>-:: :l><;l (10-67%)

5%or a comprehensive review of benzyne chemistry see R. Huisgen.
Benzyne chemistry. In H. Zeiss, ed. Organometallic Chemistry. Dpe.
36-87. New York, N.Y., Reinhold Publishing Corporation. 1960.

60g. L. Closs and L. E. Closs, J. Am. Chem. Soc., 81, 4996 (1959).

61G, L. Closs and L. E. Closs, ibid., 82, 5723 (1960).
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CHZBrZ + RIi W CHzBrIﬁ. 4+ R-Br

[:cL] O - (} (14%)

In the absence of an olefin, chlorocarbene reacted with n-butyllithium to

give l-pentene in 82% yield.éo

HH

' |1
[:CHCIT + n-Buli ——> GHyCHp~CHp-C~C-Cl
. |1
H Ii

~LiC1
CHg~CH,~CH,~CH=CHp

The reaction of n~butyllithium with l-chloro-2,3-dimethyl-2-butens
in tetrahydrofuran at -15° gave 1,3,3—tﬁmetkwlcyclbpropene in 16%
yield.62 The same compound was obtained from the reaction of
1,2~dimethylpropenyllithium with methylene c:hlor:‘n.deé3 ard also from the
action of sodium methoxide on the tosylhydrazone of 2,3-dimethyl-2-

62 A common intermediate, an alkenylcarbene, was postulated for

62

butenal.

these reactions.

62G, 1. Closs and L. E. Closs, ibid., 83, 2015 (1961).

63G. L. Closs and L. E. Closs, ibid., 83, 1003 (1961).



CH3 _CHy
(CHR).,.0=C” (CHa),0=C
H3)0=C, _— 3200,
r | n-Buli CH,C1,
n-Butane CHC1p14 + (CH3),C=GH-GHg
CH
L (CH3) 5C=C{ ? |
(CHé)zc=c: 3 14 [:cmc1]
cl:H.c1
14
~1iCl
. CH NaOCH CH
CHB/C-.—;C_< 3 < 3 (CH3)20=C< 3
CH; “CH CH=N-NHTs
c” 3
i
3 Ny

It was pointed out earlier that some vinyl halides undergo
metalation and a subsequent elimination of lithium halides, giving rise
to acetylenes.

Cristol and Helmreich&" proposed the abstraction of al-hydrogen by

6"8. J. Cristol and R. F. Helmreich, ibid., 77, 5034 (1955).
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organolithium compounds as the first step for the reactions of cis- and
trans- ? ~halostyrenes.
X s X
Ph-CH=C] —2t, Ph-CB=0T + R-H
R 1

-TiX

[Ph—CH:C:] — > Ph-CEC-H (84-88%)

When l-bromopropene was allowed to react with n-butyllithium, l-phenyl-2-

butyn-1-o0l was obtained in 75% yield after treatment with benzaldehyde X
The low reac"lf;ivity of Z-chloro-l—phemrl-l-propene with phenyl-

1ithium65 lends some support to Cristoll's o{-~elimination mechanism;él"

~ however, l-chlorocyclohexene is more reactive toward organolithium com-

pounds .66’ 67 In this case a highly strained intermediate, cycloheane,é'?

may be responsible for the greater reactivity.

In the aromatic system, the ortho-hydrogens, activated by the

presence of electronegative halogens, may undergo metalation reactions
readily. This fact is particularly true of fluoro compounds. The inter-
mediates, o-lithiohalobenzenes, may eliminate lithium halides to form

benzyne .5 2

65g. Wittig and G. Harborth, Ber., 778, 315 (1944).
66G. Wittig and G. Harborth, ibid., 77B, 306 (1944).
67F. Scardiglia and J. D. Roberts, Tetrahedron, 1, 343 (1957).
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C. Reactions of RyEIi%8 Compounds with Organic Halides

1. Reactions of triphenylsilyllithium with aryl halidest» 69

Huisgen and Sauerd?s 70 made kinetic studies of benzyne formation
from halobenzenes with phenyllithium and found that the rate constant for
fluorobenzene is ten times greater than for chloro-~, bromo-, and
iodobenzenes, the latter three compounds having rate constants of
approximately the same magnitude.

The reaction of triphenylsilyllithium with fluorobenzene resulted in
the formation of tetraphenylsilane in a 50% yield with no hexaphenyl-
disilane being obtained. The reactions with chloro-, bromo-, and
iodobenzenes under similar conditions, however, yielded hexaphenyldisilane
(66-76%), the product resulting from a prior halogen-metal interconversion
reaction, and tetraphenylsilane (12-20%), the apparent coupling product.

These results are in accordance with Huisgen'!s findings as stated
above and Gi]maﬁ's genera.l:'l.za.'l::i.on}"’8 as to the nature of halogens for the

halogen-metal interconversion reactions with organolithium compoundse.

2. Reactions of triphenylgermyllithium with organic halides
Very little work has been done on the reactions of

68g = si, Ge, Sn, Pb.

69G. Dappen, Department of Chemistry, Iowa State University of
Science and Technology, Ames, Iowa. Information concerning reactions of
triphenylsilyllithium with halobenzenes. Private communication. 1960,

70R, Huisgen and J. Sauer, Ber., 92, 192 (1959).
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organogermyllithium compounds with organic halides., Gerow(l treated
triphenylgermyllithium with methyl iodide and ethyl bromide to obtain the
coupling products, methyltriphenylgermane (27%8) and ethyltriphenylgermane
(40%), respectively.

3. Reactions of triaryle and trialkyltin-lithium with organic halides

Gilman and Rosenberg'?'2 reported the preparatioq of triphenyltin-
lithium from stannous chloride and phenyllithiume. The reactions of
triphenyltin-lithium so prepared with benzyl chloride and ethyl iodide
yvielded fairly large amounts (60 and 27%, respectively) of tetraphenyltin,
as well as some coupling products, benzyltriphenyltin (21.7%) and
ethyltriphenyltin (36.4%).

Recently, however, triphenyltin-lithium was prepared from the re-~
action of triphenyltin chloride with 1lithium in tetrahydrofuran?> and byv
lithium cleavage of hexaphenylditin in tetralvdrofumn.'?B Triphenyltine
lithium prepared by these methods reacted with benzyl chloride to give

benzyltriphenyltin in a 72.5% yield with no tetraphenyltin formation.74

710. W. Gerow. The preparation and cleavage of some organogermanium
compounds. Unpublished Ph.D. Thesis. Ames, Iowa, Library, Iowa State
University of Science and Technology. 1956.

724, Gilman and S. D. Rosenberg, J. Am. Chem. Soc., 7%, 531 (1952).

730. Marrs, Department of Chemistry, Iowa State University of
Science and Technology, Ames, Iowa. Information concerning preparation
of triphenyltin-lithium. Private communication. 1961.

743, Y. Sim, Department of Chemistry, Towa State University of
Science and Technology, Ames, Iowa. Information concerning reactions of
triphenyltin-lithium with some organic halides. Private comrmumnication.
1961.
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Reactions with allyl chloride and allyl bromide yielded allyltriphenyltin
(70 and 43%, respectively) and hexaphenylditin (4.4 and 9.1%, respec-
tive]y).'?»u

The formation of tetraphenyltin in the reactions employing
triphenyltin-lithium prepared by the earlier method’l* 75+ 76 may be
inherent in the preparative process.

The halogen-metal interconversion was observed in the reactions of
triphenyltin-lithium with p~substituted jodobenzenes. ¥ Thus, when the
mixture of triphenyltin-lithium and 2,6-dimethyliodobenzene was carbonated
after ten minutes of stirring, 2,6-dimethylbenzoic acid was obtained in a
18.7% yield. When the reacfion mixture was stirred for 18 hours, some
hexaphenylditin, as well as 2,6~dimethylphenyltriphenyltin (34.1%), was
isolated. Hexaphenylditin undoubtedly resulted from the reaction of
triphenyltin-lithium with triphenyltin chloride which was formed as a
result of halogen-metal interconversion.

Gilman and Rosen’t:;erg'?'7 also prepared trialkyltin-lithium compounds
from stannous chloride and phenyllithium. Some tetraalkyltin compounds
were isolated in the reactions employing trialkyltin-lithium prepared in
this waye. When tri-p-butyltin-lithium was refluxed with iodobenzene in
ether for 24 hours, tri-n-butylphenyltin (27.6%) and tetra-n-butyltin

(27.8%) were obtained.

75H, Gilman and S. D. Rosenberg, J. Org. Chem., 18, 680 (1953).

764, Gilman and S. D. Rosenberg, ibide, 18, 1554 (1953).

77H. Gilman and S. D. Rosenberg, J. Am. Chem. Soc., 75, 2507 (1953).
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4. Reactions of triphenyllead-lithium with organic halides
Triphenyllead-lithium was prepared by Gilman et §;.78 from phenyl-
lithium and lead dichloride in ether and recently by Marrs?’? from the
reaction of triphenyllead chloride with lithium in tetrahydrofuran. The
reactions with alkyl halides resulted in the coupling products in good

yields.
PhoPblLi + Ph-CHp-Cl —» PhsPb~CHp-Ph (69 and 78%)78+ 79

PhyPbLi + CHy-CH,-CHy-Br —> PhoPb-CHy-CHy-Cly (58%)7°

2PhoPbIi + Br-CHy-CHp-CHp-Br ——> PhsPb-CHp-CHp~CHp-PtPhy (58%)°°

Triphenyltin-lithium and triphenyllead-lithium which are prepared
from phenyllithium with stannous clloride and lead dichloride are
believed to exist in equilibrium with phenyllithium and diphenyltin and

diphenyllead, respectively.%’ 81

78y, Gilman, L. Summers, and R. W. Leeper, J. Org. Chem., 17, 630
(1952).

790. Marrs, Department of Chemistry, Iowa State University of
Science and Technology, Ames, Iowa., Information concerning preparation
and reaction of triphenyllead-lithium. Private communication. 1961,

80H. Gilman and L. Swmers, J. Am. Chem. Soc., 74, 5924 (1952).

81y, d'Ans, H. Zimmer, E. Endrulat, and K. Lubke, Naturwiss., 39,
450 (1952).
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II1. EXPERLMENTAL

A. General Considerations

Triphenylsilyllithium was prepared from hexaphenyldisilane by
lithium cleavage in tetrahydrofuran (’J.‘HE‘)S2 according to a published
procedure.:L Common Grignard reagents and organolithium compounds were
prepared by standard methods.

Reactions involving organosilylmetallic or organometallic compounds
in general were carried out in oven-dried glassware under an atmosphere
of dried, oxygen-free 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 organometallic re-
actions, was sodium dried. The tetrahydrofuran used in the same capacity
was dried and purified by refluxing it over sodium wire for at least 24
hours, followed by distillation into a rgflwcing suspension of lithium .
aluminum hydride under dry, nitrogen atmosphere. The solvent was dis-
tilled from this suspension inunediafeiy before use.

The reaction mixture was worked up in general according to the pro-
cedure described below. It was hydrolyzed with dilute sulfuric acid in a
separatory fummel. Some ether was added. The water layer was drawn out
and the organic layer was washed twice with water. Drying of the organic

layer was performed by shaking it with anhydrous sodium sulfate. The

82Tetra1wdrofuran will be abbreviated as THF for the remainder of
the dissertation.
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organic layer was transferred to an Erlemmeyer flask and the solvent was
evaporated on a steam bath with the aid of an air-jet.

The residue was treated with petroleum ether (b.p. 60-70°) and
poured onto a well-packed alumina (80-~200 mesh) column for a chro-
matographic separation. Eluants used after petroleum ether (b.p. 60-70°)
were, in order, carbon tetrachloride, acetone, and methanol.

Melting points and boiling points are in degrees centigrade and are
uncorrected., Generally, melting points less than 300° were taken in an
electrically heated oil-bath, while those above 300° were determined
using a copper block which was heated by a gas flame.

The infrared spectra were taken usually in carbon disulfide solu~
tion, but for compounds containing double bonds chloroform solution was
used in the region of 6—?/u, and for those containing triple bonds carbon
tetrachloride solution was used in the region of 4—%/&.

Silicon analysis was carried out by an improved procedure which is
described in detail below.

A sample weighing betweén 0.10 go and 0.15 g. is placed in a plati~
num crucible. The 1id of the crucible is so fitted that a very small
opening may be formed. This is best done by lowering one side of the 1lid
a few millimeters below the edge of the crucible. Acids are introduced
through this opening drop by drop from a medicine dropper. During the
addition the 1id should never be opened.

The crucible is placed on a ring burner. Ten to fifteen drops of
concentrated sulfuric acid are now introduced into the crucible. Then,

three to five drops of concentrated nitric acid are cautiously added
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through the opening. In most cases, the reaction occurs in a fraction of
a minute. If not, the crucible is heated gen’cly; After the reaction has
started, the crucible is heated until all of the nitric acid evaporates
and white fumes start coming off, usually about a minute. As soon as the
crucible is cooled, about one milliliter of concentrated nitricl aci& 1s
added drop by drop, and the crucible is heated again. This is the
critical stage. Heating must be controlled so that no foaming occurs and
yet a reasonable rate of evaporation of nitric acid is maintained. Only
;a small amount of sulfuric acid is allowed to evaporate at this time,.
The crucible is cooled again and another milliliter of nitric acid is
added. ‘The nitric acid and some of the sulfuric acid are again evapo-
rateds If there is no danger of foaming, relatively strong heat can be
applied. After the fourth or fifth addition of nitric acid, almost all
of the sulfuric acid is evaporated. In most cases, the residue is gray
or almost white by this time. Addition of nitric acid and its evapora-
tion are repeated until the residue becomes pure white. In the later
stages, addition of as much as two milliliters of nitric acid is not
harmful.

The above process takes about twenty minutes to one hour. After the
residue becomes white, the crucible is blasted as usual,.

With this proéedure the author experienced only one minor foaming

case., The use of fuming nitric acid is contraindicated.
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Be Reactions of Triphenylsilyllithium
with Alkyl Halides

1. Reaction of triphenylsilyllithitm with . n~butyl chloride

A solution of triphenylsilyllithiwm (0.05 mole) was added dropwise
to 4.65 g. (0.05 mole) of p-butyl chloride. The reaction was exothermic
and Color Test 183 was negative immediately after the addition. A worke
up of the reaction mixture by the general procedure gave a solid residue
which was crystallized from methanol, yielding 11.8 g. (75%) of
n-butyltriphenylsilane, m.p. 89-90°; this compound was identified by a
mixed melting point determination with an authentic sample and by com-

parison of infrared spectra.

2. Reaction of triphenylsilyllithium with b~butyl bromide

A solution of triphenylsilyllithium (0.02 mole) was added dropwise
to 2.74 g. (0,02 mole) of n-butyl bromide in 70 ml. of THF at room
temperature. Color Test I was negative immediately after the addition.
Subsequent to hydrolysis with dilute acid, hexaphenyldisilane, 3.00 g.
(57.9%), was separated by filtration. The organic layer was worked up
in the usual mamner, followed by chromatography on alumina. Elution
with petroleum ether (b.p. 60-70°) gave 1.75 g. (27.5%) of

n-butyltriphenylsilane, m.p. 90-91° (mixed m.p.).

3. Reaction of triphenylsilyllithium with n-~dodecyl chloride

A solution of triphenylsilyllithium (0.026 mole) was added dropwise

831, Gilman and F. Schulze, J. Am. Chem. Soc., 47, 2002 (1925).
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to 5.30 g. (0,026 mole) of n-dodecyl chloride. Color Test I was negative
immediately after the addition. Work~up of the reaction mixture in the
usual manner gave a solid residue which was recrystallized twice from
methanol to yield 3.20 g. (28.7%) of n-dodecyltriphenylsilane, m.p.
65-67°. A mixed melting point with an authentic sample was not de-~ |

pressed.

4. Reaction of triphenylsilyllithium with allyl chloride
A solution of triphenylsilyllithium (0.025 mole) was added dropwise

to 1.91 g. (0.025 mole) of allyl chloride. The reaction was exothermic
and Color Test I was negative immediately after the addition. The solid
residue obtained after the usual work-up was chromatographed on alumina.
Elution with petroleum ether (b.p. 60-70°) gave 4.20 g. (56%) of
allyltriphenylsilane, mepe. 90-91°, after recrystallization from petroleum
ether (b.p. 60-70°). This compound was identified by a mixed melti.ﬁg
point determination with an authentic sample and by comparison of

infrared spectra.

5, Reaction of triphenylsilyllithium with cyclopentyl chloride

_A solution of triphenylsilyllithium (0.05 mole) was added to 5.23 g.
(0.05 mole) of cyclopentyl cMnﬁde. The reaction was exothermic, but to
a lesser extent than with primary halides. Color Test I was positive when
the addition was completed. The reaction mixture was refluxed for 18
hours, at which time Color Test I became negative. Subsequent to
hydrolysis, hexaphenyldisilane, 1.2 g. (9.3%), was separated by filtra-

tion. The organic layer was worked up by the general procedure and the
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residue was chromatographed on alumina. Elution with petroleum ether
(b.p. 60-70°) gave 6.50 g. (40%) of cyclopentyltriphenylsilane, mep.
112-116°, after recrystallization from ethanol. A mixed melting point
with an authentic sample was not depressed and the infrared spectra were

identical.

6+ Reaction of triphenylsilyllithium with 1,3-dichloropropane
A solution of triphenylsilyllithium (0.05 mole) was added dropwise

to 2.83 g. (0,025 mole) of 1,3-dichloropropane. Color Test I was nega~
tive immediately after the addition. Work-up of the reaction mixture in
the usual mannmer gave a solid Which was recrystallized from petroleum
ether (b.p. 60-70°), yielding 10.25 g. (73%) of 1,3-bis(triphenyl-~
silyl)propane, m.p. 132-133 .5°. Recrystallization from the same solvent
raised the melting point to 1;35-13149. The infrared spectrum supported
the proposed structure of the compound.

Anal. Calecd. for G39H365:’|.2: Si, 10.02, Found: Si, 10.00, 9.92.

7. Reaction of triphenylsilyllithium with 1,3-dibromopropane
A solution of triphenylsilyllithium (0.04 mole) was added dropwise

to 4.04 g. (0.02 mole) of 1,3-dibromopropane. The Peaction was exother~
mic and Color Test I was negative immediately after the addition. Subse-
quent to hydrolysis, 7.4 g. (71.5%) of hexaphenyldisilane was separated
by filtration. A very small amount of the residue, which was obtained

after work-up of the organic layer, failed to give any pure product.
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8« Reaction of triphenylsilyllithium with methylene chloride'
ae Normal addition
“ (1) Run 1 (1:1) A solution of triphenylsilyllithium (0.08
mole) was added dropwise to 6.8 g. (0.08 mole) of methylene chloride at
-60°, The reaction mixture was stirred at this temperature for 2 hours
~after the addition. It was black and formed a tar-like material. Subse-
quent to hydrolysis with dilute acid, hexaphenyldisilane, 11.7 g. (56.4%),
was separated by filtration. The organic layer was worked up by the
general procedure and the residue was chromatographed on alumina. Elu-
tion with petroleum ether (b.p. 60-70°) gave in the first fraction 5.70 g.
(26.0%) of methyltriphenylsilane, mep. 68-70°, after recrystallization -
from petroleum ether (b.p. 60-70°). A mixed melting point with an
authentic sample was not depressed and the two infrared spectra were
superfm.rposable.v Further elution with the same solvent gave in the second
fraction 0.90 g. (3.66) of chloromethyltriphenylsilane, m.p. 116-118°,
after recrystallization from petrolemﬁ ether (b.p. 60-70°). Another re-
crystallization from the same solvent raised the melting point to
120-122°, Elution with carbon tetrachloride gave 1l.10 g. (5¢2%) of
bis(triphenylsilyl)methane, m.p. 141~142°, after recrystallization from
petroleum ether (b.p. 60-70°). )
Anal, Caled. for 037H3ZS:'|.2: Si, 10.54. Found: Si, 10.49, 10.39.
(2) Run 2 (2:1) A solution of triphenylsilyllithium (0,08
mole) was added dropwise to 3.40 g. (0.04 mole) of methylene chloride at
~60°. Color Test I was negative after the addition. The reaction mix-

ture was black as in the case of Run 1., It was worked up by the same
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procedure as in Run 1 and the following compounds were isolated: hexa-
phenyldisilane, 9.45 g. (45.5%); methyltriphenylsilane, 375 g« (34.25);
chloromethyltriphenylsilane, 1.05 g. (8.5%); and bis(triphenylsilyl)-
methane, 1.15 g. (5.46). |

(3) Run 3 (2:1, in the presence of cyclohexene) A solution
of triphenylsilyllithium (0.08 mole) was added dropwise to a mixture of
3.40 go (0.04 mole) of methylene chloride and 8.1 ge (0.1 mole) of
cyclohexene at -60°. Color Test 4I was slightly positive when the addi-
tion was completede The reaction mixture was a light brown. It was
stirred at this temperature for 2 hours at which time Color Test I became
negative. Subsequent to hydrolysis, hexaphenyldisilane, 8.30 g. (40.0%),
was separated by filtration. The yellow organic layer was dried with
sodium sulfate., The solvent was removed by distillation. The mixture
. was then subjected to fractional distillation, but no product distilled
even at 250°. The residue was chromatographed on alumina. The following
compounds were isolateds methyltriphenylsilane, 1.70 ge (15.5%);
chloromethyltriphenylsilane, 1.45 ge (11.7%); and bis(triphenylsilyl)-
methane, 1.30 ge (6.1%).

(4) Run 4 (5:2) A solution of triphenylsilyllithium was
added dropwise to 1.70 ge (0,02 mole) of methylene chloride in 20 ml. of
THF at room temperature. When 0.04 mole of triphenylsilyllithium had
been added, Color Test I was negative, but the color test became positive
when 0,052 mole of triphenylsilyllithium had been added. The reaction
mixture was worked up by the same procedure as in Run 1. The compounds

isolated were hexaphenyldisilane, 4.50 g. (43.5%); methyltriphenylsilane,
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1.20 g. (21.9%); and bis(triphenylsilyl)methane, 1.85 g. (17.4%). In
addition, a mixture of triphenylsilane and methyltriphenylsilane (1.35
g.) was obtained. Chlorometlvltriphen&lsnane was not isolated.

be Reverse addition A solution of methylene chloride in THF was
added dropwise to 0,04 mole of triphenylsilyllithium cooled in an ice
bathe When 0,02 mole of methylene chloride had been added, Color Test I
became negative. The reaction mixture was a brownish black. A work-up
by the same procedure as in Run 1 of the previous section gave hexa-
phenyldisilane, 3.65 g. (35.2%); methyltriphenylsilane, 1.40 g. (25.6%);

and bis(triphenylsilyl)methane, 1.25 g (11.7%).

9. Reaction of triphenylsilyllithium with methylene bromide
a. Normal addition

(1) Rumn 1 (2:1) A solution of triphenylsilyllithium (0.08
mole) was added dropwise to 6.96 g. (0.04 mole) of methylene bromide at
«-60°, The reaction mixture was stirred for 5 hours. Color Test I was
negative. Subsequent to hydrolysis with dilute acid, hexaphenyldisilane,
12.30 g. (59.4%), was separated by filtration. The organic layer was
worked up by the general procedure and the residue was chromatographed
on alumina., Elution with petroleum ether (b.p. 60-70°) gave in the first
fraction 3¢55 g. (32.4% based on methylene bromide) of methyltriphenyl~
silane, m.p. 64-67° (mixed m.p.). Further elution with the same solvent
gave 1.35 go (6.9%) of bromomethyltriphenylsilane, m.p. 121-122.5°, after
recrystallization from petroleum ether (b.p. 60-70%).

Anal., Caled. for 019H17SiBr: C, 64.58; H, 4.58; Si, 7.95. Found:
C, 63.10, 63.06; H, 4.77, 4.763 Si, 8.04, 7.96.
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(2) Run 2 (2:1, in the presence of cyclohexens) A solution

of triphenylsilyllithium (0.08 mole) was added dropwise to a mixture of
6.96 g. (0.04 mole) of methylene bromide and 24 g. (0.3 mole) of cyclo~
hexene at -~60°. Color Test I was negative after the addition. A work-up
by the same procedure as in Run 1 gave hexaphenyldisilane, 8.90 ge
(42.5%), and methyltriphenylsilane, %.35 g. (40.08).

be. Reverse addition A solution of methylene bromide in THF was
added to 0,08 mole of triphenylsilyllithium at -60°. Color Test I became
negative when 0.028 mole of methylene bromide had been added. Subsequent
to hydrolysis, hexaphenyldisilane, 11.90 g. (57.5%), was separated by
filtration. The organic layer was dried with sodium sulfate. The sol-
vent was removed. The residue was treated with petroleum ether (b.p.
60-70°). An insoluble material was separated by filtration. A part of
this material melted at 254-260°, This compound has not been identified.
The mother liquor was poured onto én alumina column. Elution with the

same solvent gave only a trace amount of methyltriphenylsilane.

10. Reaction of triphenylsilyllithium with methylene jodide
A solution of triphenylsilyllithium (0.08 mole) was added dropwise

to 10.7 g. (0.04 mole) of methylene iodide at -60°. After an hour's
stirring, Color Test I was only slightly positive. Subsequent to
hydrolysis, hexaphenyldisilane, 11.80 g. (57.0%), was separated by fil-
tration. The organic layer was worked up by the general procedure and
subsequently chromatographed on alumina., Elution with petroleum ether

(beps 60-70°) gave in the first fraction 3.10 g. (28.3% based on methylene
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iodide) of methyltriphenylsilane, which was identified by a mixed melting
point determination with an.authentic sample., Further elution with the
same solvent gave 1,00 g. (6.3% based on methylene iodide) of iodomethyle
triphenylsilane, mep. 117-1199, after recrystallization from ethanol.

Anal, Calcd. for 019H17SiI: Si, 7.02., Found: Si, 7.07, 6.97.
Elution with carbon tetrachloride gave 1.20 g. (5.6%) of bis(triphenyl-
silyl)methane, m.p. 138~140°, A mixed melting point with a sample
obtained from the reaction of triphenylsilyllithium with methylene
chloride was-not depressad and the two infrared spectra were superim-
posable.

In another run under similar conditions the products isolated were
hexaphenyldisilane (50.0%), methyltriphenylsilane (16.4%), and
iodomethyltriphenylsilane (23.0%). |

In still another run, when the reaction was carried out at room
temperature, the yield of hexaphenyldisilane increased (65.1%), while

only small amounts of other products were obtained.

11. Reaction of triphenylsilyllithium with chloroform
a. Nomal addition

(1) Run 1 (1:), room temperature) A solution of triphenyl-
silyllithiun (0,08 mole) was added dropwise to 9.55 g. (0.08 mole) of
chloroform at room temperature. The reaction was exothermic and Color
Test I was negative immediately after the addition. The mixture was
blacke. Subsequent to hydrolysis with dilute acid, hexaphenyldisilane,

10.7 g. (51.6%), was separated by filtration. The residue obtained after
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a work-up of the organic layer in the usual manner was chromatographed on
alumina. Elution with petroleum ether (be.p. 60-70°) gave in the first
fraction 2435 g (11.3%) of triphenylsilans. Further elution with the
same solvent gave in the second fraction 0.80 g. (3.2%) of chloromethyl-
triphenylsilans, m.p. 119-120° (mixed m.p.)e Elution with carbon
tetrachloride gave 0,70 g. (1.7%) of bis(triphenylsilyl)methane, m.p.
137-139° (mixed mepe)e

(2) Rm 2 (2:1, -60°) A solution of triphenylsilyllithium
(0,08 mole) was added dropwise to 4.78 g. (0.04 mole) of chloroform at
-60°. This reaction mixture was stirred for 3 hours at this temperature,
during which time Color Test I became negative. It was black and formed
a tar-like material. Subsequent to hydrolysis, hexaphenyldisilane,
11.0 g. (53.0), was separated by filtration. The residue after work-up
was ‘chromatographed on alumina, Elution with petroleum ether (b.p.
60-70°) gave a mixture of compounds from which 1.60 g. (11.7%) of
dichloromethyltriphenylsilane, m.p. 147-148°, was separated by crystal-
lization from petroleum ether (bespe 60-70°). A mixed melting point with
the product obtained from the reaction of triphenylsilyllithium with
carbon tetrachloride was not depressed. The mother liquor was poured
onto an alumina column to be rechromatographed. Elution with petroleum
ether (bep. 60-70°) gave 0455 g« (5.3%) of trlphenylsi]ane and 0.08 g.
(6+5%) of chloromethyltriphenylsilane. Elution with carbon tetrachloride

gave 0.60 g. (2.88) of bis(triphenylsilyl)methane, m.p. 140-141.5° (mixed

MePe) o
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b. Reverse addition A solution of 4.78 g. (0.04 mole) of
chloroform in 20 ml. of THF was added to 0.08 mole of triphenylsilyl-
lithium at =60°. Color Test I was negative at the end of the addition
and the reaction m:.xture was black. Subsequent to hydrolysis, hexa-
phenyldisilane, 12.55 é. (60.5%), was separated by filtration. The
organic layer was worked up in the usual manner and the residue was
chromatographed on alumina. Elution with petroleum ether (b.p. 60-70°)
gave in the first fraction 1.35 g. (13.0%) of triphenylsilane. Further
elution with the same solvent gave in the second fraction 1.60 g. of a
mixture of chloro- and dichloromethyltriphenylsilane, mep. 130-140°. No
attempt was made to separate these two. The combined yield was approxi-
mately 124, Further elution with carbon tetrachloride gave 2.20 g.

(10.3%) of bis(triphenylsilyl)methane, mepe 140~141° (mixed mep.).

12. Reaction of triphenylsilyllithium with bromoform

ae. Normal addition

(1) Run 1 (2:1) A solution of triphenylsilyllithium (0.08

mole) was added ﬁopﬁse over a period of 40 minutes to 10.1 g. (0.04
mole) of bromoform at ~60°. Color Test I was negative immediately after
the addition. Subsequent to hydrolysis with dilute acid, hexaphenyl-
disilane, 12.55 g. (60.5%), was separated by filtration. The black
organic layer was dried with sodium sulfate. The solvent was removed and
the residue was chromatographed on alumina, Elﬁ;ion with petroleum ether ‘
(bepe 60~70°) gave 0.35 ge. (3.3%) of methyltriphenylsilane which was

identified by a comparison of its infrared spectrum with that of an
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authentic sample. Elution with carbon tetrachloride gave an oily
material in two fractions. The first fraction was treated with petroleum
ether (bep. 60~70°) to give 2.90 g. (20.5% based on bromoform) of bromo-
methyltriphenylsilane, m.p. 122-123, 5°, after recrystallization from the
same solvent. A mixed melting point with a sample obtained from the
reaction of triphenylsilyllithium with methylene bromide was not
depressed.s The second fraction was also treated with petroleum ether
(beps 60-70°) to produce a sclid with a wide melting point range,
128-140°, This solid was recrystallized from the same solvent to give
070 go (4.0%) of a compound, possibly dibromomethyltriphenylsilane, m.pe
137-140°, Two more recrystallizations from the same solvent raised the
melting point to 150-152°. |
Anal. Calcd. for 019H168:'1.Br2: Si, 6.5l Found: Si, 6.77, 6.69.

In another run under identical conditions the following products
Were isolated: hexaphenyldisilane (54%); methyltriphenylsilane (0.9%);
bromomethyltriphenylsilane (34.0%); and triphenylsilane (0.5%). Dibromo-
methyltriphenylsilane, however, was not isolated.

(2) Run 2 (8:3) A solution of triphenylsilyllithium (0.08
mole) was added slowly to 7.6 g. (0.03 mole) of bromoform in 50 ml. of
ether at -60°. Color Test I was slightly positive at the end of the
addition. The reactiop mixture, however, was hydrolyzed immediately with
dilute acid. Hexaphenyldisilane, 10.1 g. (48.7%), was separated by fil-
tration. The straw colored organic layer was worked up by the same

procedure as in Run 1. The products isolated were: methyltriphenyl-

silane, 0.80 Ee (90%), MePe 66—670 (mijd m.p.):
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bromomethyltriphenylsilane, 2.60 g. (24¢5%), mep. 121~122.5° (mixed m.p.);
and dibromomethyltriphenylsilane, 1.80 ge (13.9%), m.p. 150-152° (mixed

mopo)o

be Reverse addition An ethereal solution of bromoform was added
dropwise to 0.08 mole of triphenylsilyllithium at -~60°., When 0,03 mole
of bromoform had been added, Color Test I became negative. Subsequent to
hydrolysis, hexaphenyldisilane, 12.9 g. (62.5%), was separated by filtra-
tion. The organic layer was worked up Ly the same procedure as in Run 1
to give 0.15 g. (1.9%) of triphenylsilane, which was identified from its
infrared spectrum; 0.85 g. (10.3%) of methyltriphenylsilane, m.p. 65-67°
(mixed meps); and 2.55 g. (24.08) of bromomethyliriphenylsilane, mepe

122,5-123,5° (mixed m.pe).

13. Reaction of triphenylsilyllithium with jodoform

a. Normal addition

(1) BRun 1 (until positive with Color Test I) A solution of
triphenylsilyllithium was added dropwise to 7.88 g. (0.02 mole) of
iodoform in 50 ml. of ether at room temperature. Slight heat was evolved
during this /ai.ddition. When 0,069 mole of triphenylsilyllithium had been
added, Colc}i'i' Test I became positive. The reaction mixture was stirred
for 2 hour‘s, at which time Color Test I became negative. The reaction
mixture was hydrolyzed with dilute acid. Hexaphenyldisilane, 10.80 g.
(60.5% based on the silyllithium compound), was Separated by filtration.
The dark organic layer was dried with sodium sulfate. The solvent was

removed and the residue was chromatographed on alumina. Elution with
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petroleum ether (be.p. 60-70°) gave 1,30 g. (23.7% based on iodoform) of
methyltriphenylsilane, which was identified by a mixed melting point
determination with an authentic sample. Further elution with carbon
tetrachloride gave 2.10 g. (19.7% based on iodoform) of bis(triphenyl-
silyl)methane, m.p. 137-140° (mixed m.p.).
(2) Run 2 (2:1, in the presence of triphenylsilane) A

solution of 0,08 mole of triphenylsilyllithium was added dropwise to a
mixture of 15.8 ge (0.04 mole) of iodoform and 5.20 g. (0.02 mole) of
triphenylsilane dissolved in 50 ml. of THF., The reaction mixture was
cooled to =-60° by means of a Dry Ice-acetone bath when one-third of the
silyllithium compound had been added. Color Test I was negative when
the addition was completed. A workeup of the reaction mixture as in Run
1 gave 12,40 g. (60.0%) of hexaphenyldisilane and an oil, which was
chromatographed on alumina. Elution with petroleum ether (b.p. 60-70°)
gave in the first fraction 4.50 g. (86.5% recovery) of triphenylsilane.
Further elution with the same solvent gave in the second fraction 2.50 ge.
(15.6%) of iodomethyltriphenylsilane, mepe 117.5-119° (mixed m.p.), after
recrystallization from petroleum ether (be.p. 60-70°). Elution with
carbon tetrachloride gave 3¢05 ge (14.5%) of crude diiodomethyltriphenyl-
silane. Three recrystallizations from petroleum ether (be.p. 60-70°) gave
a sample with a melting point of 151.0-152.5%.

Anal, Caled. for CigHygSiT,: C, 43.36; H, 3.07; Si, 5.34. Found:
C, 44,00, 43.97; H, 3.31, 3.10; Si, 5.41, 5.33.

b. Reverse addition A solution of 11.82 g. (0.03 mole) of

jodoform in THF was added dropwise to 0.08 mole of triphenylsilyllithium
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at room temperature. When 0,026 mole of iodoi‘om had been added, Color
Test I became negative. The reaction mixture wa:s hydrolyzed with dilute.
acide Hexaphenyldisilane, 13.40 g. (64.78), was separated by filtration.
The residue after a work~up of the organic layer was chromatographed on
aluminae Elﬁtion with petroleum ether gave 0.90 g. (11.0%) of methyltri-
phenylsilane, m.p. 67-68° (mixed m.é.). Further elution with carbon
tetrachloride gave a solid, which was treated with petroleum ether (b.p.
60-70°). The insoluble material was filtered off. There was no attempt
made to purify this compound, m.p. 185-205°, (0.20 g., 2.4%). Its
infrared spectrum was identical with that of 1,2-bis(triphenylsilyl)-
ethane, mepe 211-212°, From the mother liquor there was isolated 0¢50 ge

(3.1%) of bis(triphenylsilyl)methane, mep. 140.5-142° (mixed m.pe)e

14. Reaction of triphenylsilyllithium with carbon tetrachloride
a. Normal addition A solution of triphenylsilylliithium was

added dropwise to 3.19 ge (0.021 mole) of carbon tetrachloride in 50 ml.
of ether at ~60°. When 0,04 mole of triphenylsilyllithium had been
added, Color Test I was negative, but it became positive when 0.054 mole
of the silyllithium compound had been added. The reaction mixture was
black. Subsequent to hydrolysis, hexaphenyldisilane, 8.0 g. (57-2%), was
separated by filtration. The organic layer was dried with sodium sul-
fate, The solvent was removed and the residue was chromatographed on
alumina. Elution with petroleum ether (b.p. 60-70°) gave a trace amount
of triphenylsilane. Further elution with carbon tetrachloride gave 3.0

g. (42.2% based on carbon tetrachloride) of dichloromethyltriphenylsilane,
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m.p. 147-148,5°, after recrystallization from petroleum ether (b.p.
60-70°).

Anal, Calcd. for 0191-11655.012: C, 66.46; H, 4,70; Si, 8.18. Found:
0, 66454, 66.50; H, 4.95, 4.72; Si, 8.04, 7.95.

In another run 0,06 mole of t?ipherwlsilynithim was reacted with
0,03 mole of carbon tetrachloride under the same conditions to give
hexaphenyldisilane, 8.8 g. (56.6%) and dichloromethyltriphenylsilane,
1.35 go (13.08). |

b. Reverse addition A solution of carbon tetrachloride in THF
was added dropwise to 0.08 mole of triphenylsilyllithium at ~60°, When
0.026 mole of carbon tetrachloride had been added, Color Test I became
negative. The reaction mixture was black. Subsequent to hydrolysis with
dilute acid, hexaphenyldisilane, 15.25 g. (73.6%), was separated by fil-
tration. The organic layer was worked up as in the case of the normal
addition. The only product isolated and identified was dichloromethyl-

triphenylsilane, m.p. 147-148.5° (mixed mep.), 1.0 ge (11.2%).

15. Reaction of triphenylsilyllithium with carbon tetrabromide
a. Normal addition A solution of triphenylsilyllithium (0.08

mole) was added over a period of 55 minutes to 13.3 g. (0.04 mole) of
carbon tetrabromide in 50 ml. of ether at ~60°. The color of the re=-
action mixture changed from yellow to gray as the addition proceeded.
Color Test I was slightly positive at the end of the addition. The mix~
ture was allowed to warm to room temperature. After an hour's stirring,

Color Test I was negative. By this time the mixture was black.
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Subsequent to hydrolysis with dilute acid, hexaphenyldisilane, 11.0 g.
(53.1%), was separated by filtration. The organic layer was dried with
sodium sulfate. The solvent was removed and the residue was chro-
matographed on alumina. Elution with petroleum ether (b.p. 60-70°) gave
only a trace amount of a material which was not identified. The fol-
lowing elution with carbon tetrachloride gave an oily material which was
treated with petroleum ethér (bep. 60-70°). A material which crystal-
lized out first was separated by filtration. It was recrystallized from
the same solvent and was identified as dibromomethyltriphenylsilane, mpe
1’48-1500 (mixed mepe.)s The mother liquor was concentrated and a second
compound, 'm.p. 154-157.5°, was crystallized out. This compound was
identified as bis(triphenylsilyl)acetylene by a mixed melting point de-
termination with an authentic sample prepared from dilithium acetylide
and chlorotriphenylsilane. The yields of dibromomethyltriphenylsilane

and bis(triphenylsilyl)acetylene were 0,30 go (1.78) and 0.50 g. (4.6%)

respectively.
be. Reverse addition An ethereal solution of carbon tetrabromide

was added slowly to 0.08 mole of triphenylsilyllithium at -60°. When
0.03 mole of carbon tetrabromide had been added, the color of the re-
action mixture changed from yellow to pale green and Color Test I was
negative. _.An excass of carbon tetrabromide was added, making a total of
0,08 mole. The reaction mixture was stirred at ~60° for one hour; then
it was allowed to warm to room temperature. Its color changed to gray, |
but Color Test I remained negative. It was stirred at room temperature

for 2.5 hours before it was worked up. Subsequent to hydrolysis,
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hexaphenyldisilane, 15.3 g+ (73.9%), was separated by filtration. The
black organic layer was dried with sodium sulfate. The solvent was re-
moved and the residue was chromatographed on alumina. Elution with
petroleum ether (bep. 60-70°) gave 0.22 g. (2.0%) of bromotriphenyle
silylacetylene, m.p. 108-110°, after recrystallization from ethanol,.
This compound was identified by a mixed melting point determination with
an authentic sample prepared from bromoetlrmwl]ithilm-an;l chlorotri-~
phenylsilane and by a comparison of infrared spectra. Further elution
with carbon tetrachloride gave an oil in two fractions. The first frac-
tion was treated with petroleum ether (b.p. 60-70°). Most of the oil
dissolved, leaving a small amount of solid, m.p. 168~250, which was ob=
tained by filtration. This solid was recrystallized from the same
solvent to give 0.07 g« of a compound with a melting point of 185~190°,
Its infrared spectrum was very similar to that of bis(triphenylsilyl)-
acetylene. The mother liquor was concentrated and a second compound,
BDlePe 119-122°, crystallized outs A mlxed melting point with bromomethyl-
triphenylsilane was not depressede. The yield was 0.03 g« (2.8%)s The
second fraction was treated with petroleum ether (be.p. 60-70°) to give
0.70 go (4.3%) of bis(triphenylsilyl)acetylene, which was identified by a
mixed melting point determination with an authentic sample and a comparie

son of infrared spectra,.

16. Reaction of triphenylsilyllithium with chloromethyltriphenylsilane
A solution of triphenylsilyllithium was added dropwise to 0.90 g.

(0.0029 mole) of chloromethyltriphenylsilane in 25 ml. of THF at room
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temperature., GColor Test I was negative when 0,004 mole of triphenyl-
silyllithium had been added, but it became positive upon the addition of
another 0,001 mole. The reaction mixture was hydrolyzed with dilute acid
after a stirring of 30 minutes. Hexaphenyldisilane, 0.55 g. (36.8%), was
separated out by filtration. The organic layer was worked up in the
usuzal manner and the residue was chromatographed on alumina, Elution
with petroleum ether (b.p. 60-70°) gave only a trace amount of triphenyl-
silane. Further elution with carbon tetrachloride gave 0.50 g. (32.4%)

of pure bis(triphenylsilyl)methane, mep. 140.5-142° (mixed mep.)e

17. Reaction of triphenylsilyllithium with dichloromethyltriphenylsilane
A solution of triphenylsilyllithium was added dropwise to 1.40 g.

(0.0041 mole) of dichloromethyltriphenylsilane in 45 ml. of THF at -6Q°.
The reaction appeared to be slow at this low temperature; therefore, the
cooling bath was removed and the reactioh mixture was allowed to reach
room temperature. When 0.,0125 mole of triphenylsilyllithium had been
added, Color Test I was found to be slightly positive. The reaction mix-
ture was hydrolyzed with dilute acid after 10 minutes of stirring. Hexa-
phenyldisilane, 1.50 ge (46.4%), was separated by filtration. The
residue after a work-up of the organic layer was chromatographed on
alumina. Elution with petroleum ether (b.p. 60-70°) gave a trace amount
of methyltriphenylsilane, identified from its infrared spectrum. Further
elution with carbon tetrachloride gave 0.75 ge (3%3%) of bis(triphenyl-

‘silyl)methane, m.p. 140.5-142° (mixed m.p.).
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18. Reaction of triphenylsilyllithium with chloromethyltrimethylsilane

A solution of triphenylsilyllithium (0,08 mole) was added to 13.0 g.
(0.12 mole) of chloromethyltrimethylsilane. The reaction mixture was
cooled in an ice~bath during the addi'bion.' Color Test I was negative
when the addition was completed. A work-up by general procedure gave an
0ily residue which was chromatographed on alumina. Elution with petro-
leum ether (b.p. 60-70°) gave 22,7 g. (828) of an oil., Upon distillation
under reduced pressure it solidified immediately, mep. 70-71°, after
recrystallization from a mixture of petroleum ether (b.p. 60-70°) and
ethanol.

Anal, Caled. for CpoH,eSi,: Si, 16.21. Found: Si, 16.09, 16.02.

19« Reaction of triphenylsilyllithium with chloromethyldimethyl-
vinylsilane

A solution of triphenylsilyllithium (0,08 mole) was added to 10.8 g.
(0.08 mole) of chloromethyldimethylvinylsilane at an ice bath tempera-
ture, Color Test I was negative immediately after the addition. A
work-up by the general procedure, followed by chromatography on alumina,
gave an oil, 18.2 g. (63.5%), which was distilled under reduced pressure,
bep. 158-159°/0.01 mm., nat+® 1.5890.

Anal. Caled. for CpgHpgSip: Si, 15.67. Found: Si, 15.43, 15.38.

20, Reduction of dichloromethyltriphenylsilane with lithium
aluminum hydride )

A solution of 0470 ge (0,002 mole) of dichloromethyltriphenylsilane
in 25 ml, of THF was added to 0.70 g. (0.018 mole) of lithium aluminum

hydride in 25 ml. of THF at room temperature. The reaction mixture
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became slightly warm during the addition. It was stirred for 35 minutes
before the excess lithium aluminum hydride was destroyed by adding drop-
wise 25 ml. of ethyl acetate.

The reaction mixture was worked up by the general procedure, fol-
lowed by chromatography on alumina. Elution with petroleum ether (b.p.
60-70°) gave 0.08 g. (14.6%) of methyltriphenylsilane, mep. 69-70° (mixed
MmeP.)e Further elution with carbon tetrachloride gave 0.40 g. (64.6%) of
chloromethyltriphenylsilane, mep. 117.5-119° (mixed mep.).

21. Reduction of diiodomethyltriphenylsilane with lithium

aluminum hydride

This reduction was carried out essentially in the same manner as
the reduction of dichloromethyltriphenylsilane. Using 1.10 g. (0.,0021
mole) of diiodomethyltriphenylsilane, there was obtained 0.45 g. (78.5%)

of methyltriphenylsilane, mepe 70-71° (mixed mepe.)e

22, Reaction of bromomethyltriphenylsilane with lithium in TH®
To bromomethyltriphenylsilane, 2.0 ge (0.00566 mole), and finely cut

lithium wire, 1.2 g. (0.17 mole), was added tetrahydrofuran (45 ml.) in
small portions at room temperature. An immediate reaction occurred
evolving some heat, and the reaction mixture turned blacke. Color Test I
was positive. The reaction mixture was worked up by the general proce-
dure after 20 minutes of stirring. The residue obtained was chromato-
graphed on alumina. Elution with petroleum ether (b.p. 60;-70°) gave 0.15
g. (9.78) of methyltriphenylsilane. Further elution with carbon tetra~

chloride gave 0.60 g. (38.88) of 1,2-bis(triphenylsilyl)ethane, which was
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identified by a mixed meltipg point determination with an authentic

sample, m.pPe. 210-211°, and by comparison of infrared spectra.

23. Reaction of triphenylsilyllithium with l,l-dichlorobuﬁane
a. Normal addition A solution of triphenylsilyllithium was

added dropwise to 3.81 g. (0.03 mole) of 1,l-dichlorobutane in 50 ml. of
other at -60°. When 0.051 mole of triphenylsilyllithim had been added,
Color Test I became positive. The reaction mixture was stirred at -60°
for 20 minutes. Then it was allowed to warm to room temperature. Color
Test I was found to be negative 30 minmutes later. The reaction mixture
was hydrolyzed with dilute acid. Hexaphenyldisilane, 9.0 g. (58.0%),
was separated by filtration. A work-up of the organic layer in the usual
manner gave a solid residue which was chromatographed on alumina. Elu~-
tion with petroleum ether (b.p. 60-70°) gave 3.70 g. (39.0%) of
n-butyltriphenylsilane, m.p. 90-91°, after recrystallization from
methanol. A mixed melting point with an authentic sample was not
depressed.

b. Reverse addition An ethereal solution of 1,l-dichlorobutane
was added to 0,028 mole of triphenylsilyllithium at room temperature.
The rate of addition was such that only slight warming was allowed. When
0.014 mole of 1,l-dichlorobutane had been added, Color Test I became
négative. The reaction mixture was worked up by the same procedure as‘ in
(a) above to give 4.95 g. (68.2%4) of hexaphenyldisilane and 1.20 g. (27.1%)

of nabutyltriphenylsilane,



48

24, Reaction of triphenylsilyllithium with 1,]1-dibromoethane
A solution of triphenylsilyllithium (0.08 mole) was added dropwise

to 7.52 g. (0.04 mole) of 1,l-dibromoethane in 50 ml. of ether at -60°,
Color Test I was weakly positive after the addition was oomplefed. The
reaction mixture was stirred for 15 mimutes before it was hydrolyzed.
Hexaphenyldisilane, 12.30 g. (59.4%), was separated by filtration. A
work-up of the organic layer left a solid which was chromatographed on
alumina. Elution with petroleum ether (b.p. 60-70°) gave 3.83 g. (33.2%)
of ethyltriphenylsilane, m.p. 74-75.59, after recrystallization from
ethanol, It was identified by a mixed melting point determination with
an authentic sample. MMr elution with carbon tetrachloride gave
1.35 go (4.6%) of 1l-bromo-l-triphenylsilylethane, mepe 131-132.5°, after
recrystallization from petroleum ether (b.p. 60~70°),

Anal, Calcd. for CpgHjgSiBr: Si, 7.65. Found: Si, 7.66, 7.69.

C. Reactions of.Triphenylsilyllithium
with Alkenyl Halides

1. Reaction of triphenylsilyllithium with l-chloropropene
a. 21:1 ratio A solution of triphenylsilyllithium (0.08 mole)

was added dropwise to 6.1 g. (0.08 mole) of l-chloropropene at -60°. The
reaction appeared to be slow at this temperature; therefore, the reaction
mixture was allowed to warm to room temperature after 0,05 mole of
triphenylsilyllithium had been added. The mixture was cooled again amd -
the rest of the silyllithium compound was added. When the reaction

mixture reached room temperature for the second time, Color Test I was

J
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positive. The reaction mixture was stirred for one hour, at which time
Color Test I was only faintly positive. Subsequent to hydrolysis with
dilute acid, hexaphenyldisilane, 2.80 g. (13.5%), was separated by fil-
tration. The organic layer was worked up by the general procedure,
followed by chromatography on alumina., Elution with petroleum ether.
(bepe 60-70°) gave 10.20 g. (45.55) of 1,2-bis(triphenylsilyl)propane,
MePe 147.5-148, 5°, after recrystallization from a benzene-petroleum ether
~(bep. 60-70°) mixture. A mixed melting point with a sample obtainedvm:f;‘ro;'
the reaction of triphenylsilyllithium with l-triphenylsilylpropene was
not depressed and the infrared spectra were superimposable.

Anal. Caled. for C3gliggSiz: C, 83.51; H, 6.47; Si, 10,02, Found:
C, 83.89; H, 6.31; Si, 10.03, 9.97.

b. 2:1 ratio, followed by addition of chlorotriphenylsilane A
solution of triphenylsilyllithium (0.08 mole) was added dropwise to 3.1

g. (0.04 mole) of l-chloropropene. The reaction mixture was cooled in an
ice~-salt bath during the addition and for an hour thereafter. Then it
was allowed to come to room temperature. After a total of 2.5 hours of
reaction time, there was added 12 g. (0,04 mole) of chlorotriphenylsilane
-in 50 ml, of THF. The reaction mixture was worked up by the same proce-
dure as in (a) above after one hour of stirring. The following compounds
| Wwere obtained: hexaphenyldisilane, 7.10 g., and 1,2-bis(triphenyl-
silyl)propane, m.p. 148-148.5° (mixed m.p.), 10.55 g. (476).

ce Reaction of triphenylsilyllithium with l-~triphenylsily. lpropgr;e
A solution of triphenylsilyllithium (0.008 mole) was added to 1.90 ge

(0,007 mole) of l-triphenylsilylpropene, which was prepared from
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propenyllithium and chlorotriphenylsilane. Color Test I was positive
when the addition was completed. The reaction mixture was stirred for 22
hours at room temperature and then for 2 hours at reflux. It was worked
up in the same manner as in (a) to give 1.50 g. (38.4%) of 1,2-bis(tri-
phenylsilyl)propane, m.p. 148-148,5°, after recrystallization from a
benzene-petroleum ether (b.p. 60-70°) mixture.

de Reaction of propenyllithium with triphenylsilane Propenyl-
lithium was prepared from l-bromc)propené with excess lithium in ether,
stirring at roc;n— tc;mpemture overnight. Acid titration showed the yield
to be 87.5%.

A solution of propenyllithium (0.035 mole) was added to 9.10 g.
(0.035 mole) of triphenylsilane. Color Test I was positive at the end
of the addition. It became negative after 4.5 hours of stirring at room
temperature. The reaction mixture was worked up to give a solid, which
was then treated with methanol. Some insoluble material was sepafated_
by filtration. The mother liquor was cooled with ice to crystallize O:l'h
9.60 go (91.5%) of l-triphenylsilylpropene, mep. 55-60°. Several re-
crystallizations from methanol raised the melting point to 90.5-920. The
infrared spectra of the crude and pure products were identical, both
showing characteristic double bond absorption bands at 6.20 1 (in chloro-
form) and 10.19 s (in carbon disulfide).

- e. Reaction of propenyllithium with chlorotriphenylsilane A
solution of propenyllithium (0.035 mole) prepared as above was added to
12 g. (0.04 mole) of chlorotriphenylsilane in 50 ml. of ether. The re~

action was exothermic, but Color Test I was positive at the end of the
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addition. Color Test I became negative after 40 minutes of stirring.
The reaction mixture was worked up to give a solid, which was chromato-
graphed on alumina, Elution with petroleum ether (b.pe. 60-70°) gave 6.15
ge (58.5%) of crude l-triphenylsilylpropene, m.p. 60-70°. Several re-
crystallizations from methanol gave a sample with a melting point of
87-90°, A mixed melting point with a sample obtained in (d) above was
not depressed and the infrared spectra were superimposable. In addition,

~a small amount of l~triphenylsilylpropyne was isolated.

2. Reaction of triphenylisilyllithiwm with l-chloro-l-butene

a. l:i ratio at room temperature A solution of triphenylsilyl-
lithium (0.04 mole) was added over a period of 30 minutes to 2.23 g.
(0.04 mole) of l-chloro-l-butene at room temperature. Color Test I was
positive when the addition was completed. It remained positive at the
end of 28 hours of stirring at room temperature. The reaction mixture
was worked up by the general procedure and the oily residue was chro-
matographed on alumina, Elution with petroleum ether (vep. 60-70°) gave
an oil which solidified after two weeks of standinge The solid was re=~
erystallized from petroleum ether (b.p. 60-70°) to give 2.55 g. (22.2%)
of a iproduct, possibly 1,2-bis(triphenylsilyl)butane, m.p. 137-139%

Anal, Galed. for CypHsgSiz: C, 83.563 H, 6.67; Si, 9.77. Found:
C, 83.69, 83.50; H, 6.44, 6.29; Si, 9.75, 964

Elution with carbon tetrachloride gave 1l.55 g. of a glassy polymeric
material which failed to crystallize.

be 1l:l ratio at reflux A solution of triphenylsilyllithium
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(0.04 mole) was added over a period of 30 minutes to 2.23 g. (0.04 mole)
of lmchloro-l-butene. The color of the reaction mixture was a dark
reddish=brown. The reaction mixture was refluxed for l.5 hours. It was
worked up by the same procedure as in (a) above. 1,2-bis{triphenyl-
silyl)butane was obtained in a yield of 3.00 g. (26.0%), m.p. 136-137°
(mixed map.). _Iq addition, 1l.70 g. of a glassy polymeric material was
isolated.

¢. 1:l ratio at room temperature, followed by addition of chloro-
triphenylsilane A solution of triphenylsilyllithium (0.037 mole) was
added to 2.23 g. (0.04 mole) of l-chloro-l-butene in 100 ml. of THF. The
reaction mixture was stirred at room tempez;ature for 16 hours before
6.5 g. (0,022 mole) of chlorotriphenylsilane in 60 ml. of THF was added.
The reaction mixture changed from a deep reddish-brown to colorless
within one hour after the addition of chlorotriphenylsilane. Subsequent
to hydrolysis, hexaphenyldisilane, 3.00 g. (15.6%), was separated by fil-
tration. The organic layer was worked up by the general proéedure and
subsequently chromatographed on alumina. Elution with petroleum ether
(bep. 60-70°) gave in the first fraction a mixture of triphenylsilane
and l-triphenylsilyl-l-butyne. The mixture was treated with ethanol to
give 0.85 g. (7.4%) of l-triphenylsilyl-l-butyne, m.p. 86-88°. A mixed
melting point with an authentic sample prepared from butynyllithium and
chlorotriphenylsilane was not depressed., From the mother liquor there
was obtained 1.25 g. (13.08) of triphenylsilane, no° 1.6142. Further
elution with the same solvent gave an oil, which was treatéd with

petroleum ether (b.p. 60-70°) to give 2.55 g. of
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1,2-bis(triphenylsilyl)butane, mep. 138-140° (mixed m.p.). Elution with
carbon tetrachloride gave l.55 g. of an oil from which 0.60 g. more of
the same compound was obtained. The total yield of 1,2-bis(triphenyl-
silyl)butane was 3.15 g. (29.68).

3. BReaction of triphenylsilyllithium with l-bromopropene
a. 1:1 ratio A solution of triphenylsilyllithium (0.05 mole)

was added dropwise over a period of 50 minutes to 6.06 g. (0.05 mole) of
l-bromopropene‘in 100 ml. of ether at room temperaturs. Color Test I was
negative after the addition. The reaction mixture was stirred for 4
hourse Subsequent to hydrolysis with dilute acid, hexaphenyldisilane,
8490 g. (68.7%), was separated by filtration. The organic layer was
worked up in the usual manner and the. residue was chromatographed on
alumina. Elution ﬁth petroleum ether (b.p. 60~70°) gave in the first
fraction 1.65 g. (11.08) of l-triphenylsilylpropene, mepe 90.5-92°, after
recrystallization from methanol. A n?iaced melting point with an authentic
sample prepared from propenyllithium and chlorotriphenylsilane was not |
depressed and the infrared spectra were superimposable. Further elution
with the same solvent gave in the second fraction 1.05 g. (7.1%) of
l-triphenylsilylpmpyné, Mepe 115.5-116°, after recrystallization from
methanol. A mixed melting point with an authentic sample was not de-
pressed. Elution with carbon tetrachloride gave 0425 g. (1.8%) of
1,3-bis(triphenylsilyl)propene, identified by a mixed melting point
determination with a sample obtained from the reaction of triphenylsilyl-

1lithium with 1,3-dichloropropene and by a comparison of infrared spectra,
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as well as a trace amount of tris(triphenylsilyl)propadiene, identified
by a comparison of its infrared spectrum with that of the sample obtained
from the reaction of triphenylsilyllithium with 1-trij>henylsi1ylpmpyne.

be 4:3 ratio, followed by addition of chlorotriphenylsilane A
solution of triphenylsilyllithium (0.08 mole) was added dropwise over a
period of 2 hours to 7.28 g. (0.06 mole) of l-bromopropene in 200 ml.
of ether., Color Test I was faint]& positive when the addition was com~
pleted. After one hour of stirring there was added 15 g. (0.05 mole) of
chlorotriphenylsilane in 156 ml, of ether. The reaction mixture was
stirred for 2,5 hours before it was worked up by the same procedure as
in (a) above. The following compounds were isolated: hexaphemfl—
disilane, 15.0 g. (72.5%); triphenylsilane, 1.35 g. (6.5% based on
triphenylsilyllithium); l-triphenylsilylpropyne, 2.75 g« (15 «3% based on
1-bromopropene); l-triphenylsilylpropene, 1.20 g. (6.7% based on
1-bromopropene); 1,2-bis(triphenylsilyl)propane, 0.10 g. (0.3%), identi=
fied by comparison of its infrared spectrum with that of an authentic
sample; and tris(triphenylsilyl)propadiene, 1.80 go (3.7%), m.pe
186,+5-188.5° (mixed m.p.).

c. 8:5 ratio, followed by addition of chlorotriphenylsilane A

solution of triphenylsilyllithium (0,08 mole) was added to 6.06 g« (0.05

mole) of l-bromopropene in 100 ml. of ether at room temperature. Color
Test I was positive even after 5 hours of stirring. Chlorotriphenyl-
silane was added until the color test became negative. This process
required about 0.02 mole of chlorotriphenylsilane. An excess of 0.01

mole of chlorotriphenylsilane was addeds. The reaction mixture was worked
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up by the same procedure as in (a)e The following compounds were
isolated: hexaphenyldisilane, 15.20 g.; a mixture of triphenylsilane
and l-triphenylsilylpropene, 1.75 g.; l-triphenylsilylpropyne, 1.0 g.
(6.6%); 1,2-bis(triphenylsilyl)propane, 2.15 g. (7.7%); 1,3-bis(tri-
phenylsilyl)propene, 0.40 g. (1.4%); 1,3-bis(triphenylsilyl)propyne,
0.30 go (1e1%); and tris(triphenylsilyl)propadiene, 2.60 g. (6e4%).

de 33l ratio A solution of triphenylsilyllithium (0.08 mole)
was added dropwise over a pericd of one hour to 3.03 g. (0.025 mole) of
1-bromopropene in 100 ml. of ether at 30-35°. Color Test I was positive
at the end of this addition. It remained positive after 2 hours of
stirring. Subsequent to hydrolysis, hexaphenyldisilane, 1.90 g. (9.2%),
was separated by filtration. The organic layer was worked up by the
general procedure and the residue was chromatographed on alumina, Elu~
tion with petroleum ether (be.p. 60-70°) gave in the first fraction 10.45
ge (50.2%) of triphenylsilane, which was identified by its infrared
spectrum. Further elution with the same solvent gave in the second frac-
tion 0,95 g. (6.8%) of 1,2-bis(triphenylsilyl)propane, m.p. 148-150°
(mixed mep.)s Elution with carbon tetrachloride gave 1.00 ge (7.2%) of
1,3=-bis(triphenylsilyl)propyne, mepe 133.5-135.5°, after recrystalliza;
tion from petroleum ether (bepe 60-70°), A mixed melting point with a
sample obtained from the reaction of triphenylsilyllithium with
1-triphenyisilylpropyne was not depressed and the infrared spectra were
superimposable. ‘

In another run, chlorotriphenylsilane (10.2 g., 0.034 mole) was

added after the mixture was stirred for one hour and forty minutes. The
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yield of hexaphenyldisilane was 19.50 g« The other products were
triphenylsilane, 2435 g. (36.2% based on l-bromopropene); 1,2-bis(tri-
phenylsilyl)propane, 0.45 g. (3.2%); 1,3-bis(triphenysilyl)propene, 0.30
g. (2.28); 1,3-bis(triphenylsilyl)propyne, 0.60 g. (4#.3%); and a compound
with a melting point of 186-189°. The last compound has not been identiw

fied, but the infrared spectrum indicated the presence of a double bond.

L, Reaction of triphenylsilyllithium with 1-bromo-l-butene
A solution of triphenylsilyllithium (0,08 mole) was added dropwise

to 3.38 ge (0.025 mole) of l-bromo-l-butene in 100 ml. of ether. Slight
heat was evolved during the addition of the first twowthirds of the
triphenylsilyllithium and the color of the reaction mixture was
yellowish-brown., The last one-third was added rapidly. The E:olor of the
mixture became dark brown. Color Test I was positive. The reaction
mixture was stirred for 2 hours at room temperature, during which time
Color Test I remained positive, Subsequent to hydrolysis with dilute
acid, hexaphenyldisilane, 4.53 g. (33.6% based on l-bromo-l-butene), was
separated by filtration. The organic layer was worked up by the gener‘al
procedure, followed by chromatography on alumina. Elution with petroleum
ether (b.p. 60-70°) gave in the first fraction 11.10 g. (53.4%) of
triphenylsilane, identified by its infrared spectrum. Further elution
with' the same solvent yielded a solid material which was recrystallized
from a mixture of ethyl acetate and petroleum ether (b.p. 60-70°) to give
0;30 ge. of a compound with a melting point of 223.5-225°. From the

mother liquor there was isolated 0.40 g. of a material which melted at
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198-202°, Neither compound has been identified.

5. BReaction of triphenylsilyllithium with 2-bromo-l-butene,
followed by addition of chlorotriphenylsilane

A solution of triphenylsilyllithium was added dropwise to 5.40 ge.
(0.04 mole) of 2-bromo-l-butene in 100 ml. of ether at room temperature.
The rate of addition was such that only slight warming was allowed. When
0.047 mole of triphenylsilyllithium had been added, thé color of the
reaction mixture deepened to a reddish-brown and Color Test I was
positive. An ethereal solution of chlom£zipheraylsi1ane (0.02 mole) was
added. The reaction mixture was stirred for 1.5 hours, during which time
it became colorless. Subsequent to hydrolysis, hexaphenyldisilane,

7425 g (35.0% based on 2-bromo-l-butene), was separated by filtration.
The organic layer was worked up in the usual manner and the residue was
chromatographed on alumina. Elution with petroleum ether (b.p. 60-70°)

_ gave in the first fraction 2.60 g. of a mixture, which upon recrystalli-
zation from a mixture of petroleum ether (b.p. 60-70°) and methanol
yielded 1l.45 g. (11.5%) of 2~triphenylsilyl-l-butene, msp. 95¢5-97°.
Part of an oily residue, 0.20 g. (1.78), was identified as triphenylsilane
by its infrared spectrum. A structure of 2-triphenylsilyl-l-butene was
proposed for the compound above on the basis of its infrared and n.me.xre.
spectra (see Tables 3 and 4). Further elution with the same solvent gave
in the second fraction 1.10 g. (8.8%) of l-triphenylsilyl-l-butyne,

mep. 90-91, after recrystallization from ethanol. This compound was
identified by a mixed melting point determination with a sample prepared

from a reaction of butynyllithium with chlorotriphenylsilane.
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Elution with carbon tetrachloride gave an oil, which upon treatment
with petroleum ether (b.p. 60-70°) yielded 0.75 g. (2.3%) of
1,1,3=tris(triphenylsilyl)-1,2-butadiene, m;p. 195.5-197°, after two
recrystallizations from petroleum ether (b.p. 60-70°). A mixed melting
point with a sample prepa.;red from the reaction of methyl iodide with
metalated tris(triphenylsilyl)propadiens was not depressed and the

infrared spectra were superimposable.

6. Reaction of triphenylsilyllithium with 1,l-dichloropropene

a. At 600
(1) Run 1 (2:1) A solution of triphenylsilyllithium (0.08

mole) was added over a period of one hour to 4.45 g, (0.04 mole) of
1,1~dichloropropene in 50 ml. of ether at -60°. The reaction mixture was
allowed to warm to room temperature, whereupon Color Test I was negative.
Subsequent to hydrolysis with dilute acid, hexaphenyldisilane, 145 ge
(70.,0%), was separated by filtratior'a. The organic layer was worked up in
the usual manner and the residue was chromatographed on aiumina. Elution
with petroleum ether (b.p. 60-70°) gave a trace amount of triphenylsilane
and l-triphervlsilylpr;)pene. both of which were identified by comparison
of their infrared spectra with those of authentic samples. Elution with
carbon tetrachloride gave also a trace amount of 2~chloro-3-triphenyl-
silylpropene and tris(triphenylsilyl)propadiene, These two compounds
were also identified by their infrared spectra. .

In a second experiment reverse addition was employed. The work-up

gave hexaphenyldisilane (77.6%), triphenylsilane (4.8%),
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l-triphenylsilylpropene (0.5%), and 2-~chloro-3~triphenylsilylpropene
(0.78).

(2) rRmn 2 (3:1) A solution of triphenylsilyllithium was
added d:ropwisel for 1.25 hours to 2.78 g. (0,025 mole) of 1,l-dichloro-
propene in 50 ml. of ether at ~60°. When 0.06 mole of triphenylsilyl-
lithium had been added, Color Test I became positive., The reaction
mixture was allowed to warm to room temperature and an additional 0.02
mole of triphenylsilyllithium was added, Color Test I remained positive
after 3 hours of stirring. Chlorotriphenylsilane in ether was added
dropwise., When 0,01 mole had been added, Color Test I became negative.
The reaction mixture was worked up by the same procedure as in Run l..
The following compounds were isolated: hexaphenyldisilane, 13.5 ge;
triphenylsilane, 1¢50 go (23.1% based on 1,1-dichloropropene); and
l~triphenylsilylpropyne, 0.30 ge. (4.0%). The last compound was identi- -
fied by a mixed melting point determination with an authentic sample.

be At room temperature

(1) Run 1 (3:2) A solution of triphenylsilyllithium (0,05
mole) was added dropwise over a period of one hour to 11.1 g. (0,10 mole)
of 1,l-dichloropropene in 150 ml. of ether at room temperature. After
being stirred for one~half hour, the reaction mixture was hydrolyzed with
dilute acid. Hexaphenyldisilane, 8.90 g. (68.7%), was separated by fil-
tration. The organic layer was worked up in the usual manner and the
residue was chromatographed on alumina. Elution with petroleum ether
(bep. 60-70°) gave in the first fraction 0.45 g. (3.5%) of triphenyl-

silane. Further elution with the same solvent gave in the second
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fraction 0.70 g (4.2%) of 2-chloro-3-triphenylsilylpropene, me.p. 97-99°,
after recrystallization from methanol. A mixed melting point with a
sample obtained from the reaction of triphenylsilyllithium with
2,3-dichlompr§pene was not depressed. The infrared and n.m.r. spectra
were identical. Elution was continued with petrolewm ether (b.p.
60-70°), whereupon l-triphenylsilylpropyne, 0485 g« (5¢75), mePe 115.5-
116¢5° (mixed m.pe.), was isolated as the last product.

(2) BRun 2 (2:1) A solution of triphenylsilyllithium (0.08
mole) was added dropwise over a period of 2 hours and 20 minutes to 5.34
ge (0,048 mole) of 1,l-dichloropropene in 125 ml. of ether. Color Test I
was negative when the addition was complete. The reaction mixture was
worked up by the same procedure as in Run 1 to give hexaphenyldisilane,
11.80 g. (57.0%); triphenylsilane, 2.10 g. (16.9% based on 1,1-dichloro-
propene); and l=triphenylsilylpropyne, 2.85 g. (20.0% based on
1,1-dichloropropene).

In a second experiment the addition of chlorotriphenylsilane, 9.4 g
(0.032 mole), followed after the reaction mixture had been stirred for 4
hours. Hexaphenyldisilane was obtained in a yield of 1%.5 g. (70%), but
the yield of the other two products remained essentially the same:
triphenylsilane, 2.20 g. (18.8%); and l-triphenylsilylpropyne, 2.35 ge
(18.5%). Chlorotriphenylsilane was recovered as triphenylsilanol in an.
81.5% yield.

(3) Run 3 (2.5:1) A solution of triphenylsilyllithium was
added dropwise to 3.3% g. (0,03 mole) of 1,l-dichloropropene in 100 ml.

of ether. When 0,07 mole of triphenylsilyllithium had been added, Color
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Test I was negative, but it became positive when 0,075 mole had been
addéd. After being stirred for half an hour, the reaction mixture was
worked up by the same procedure as in Run l. The following compoundé
were isolated: hexaphenyldisilane, 10.2 g (52.5%); triphenylsilane,
3420 go (16.4% based on 1,1-dichloropropene); l-triphenylsilylpropyne,
2435 go (26.2% based on 1,l-dichloropropene).

(4) Run b4 (3:1, followed by addition of chlorotriphenylsilane
A solution of triphenylsilyllithium (0.08 mole) was added dropwise over
a period of 3 hours to 2.78 g. (0.025 mole) of 1,l-dichloropropene in
100 ml., of THF, The color of the reaction mixture changed from white to
a reddish-brown during the last third of the addition. After 3 hours of
stirring chlorotriphenylsilané (10.0 g., 0.033 mole) in 30 ml. of THF was
added. The reaction mixture was stirred for l.5 hours before it was
worked up by the general procedure. The following compounds were '
isolated: hexaphenyldisilane, 12.50 g. (60.2%); triphenylsilane, 5.05 ge
(7776 based on 1,1-dichloropropene, 24.3% based on triphenylsilyl-
lithium); l-triphenylsilylpropyne, 3.10 g. (41.6% based on 1,l-dichloro-
propene); 1,2-bis(triphenylsilyl)propene, 0.75 g. (5.4%); and
tris(triphenylsilyl')propadiene, 1.20 ge (5.9%). In addition, there was
1,05 g. of 2 material with a melting range of 145-200° which was mainly
a mixture of the last two compounds, 1,2-bis(triphenylsilyl)propene and
tris(triphenylsilyl)propadiene were identified by mixed melting points
and a comparison of infrared spectra with those of the samples obtained

from the reaction of triphenylsilyllithium with l-triphenylsilylpropyne.
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7+ Reaction of triphenylsilyliithium with 1,2-dichloropropene
A solution of triphenylsilyllithium (0.08 mole) was added to 4.44 g.

(0.04 mole) of 1,2=dichloropropene. The reaction was exothermic and
Color Test I was negative after the addition. Subsequent to hydrolysis,
there was isolated 12.8 g. (61.8%) of hexaphenyldisilane. The organic
layer was worked up by the usual proéedure and the residue was chro-
matographed on alumina. Elution with petroleum ether gave 0.20 g. (2%)
of l-triphenylsilylpropyne, which was identified by a mixed melting point
determination.

In another run, 3 equivalents of triphenylsilyllithium were added and
hexaphenyldisilane was obtained in a 92% yield (based on 1,2-dichloro-
propene), The other product was triphenylsilane (36.5%). Color Test I

was negative prior to work-up.

8. Reaction of phenyllithium with 1,2-dichloropropene
a., l1:1 ratio, followed by addition of triphenylsilyllithium An
ethereal solution of phenyllithium (0.04 mole) was added dropwise to

bl g, (0.04 mole) of 1,2-dichloropropene in 100 ml. of THF at room
temperatures The rate of addition was such that only slight warming was
allowed., Color Test I was negative whén the addition was complete. A
solution of triphenylsilyllithium (0.04 mole) was then added dropwise.
A white precipitate was formed. The solution, however, gave a positive
Color Test I. Subsequent to hydrolysis, hexaphenyldisilane, 7.65 ge
(73.9%), was separated by filtration. The organic layer was worked up

in the usual manner and the residue was chromatographed on alumina.



63

Elution with petroleum ether (b.p. 60-70°) gave 1.40 g. (11.7%) of
1-triphenylsilylpropyne, m.p. llé-lléb (mixéd mepe)e

be 2:1 ratio, followed by addition of chlorotﬁ.phemlsiiane An
ethereal solution of phenyllithiwm (0.04 mole) was added dropwise over a
period of one hour to 2.22 g. (0.02 mole) of 1,2-dichloropropene in 100
ml. of THF at room tempéfahire. Color Test I was positive when the addi-
tion was complete. A solution of chlorotriphenylsilane, &0g. (0.02
mole), in ether was added. Color Test I became negative immediately. A
work-up by the general procedure, followed by chromatograph on alumina,
gave 4,40 ge (7‘4.0%) of l~triphenylsilylpropyne, meps 116=117.5° (mixed

MePe)s

9. Reaction of phenyllithium with trichlorcethylene
a. 1:1 ratio, followed by addition of chlorotriphenylsilane An
ethereal solution of phenyllithium (0.02 mole) was added to 2.63 go (0.02

mole) of trichloroethylene in 50 ml. of ether at -60°, Color Test I was
very weakly positive. A THF solution of chlorotriphenylsilane, 6.0 g
(0.02 mole), was added. A work-up by the general procedure gave a solid
residue, which was treated with petroleum ether (b.p. 60-70°). 4n
insoluble material was filtered off. It was identified as .triphenyl-
silanol by a mixed melting point determination with an authentic sample,
mepe 148-152.5°, The mother liquor was poured onto an alumina column. i
Elution with petroleum ether (b.p. 60-70°) gave 0.60 g. (9.4%) of
chlorotriphenylsilylacetylene, m.p. 99—101? (mixed mep.)s Further

elution with carbon tetrachloride gave 0.15 g. (2.8%) of
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bis(triphenylsilyl)acetylene, mepe 154=156° (mixed mepe).

be 1:1 ratio, followed by addition of triphenylsilyllithium An
ethereal solution of phenyllithium (0.04 mole) was added to 5¢25 g. (0.04
mole) of trichlorocethylene in 100 ml. of ether at -60°., When the addi~
tion was co;xpleted, the reaction mixture was allowed to warm to room
temperature. A solution of triphenylsilyllithium (0.04 mole) was added
dropwise over a period of one hour. The reaction mixture was blacke.
After being stirred for 1.5 hours, it was hydrolyzed with dilute acid.
Hexaphenyldisilane, 5.50 g. (53.1%), was separated by filtration. The
organic layer was worked up in the usual manner, followed by chro-
matography on alumina. Elution with petroleum ether (b.p. 60-70°) gave
2.17 go (175) of chlorotriphenylsilylacetylene, mepe 99-102° (mixed
Mepe)e Further elution with carbon tetrachloride yielded O0.45 g. (4.2%)
of bis(t;-iphenylsi]yl)acetylene, mepe 152-155°, which was identified by

a comparison of infrared spectra.

10. Reaction of triphenylsilyllithium with 1,3-dichloropropene
a. 121 ratio A solution of triphenylsilyllithium (0,04 mole)

was added dropwise over a period of 2.5 hours to 4.45 g. (0.04 mole) of
1,3-dichloropropene in 100 ml. of THF, Color Test I was negative
immediately after this addition. After one hour of stirring the reaction
mixture was hydrolyzed with dilute acid. Hexaphenyldisilane, 1.00 g.
(9.7%), was separated by filtration. The organic layer was worked up

by the general procedure and subsequently chromatographed on alumina.

Elution with petroleum ether (b.p. 60-70°) gave 10,05 g. (75.0%) of a
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mixture of two isomers, possibly l~triphenylsilyl-3-chloropropene and
l=chloro~3~triphenylsilylpropene.

Anal. Caled. for 021H195101=' S5i, 8.39. Found: Si, 8.41, 8.33.

Separation of the two isomers proved to be very difficult. Re~
crystallization of the mixture from ethanol afforded a sample with a
melting point of 87-89°., When the mixture was chromatographed on
alumina, the first fraction eluted with petroleum ether (b.p. 60-70°)
gave a sample with a melting point of 87-96°. Repeated recrystalliza-
tions from p-propanol gave a small amount (less than 0.1 g.) of a com-
pound (I) with a melting point of 105-107.5%.

The very last fractions eluted with petroleum ether (b.p. 60-70°),
after 1000 ml., of the eluant, gave a sample which was rich in the other
component, m.pe 89~106°, Repeated recrystallizations from n-propanol
gave a compound (II) (less than 0.1 g.), Mepe 112.5-115.5%

When the infrared spectra of compound (I) and compound (II) were
combined, the resulting spectrum was superimposable with that of a
typical mixture. Thus, the mixture consisted of these two isomers.
(For their infrared spectra data, see Table 4.)

The n.m.re spectra of compound (I) and compomﬁd (II) were very
similar, both indicating the presence of a methylene group and olefinic
hydrogens (see Table 3).

The combined information of the infrared and n.m.r. spectra sug-
gested compound (I) to be l-triphenylsilyl-3~chloropropene and compound
(II) to be l-chloro-3~triphenylsilylpropene.

b. 231 ratio A solution of triphenylsilyllithium (0.08 mole)
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was added dropwise to 445 g. (0.04 mole) of 1,3-dichloropropene in 100
ml. of THF, The reaction mixture was cooled by an ice bath during the
addition. Color Test I was slightly positive when the addition was com=
pleted. Subsequent to hydrolysis, hexaphenyldisilane, 2.60 ge (12.5%),
was separated by filtration. The residue obtained after the work~up of
the organic layer was chromatographed on alumina. Elution with petroleum
ether (b.p. 60-70°) gave 6.90 g. (31.0%) of 1,3-bis(triphenylsilyl)-
propene, m.p. 157-158.5°, after recrystallization from an ethyl acetate-
ethanol mixture. A mixed melting point with a dehydrated product of
1,3-bis(triphenylsilyl)propan-2-0l was not depressed.
~ Ce 3:1 ratio A solution of triphenylsilyllithium (0.08 mole)

was added dropwise over a period of 2 hours to 2.78 g. (0.025 mole) of
1,3~dichloropropene in 100 ml, of THF. The reaction mixture was a deep
reddish-blacks Color Test I was positive when the addition wé.s complete.
It became only weakly positive after 4 hours of stirring. Subsequent to
hydrolysis, hexaphenyldisilane, 0.87 g. (6.7%), was separated by filtra-
tion. The residue obtained after a work-up of the organic layer was
chromatographed on alumina. The early fractions eluted with petroleum
ether (b.p. 60~70°) were rechromatographed to give 5.00 g. (77.0% of
theoretical) of triphenylsilane, 0.15 g. (1.8%) of tetraphenylsilane,
mep. 228-234° (mixed m.p.), and 0.40 g. of 1,3-bis(triphenylsilyl)propene,
mepe 156-158° (mixed mepe).

The original chromatography was contimued. Elution with petroleum
ether (b.p. 60-70°) gave 3.25 g. of 1,3-bis(triphenylsilyl)propene.

Elution with carbon tetrachloride gave 3.40 g. of the same compound and
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a fair amount of non-crystallizing polymeric oil. The combined yield of
1,3-bis(triphenylsilyl)propene was 7.05 go (50.5%).
de Reaction of triphenylsilyllithium with a mixture of compounds

(I) and (IT) A solution of triphenylsilyllithium (0.04 mole) was
added dropwise over a period of one hour to 6.70 ge. (0.02 mole) of the
mixture obtained in'(a) above in 70 ml. of THF, The solution immediately
turned a reddish~brown, indicating that metalation was taking place as
soon as the coupling product was formed. The color became a deep
reddish~black at the end of the addition. Color Test I was positive.
After an hour's stirring the reaction mixture was hydrolyzed with dilute
acid. No hexaphenyldisilane was obtained. The organic ;I.ayer.was worked
up by the general procedure employed above. The compounds isolated were:
triphenylsilane, 5.00 ge (96.2% of theoretical); and 1,3-bis(triphenyl-
silyl)propene, 6¢45 ge (57.7%), MeDe 155.5-159.5° (mixed mepe)e In
addition, there was some non-crystallizing, glassy, p91ymeric material.,
e. Reaction of phenyllithium with a mixture of compounds (I) and
[Gu9)] An ethereal solution of phenyllithium was added to 6.70 g.
(0.02 mole) of a mixture of comp§unds (I) and (II) in 50 ml. of THF.
Immediately a purple color developed with evolution of some heat. Color
Test I was negative after the addition was completed. The reaction mix~
ture was worked_ up by the general procedure after one hour of stirring,
folloﬁed by chromatography on alumina. Elution with petroleum ether
(bep. 60-70°) gave the following compounds: the starting material,
1.85 ge (27.6% recovery); tetraphenylsilane, 0.15 g. (2.2%); and

3-triphenylsilylpropyne, 0.64 g. (10.7%), m.p. 89-91°, after
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recrystallization from n-propanol. The latter compound was identified
by its infrared spectrum (see Table 6). Elution with carbon tetra-
chloride gave a fair amount of non-crystallizing polymeric oil,

f. Reaction of triphenylsilyllithium with 1,3-bis(triphenylsilyl)=

propene, followed by addition of chlorotriphenylsilane A solution of
triphenylsilyllithium (0,02 mlé) was added over a period of 15 minutes

to 5435 ge (0.0096 mole) of 1,3-bis(triphenylsilyl)propene in 50 ml. of
THF. A deep reddish color developed. After stirring for 24 hours there
was added 7.20 ge. (0.024 mole) of chlbrotriphemrlsilane in 50 ml. of
ether.s The color of the reaction mixture faded gradually and completely
over a period of 11 hours. "The mixture was hydrolyzed .with dilute acid.
Hexaphenyldisilane, 3.45 g. (33.3%), was separated by filtration. The
residue obtained after a work-up of the organic layer was chromatographed
on alumina. Elution with petroleum ether (b.p. 60-70°) gave 1.80 g.
(34.6%) of triphenylsilane. Further elution with carbon tetrachloride
gave an oil, which was treated with a mixture of petroleum ether (b.p.
60-70°) and methanol to give 5.65 ge (34.6%) of 1,3,3~tris(triphenyl-
silyl)propene, m.p. 165-166.5°, after two recrystallizations from an
ethyl acetate-methanol mixture.

Anal, CGCalcd. for 057Hll8313’ C, 83.78; H, 5.92; Si, 10.31. Founds
C, 83.91, 83.81; H, 5.80, 5.74; Si, 10.29, 10.27.

The nem.r. spectrum supports the proposed structure (see Table 3).

11. Reaction of triphenylsilyllithivm with 2,3-dichloropropene

a. 1:1 ratio A solution of triphenylsilyllithium (0.03 mole)
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was added dropwise over a period of one and one guarter hours to 3.30 ge
(0,03 mole) of 2,3-dichloropropene in 100 ml. of THF. The reaction mix-
ture was a light brown. It was stirred for 3 hours. Subsequent to
hydrolysis with dilute acid, hexaphenyldisilane, 2.20 g. (28.3%), was
separated by filtration. The organic layer was worked up by the general
procedure and subsequently chromatographed on alumina. Elution with
petroleum ether (b.p. 60-70°) gave in the first fraction 0.85 g. (10.9%)
of triphenylsilane, which was identified by its infrared spectrum. Fum-
ther elution with the same solvent gave a partially solidified oil, which
was treated with a petroleum ether (bep. 60-70°)-methanol mixture. A
compound (ITI), m.p. 99-100°, crystallized out. The mother liquor was
concentrated and more of compound (III) was isolated. The filtrate was
again concentrated to give a material with a melting range of 78-95°,
It was recrystallized twice from methanol to give pure compound (III).
The total yield of compound (III) was. 1.95 ge (19.54)e From the third
filtrate there was obtained 0.10 g. of l-triphenylsilylpropyne, Mepe
114-115° (mixed mepe). Further elution with the same solvent gave 0.60
g. of l-triphenylsilylpropyne. The combined yield was 0.70 ge (7.8%).
The melting point of compound (III) was raised to 101~102° after
two recrystallizations from methanole The infrared spectrum (see Table
L) showed the characteristic absorption bands for a double bond at
6.18 /4,(, and 10,72 e Other characteristic bands for the compound were:
11.6%4 s (a possible chlorine bond attached to an unsaturated carboh) and
12.95}/. (a possible methylene group).

The nemer. spectrum indicated the presence of a methylene group and
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terminal vinyl hydrogens (see Table 3).

A possible structure is 2.chloro-3-triphenylsilylpropene.

be 2:1 ratio, followed by addition of chlorotriphenylsilane A
solution of triphenylsilyllithium (0.05 mole) was added dropwise over a
period of 30 mimutes to 2.75 ge (0.025 mole) of 2,3-dichlompropene in
100 ml., of ether. Color Test I was slightly positive and the color of
the reaction mixture was a reddish-brown. After 20 minutes of stirring,
7.5 g. (0,025 mole) of chlorotriphenylsilane in ether was added. The
reaction mixture was stirred for one hour. It was worked up by the same
procedure as in (a) above. The compounds isolated were: hexaphenyl-
disilane, 4.50 g. (3%.78); triphenylsilane, 3.10 g. (47.7%); 1l-triphenyl-
silylpropyne, 1.55 g. (20.8%); a mixture of l-triphenylsilylpropyne and
compound (III), 1.0 g.; and tris(triphenylsilyl)propadiene, 0.55 ge
(2.74). The last compound was identified by a mixed melting point de-
termination with the compound obtained from the reaction of triphenyl-
silyllithium with l-triphervlsilylpfopyne followed by addition of chloro-
triphenylsilane.

c. 813 ratio, followed by addition of chlorotriphenylsilane A
solution of triphenylsilyllithium (0.08 mole) was added dropwise over a
period of three and one quarter hours to 3.30 g. (0.03 mole) of
2,3=dichloropropene in 100 ml. of THF. Color Test I was weakly positive
and the color of the reaction mixture was a dark reddish-brown. After
two and three quarter hours of stirring, 10.4 g. (0.035 molé) of chloro-~
triphenylsilane in 30 ml, of THF was added. The stirring was continued

for another hour before the reaction mixture was worked up by the same
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procedure as in (a). The compounds isolated were: hexaphenyldisilane,
0425 go (3.35); triphenylsilane, 9.65 g. (46.4%); 1l-triphenylsilyl-
propyne, 0.85 g« (9.5%); 1,2-bis(triphenylsilyl)propene, 0+90 g. (5.4%);
1,3-bis(triphenylsilyl)propyne, 0.75 g. (4.5%¢); and tris(triphenyl-
silyl)propadiene, 4.40 g. (18.04). The last three compounds were identiw
fied by mixed melting points and a comparison of their infrared spectra
with thosé of the respective compounds obtained from the reaction of
triphenylsilyllithium with l-triphenylsilylpropyne followed by the addi-
tion of chlorotriphenylsilane.

d. Reaction of triphenylsilyllithium with compound (III) A
solution of triphenylsilyllithium (0.005 mole) was added dropwise over a
period of 15 minutes to 1.60 g. (0.0048 mole) of compound (III) in 50 ml.
of THF, A purple color developed immediately. During the first few hours
of stirring the purple color faded to light orange. After stirring for a
total of 7.5 hours the reaction mixture was worked up by the same proce-
dure as in (a). The compounds isolated were: triphenylsilane, 0.80 g.
(6441%), and 1-triphenylsilylpropyne, 0.90 go (62.9%).

D. Reactions of Triphenylsilyllithium
with 1-Triphenylsilylpropyne and
Related Reactions
l. Reaction of triphenylsilyllithiuvm with l-triphenylsilylpropyne

a, Without addition of chlorotriphenylsilane A solution of
triphervlsily]lithium (0.03 mole) was added dropwise over a period of 20

minutes to 9425 g. (0,031 mole) of l-triphenylsilylpropyne in 70 ml. of

THF, The reaction mixture was stirred for 5 hours at room temperature
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during which time Color Test I remained positive, A work-up by the
general procedure gave a solid residue which.was chromatographed on
alumina, Elution with petroleum ether (b.p. 60-70°) gave in the first
fraction 4.0 g (51.3%) of triphenylsilane, which was identified by its
infrared spectrum. Further elution with the same solvent gave in the
second fraction 1,70 g. (18.4% recovery) of the starting material. Still
further elution with the same solvent gave in the third fraction 3.20 g.
(18.5%) of 1,2-bis(triphenylsilyl)propene, m.p. 147-149°, after several.
recrystallizations from an ethyl acetate~methanol mixture.

Anal, Caled, for C39H34512: C, 83.81; H, 6,13; Si, 10,05, Found:
C, 83.89, 83.77; H, 6.23, 6.,43; 5i, 10,05, 9,84, The n.m.r. spectrun
(see Table 3) was in agreement with the proposed structure. The infrared
spectrum, however, did not show any absorption band corrg_sponding to a
double bond. o

Elution with carbon tetrachloride gave an oil which was treated with
petroleum ether (bep. 60-70°) to give 4.10 go of 1,3~bis(triphenyl-
silyl)propyne, Mmep. 127-128,.59, after recrystallization from an ethyl
acetate~methanol mixture. The mother liquor was concentrated and an
additional 1,05 g of the same compound crystallized oute The total
yield was 5.15 g. (29.9%).

Anal. Calcd. for C39H323i2: C, 84.12; H, 5.79; Si, 10.09. Found:
C, 84.35, 84.31; H, 5.91, 5.77; Si, 997, 9.95.

The infrared spectrum showed a characteristic triple bond absorption

band at 4.60/¢ (see Table 6).
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b, Followed by addition of chlorotriphenylsilane
(1) Run 1 (in a mixture of ether and THF) A solution of

triphenylsilyllithium (0.03 mole) was added dropwise to 9.0 g. (0.03

mole) of l-friphemrlsilylpropyne in 70 ml. of ether at room temperature.
A deep reddish~brown color developed. After 5 hours of stirring there
was added 9.0 go (0.03 mole) of chlorotriphenylsilane in ether. The
color of the reaction mixture faded to light yellow. The reaction mix-
ture was hydrolyzed with dilute acid after one hour of stirring. Hexa-
phenyldisilane, 2.45 g. (15.8%), was separated by filtration. The
organic layer was worked up in the usual manner and the residue was
chromatographed on alumina. Elution with petroleum ether (b.p. 60-70°)
gave the following compounds: triphenylsilane, 4.25 g (54.5%);
1l-triphenylsilylpropyne, 2¢55 g. (28.6% recovery); and 1,2~bis(triphenyl-
silyl)propene, 2.45 go (14.6%).

Elution with carbon tetrachloride gave an oil which upon treatment
with petroleum ether (bep. 60-700) yielded 5.65 go (23.14) of crude
tris(triphenylsilyl)propadiene, mep. 181-184°, The melting point was
raised to 188-189.5° after two reerystallizations from an ethyl acetate-
methanol mixture.

Anal., Caled. for C57HL,65:‘1.3: C, 83.97; H, 5.69; Si, 10.34; mol.
wte, 815.21. Found: C, 84,09, 84.01; H, 5.86, 5.73; Si, 10.21, 10.20;
mole wte., 764 (Rast). The infrared spectrum showed a characteristic
allenic absorption band at 5.30 M (see Table 5)s The n.m.r. spectrum
supported the proposed structure showing a single peak at 5.75 7T (see

Table 3).
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From the mother liquor after separation of tris(triphenylsilyl)-
propadiene there was obtained 0.90 g. (5.4%) of 1,3-bis(triphenylsilyl)-
propyne, mep. 126-127.5° (mixed mepe)e

(2) Run 2 (in THF) A solution of triphenylsilyllithium
(0.03 mole) was added dropwise to 9.10 g. (0.03 mole) of l-tﬁphewl—
silylpropyne in 50 ml, of THF. After 5.5 hours of stirring there was
added 10,0 g. (0,033 mole) of chlorotriphenylsilane in 50 ml. of THF.
Color Test I was positive prior to this addition. The reaction mixture
was hydrolyzed with dilute acid after one hour of stirring. The organic
layer was dried with sodium sulfate. The solvent was removed. When the
0ily residue was treated with petroleum ether (b.p. 60-70°) there appeared
a fairly large amount (6.10 g.) of precipitate which was filtered off.
The melting point of this precipitate was 177-182°., It was raised to
186-188° after recrystallization from an ethyl acetate-methanol mixture.
A mixed melting point with tris(triphenylsilyl)propadiene was not
depre_-ssed.

The mother liguor was poured onto an alumina column for chroma-
tography. The following compounds were isolated: <triphenylsilane, 2.00
ge (25.2%); l-triphenylsilylpropyne, 0.90 ge (9.9% recovery);
1,2-bis(triphenylsilyl)propene, 3.00 g. (18.0%); tris(triphenylsilyl)-
propadiene, 185 g.; and 1,3-bis(triphenylsilyl)propyne, 1.60 g (95%)

The combined yield of tris(triphenylsilyl)propadiene was 7.95 g. (32.1%).
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2. Reaction of phenyllithium with l-triphegxlsii_lx. lpropyne
a. Followed by addition of triphenylsilane

(1) Run 1 (5 hours) A solution of pherwmthimm (0.03
mole) was added dropwise over a period of 15 minutes to 9.0 g. (0.03
mole) of i-tripherwlsilylpropyne in 50 ml. of THF. The reaction mixture
became slightly warm during this addition. After 5 hours of stirring at
room ‘tempera‘bure, during which time Color Test I became negative, there
was added 7.8 g. (0.03 mole) of triphenylsilane in 60 ml. of THF. The
reaction mixture was stirred for another 5 hours. The solution was a
dark reddish-brown. A work-up by the general procedure left an oily
residue which was chromatographed on alumina. Elution with petroleum
ether (bepe 60-70°) gave in the first fraction 5.45 g. (69.9% recovery)
of triphenylsilane, which was identified by its infrared spectrum..
Further elution with the same solvent gave in the second fraction a mix-
ture of tetraphenylsilane and l-triphenylsilylpropyne. Fractional ree
crystallization of this mixture from petroieum ether (bepe. 60-70°) gave
0.75 g+ (9.65) of tetraphenylsilane and 125 ge (13.9% recovery) of
l-triphenylsilylpropyne. Both compounds were identified by mixed melting
points with authentic samples.

Further elution with carbon tetrachloride gave an oil which upon
treatment with petroleum ether (b.pe 60-70°) yielded 4.55 g. (27.2%) of
1,3-bis(triphenylsilyl)propyne, mep. 126-127.5° (mixed mepe)e

(2) Run 2 (24 hours) A solution of phenyllithium (0.03
mole) was added to 9.0 ge (0.03 mole) of l-triphenylsilylpropyne in 70 -

ml. of THF, After 16 hours of stirring at room temperature there was
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added 8.50 g. (0.0326 mole) of triphenylsilane in 30 ml. of THF. The
reaction mixture was stirred for another 24 hours. It was worked up by
the same procedure as in Run 1 to give triphenylsilane, 4.60 ge (54.1%
recovery); tetraphenylsilane, 1l.11 ge (11.0%); l-triphenylsilylpropyne,
1.45 go (17.2% recovery); and 1,3-bis(triphenylsilyl)propyne, 5¢30 ge
(31.7%). - .

be Followed by addition of chlorotriphemlsila.r;e A solution of
phenyllithium (0.02 mole) was added slowly to 6.0 g. (0.02 mole) of
l-~triphenylsilylpropyne in 50 ml. of THF, After stirring for 7 hours
there was added 6.30 g. (0.021 mole) of chlorotriphenylsilane in 50 ml.
of ether. The reaction mixture was stirred for another 1.5 hours. It
was worked up in the usuval mammer and subsequently chromatographed'on
alumina, Elution with petroleum ethef (bepe 60=70°) gave 0.77 go (11.5%)
of tetraphenylsilane and 1.95 g. (32.5% recovery) of l-triphenylsilyl-
propyne. Further.elution with carbon tetrachloride gave an oil which
upon treatment with petroleum ether (b.p. 60-70°) yielded 3.67 g. (22.5%)
of tris(triphenylsilyl)propadiene, m.pe 186-188° (mixed mep.). The
mother liquor was concentrated and there crystallized out 1.40 g. (12.6%)

of 1,3-bis(triphenylsilyl)propyne, mep. 127-128°¢ (mixed mepe).

3. Reaction of triphenylsilyllithiwm with tris(triphenylsilyl)propadiene
ae. Without addition of chlorotriphenylsilane A solution of

triphenylsilyllithium (0,013 mole) was added to 5.8 ge (0.0071 mole) of

tris(triphenylsilyl)propadiene in a mixture of 50 ml. of ether and 50 ml.

of THF at room temperature. After 3 hours of stirring Color Test I was
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only faintly positive. The reaction mixture was worked up by the usual
procedure after a total stirring of‘ 5 hours. The residue obtained was
chromatographed on alumina. Elution with petroleum ether (b.p. 60-70°)
g’i& 2435 go (69.5%) of triphenylsilane, which was identified by its
inffared spectrum. Further elution with carbon tetrachloride gave an
0il which was treated with petroleum ether (b.p. 60-70°) to yield 5.15 ge
(88.8%) of the starting material, tris(triphenylsilyl)propadiene.

b. Followed by addifhion of chlorotriphenylsilane A solution of
triphenylsilyllithium (0,0135 mole) was added slowly to 5.6 ge (0.0069
mole) of tris(triphenylsilyl)propadiene in 77 ml. of THF at room tempera-
ture., Color Test I was positive after 3.5 hours of stirringe. The
reaction mixture was stirred for a total of 6 hours before 4.0 ge. (0.013
mole) of chlorotriphenylsilane in 40 ml. of THF was added, After being
stirred for an additional 3.5 hours, the reaction mixture was hydrolyzed
with dilute acid. Hexaphenyldisilane, 2.20 g. (31.4%), was separated by
filtratione. A work-up of the organic layer left a solid residue which
was chromatographed on alumina. Elution with petroleum ether (b.p. 60~
70°) gave 1485 go (52.6%) of triphenylsilane. Further elution with
carbon tetrachloride gave an oil which upon treatment with petroleum
ether (bsps 60-70°) gave 4425 go (76.0%) of the starting material. How-
ever, this material contained some tetrakis(triphenylsilyl)propadiene, as
evidenced by the presence of an additional absorption band at 5.5 Vo
in its infrared spectrum, although the melting point was 186.5-188.5°
(mixed m.p.)s From the mother liquor there was isolated 0.20 g. (2.7%)

of crude tetrakis(triphenylsilyl)propadiene, m.pe 418-440°,
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4, Reaction of phenyllithiwm with tris(triphenylsilyl)propadiene

a. Followed by addition of chlorotriphenylsilane An ethereal
solution of phenyllithium (0.01 mole) was added to 6.0 g. (0.00736 mole)
of tris(triphenylsilyl)propadiene in 60 ml, of THF, The reaction mixture
became slightly warme. Color Test I was negative after 1.5 hours of
stirr:l.ng. A solution of 3.3 g (0.011 mole) of chlorotriphenylsilane in
30 ml. of THF was added after a total of 4 hours of stirring. The re-
action mixture was stirred for another 23 hours, during which time the
color of the solution changed from light clear brown to yellow. A work-
up by the general procedure gave an oily residue which was chromatographed
on alumina. Elution with petroleum ether (b.p. 60-70°) gave 0440 g.
(11.9%) of tetraphenylsilane which was identified by a mixed melting
point determination with an authentic sample. Further elution with
carbon tetrachloride gave én oil in three fractions which were treated
separately with petroleum ether (b.p. 60-70°), From the first fraction
there was obtained 0.15 ge of pure starting materiale When the second
fraction was treated with petroleum ether (b.p. 60-70°), there precipi-
tated out 0.55 g. of a material, melting above 305°, which was recrystal-
lized from an ethyl acetate-methanol mixture to give 0.35 g. of
tetrakis(tripherwlsilyl)propadiene, mep. 442-448°, The mother liquor was
concentrated and some petroleum ether (b.p. 60-70°) was.replaced with
ethyl acetate. Upon the addition of cold methanol there precipitated out
2,65 go of a material melting at 183-203°. Fractional recrystallization
from an ethyl acetate-methanol mixture gave 0.85 g. of pure starting

material and 0.17 g. of tetrakis(triphenylsilyl)propadiene, mepe
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hh8.45209, The third fraction gave, after similar treatment to the above,
0455 ge of tetrakis(triphenylsilyl)propadiene, mep. 448-452°, The total
 yield of the starting material recovered in pure form was 1.0 g. (16.7%)‘.
Tetrakis(triphenylsilyl)propadiene was obtained in a yield of 1.07 g.
(13.5%) .

Anal. Caled. for 075H608i1_,_: C, 83.90; H, 5,63; Si, 10.47; mol.
wte, 1073.6. Found: C, 83.25, 83.05; H, 5.67, 5.50; Si, 10425, 10.25;
mole wte, 1058, 990, The infrared spectrum showed a very intense band
at 5,49 | which was attributable to the allenic bond. Other character-
istic bands appeared at 12,00 4 and 12.18 u (see Table 5)e The n.m.r.
spectrum showed only the absorption signals of the aromatic hydrogens,
thus supporting the structure of a tetra-substituted allene.

be Followed by addition of methyl iodide A solution of phenyl-

lithium (0,01 mole) was added slowly to 2,20 g. (0.0027 mole) of
tris(triphenylsilyl)propadiene in 50 ml. of THF, After a stirring of
3.25 hours at room temperature there was added 1.8 g. (0.0127 mole) of
methyl iodide in 10 ml. of THF. Some heat was evolved and the reaction
mixture became colorless. After one hour of stirring the reaction mix~
ture was worked up in the usual manner, followed by chromatography on
alumina. Elution with petroleum ether (b.p. 60-70°) did not give any
product. Elution with carbon tetrachloride gave a solid product which
was recrystallized from petroleum ether (b.p. 60-70°) to give 1.70 g.
(67%) of 1,1,3-tris(triphenylsilyl)-1,2~butadiene, m.pe 196-198°.
Anal, Caled. for C58HL‘8$:13: C, 84.00; H, 5.83; Si, 10.16. Found:

C, 82.51, 82.34; H, 6.06, 5.97; Si, 10.22, 10.12.
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The infrared spectrum showed a very intense allenic absorption band
at 5.3'4/,( (see Table 5), A band at 7.36/u was very likely due to the
methyl group present.d ‘\

ce Followed by addition of deuterium oxi.desu’ \ A solution of
phenyllithium (0,01 mole) was added to 2.0 g. (0.0025 mole) of
tris(triphenylsilyl)propadiene in 60 ml, of THF, After a stirring of 3
hours there was added 0.8 ml. (0.04 mole) of deuterium oxide. Some ether
was added. The organic layer was washed twice with water ar;d dried with
sodium sulfate. The solvent was removed., The residue was treated with
petroleum ether (b.p. 60-70°) and methanol to give 1.75 g. (87.58) of
deuterated tris(triphenylsilyl)propadiene, me.p. 187-189°, after re-
crystallization from an ethyl acetate-methanol mixture. The mixed
melting point of the'non-deu’oerated and the deuterated compounds was not
depresseds Their infrared spectra were identical, except that a peak at
13.89“ was missing in the spectrum of the deuterated compound. The
neMere Spectrum showed no signal at 5.757, indicating that the compound
was deuterated completely.

5. Reaction of triphenylsilyllithium with 1,3-bis(triphenylsilyl)propyne
followed by addition of chlorotriphenylsilane

A solution of triphenylsilyllithium (0.0l mole) was added slowly
over a period of 15 minutes to 5.2 ge (0.0093 mole) of 1,3-bis(triphenyl-

silyl)propyne in 50 ml. of THF. A deep reddish-brown color developed

84peuteriun oxide was kindly provided by Dr. R. W. King of Iowa
State University. .
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almost immediately after this addition. After a stirring of 3.5 hours at
room temperature there was added 3¢5 g (0,012 mole) of chlorotriphenyl-
silane in 30 ml. of THF. The solution was decolorized almost immediately
without evolving any heate The reaction mixture was hydrolyzed with
dilute acid after an additional stirring of 3 hours. A small amount,
0.15 go (2.9%), of hexaphenyldisilane was separated by filtration. The
organic layer was worked up by the usual procedure and the residue was
chromatographed on alumina, Elution with petroleum ether (bep. 60-70°)
gave 2.30 g (88.5%) of triphenylsilane, which was identified by its
infrared spectrum. Elution with carbon tetrachloride gave an oil, which
upon treatment with petroleum ether (b.p. 60-70°) yielded a total of

3485 ge (50.8%) of tris(triphenylsilyl)propadiene, m.p. 187-188.5°, after
recrystal]izationy from an ethyl acetate~methanol mixture. From the
mother liquor there was obtained 0.12 g. of a high melting material,

mep. #44-600°(+), part of which was tetralis(triphenylsilyl)propadiene,
as indicated by the presence of an absorption band at 5.50/44. in its

infrared spectrum (see Table 5).

6. Reaction of phenyllithium with 1,3-bis(triphenylsilyl)propyne

ae. Followed by addition of chlorotriphenylsilane A solution of

phenyllithium (0.0l mole) was added slowly over a period of 15 minutes to
5460 go (0,01 mole) of 1,3-bis(triphenylsilyl)propyne in 50 ml. of THF
at room temperature. Immediately a reddish color developed and the
solution became warm. The reaction mixture was stirred for 3 hours,

during which time its color became a very dark reddish-brown. Color Test
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I was, however, negative. A solution of 3.30 g. (0.011 mole) of chloro-
triphenylsilane in 30 ml, of THF was added. The color of the reaction
mixture changed slowly from dark to light orange. After 2 hours of
stirring one gram more of chlorotriphenylsilane was added and the
stirring was continued for another 3 hours. The reaction mixture was
then worked up by the general procedure and the residue was chro-.
matographed on alumina. Elution with petroleum ether (be.p. 60-70°) gave
0.40 ge (11.9%) of tetraphenylsilane, which was identified by a mixed
melting point determination with an authentic sample. Further elution
with carbon tetrachloride gave an oil, which upon treatment with
petroleum ether (b.p. 60-70°) yielded 3.45 go (42.4%) of tris(triphenyl-
silyl)propadiene, MePoe 18?-18§°, after recrystallization from an ethyl
acetate-methanol mixture, This compound was identified by a mixed
melting point determination and by a comparison of the infrared spectra.
The mother liquor was concentrated and there was isolated 1.55 g« (27.75)
of the starting material, 1,3-bis(triphenylsilyl)propyne. In addition,
a trace amount of tetrakis(triphenylsilyl)propadiene, identified by its
infrared spectrum, was formed.
be. Followed by addition of methyl iodide

(1) Run 1 (2:1) A solution of phenyllithium (0.01 mole)
was added rapidly to 2.50 ge (0.0045 mole) of 1,3-bis(triphenylsilyl)-
propyne in 50 ml. of THF. The solution immediately became reddish-black
and evolved some heate After one hour's stirring there was added 1.80 g.
(0.0127 mole) of methyl iodide in 10 ml. of THF. The reaction mixture

was worked up by the general procedure after one hour of stirring. The
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residue obtained was chromatographed on alumina. Elution with petroleum
ether (bep. 60-70°) gave in the first fraction 0.13 g. (8.6%) of tetra-
phenylsilane. Further elution with the same solvent gave in the second
fraction 0.08 ge (3.1%4) of a compound with a melting point of 166-167°
after recrystallization from petroleum ether (b.p. 60-70°). The infrared
spectrum of this compound was very similar to that of 2,4-bis(triphenyl-
silyl)-2,3-pentadiene, which was obtained from the reaction of phenyl-
lithium with a mixture of 1,3-bis(triphenylsilyl)-l-butyne and
l,3-bis(triphemrlsilyl)-_1,2—btutadiene followed by the addition of methyl
iodide. Further elution with carbon tetrachloride gave an oil, which
upon treatment with petroleum ether (b.p. 60-70°) gave 0.95 g. of a
material with a melting point of 131-135°. Recrystallization from an
ethyl acetate-methanol mixture failed to give a pure product. The
infrared spectrum showed characteristic bands at 4.65 (strong), 525
(weak), 10.75, 11.32, and 12.80u. The material may have been a mixture
of 1,3-bis(triphenylsilyl)-l-butyne and 1,3-bis(triphenylsilyl)-1,2-
. butadiene. From the mother liquor there was obtained an additional 0.35
g. of the mixture. The total yield of the mixture was 1.30 g. (50.8%).
(2) Run 2 (1:1) A solution of phenyllithium (0.0l mole)
was added slowly to 5¢10 g. (0.0092 mole) of 1,3-bis(triphenylsilyl)-
propyne in 70 ml. of THF, The reaction mixture was stirred for 20 hours
at room temperature before 1.80 g. (0.0127 mole) of methyl iodide in 15
ml. of THF was added. After being stirred for 2 hours, the reaction mixe
ture was worked up by the same procedure as in Run l. Tetraphenylsilane

was not isolated. The yield of the mixture was 3405 g. (58%). The
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infrared spectrum of the mixture showed characteristic bands (in carbon
disulfide solution) at 5;22, 732, 7.36, 10.30, 10.60 (very weak), 10.98,
11.85 (weak), and 13,76 Mo The analysis of these bands (see Table 7)
indicated that the following compounds were present in the mixture:
1,3-bis(triphenylsilyl)-l-butyne (7.32, 10,30, 10.98); 1,3-bis(triphenyl-
silyi)-l,z-butadiene (5.22, 7.36, 10,60, 13476); 1,3-bis(triphenylsilyl)-
3-methyl-l-butyne (7.36, 11.84); and possibly the starting material
(732, 13.76)s Three recrystallizations of this mixture gave a material
with a melting point of 133-135°. It was predominantly 1,3-bis(tri-
phenylsilyl)-l-butyne, the major contaminant being the starting material
(13.33, 13.76). 1,3-Bis(triphenylsilyl)-l-butyne was obtained from the
reaction of phenyllithium with l-triphenylsilyl-l-butyne followed by the

addition of triphenylsilane, mepe 135~136.5°.

7. Reaction of triphenylsilylliithium with l-triphenylsilyl-l-butyne

A solution of triphenylsilyllithium (0,03 mole) was added to 735 ge
(0.0235 mole) of l~triphenylsilyl-l-butyne in 70 ml. of THF. The
reaction mixture was stirred for 40.5 hours at room temperature. Its
color remained a dark reddish-brown. The reaction mixture was worked
up in the usual manner and the black residue obtained was treated with
petroleum ether (b.pe 60~70°), A solid material, 0.80 g., mep. 190-220°,
was separated by filtration. It was recrystallized from an ethyl
acetate~ethanol mixture, 0.60 ge, mep. 197-225°, The mother liquor was
poured onto an alumina column. Elution with petroleum ether (E.p. 60~

70°) gave in the first fraction 3.35 g. (43.0%) of triphenylsilane,
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which was identified by its infrared spectrum. Further elution with the
same solvent gave a part::Lal'ly solidified oil in several fractions from
which the fo]lowirig compounds were isolated: tetraphenylsilane, 0435 g.
(b4%), mep. 230-233° (mi:;ed MePe); Ltriphenylsil&l-l-butyne, 0.20 g
(2.7% recovery); a compound obtained from the reaction of triphenyl-
silyilithium with 1-bromo-1;butene, 015 Zep, Mep. 221~223°; and a com-
pound, possibly 1,2-bis{triphenylsilyl)-l-butene, 0.20 g. (2%), m.p.
134-137°, whose infrared spectrum showed a moderately strong absorption
band at 6.25/,(, suggesting the presence of a double bond. Elution with
carbon tetrachloride gave 3.90 g. of an oil from which there was isolated
0.15 go (1.8%) of crude 1,3-bis(triphenylsilyl)-l-butyne, m.p. 128-133°,

which was identified by a comparison of infrared spectra.

8. Reactioﬁ of phenyllithium with l-triphenylsilyl-l-butyne

a. Followed by addition of triphenylsilane An ethereal sélution
of phenyllithium (0,034 mole) was added slowly to 9.35 g. (0.030 mole) of
l-triphenylsilyl-l-butyne in 100 ml, of THF, The reaction mixture was
stirred for 20 hours at room temperature before 9.40 g. (0.036 mole) of
triphenylsilane in 30 ml. of THF was added. After being stirred for
another 20 hours, the reaction mixture was hydrolyzed with dilute acid.
An insoluble material, 3.70 g., was separated by filtration. It was
identified as tetraphenylsilane, m.p. 231-233.5° (mixed m.p.). The
organic layer was worked up by the general procedure and the residue was
treated with petroleum ether (bepes 60~70°), The precipitate was filtered

off. It was identified as tetraphenylsilane, l.35 g. The mother liquor
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was poured onto an alumina column. Elution with petroleum ether (b.p.
60-70°) gave 7.65 g. (8l.4% recovery) of triphenylsilane, identified by
its infrared spectrum, and 0.40 g. of tetraphenylsilane. The combined
yield of tetraphenylsilane was 5.45 g. (47.6% based on phenyllithium).
In addition, there was isolated 0.20 g. (1.3%) of crude starting material.

Elution with carbon tetrachloride gave an oil in two fractions, both
of which were treated separately with a mixture of petroleum ether (b.p.
60-70°) and methanol. The first fraction gave 1l.45 g. (11.75) of a
material with a melting range of 128.5-136°. The infrared spectrum
showed characteristic absorption bands at 4.64, 5.23, 7.35, 10.30, 10.68,
10.99, and 13.79/4,. This material was possibly a mixture of 1,3-bis(tri-
phenylsilyl)-l-butyne and 1,3-bis(triphenylsilyl)-1,2-butadiene. (For a
comparison of infrared spectra see Table 7.) The second fraction yielded
0e55 ge (3.2%) of what was possibly 1,3-bis(triphenylsilyl)-l~butyne,
Mepe 135-136.5° The infrared spectrum showed characteristic bands at
k.64 (~C=C-), 10,30, and 10.99 4t

Anal. Caled. for CygHgySip: G, 84,16; H, 6.,00; Si, 9.84., Found:
C, 84.44, 84,24; H, 5.86, 5.76; Si, 9.67, 9.64.

b. Followed by addition of methyl iodide An ethereal solution
of phenyllithium (0.015 mole) was added to 3.15 g. (0.0l mole) of
1-triphenylsilyl-l-butyne in 50 ml. of THF. The reaction mixture was
stirred for 19 hours before 2.25 g. (0.016 mole) of methyl ﬁ.odide in 30
ml. of ether was added. The reaction mixture went from light brown to
colorless with the evolution of some heat. It was hydrolyzed with dilute

acid after 1.75 hours of stirring. Tetraphenylsilane, l.15 g., was
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separated by filtration. The organic layer was worked up in the usual
manner leaving an oily residue, which was chromatographed on alumina,
Elution with petroleum ether (b.p. 60-70°) gave an oil which was treated
with methanols The insoluble material was filtered off and identified
as tetraphenylsilane, 025 ge, mepe 231-234° (mixed m.p.). The combined
yield of tetraphenylsilane was 1.40 g. (41.6% based on l-triphenylsilyl-
1-butyne)., From the mother liquor there was obtained 0.10 g. (3.1%) of
what was possibly l-triphenylsilyl-3-methyl-l-butyne, me.p. 79-81°. The
infrared spectrum showed characteristic bands at 4.60 (-C=C-), 7.65,

10.38, and 12.].1/(4. (see Table 6).

9.

addition of methyl iodide

The starting mixture was obtained from two sources: (1) from the
reaction of phenyllithium with 1,3-bis(triphenylsilyl) propyne followed
by the addition of methyl iodide; (2) from the reaction of phenyllithium
with l-triphenylsilyl-l~butyne followed by the additipﬁ of triphenyl-
silane.

An ethereal solution of phenyllithium (0.01 mole) was added to 3.15
g. (0.0055 mole) of a mixture of 1,3-bis(triphenylsilyl)~l-butyne and
1,3-bis(triphenylsilyl)-1l,2-butadiene in 60 ml. of THF. The reaction
mixture was stirred for 3 hours before 1.8 g. (0.0127 mole) of methyl
jodide in 15 ml. of ether was added. The reaction mixture went from
orange-brown to colorless upon the addition of methyl iodide. After 2

hours of stirring the reaction mixture was worked up by the general
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procedure, followed by chromatography on alumina. Elution with petroleum
ether (b.p. 60-70°) gave 0.10 g. of tetraphenylsilane, m.p. 229-232°
(mixed mep.). Elution with carbon tetrachloride éave an 0il which was
treated with petroleum ether (b.p. 60-70°) to give 1.90 g. of a solid,
m.p. 140-162°, Recrystallization from a mixture of ethyl acetate and
methanol yielded 1.15 g. (35.8%) of crude 2,4-bis(triphenylsilyl)-2,3-
pentadiene, me.p. 165-170°, Another recrystallization from the same
solvent mixture produced 0.90 g. (28.0%) and raised the melting point to
174-175°. (See Table 5 for the infrared spectrum.)

Anal. Caled. for CygHagSip: C, 84.19; H, 6.20; Si, 9.61. Found:
C, 84.51, 84.31; H, 6.00, 5.94; Si, 9.64, 9.64. From the filtrate and
from the original mother ﬁqmr there was obtained a material, 1l.60 g.
(50%), which melted in the range of 135-145°. An attempt to purify by
recrystallization failed. The infrared spectrum of this material showed
characteristic bands at 4.61, 4.68, 5.22, 7.36, 10.10 (?), 10.3%4 (very
weak), 11.00 (broad and very weak), and 11.84 Lo Analysis of these bands
(see Table 7) indicated that this material was a mixture of 1,3-bis(tri-
phenylsilyl)-l-butyne (trace, 4.61 ? , 10.3%, 11.00), 2,4-bis(triphenyl-
silyl)-2,3-pentadiene (5.22, 7.37, 10.10, 11.03), and possibly
1,3-bis(triphenylsilyl)~3-methyl-l-butyne (4.68, 7.36, 11.84).

10. Reaction of trivhenylsilyllithium with allyltriphenylsilane
A solution of triphenylsilyllithium (0,02 mole) was added to 6.0 ge

(0.02 mole) of allyltriphenylsilane in 30 ml. of THF. After being
stirred for 22 hours at room temperature, the reaction mixture was worked

up by the general procedure and the residue obtained was chromatographed
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on alumina. Elution with petroleum ether (b.p. 60-70°) gave in the first ~
fraction 1,50 g. (294) of triphenylsilane, which was identified by its
infrared spectrum. Further elution with the same solvent gave in the
second fraction 0.55 g. (9.2%) of allyltriphenylsilane, the starting
material., Following elution with carbon tetrachloride there was obtained
445 go (40.08) of 1,3-bis(triphenylsilyl)propens, m.ps 158-159.5°%,
after recrystallization from petrolewm ether (b.p. 60-70°). This com~
pound was identical with a dehydration product of 1,3~bis(triphenyl-
silyl)propan-2-0l. It was also identical with a product obtained from
a reaction of triphenylsilyllithium with 1,3-dichloropropene in a 231
ratio.

E. Reactions of Triphenylsilyllithium

with Polyhaloethylenes and
Related Reactions

l. Reaction of triphenylsilyllithium with gis-1,2-dichloroethylene

A solution of triphenylsilyllithiwm (0.08 mole) was added dropwise
over a period of 45 minutes to 2.42 g. (0.025 mole) of gig~1,2-dichloro-
sthylene in 100 ml. of ether at room temperature. Color Test I was
negative after the addition was completed; The reaction mixture was
stirred for one hour before it was hydrolyzed with dilute acide Hexa-
phenyldisilane, 9.60 g. (46.148), was separated by filtration. The
organic layer was dried with sodium sulfate. The solvent was removed
and the residue was chromatographed on alunﬁ.na; Elution with petrolewn
ethor (bep. 60-70°) gave 7,10 ge (34.2%) of triphenylsilane, which was

identified by its infrared spectrum. Fuarther elution with carbon
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tetrachloride gave 0.80 g. of a material with a melting range of 182-
194°, Its infrared spectrum was identical with that of an unidentified
compound obtained from the reaction of triphenylsilyllithium with cé.rbon

tetrabromide.
2. tion of triphe thiuvm with chlo
a. 1l:lpatio A solution of triphenylsilyllithium (0.05 mols)

was added dropwise over a period of 2 hours to 6.56 g. (0.05 mole) of
trichloroethiylens in 100 ml. of THF, After being stirred for an addi-
tional 3 hours, the reaction mixture was hydrolyzed with dilute acid.
Hexaphenyldisilane, 7.60 g. (58.7%), was separa.fed by filfra:tion. The
organic layer was worked up in the usual manner and the residue wﬁs
chromatographed on alumina, Elution with petroleum ether (b.p. 60-70°)
gave a mixture of triphenylsilane and chlorotriphenylsilylacetylens. Two
products were separated by treating the mixture with ethanol. Triphenyl-
silane was obtained in a yield of 0,80 g. (6.26) and identified by its
infrared spectrum, Chlorotriphenylsilylacetylens was obtained in a yield
of 0,80 ge (5.08) and identified by a mixed melting point determination
with an authentic sample prepared from chloroethynyllithium and chloro-
triphenylsilane.

Further elution with other solvents did not yield any other come
pounds in a pure state.

b. 2:1ratio A solution of triphenylsilyllithiwm (0.08 mole)
was added dropwise over a period of two hours and forty minutes to 5.25
g. (0,04 mole) of trichloroethylene in 100 ml. of ether. The color of
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the reaction mixture changed from orange to dark brown as the addition’
proceeded; After stirring for an additional 1;5 hours the reaction mixm
ture was worked up by .the same procedure as in the experiment above. The
following compounds were isolated: hexaphenyldisilane, 12.40 g. (59.8%);
triphenylsilane, 1.05 g« (10.0%); chlorotriphenylsilylacetylene, 1.00 ge
(7.8%); and bis(triphenylsilyl)acetylene, 2.40 ge (11.08), m.pe. 155-157°
(mixed mep.)e

In another run a temperature of «60° was employed. Triphenylsilane
was not isolated. The following compounds were obtained: hexaphenyl-
disilane, 69.9%; chlorotriphenylsilylacetylens, 8;9$; and bis(triphenyl-
silyl)acetylens, 7.4%.

In a run using THF alone at room temperature the products were
hexaphenyldisilane, 61.5%; triphenylsilane, 7.7%; and chlorotriphenyl
silylacetylene, 6.7%. Bis(triphenylsilyl)acetylene was not isolated.

3. Preparation of bis(triphenylsilyl)acetylene

Acetone-free acetylene was bubbled through 130 ml, of THF in a
honecked flask for 10 minutes. Subsequently there was slowly added over
a period of one hour one~tgnth mole of phenyllithium prepared from bromo-
benzene and lithium in 100 ml. of ether, acetylene being passed through
the solution contimwously. After an additional hour of stirring, there
was added over a 20 minute period 29.5 ge (0.10 mole) of chlorotriphenyl-
silane in 100 ml. of THF, and the reaction mixture was stirred for
another two hanrs.b A work-up of the reaction mixture in the usual mamner

gave a solid residue which was chromatographed on alumina. Elution with
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petroleun ether (b.p. 60-70°) gave 5.05 g. (17.8%) of triphenylsilyl-
acetylene, b.p. 146-149°/0.05 m., n2’ 1.,6180. The infrared spectrum of
this compound showed a characteristic ethynyl hydrogen absorption band at
3+074 and a triple bond absorption band at 1&.91/44. Further elution with
carbon tetrachloride gave 11.30 g. (41.68) of bis(triphenylsilyl)-
acetylene, m.p. 156-157°, after recrystallization from petroleum ether
(bepe 60~70°). The infrared spectrum of this compound did not show any
triple bond absorption band, because of the symmetry of ths molsculs.

Iy, Preparation of chlorotriphenylsilylacetylene

a. From trichloroethylene A solution of phenyllithium (0.06
mole) was added over a period of one hour to a solution of 3.94 g. (0.03
mole) of trichloroethylene in 80 ml. of ether at -60°. After the addi-
tion was completed, the reaction mixture was allowed to warm to room
temperature, whereupon there was added 9.30 g. (0.031 mole) of chloro=
triphenylsilane in 70 ml. of ether. The color of the reaction mixture
changed from white to black. After an hour's stirring the reaction
mixture was worked up in the usual manner, leaving a solid residue which
was chromatographed on alumina. Elution with petroleum ether (b.p. 60-
_ 70°) gave 6.80 g. (71.08) of crude chlorotriphenylsilylacetylene. This
compound was recrystallized from ethanol to give 5.70 g. (59.6%) of the
pure product, m.p. 101-102°,

b; From __gi._s:l.z-dichloroetlvlene

(1) Run 1l (in ether) A solution of phenyllithium (0.06
mole) was added dropwise over a period of 18 minutes to 2.91 g.
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(0.03 mole) of gis-1,2-dichloroethylene in 100 ml. of ether at -60°.
After the addition was completed, the reaction mixture was allowed to
warm to room temperature. When it reached room temperaturs, it became
cloudy with the formation of some precipitate. A total of nine grams
(0.03 mole) of chlorotriphenylsilane in 50 ml. of ether was added. The
reaction mixture was stirred for another 5 hours. It was then worked up
in the usual manner. The solid residue was chromatographed on alumina.
Elution with petroleum ether (b.p. 60-70°) gave 8.15 g. (85.1%) of erude
chlorotriphenylsilylacetylene. This compound was recrystallized from
ethanol to give 7.20 g. (75.3%) of the pure product, m.p. 101-103°%.

(2) Run 2 (in a mixture of ether and THF) An ethereal
solution of phenyllithium (9.06 mole) was added dropwise over a period
of 30 minutes to 2.91 g. (0.03 mole) of gis=l,2-dichloroethylene in 100
'ml. of THF at -60°, After the addition was completed, the reaction mix~
ture was allowed to warm to room temperature. It bscame black as it
reached room temperature. After a total stirring of 3 hours there was
added 9.0 g. (0.03 mole) of chlorotriphenylsilane in 70 ml, of ether,
The reaction mixture was hydrolyzed with dilute acid after stirring foxr
another 1.5 hours. A trace amount of black solid was isolated by file
tration. The organic layer was worked up by the same procedure as in
Run 1 to give 7.70 ge (80.5%) of crude chlorotriphenylsilylacetylene.

The pure yield was 7.07 go (74.08).
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5. Preparation of bromotrirhenylsilylacetylene
ae. nta ethane

(1) Run ) (in ether at =60°) An ethereal solution of

phenyllithium (0.06 mole) was added dropwise over a period of one=half
hour to 8.50 g. (0.02 mole) of pentabromoethane in 60 ml. of ether at
-60°, The reaction mixture was allowed to warm to room temperature.
After two hours of stirring there was added 6.0 ge. (0.02 mole) of
chlorotriphenylsilane in 50 ml. of ether. The reaction mixture was
worked up in the usual manner after anothsr hour and twenty-four minutes
of stirring. The residue was chromatographed on alumina. Elution with
petroleum ether (b.p. 60-70°) gave 0,76 go (10.5¢) of bromotripheryl-
silylacetylene, m.p. 111-112,59 after recrystallization from ethanol.
The infrared spectrum showed a sharp absorption band at 5.70/4 such as
is characteristic of a triple bond.

Anal, Caled. for CpoHysSiBr: Si, 7.73. Found: Si, 7.69, 7.61.
Elution with carbon tetrachloride gave 0.35 g. (3.2%) of bis(triphenyl-
silyl)acetylene, which was jdentified by a mixed melting point determi-
nation with an authentic sample,

(2) Run 2 (in a mixture of ether and THF at ~60° ~~ room
temperature) An ethereal solution of phenyllithium (0.09 mole) was
added dropwise to 12.75 ge (0.03 mole) of pentabromoethane in 70 ml. of
THF at -60°, After the addition was completed, the reaction mixture was
allowed to wam to room temperature. Within 20 minutes the reaction
mixture turned from clear to black. The stirring was continued for 2.5

hours. Chlorotriphenylsilane (9.0 g., 0.03 mole) in 30 ml. of THF was
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then added. The reaction mixture was hydrolyzed with dilute acid after
another 1.5 hours of stirring. A black solid was separated by filtra-
tion, When dry, it was a powdery material and appeared to be carbon.
The yield was. 1,10 g The organic layer was worked up by the same pro-
cedure as in Run 1 to give a trace amount of bromotriphenylsilyl=
acetylene.

(3) Run_3 (in a mixture of ether and THF at =60°) An
ethereal solution of phenyllithium (0.06 mole) was added dropwise over a
period of half an hour to 8.50 g. (0.02 mole) of pentabromoethans in 80
ml, of THF at -60°, Color Test 1 was negative shortly after the comple-
tion of this addition. The stirring was continued for 30 minutes at
-60° before 6.0 g. (0.02 mole) of chlorotriphenylsilane in 30 ml. of
THF was added. The reaction mixture was stirred at -60° for a while and
then it was allowed to warm to room temperature. It turned dark, but
only a trace amount of black material was obtained. After 3 hours of
stirring the reaction mixture was worked up by the same procedure as in
Run 1 to give 1,95 g. (26.8%) of pure bromotriphenylsilylacetylene, m.p.
111.5-113.5° Bis(triphenylsilyl)acetylene was not isolated.

b, From tetrabromoethane o

(1) Run 1 (in ether) An ethereal solution of phenyllithium
(0.06 mole) was added dropwise over a period of one~half hour to 6.92 g.
(0,02 mole) of tetrabromoethane in 100 ml. of ether at -60°s The re~
action mixture was allowed to warm to room temperature. Its color was
an opaque light yellow and Color Test 1 was negative. After a stirring

of 3 hours there was added 6.0 g. (0,02 mole) of chlorotriphenylsilane
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in 50 ml. of THF. The reaction mixture was worked up in the usual manner
after another 18 hours of stirring. The residue was chromatographed on
alumina, Elution with petroleum ether (b.p. 60-70°) gave 0.35 g. (6.28)
of triphenylsilylacetylene, which was identified by its infrared spectrum.
Elution with carbon tetrachloride gave 420 g. (38.8%) of bis(triphenyl-
silyl)acetylene, mep. 155-156° (mixed m.p.)e

(2) Run 2 (in a mixture of ether and THF) An ethereal
solution of phenyllithium (0.09 mole) was added dropwise over a period
of half an hour to 10.4 g. (0.03 mole) of tetrabromoethane in 100 ml. of
THF at -60°. The reaction mixture was allowed to warm to room tempera-
ture. After a stirring of 3.5 hours there was added 9.0 g. (0.03 mole)
of chlorotriphenylsilane in 30 ml. of THF, The appearance of the re.
action mixture changed from cloudy to clear upon the addition of
chlorotriphenylsilane. After being stirred for another 1.5 hours, the
reaction mixture was worked up by the same procedure as in Run 1 to give
3485 geo (35.4%) of bromotriphenylsilylacetylene, meps 109.5-110.5°
(mixed mepe); 0e75 go (8.8%) of triphenylsilylacetylene; and 0.90 g.
(5.55) of bis(triphenylsilyl)acetylene, m.p. 154=156° (mixed m.p.).

6. action of triphenyls thium with chlorotri 1silylacetylene
A solution of triphenylsilyllithium (0,02 mole) was added dropwise
over a period of one hour to 5;55 ge (0.0174 mole) of chlorotriphenyl-
silylacetylens in 60 ml. of ether. The reaction mixture became slightly
warm at this rate of addition, and an orange color developed. Color Test

I was weakly positive. After a stirring of 3.5 hours the reaction
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mixture was hydrolyzed with dilute acid. Hexaphenyldisilane, 2.05 g.
(22.78), was separated by filtration. The organic layer was dried with
sodium sulfate. The solvent was removed and the residue was chro-
matographed on alumina, Elution with petroleum etber (b.p. 60-70°) gave
in the first fraction 0.85 g. of a mixture of triphenylsilane and
chlorotriphenylsilylacetylens, as shown by the infrared spectrum. Re-
erystallization of this partially solidified mixture from ethanol gave
0.30 ge (6.08) of the pure starting material, chlorotriphenylsilyl-
acetylens, mepe 100-102° (mixed mepe). Further elution with the same
solvent gave 0.80 g. (15.88) of triphenylsilylacetylene, which was
ldentified by its infrared spectrum.

Blution with carbon tetrachloride gave a solid material which was
crystallized from petroleum ether (bep. 60-70°) to give 4.58 g. (48.5%)
of bis(triphenylsilyl)acetylene, which was identified by a mixed melting
point determination with a sample prepared from dilithium acetylide amd
chlorofriphenylsilane, and by a comparison of infrared spectra.

7+ Reaction of triphenylsilyllithium with bromotriphenylsilylacetylene
A solution of triphenylsilyllithium (0.015 mole) was added dropwise

over a period of half an hour to 4.95 g. (0.0136 mole) of bromotri-
phenylsilylacetylene in 60 ml. of ether at room temperature. After one
hour's stirring the reaction mixture was worked up by the same procedure
as in the reaction with chlorotriphenylsilylacetylene above. The
following compounds were isolated: hexaphenyldisilane, 1.30 g (18.4%);

triphenylsilane, 0,05 g. (1.36); the starting material, 0.45 g. (9.1%);
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triphenylsilylacetylene, 0.95 g. (24.6$); and bis(triphenylsilyl)-
ace'l'.ylene. 3090 -4 (520%)0

8. ction of triphenyls thium with bis(triphe 1)ace

A solution of triphenylsilyllithium (0.02 mole) was added dropwise
' over a period of 15 minutes to 10.85 g. (0,02 mole) of bis(triphenyl.
si]yl)acétylane in 80 ml, of THF. During this addition the formation
of a precipitate was observed. The reaction mixture was stirred at room
temperature for 5 hours, é.t which time Color Test I was faintly positive.
The mixture was worked up by the same procedure as in the reaction with
chlorotriphenylsilylacetylene. The following compounds were isolated:
hexaphenyldisilane, 9.65 g. (93.1%); triphenylsilane, 0.15 g. (2.9%);
and triphenylsilylacetylene, 4.95 g. (87.1%).

9 action of um with ¢ henyls cetyle

An'. ethereal solution of phenyllithium (0.015 mole) was added drop-
wise over a period of 15 minutes to 4.10 g. (0.013 mole) of chlorotri=
phenylsilylacetylene in 50 ml. of THF. After being stirred for 3.5
hours, the reaction mixture was hydrolyzed with dilute acide The in-
soluble material was filtered off and washed with ether several times.
Tt was identified as tetraphenylsilane, m.p. 233=235° (mixed mep.); the
yield was 0.65 g. The orgamic layer was worked up in the usual mamner
and the residue was chromatographed on alumina., Elution with petrolewm
ether (bep. 60-70°) gave 0.57 go more of tetraphenylsilane. Further
elution with carbon tetrachloride gave 0.36 g. of the same compound.
The combined yield of tetraphenylsilane was 1e58 ge (36.1%)e The oily
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residue rema:l.ning after the separation ¢f tetraphenylsilane falled to
yield any further compounds;

10. Reaction of phenylli with bis(triphenylsilyl)a lene

An ethereal solution of phenyllithium (0.0l mole) was added dropwise
to 5.30 g. (0.0098 mole) of bis(triphenylsilyl)acetylene in 50 ml. of
THF. Almost immediately after the addition of all the phenyllithium
there appeared a white precipitate and some slight heat was evolved.
After being stirred for 2 hours, the reaction mixture was worked up by
the same procedure as in the reaction with chlorotriphenylsilylacetylene.
The . following compounds were isolated: tetraphenylsilane, 3.30 g.
(988); triphenylsilylacetylene, 2.10 go (75.5%); and the starting
material, 0.20 g. (3.8%).

1l. Reaction of methyllithium with chlorotriphenylsilylacetylene
An ethereal solution of methyllithium (0.02 mole) was added drop-

wise over a period of 45 minutes to 5.75 g. (0,018 mole) of chlorotri.
phenylsilylacetylene in 70 ml. of THF, Color Test I was positive.

After being stirred for 4 hours, the reaction mixture was worked up in.
the usual manner and the residue was chromatographed on alumina. Elution
with petrolemn ether (b.ps 60-70°) gave in the first fraction 2.90 ge
(54,0%8) of l-triphenylsilylpropyne, which was identified by a mixed
melting point determination with an authentic san:ple; Further elution
with the same solvent gave in the second fraction 1,00 g. (19.6%) of
triphenylsilylacetylene, which was identified by its infrared spectrum.

Elution with carbon tetrachloride gave 028 g. (5.7%) of
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bis(triphenylsilyl)acetylene, meps 154=156° (mixed m.pe)e

12. ction of Imagnesium b de with chloro
silylacetylene

An ethereal solution of phenylmagnesium bromide (0.02 mole) was
added dropwise over a period of 10 minutes to 6,00 g. (0.0188 mole) of
chlorotriphenylsilylacetylene in 50 ml. of THF, The reaction mixture
was stirred for 18 hours before it was worked up in the usual manner.
The residus was chromatographed on alumina, Elution with petrolem'
ether (bep. 60=70°) gave in the first fraction a mixture of biphenyl
and chlorotriphenylsilyl acetylene. Crystallization from ethanol gave
2.30 go (38.3%) of the starting material, mep. 100-102° (mixed mep.).
From the mother liquor there were obtained 0.15 g. of biphenyl, m.pe.
69-71.5°, and 0,75 g. of the mixture of two compounds above, m.p. 50-9¢°,
Further elution with the same solvent gave in the second fraction 2,10
8o (39.4%) of triphenylsilylacetylene. No other product was isolated.

13. Reaction of phenylmagnesium bromide with bis(triphenylsilyl)-

ace -

An ethereal solution of phenylmagnesium bromide (0.02 mole) was
added aropwise to 10,00 g. (0.,0184 mole) of bis(triphenylsilyl)acetylene
in 70 ml, of THF., The reaction mixture was stirred for 18 hours. It
was worked ﬁp by the same procedure as in the reaction with chlorotri-
phenylsilylacetylene above. The starting material, bis(triphenylsilyl)=

acetylene, was recovered in a yield of 8.78 g. (87.8%).
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14, on_of methylmagnesium iodide with chlo 18ilyl-
acetylene

An ethereal solution of methylmagnesiwm iodide (0,04 mols) was
added dropwise over a period of one-half hour to 10.0 g. (0.0314 mole)
of chloroiripbewlsi]ylacerene in 50 n§1. of THBF, The reaction mixture
became white from the formation ‘of some precipitate and was slightly
warme, Color Test I was positive at the end of the addition, It remained
positive after 5 hours, The reaction mixture was worked up in the usual
manner, followed by chromatography on alumina. Elution with petroleum
ether (bep. 60-70°) gave in the first fraction 5¢35 g. (53.5% recovery)
of chlorotriphenylsilylacetylene, Further elution with the same solvent
gave in the second fraction 0.17 g (1.8%) of l-triphenylsilylpropyne,
which was identified by a mixed melting point determination with an
authentic sample. Elution was continued with petroleum ether (b.p.
60-70°) and then with carbon tetrachloride. Triphenylsilylacetylene,

3,03 go (34.08), was the £inal product obtained.

An ethereal solution of phenyllithium (9.02 mole) was added to
5.55 go (0.0195 mole) of triphenylsilylacetylene in 50 ml. of THF. The
rate of addition was such that room temperature was maintained. The
solution was an opaque pale yellow. It was stirred at room temperature
for 3 hours before use,

Derivatizatjon with _ghlorotg._l_phemlsﬂane: A solution of tripbernyl-
s11ylethynyllithium (0.0049 mole) prepared as above was added to 1450 g
(0.005 mole) of chlorotriphenylsilane in 30 ml. of THF., The reaction
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mixture was stirred for one hour before it was worked up. The solid
residue obtained was chromatographed on alumina. Elution with petroleum
ether (b.p. 60-70°) gave only a trace of material. Further elution with
carbon tetrachloride gave 2,20 ge. (83%) of crude product, bis(triphenyl-
silyl)acetylene. Recrystallization from petroleum ether (b.p. 60-70°)
gave 1.85 ge (69.68) of pure product. It was identified by a mixed
melting point determination with an authentic sample.

16. ction of triphe le um with hery le
silylacetylene .

A solution of triphenylsilylethynyllithium (0.0063 mole) was added
dropwise to 1,60 g. (0.0056 mole) of triphenylsilylacetylene in 30 ml.
of THF. The reaction mixture was stirred for 19 hours. It remained as
a colorless, clear solution throughout. A workeup by the usual proce-
dure gave a solid residue which was chromatographed on alumina. Elution
with petroleum ether (b.p. 60-70°) gave 1.85 g. (54.7% based on the
total obtainable amount) of triphenylsilylacetylene, which was identi-
fied by its infrared spectrum. Further elutio;a with carbon tetrachloride
gave 1.0 ge (33,04 based on triphenylsilylacetylene) of crude bis(tri~
phenylsilyl)acetylene, which was recrystallized from an ethyl acetate~
methanol mixture to give 0.67 g. (22.08) of pure compound, mep. 155-157°
(mixed m.pe)e

17. Reaction of triphenylsilylethynyllithium with chloyotriphenyl.
silylacetylene o .

A solution of triphenylsilyethynyllithium (0.015 mols) was added
dropwise to 4,80 g. (0,015 mols) of chlorotriphenylsilylacetylene in
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50 nle of THF, The reaction mixture was stirred at room temperature for
175 hours, at which time it became black. It was hydrolyzed with dilute
aclde A small amount of black solid was removed by filtration. The
organic layer was worked up by the same procedure as in the reaction
with triphenylsilylacetylene above. The following compounds were
isolated: chlorotriphenylsilylacetylene, 1.18 ge (24;6% recovery);
triphenylsilylacetylene, 1.10 ge (25.8%); and bis(triphenylsilyl)-
acetylene, 443 g. (54.5%).
18, ; tion of triphenylsilylet 11ithium with bro: henyl-

silylacotyleno

A solution of triphenylsilylethynyllithiuwm (0.0095 mole) was added
dropwise to 3.30 g. (0.0091 mole) of bromotriphenylsilylacetylene in 30
ml. of THF, The color of the reaction mixture gradually changed from
light yellow to a dark reddish-brown over the 18 hour period of stirring.
Thereactionmxturewaswrkedupbyﬂxesameérocednreasinthere—
action with triphenylsilylacetylene. The following compounds were
obtained: bramotriphenylsilylacetylene, 0¢70 g. (21.2% recovery);
triphenylsilylacetylene, 0.60 g. (22.28); and bis(triphenylsilyl)=
acetylene, 3.52 g. (71.48). '

19. BReaction of triphenylsilylethynyliithium with methyl iodide
A solution of triphenylsilylethynyllithium (0,01 mole) was added

dropwise over a period of half an hour to 2.84 g. (0,02 mole) of methyl
jodide in 30 ml. of THF. Color Test I was negative after one hour of
stirring. Work-up by the general procedurs gave a solid which was
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chromatographed on alumina., Elution with petrolewm ether (b.p. 60-70°)
gave 2432 ge (77.9%) of letriphenylsilylpropyne, mep. 115-117°, after
recrystallization from methanol, This compound was identified by a
mixed melting point determination with an authentic sample. Further
elution with carbon tetrachloride gave 0420 g. (7.4%) of bis(triphenyle

silyl)acetylens.
20, Reaction of 1jthium acetylide with tiiphenylsilane

A stream of acetylene was passed into 130 ml., of THF for 10 minutes.
An ethereal solution of phenyllithium (0.10 mole) was then added,
acetylene being passed through the solution continuously., After an
hour's stirring there was added 26.0 g. (0.10 mole) of triphenylsilane
in 100 ml. of THF, There was no observable reaction. The reaction
mixture was worked up by the general procedure after a stirring of 2.5
hours. The oily residue was chromatographed on alumina. Triphenyl-
silane, 23.45 g. (90.3% recovery), was eluted with petroleum ether (b.p.

60~70°)s No other product was isolated from the reaction mixture.

21. ction of 11ithivm with henyls

A solution of 4.65 g. (0.04 mole) of 1,2-dichloropropene in 100 ml.
of THF was added dropwise to 2.4 g. (0.34 mole) of finely cut lithium
wire. The reaction mixture was cooled in a water bath. After one
hour's stirring the milky solution (Color Test I being faintly positive)
was transferred to another flask after a filtration through glass wool.
Triphenylsilane, 12.80 g. (0.04 mole), in 100 ml. of ether was added.
Color Test I appeared to be negative. After a stirring of 4.5 hours



105

the solutlion was divided into equal parts. One-half was hydrolyzed with
dilute acide A work=-up gave 5.0 g. of triphenylsilane and 0,16 g.
(2.78) of l-triphenylsilylpropyne, m.p. 115-116,5°. To the other half
there was added 3.0 g. (0.01 mole) of chlorotriphenylsilane in ether and
the reaction mixture was worked up after l.5 hours of stirring. Tri-
phenylsilane was recovered in a yield of 5,10 g. and l-triphenylsilyl-
propyne was isolated in a yield of 1.40 g. (23.6%).

22, Preparation of anhydrous inorganic salts
Inorganic salt was heated at 100-.150° in an atmosphere of dry

hydrogen chloride gas until a constant weight had been attained.
Hydrogen chloride was replaced by nitrogen and the system was evacuated
for at least half an hour in the presence of potassium hydroxide and
concentrated sulfuric acid,

Commercially avallable cobaltous chloride hexahydrate and anhydrous

cupric chloride were dried in this manner before use. It took several

hours for a gram of salt to become completely dehydrated.

Six grams (0.0188 mole) of chlorotriphervlsi]&lace‘lwlene was dise
solved in 25 mle. of THF., Five milliliters of this solution was added to
0.60 go (0.025 mole) of magnesium turnings with a pinch of iodine. The
mixture was stirred and heated to around 40°. Within a few minutes the
reaction started, as evidenoced hy the disappearance of the lodine color.
The rest of the solution was added dropwise and the stirring was continued
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about one hour. The solution was diluted by adding an equivolume of
ethers Acid titration showed the yileld to be 96.8%, while acid
hydrolysis gave 88.0% of triphenylsilylacetylens,

A solution of triphenylsilylethymylmagnesium chloride (0.019 mole)

was added to 3.1 g. (0,02 mole) of bromobenzene and 0.65 g (0.005 mols)
of anhydrous cobaltous chloride in 20 ml, of ether. The reaction mixture
was refluxed for 2 hours. The resulting black solution was worked up by
the usual procedure, followed by chromatography on alumina. Elution with
petrolemn ether (b.p. 60-70°) gave 0.35 g. (6.58) of triphenylsilyl-
acetylene, ﬁhich was identified by its infrared spectrum. Elution with
carbon tetrachloride gave a large amount of a dark reddish oil from
which 0,29 ge (5.5%) of crude bis(triphenylsilyl)butadiyne was isolated.

This compound was also identified by its infrared spectrum.

A solution of triphenylsilylethynylmagnesium chloride (0,014 mole)

was added to 0,85 g. (0.,0045 mole) of anhydrous cobaltous chloride and
2.1 go (0.019 mole) of ethyl bromide in 20 ml, of ether. The mixture
was refluxed for 5;5 hours. The reaction mixture was treated with
benzens (300 ml.) and water (20 ml.). The water layer was extracted
twice with benzene. Work-up of the organic layer in the usual manner
gave an oily black residue which was chromatographed on alumina. Elution

with petroleum ether (b.p. 60-70°) gave 1.85 g. (42.4%) of



107

l~triphenylsilyl-l-butyne, which was identified by a mixed melting point
determination with an authentic sample. Further elution with carbon

tetrachloride yielded 0422 g, (5.58) of crude bis(triphenylsilyl)-

butadiyne, which was identified by its infrared spectrum.

A solution of triphenyisilylethynylmagnesium chloride (0,017 mole)
was added to 2,30 ge. (0.017 mole) of anhydrous cupric chloride. The
reaction mixture was refluxed for 10 hours before it was hydrolyzed.
Work-up in the usual manner gave a solid residue, which was chroe
matographed on alumina, Nothing was eluted with petroleum ether (b.p.
60-70°). Elution with carbon tetrachloride, however, gave 0.83 g.
(17.8%) of triphenylsilylacetylene and 2,18 g. (45.3%) of bis(triphenyl-
silyl)butadiyne, mep. 294.5-296.5°, after two recrystallizations from
' ethyl acetate. The infrared spectrum showed a sharp band at b8k F
(see Table 6).

Anal. Caled. for CygHySips Si, 9.91. Found: Si, 9.83, 9.73.

Triphenylsilylethynylmagnesium bromide was prepared from bromotri-
phenylsilylacetylene and magnesium in THF essentlally in the same manner
as in the preparation of triphenylsilylethynylmagnesium chloride.
Heating was not necessary to initiate the reaction. The solution was
stirred for one hour at 40-50°, Acid titration indicated the yield of

the Grignard reagent to be 95.3f.
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A solution of triphenylsilylethynylmagnesium bromide (0.0109 mole)
was added to 1.25 g. (0.0093 mole) of anhydrous cupric chloride in 10
ml, of ethers The reaction mixture was refluxed for 6 hours. It was
then treated with benzene (150 ml.) and water (20 ml.). The water
layer was extracted twice with benzene. The combined organie layer
was dried with sodium sulfate. The solld residue after removal of the
solvent was crystallized from ethyl acetate to give 1.15 g (37.28) of
bis(triphenylsilyl)butadiyne, m.pe 292.5-294.5° (mixed m.p.). The oil,
obtained from the mother liquor after removal of the solvent, was
chromatographed on alumina to yield a trace amount of the starting
material, bromotriphenylsilylacetylene, and 1.10 g. (36.8%) of triphenyl-

silylacetylene, both of which compounds were identified by infrared

spectra.
Fo Reactions of Triphenylsilyllithium with
Epihalohydrins and Related Reactions
1. ction of t: 1s thium wit! ichlo
a. Noymal addition

(1) Run 1 (1:], room temperature) A solution of triphenyl-
silyllithium (0.05 mole) was added dropwise over a period of one-half

hour to 4.62 g. (0.05 mole) of epichlorohydrin. The reaction was
exothermic and Color Test I was negative immediately after the addition.
The reaction mixture was worked up by the general procedure and the
residue was chromatographed on alumina., Elution with petrolsum ether
(bep. 60-70°) gave 1.20 g. (6%) of allyltriphenylsilane, m.p. 85-88°,
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identified by a mixed melting point determination with an authentiec
sample and by a comparison of infrared spectra. Elution with carbon
tetrachloride gave 2.95 g. (19%) of a compound, possibly 2,5-bis(tri-
phenylsilylmethyl)-1,4=dioxane, m.p. 144=145.5%, after recrystallization
from petroleum ether (bep. 60-70°).

Anal., GCalcd. for 04234002512: Si, 8.88; mol. wt., 633.0. Found:
Si, 8.71, 8.68; mol. wt., 623.5 (Rast).

The compound was unaffected by lithium aluminum hydride in THF at
room temperature. After one hour of refluxing in the same solvent with
a large excess of lithium aluminum hydride 50% of the starting material
was recovered unchanged. No l-(triphenylsilyl)propan-2-ol was detected.

Further elution with acetone and methanol gave 1,10 g. (8%) of
triphenylsilanol, m.p. 148-150° (mixed m.p.).

(2) Run 2 (1:1, =60°) A solution of triphenylsilyllithium
(0.08 mole) was added dropwise to 7.4 g. (0.08 mole) of epichlorohydrin
at -60°, Color Test I was negative immediately after the addition. The
reaction mixture was worked up by the same procedure as in Run 1 to give
17.10 g. (60.5%) of l-triphenylsilyl-3-chloropropan-2-o0l, m.p. 94-95°,
after recrystallization from petroleum ether (b.p. 60-70°),

Anal., Calcd. for C,qH, 0SiCl: Si, 7.96. Found: Si, 7.95, 7.90.

The infrared spectrum supports the proposed structure.

(3) Run 3 (2:1, -60°~ room temperature) A solution of
triphenylsilyllithium (0,08 mole) was added dropwise to 3.7 g. (0.04
mole) of epichlorohydrin at ~60°, Color Test I was negative when 0,04

mole of triphenylsilyllithium had been added. It became strongly
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positive, however, when 0.06 mole had been added. The reaction mixture
was allowed to warm to room temperature and stirred for 20 mimutes, at
which time Color Test I became only faintly positive. Addition of the
remaining 0,02 mole caused evolution of some heat and the color test was
negative, The work-up by the same procedure as in Run 1 gave 10.0 ge.
(43.3%) of 1,3-bis(tripbenylsilyl)propan-2-0l, m.p. 142.5-143.5°, after
recrystallization from a benzéne-petroleum ether (b.p. 60-70°) mixture.
A mixed melting point with the compound obtained in Run 1, possibly
2,5-bis(triphenylsilylmethyl)-1,4-dioxane, was depresseds The infrared
spectrum showed the characteristic band for an hydroxy group at 2.79.4.
The dehydration product with phosphorus pentoxide, 1,3-bis(tripbenyl-
silyl)propene, was identical with the product obtained from the reaction
of triphenylsilyllithiuvm with 1,3=-dichloropropene in a 2:1 ratio.
Analysis for silicon, however, gave considerably lower values than the
calculated value for the proposed structure.

Anal. Calcd. for 039H360812: 8i, 9.74. Found: 8Si, 9.07, 9.01,
8.99.

(%) Ran 4 (8:5, room temperature) A solution of tripbenyl-

silyllithivm (0.08 mole) was added dropwise to 4,62 g. (0.05 mole) of
epichlorohydrin at room temperature. Color Test I was negative lmme-
diately after the addition. Ths reaction mixture was worked up by the
same procedure as in Run 1, leaving an oil which was chromatographed on
alumina, Elution with petrolsum ether (bep. 60-70°) gave 1.20 g. (7.6%)
of a compound, m.p. 97=-100°¢ A mixed melting point'mth—l.tripmwlsﬂﬁ.
3echloropropan-2-~0l, which was obtained in Run 2, was depressed and the
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two infrared spectra were.d:\.fferent. The compound may possibly have been
1,2~epoxy~3=-triphenylsilylpropane, Elution with carbon tetrachloride and
benzene gave 10.80 g. (46.7%) of 1,3-bis(triphenylsilyl)propan-2-ol, mepe
143-144° (mixed mep.).

b. Reverse addition A solution of epichlorohydrin in 30 ml. of
THF was added dropwise to 0,05 mole of triphenylsilyliithium at room
temperature. Color Test I was negative when 0,025 mole of epichloro=-
hydrin had been added. The work-up of the reaction mixture by the same
procedure as in Run 1 gave 4460 ge (31.8%) of 1,3~bis(triphenylsilyl)=
Propane2=0l, m.p. 139.5-140.5° (mixed mep.).

26 ction of ¢ 1s thium bromo
ae Normal addition
(1) Run 2 (2:1) A solution of triphenylsilyllithium (0,10

mole) was added over a period of 15 minutes to 13.7 g. (0.10 mole) of
epibromohydrin which was cooled in a Dry Ice-acetone bath. Immediately
a white precipitate formed. After a stirring of 10 mimutes the reaction
mixture was hydrolyzed with dilute acid. Hexaphenyldisilane, 17.76 g.
(68.6%), was separated by filtration. A work-up of the organic layer
left a solid residue which was treated with petroleum ether (b.p. 60=70°).
Triphenylsilanol, 1.2 g. (4.4%), was obtained, mepe. 147-150° (mixed
MePe)e

(2) Rup 2 (2:1) A solution of triphenylsilyllithiwm (0.08
mole) was added dropwise to 5.5 g. (0.04 mole) of epibromohydrin at
=60°, The color of the reaction mixture was a pale green and Color Test
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I was faintly positive. The mixture was allowed to warm to room tempera-
ture. Its color changed to white. Subsequent to hydrolysis, hexa-
phenyldisilane, 16.4 g. (79.0%), was separated by filtration. The work-
up of the organic layer in the usual manner gave an oily residue which
was chromatographed on alumina, An oily material eluted with carbon .
tetrachloride gave 1.0 g. of a solid, m.p. 253-256°, after standing for
3 months, The structure of this compound has not been determined.

b. Reverse addition To 0.05 mols of triphenylsilyllithium was
added dropwise over a period of 10 mirutes 6.85 g. (0.05 mole) of
epibromohydrin. An addition of one drop caused refluxing of the solvent.
After cooling to room temperature the reaction mixture was hydrolyzed.
Hexaphenyldisilane, 9.42 g. (72.68), was separated hy filtration. The
work-up of the organic layer followed by chromatography on alumina gave
0.13 g. (1%) of allyltriphenylsilane, which was identified by a mixed
melting point determination with an authentic sample, m.p. 88-91° (mixed

m.p.) and by a comparison of their infrared spectra.

(1) Rup 1 (3:1) A solution of triphenylsilyllithium
(0.04 mole) was added slowly to 5.4 g. (0.04 mole) of 1,2-epoxy-3~
(2-chloroethoxy)propane at room temperature. Color Test I was negative
immediately after the addition. The reaction mixture was worked up by
the general procedure, followed by chromatography on alumina. Elution

with petroleum ether (b.p. 60-70°) gave in the first fraction 0.50 g.
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(4.0%) of l-triphenylsilyla3=(2-triphenylsilylethoxy)propan~2-0l, MmepPe
141,5-142.59, after recrystallization from ethanol. The infrared
spectrum of this compound shows a characteristic absorption band for an
hydroxy group at 2.80 ) fro

Anal. Caled. for CyyHpgOpSip: Si, 9405, Found: Si, 8.88, 885,

Further elution with the same solvent gave 1.65 g. of an oil.
Further elutions with carbon tetrachloride and benzene gave still more
oil, which was then distilled under reduced pressure to give 5.00 ge. of
an oil, be.p. 213-215°/0.,03 mm, ngo 1.5999. Silicon analysis of this oil
agrees with a structure of lmtriphenylsilyl~3-(2-chloroethoxy)propan=2-ol.
The infrared spectrum shows the characteristic bands of an hydroxy group
at 2.77 and 2,884, The combined yield was 6.65 g. (41.9%).

Anal. Calcd. for 623325025.1.01: Si, 7.08. Found: Si, 7.19, 6.98.

(2) Run 2 (2:1) A solution of triphenylsilyllithium

(0.04 mole) was added slowly to 2.7 ge (0.02 mole) Of 1,2~epOXy=3=
(2-chlorocethoxy)propane. The reaction was exothermic and Color Test I
was negative immediately after addition. Subsequent to hydrolysis
hexaphenyldisilane, O0.45 g. (4.3%), was separated by filtration. The
organic layer was worked up by the same procedure as in Run 1 to give
5460 go (45,0%) of l-triphenylsilyle3-(2-triphenylsilylethoxy)propan-2-ol,
mepe 143.5-145°, after recrystallization from ethyl acetate. A mixed
melting point with the sample obfained in Run 1 was not depressed.

be erse a A A solution of 1,2-6poxy=3=(2~chloro-
ethoxy)propane in THF was added dropwise to 0.03 mole of triphenylsilyl~

1ithium at room temperature. When 0.015 mole of the compound had been
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added Color Test I became negative. Subsequent to hydrolysis, hexa=
phenyldisilane, 0.85 g. (10.9%), was separated by filtration. The
organic layer was worked up in the same manner as in Run 1 of the above
section to yleld 2.25 g. (24.2%) of 1-triphenylsilyl-3-(2~triphenyl-
silylethoxy)propan=2-0l, m.p. 142-143° (mixed mep.)e

b,

a. L:1 ratio A solution of triphenylsilyllithium (0.03 mole)
was added dropwise to 3.5 g (0,03 mole) of 1-allyloxy-2,3-6pOoXypropane
at room temperature. The reaction was exothermic and Color Test I was

negative immediately after the addition. The reaction mixture was
worked up by the general procedure leaving an oily residue which was
distilled under reduced pressure. l-allyloxy-3-triphenylsilylpropan-2-ol
was obtained in a yield of 6.25 g (56.0%), bep. 190-195°/0.01 mm,
n20 1.5940,

Anal, Caled. for C,,H,c0,5i: Si, 7.50. Found: S5i, 7481, 7.61e
The distillation residue was chromatographed on alumina, but no product
was isolated.

be 2: A solution of triphenylsilyllithium (0.04 mole)
was added dropwise to 2.3 g. (0,02 mole) of l-allyloxy-2,3-epoxypropane
at room temperature. Color Test I was negative when the addition was
completed. The reaction mixture was worked up in the usual manner
leaving a s0lid residue which was chromatographed on alumina, Elution
with petroleum ether (b.p. 60-70°) gave 0.90 g. (15%) of allyltriphenyle

silane, m.p. 90=92°, after recrystallization from ethanol, A mixed
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melting point with an authentic sample was not depressed and the infrared
spectra were identical, Elution with acetone gave 2.60 g. (39%) of
1,2~-dihydroxy-3-triphenylsilylpropane, m.p. 135-136°, after recrystalli-
zation from a benzene-petroleum ether (b.p. 60-70°) mixture. The
infrared spectrum showed a broad band in the region of 2.8-3.2/( with
peaks at 2.8/,«. and 3.15/&. Silicon analysis agrees with the proposed
structure.

Anal. Caled. for CpqH,,0,Si: Si, 8.40. Found: Si, 8.26, 8.26.

5. on of 1 8 ] )pro 1

Two grams of 1,3«~bis(triphenylsilyl)propan-2-0l was refluxed for
45 minutes with 2 g. of phosphorus pentoxide in 50 ml. of benzene. The
reaction mixture was hydrolyzed with saturated ammonium chloride solu-
tion. The organic layer was dried with sodium sulfate. The solvent was
removed and the residue was chromatographed on alumina., Elution with
petroleum ether (b.p. 60-70°) gave 0.30 g. (29%) of al]yltriphemrlsi]ane.
Mmepe 89-91° (mixed m.p.).

Further elution with carbon tetrachloride gave 0.60 g. (31%) of
1,3-bis(triphenylsilyl)propene, m.p. 157-160°. A mixed melting point
with the product obtained from the reaction of triphenylsilyllithium

with 1,3=~dichloropropene in a 2:1 ratio was not depressed.
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IV. DISCUSSION

A. Reactions of Triphenylsilyllithium with Alkyl Halides

1. BReactions with primary halidesg

The reactions of triphenylsilyllithium with p-butyl chloride and
p~butyl bromide were found to be strikingly different. With p-butyl
chloride there was obtained p~butyltriphenylsilane in a yield of 75%.
With n~butyl bromide, hexaphenyldisilane (58%) and nebutyltriphenylsilane
(27.5%) were the products. The formation of hexaphenyldisilane is
explained by an initial halogen-metal interconversion with a subsequent

coupling of bromotriphenylsilane and triphenylsilyllithium.?
(1) B-BuBr + PhoSili — » p-Buli + PhoSiBr
(2) Ph,SiBr + PhySild — Ph,SiSiPhj + IdBr

The coupling of organosilyllithium compounds with organohalosilanes
was noted to be an extremely fast reaction.l® 7 Triphenylsilyllithium
reacted almost instantaneously with chlorotriphenylsilane even at ~60°
to form hexaphervldisihno.5 Therefore, the halogen-metal intercons
version reactions between triphenylsilyllithium and alkyl halides end
up as irreversible reactions, even though equation 1 may be rerversible.85

In the case of ne=butyl chloride, balogen-metal interconversion

becomes less likely because of the increased electronegative character

85Eo Gilman and R. G. Jones. .!1. m. MO 8_99_0' ﬁ’ 1“43 (1%1).



nz

of the chlorine atom. The reaction may be a simple displacement of the
SN, type.

Studies have been mad986' 87 to compare the ratio of the coupling
reaction to the halogen-metal interconversion reaction in a series of
oethyl halides and p~octyl halides. The results are summarized in
Table 1.

The coupling products obtained with bromides and iodides may have
arisen at least in part from the reaction of alkyllithium compounds and
halotriphenylsilane, both of which are formed as a result of halogene
metal interconversion.oS

The reaction with isobutyl chloride gave a small amount (3.25%) of
hexaphenyldisilane and isobutyltriphenylsilane (628).5% Neopentyl
chloride, however, gave a 64% yield of hexaphenyldisilane and a 9.3%
yield of neopentyltriphenylsilane.8? Steric hindrance might be re-

sponsible for the increased halogen-metal interconversion reaction.

86(}. Dappen, Department of Chemistry, Iowa State University of
Science and Technology, Ames, Iowa. Information concerning the reactions
of triphenylsilyllithium with p~octyl halides. Private communication.
1961.

87H, Gilman and L. Tushaus, Department of Chemistry, Iowa State
University of Science and Technology, Ames, Iowa. Information concerning
the reactions of triphenylsilyllithium with ethyl halides., Private
commmication. 1961.

88¥or the coupling reactions of organolithium compounds with
organohalosilanes, sees C, Eaborm. Organosilicon Oompounds. London,
Butterworths Scientific Publications. 1960. pp. 19-25.

89G. Dappen, Department of Chemistry, Iowa State University of
Science and Technology, Ames, Iowa. Information concerning the reactions
of triphenylsilyllithium with iscbutyl chloride and neopentyl chloride.
Private communication. 1961.
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Table 1. Reactions of Ph3$iL1 with primary halides

Compound Coupling product Hescaphenyldisilane

ethyl chloride 80 0

ethyl bromide | 45.54 25=29

ethyl iodide 28-30 37-40
n~octyl fluoride 86.6 0

n-octyl chloride 7347 0

n-octyl bromide 34.3 4k
n-octyl iodide 23.0 52.3

Another anomaly is noted in the reaction of '3 =chlorcethyltriphenyl-
silane.”° Hexaphenyldisilane was obtained in 37 yield, in addition to
1,2-bis(triphenylsilyl)ethane (29.2%). A large part of the hexaphenyl-
disilane in this case may have arisen as a result of a {S-elimination

reaction.91

2. Reactjons with secondary halides
Triphenylsilyllithium reacted with secondary chlorides to yield

9°E. A. Zuech. Cyclic organosilicon and related compounds. Unpub-
lished Ph.D. Thesis, Ames, Iowa, Library, Iowa State University of
Science and Technology. 1960,

916. Eaborn. Organosilicon Compounds. Iondon, Butterworths
Scientific Publications. 1960. pp. 133-137.
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largely coupling products, but the reaction was accompanied by the
prodnci.:ion of a small amount of hexaphenyldisilane as well. Isopropyl-
bromide reacted predominantly by halogen-metal interconversion. Only a
small amount (5.8%) of isopropyltriphenylsilane was isolated.?® The

results are summarized in Table 2.

Table 2. Reactions of Ph3SiLi with secondary halides

Compound Coupling product Hexaphenyldisilane
isopropyl chloride’? 7142 6.7
seg-butyl chloride?? 24.8 13.3
cyclopentyl chloride 40,0 9.3
isopropyl bromide’? 5.8 7345
3+ Reactions with tertiary halides

Dappen”? studied the reactions of triphenylsilyllithiwm with
tert-butyl chloride and bromide. The bromide reacted in the expected
way, yielding hexaphenyldisilane (52%) and tert~butyltriphenylsilane
(2%). The chloride, however, reacted with triphenylsilyllithium in much

923, Dappen, Department of Chemistry, Iowa State University of
Science and Technology, Ames, Iowa. Information concerning the reactions
of triphenylsilyllithium with secondary and tertiary halides. Private
commumnication. 1961. :
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the same way as it does with bases9:3 and organolithium compounds ."’1
Triphenylsilane was obtained in a 56.7% yield, whereas the yield of
hexaphenyldisilane was 3.5%. The reaction may be of the E2 type, as in
the case of the reactions with organolithium compounds, The latter
reactions were shown to be first order in the organoclithium compound and

in the alkyl halide,

i 2
Ph,SII4 + c1.<I=-c113 — > PhySiH + clz.cn3 + 141
' CHy ai,

4, Reactions with methylene ¢hloride _
Unlike the reactions of organolithium compounds with methylene

chloride, where metalation rather than halogen-metal interconversion
occurs.6° the reaction of triphenylsilyllithium with methylene chloride
proceeds via halogen-metal interconversion, as evidencsd by the formation
of hexaphenyldisilane (35-56%) and by the absence of triphenylsilane,
which would be formed if metalation took place. Three other products,
methyltriphenylsilane (15.5-3%4.2%), chloromethyltriphenylsilane (0~
11.7%), and bis(triphenylsilyl)methane (5.4-17.4%), were isolated. The
yields of all four compounds varied with reaction conditions such as

temperature, mode of addition, molar ratio of the reactants, and,

93For the reactions of tertiary halides with bases, see, for
example, J. Hine. Physical Organic Chemistry. New York, N.Y.,
McGraw-Hill Book Company, Inc. 1956. pe. 174.
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probably, rate of addition and stirring.

Chloromethyltriphenylsilane was not isolated when reverse addition
was employed, nor when excess triphenylsilyllithium was added to methylene
chloride in a normal addition. This fact suggests that bis(triphenyl.
silyl)methane was formed by a coupling reaction between the silyllithium
compound and chloromethyltriphenylsilane. Independently, triphenyl-
silyllithium and chloromethyltriphenylsilane were allowed to react under
similar conditions. It was noted that extensive halogen-metal intercon=
version (36.8% of hexaphenyldisilane) accompanied the coupling reaction
(32.45 of bis(triphenylsilyl)methane). This result may be compared with
those from the reactions of triphenylsilyllithium with chloromethyltri-
methylsilane and with chloromethyldimethylvinylsilane, where only
coupling products were obtained, triphenylsilylmethyltrimethylsilane
(82%) and triphenylsilylmethyldimethylvinylsilane (65%), respectively.
The reason for this difference may very well be steric hindrance.
Neopentyl chloride gave a large amount of hexaphenyldisilane, whereas
chloromethyltrimethylsilane gave none. The larger silicon atom may be
responsible for making the latter system less hindered.

It is somewhat surprising that a relatively lower yield (35.2%) of
hexaphenyldisilane was obtained when reverse addition was employed.

This result may be explained by the fact that two competing reactions
exist in the system, namely the reactions of triphenylsilyllithium with
chlorotriphenylsilane and with carbene, both reactions being generated

by halogen-metal interconversion:
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PhBS:I.Li + CHyCl, —> CHpCl1i + Ph3SiCIL
l-LiCl

(108,

Ph35111

Ph,Si-CHpld

Electrophilic attack by carbens on triphenylsilyllithium results in
triphenylsilylmethyllithium, which in turn can compete with triphenyl=
31ly1lithium to react with chlorotriphenylsilane:

PhySili + PhyS1C1 ——> PhgSiSiPhg + IiC1

Ph351-0321.i + Ph3SiCl — Ph3S:L-CH2-Si.Ph3 + LiC1

An attempt was made to prepare triphenylsilylmethyllithium from
bromomethyltriphenylsilane and lithium in THF, The conditions employed
were not the best ones possible, however, and hydrolysis of the reaction
mixture, which gave a positive Color Test I, yielded 1,2-bis(triphenyl-
silyl)ethane (38.8%) and methyltriphenylsilane (9.7%). Undoubtedly, the
triphenylsilylmethyllithium formed coupled immediately with bromomethyl-
triphenylsilane to give 1,2-bis(triphenylsilyl)ethane under the condi-
tions employed.

The formation of methyltriphenylsilane and chloromethyltriphenyl-
silane has not been clearly established. It is qulite possible, however,
that tripbenylsilylmethyllithium is an intermediate. Being a true
organolithium compound, this latter compound can abstract hydrogen from
nethylene chloride to yield methyltriphenylsilane and chlorocarbene,60

which can further react with triphenylsilyllithium to form
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triphenylsilylcarbene. The fate of the triphenylsilylcarbene may be the

PhySi-GHpli + CH2Clp —>  PhgSi-CHj + CHCIIi
l -IiC1
. PhySili
[ Ph3Si-C-H] <—5g PRsSi-CHOILA B il [zcre1]

formation of bis(triphenylsilyl)methyllithium, which either before or
after hydrolysis becomes bis(triphenylsilyl)methane.

Triphenylsilylmethyllithium can also abstract hydrogen from the
solvent (THF), yielding methyltriphenylsilane. The metalated tetra-
hydrofuran may then disproportionate.?

The triphenylsilyl group might exert some influence on the character
of triphenylsilylmethyllithium. Triphenylsilylmethyllithium may also
undergo halogen-metal interconversion with methylene chloride, forming
chloromethyltriphenylsilane. Chloromethyltriphenylsilane may, however,
be a product of a simple coupling reaction between triphenylsilyllithium

and methylene chloride.

5 ctions with met ne mi
The reaction of triphenylsilyllithium with methylene bromide yielded
hexaphenyldisilane (42.5-59..%), methyltriphenylsilane (trace-40.0%),

and bromomethyltriphenylsilane (6—9.6%). Again, the reaction conditions

9”For cleavage reactions of ethers by organometallic compounds,
see, for example, K. Ziegler and H. G. Gellert, Ann., 567, 185 (1950).
R. L. Letsinger and D. F. Pollart, J. Am. Chem. Soc., 78, 6079 (1956).
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employed bad a great influence on the yields of the products. Bis(tri-
phenylsilyl)methane was not isolated in any case.

The metalation reaction of triphenylsilylmethyllithium with
methylene bromide seems to be unlikely in view of the fact that the
reaction of methyllithiuvm with methylene bromide in the presence of
cyclohexene was shown to give only norcarane,53 and also in view of the
fact that bromocarbene, which would result from the metalation reaction,
would eventually give rise to bis(triphenylsilyl)methane (cf. the
reaction of triphenylsilylmethyllithium with methylene chloride (p. 123)
and the reaction of triphenylsilyllithium with dichloromethyltriphenyl-
silane (p. 127).

There are three main competing paths for triphenylsilylmethyllithium
to take: abstraction of hydrogen from the solvent, the halogen-metal
interconversion reaction with methylene bromide, and the coupling
reaction with bromotriphenylsilane. Apparently the first reaction is
the preferred one, as evidenced by the relatively large yield of methyl-
triphenylsilane (32.4 and 40.,0%) and the smaller yields of other possible
products.

A relatively small yield of hexaphenyldisilane (42.5% compared to
57 and 59% for the other cases) and a relatively larger yield of methyl-
triphenylsilane (40.0% compared to a trace amount and 32,44 for the
other cases) were obtained when cyclohexene was used as a part of the
solvent in the hope of capturing the carbene intermediate.s The reason

for this discrepancy is not known.
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6. Reactions with methylene iodide
In the reaction of methylene iodide with triphenylsilyllithium,

hexaphenyldisilane was obtained in yields of 50 to 65%, the highest
Yyield being obtained when the reaction was carried out at room tempera-
ture. This finding is in accord with the tendency of methylene iodide
to undergo halogen-metal interconversion.

When the reaction was carried out at «~60°, methyltriphenylsilane
and iodomethyltriphenylsilane were obtained in yields of 16.4~28.3% and
6.3-23.0%, respectively. In one case, bis(triphenylsilyl)methane (5.68)
was isolated.

The apparent similarity of the results of the methylene iodide
reaction to those of the methylene chloride reaction, in contrast to
those of the methylene bromide reactions, suggests that the mechanisms
of the reactions of methylene iodide and methylene chloride may differ
from each other at certain stages of the reaction.

It was suggested tha‘t chloromethyltriphenylsilane may be formed
from a halogen-metal interconversion reaction between triphenylsilyl-
methyllithium and methylene chloride (p. 123). While such a reaction
is rather improbable for methylene chloride in view of its metalation
reaction with organolithium compounds, such a reaction course is quite
possible for methylene iodide, since iodides in general undergo the
halogen-metal interconversion reaction mmuch more readily than chlorides

or bromides.



PhySili + CHpl, — > CHTIA  +  PhgSiI
f«iz] s
lPhBSm Ph,SiSiFhg
Pl PhySi-CHpla -RIRE, ppss cmy
>

PhySi-CHpI + CHpIIi

PhoSiI4
PhsS1~CHp-SiPhy

Reactions with chloroform

Triphenylsilyllithium reacted with chloroform predominantly by

halogen-metal interconversion, yielding hexaphenyldisilane (51.6-60.5%).

Appreciable amounts of metalation also occurred, however, forming

triphenylsilane (5.3-13.0%).

Three other products were isolated: chloromethyltriphenylsilane

(3.2=6.5%), dichloromethyltriphenylsilane (0.11.7%), and bis(triphenyl-

silyl)methine (le7=10.3%).

A possible sequence of reactions is as follows:
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First step:

PhoSiH + CClolh —— > [2cc1,)
CHC1s + PhoSild

I

PhSICL + CHCLplA ———» [scm01

Second step:

[:601,] + PhySATA —> PhySi-COLl4 ——prem [PhySi~C-C1]

[:cHC1] + PhgSia — PhySi-CHOIIA -—_m—c-> [Ph331-6.n]

Third step:

[Pasi-c-c1] + cﬁ;13 —> Ph3Si-CHC1, + [:0C1z ]
[PhySi-G-B] + CHCly — PRySi-CHCL + [2001, ]

/

™~ Ph,Si-CHpld + PhgSiCl

PhySi-CHpCl + PhySild

PhySi-CHCL, + PhySili —> PhgSi-CHCII4 + PhyS1C1
J- 1
[Pnysi-c-a]
|Prosana
73

+ I
PhSi~CHp~SiPh3 De: W PhqS1i~CH-SiPhy
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In the i‘i&zt step dichloroecarbene and chlorocarbene are formed as a
result of metalation and halogen-metal interconversion, respectively.
In the second step the carbenes then react with triphenylsilyllithium
Yielding new carbenes: chlorotriphenylsilylecarbene and triphenylsilyl-
carbene, The third step may be a questlonable one; in the literature no
analogous reaction has been found.95

Electrophilic carbenes may very well attack the negatively polarized
end of chloroform, thereby initiating o(~dehydrohalogenation. The
formation of dichlorocarbene in this step also accounts for the rela-
tively high yield of dichloromethyltriphenylsilane, eompara;ble to the
yield of triphenylsilane and of chloromethyltriphenylsilane, since the
other source of dichlorocarbene, which is undoubtedly an intermediate in
the formation of dichloromethyltriphenylsilane, is the metalation step,
which occurs only to the extent of one~fifth of the halogen-metal inter-
conversion. One might argue, however, that dichlorocarbene is more
stable than chlorocarbene and that not much of it may be lost before it
has a chance to react with triphenylsilyllithium, hence the relatively

higher yield of dichloromethyltriphenylsilane.

9Hine et al., however, postulated an electrophilic attack by
dichloroecarbene on the oxygen atom of alcohol:

HCl

:CClp | | .
CHy-CH,~0-H _leoa] Gl Gep~0-6-C1 — 7> [cH3-cR,-0-C-c1]

See J. Hirle, E. L. Pollitzer, and H. mgler, io &o m. mo. Zi.
5607 (1953).
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The reaction of chloromethyltriphenylsilane and triphenylsilyl-
lithium has been described in connection with the reaction of methylene
chloride., The second half of the fourth step, the reaction between
dichloromethyltriphenylsilane and triphenylsilyllithium, was investigated
separately. The products isolated from this reaction were hexaphenyl-

disilane (46.4%) and bis(triphenylsilyl)methane (3%4.3%).

8. Reactjons with bromoform
It is not surprising to find that only a trace amount (less than 2%)

of triphenylsilane was isolated in two cases (one of which showed a
slightly positive Color Test I before work-up, so that it is even
doubtful that the triphenylsilane came from the reaction) because the
hydrogen of bromoform is less acidic than that of chloroform and because
the bromides are in general more susceptible to the halogen-metal_interw
conversion reaction than the chlorides. The ylelds of hexaphenyldisilane
varied from 48.7 to 62.5f. Methyltriphenylsilane (0.9-10.3%) and
bromomethyltriphenylsilane (20.5=34.08) were isolated in every case.
Dibromomethyltriphenylsilane was isolated from the two runs in ylelds
of %.0 and 13.9%. Bis(triphenylsilyl)methane was not isolated; in this
respect the reaction was analogous to the methylene bromide reaction.

Possible reaction paths are as follows:

GBry + PhoSilA —> PhySiBr + CHBrpld ——ggp—> [:CEBr]

|
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[PhyS1-C-B] <—gzp PhySi~CHBrIa
o
PhySi-CHZBr + [:CBrp |
PhBSiLi/ \£h3sm

PhSi-CHpI4 + PhoSiBr PhaSi-~CBrpId
solvent l-I.'iBr
PhyS1-CEy [Phs1-G-Br]
Jomz,

PhySiCHBr, + [:CBry]

The reaction of triphenylsilylcarbene with bromoform would give
bromomethyltriphenylsilane and dibromocarbene. The formation of
dibromomethyltriphenylsilane renders some support to the above reaction
mechanism, since no other reaction path would give dibromocarbene. It
is verj unlikely that dibromomethyltriphenylsilane was formed as a result
of direct displacement of the bromide ion from bromoform by triphenyl-
silyllithiwm. Methyltiriphenylsilane is formed by the initial halogen=
metal interconversion reaction between bromomethyltriphenylsilane and
triphenylsilyllithium, followed by hydrogen abstraction from the solvent

on the part of the resulting triphenylsilylmethyllithium.

9. Reactions with iodofo
When triphenylsilyllithium was added to iodoform at room tempera=

ture until the solution gave a positive Color Test I, three products

were cbtained: hexaphenyldisilane (60.5%), methyltriphenylsilane
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(23.78), and Wis(triphenylsilyl)methane (19.7%)s The ratio of the
reactants was approximately 3 (triphenylsilyllithium) to 1 (iodoform).
When the ratio was 2 to 1, methyltriphenylsilane and bis(triphenyl-
silyl)methane were not isolated, but iodomethyltriphenylsilane (15.6%)
and diiodomethyltriphenylsilane (14.58) were obtained in addition to a =
60% yield of hexaphenyldisilane.

In the first case sufficient triphenylsilyllithium was added to
react with the intermediates, mono-~ and dilodomethyltriphenylsilane, to
form methyltriphenylsilane and bis(triphenylsilyl)methane by the same
mechanisms as those illustrated for the reactions of bromomethyltri-
phenylsilane and dichloromethyltriphenylsilane,

When reverse addition was employed until all of the triphenylsilyle
1lithium was used up, as indicated by a negative Color Test I, the yleld
of hexaphenyldisilane was 64,7« The other products were methyltri-
phenylsilane (11.0%), bis(triphenylsilyl)methane (3.1%), and
1,2-bis(triphenylsilyl)ethane (2.4%).

1,2-bis(triphenylsilyl)ethane might be expected in all reactions
which involve triphenylsilylmethyllitbium as an intermediate:

PhySi~CHpI4 + PhySimCH,X —> PhoSi~CHp~CHp-SiPhy

This, however, is the only case in which this compound was actually

isolated.

10. Reactions with carbon tetrachloride
A 2504 excess of triphenylsilyllithium was required to react
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completely with a given amount of carbon tetrachloride at «60°. The
compounds obtained were hexaphenyldisilsne (57.2%) and dichloromethyle
triphenylsilane (42.2% based on carbon tetrachloride, 16.2% based on
tripbenylsilyllithium), When a 2:1 ratio of triphenylsilyllithium to
carbon tetrachloride was used, the ylield of dichloromethyltriphenylsilane
was only 13.0% (based on carbon tetrachloride), while the yield of
hexaphenyldisilane remained the same. When, however, carbon tetra~
chloride was added to the solution of triphénylsilyllithium, a 73.6%
yield of hexaphenyldisilane and a 11.2% yield of dichloromethyltri~
phenylsilane were obtained.

The formation of dichloromethyltriphenylsilane is not clearly
understood. The reaction of triphenylsilyllithium wifh dichlorocarbene,
goenerated as a result of an initial halogen-metal interconversion, would
give chlorotriphenylsilylcarbene. It is very unlikely that chlorotri-
phenylsilylcarbene would abstraet chloride ions from symmetrical carbon
tetrachloride to form dichlorotriphenylsilylcarbanion and trichloro-
carbonium ion. Even if such ions are formed, they might collapse to
give pentachlorotriphenylsilylethane.

The structure of chlorotriphenylsilylcarbene might prove to be quite
an interesting one, since an unfilled orbital of the carbon atom, as
well as d-orbitals of the silicon atom, are present in the system. In
short, chlorotriphenylsilylcarbene might behave as a diradical rather
than as a mere electron deficient species. In such a case, it could
abstract a chlorine atom from carbon tetrachloride, forming a dichloro-
triphenylsilyimethyl radical, which would then abstract a hydrogen atom
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from the solvent. The trichloromethyl radical is stabilized by
resonance, and carbon tetrachloride is known to undergo free-~radical
reactions of this type.%

1l. Reactions with carbon tetrabromide
The reaction of carbon tetrabromide with triphenylsilyllithium was

found to be quite different from the reaction of carbon tetrachloride
with triphenylsilyllithiuwm, The yields of hexaphenyldisilane are com-
parable for both normal and reverse additions. In the reaction with
carbon tetrachloride, however, the secondary product was dichloromethyle
triphenylsilane, while in the case of carbon tetrabromide four compounds
Wwere obtained in trace amounts: bromomethyltriphenylsilane (2.8%),
dibromomethyltriphenylsilane (1.4%), bromotriphenylsily]acewgn:
(2.08), and Ms(tﬁpbmlsiﬁl)awﬁbne (Be.3%5).

This surprising difference may well be due to the different nature
of the supposed intermediates, bromotriphenylsilylcarbene as opposed to
chlorotriphenylsilylcarbene. One might argue that, because of the
greater size and polarizability of the bromine atom as compared to the
chlorine atom, it would be easier for the electron cloud of the bromine
atom to drift toward the unoccupied orbital of the carbon atom., Thus,
in contrast to chlorotriphenylsilylcarbene, bromotriphenylsilylcarbene
would be more an elsctron deficient species than a diradical. If this

were so, then one might expect that bromotriphenylsilylcarbene would

96For a general discussion of free-radical reactions of polyhalo-
mothanes, see, for example, E. S. Goulde Mechanism and Structure in Or-
ganic Chemistry. New York, N.Y., Henry Holt and Co. 1959. pp. 743-748.
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combine with other carbenss present in the system rather than attack

carbon tetrabromide.

Br Br

N
c=C

Phasi/ B

l Ph,Sild

PhBSi.ﬁc-Br + PhSSiBr + LiBr

[Ph331-6-13r] + [:GBrz] —

Br\ /S:I.Ph3

C=C
\Br

v

PhBSi-GEG-SiPh3 + Phy3iBr + IiBr

2[ph351.6-3r] _— _—

12, Reactions with 1,l-dichloyobutane

When triphenylsilyllithium was added to 1,l=dichlorobutane,
hexaphenyldisilane and p-butyltriphenylsilane were obtalned in yields
of 58.0% and 39.0%, respectively. When the addition was reversed, 10%
more of hexaphenyldisilane and 12% less of p-butyltriphenylsilane were
isolated. o -

These results are rather simple in comparison to those of the
methylene chloride reactions., The coupling reaction, which might have
existed between methylene chloride and triphenylsilyliithium to form
chloromethyltriphenylsilane, may be disfavored in the case of
1,l=-dichlorobutane by steric considerations. A possible sequence of

reactions is as follows:
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C1,CH-CHp=CHz-CHy + PhySild —> Ph3sicl + Cl-(l}’H—GBe-CHz-CH:;

4
Il.i l-mcl
PhyS1-CliGipmClp-CHy <2 [{0H-Cllp~Clp-Ciy|
1c12cn.cnz.caz.cn3
and/or solvent
Ph3Si-~CHa-CHp-CHp~Cly

13. ctions with 1,]ldi ethane

In the reaction of 1,l-dibromoethane and triphenylsilyllithiunm,
1-bromo-l-triphenylsilylethane was formed in a 4.6% yield, in addition
to the expected ethyltriphenylsilane (33.2%) and hexaphenyldisilane
(59.4%)

As in the case of the methylene bromide reaction, it is umlikely
that lebromo-~letriphenylsilylsthane was formed by a coupling reae.tion
between 1,l-dibromoethane and triphenylsilyllithium in view of the fact
that the corresponding l=chloro-l-triphenylsilylbutane was not formed in
the reaction of 1,l-dichlorobutane and in view of the fact that chlorides
undergo the coupling reaction more readily than bromides. It is more
likely that lebromowletriphenylsilylethane was formed by halogen-metal

interconversion between l-triphenylsilylethyllithium and 1,l-dibromo-

ethane.
5 | o
Ph-Si~CH-CHy + BroCH~-CH? —> Ph~Si.CH-CHo + Br.CH-CH
o 3 + BrpCH-Cily b3S 3 CH~CHy
I3
«14Br

[on-ce]
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B. Reactions of Triphenylsilyllithium
with Alkenyl Halides

l, Reactjons with l-chloropropene
The reaction of triphenylsilyllithium with l-chloropropene did not

proceed very rapidly at =60°. These two compounds did, however, react
amoothly from 0° to room temperature. The halogen-metal interconversion
reaction occurred to an extent of 13-156. The products were 1,2-bis(tri-
phenylsilyl)propane (45.58) and hexaphenyldisilane.

One might expect that l~triphenylsilylpropene would be an interw
mediate:

Ph3311.i + Cl-CH=CB-CHy —> Pthi-cﬂr-'CH-CH3 + IiCl

With this in mind, l-triphenylsilylpropene was prepared from the reactlon
of chlorotriphenylsilane and propemyllithium,”’ The addition reaction
of triphenylsilyllithium to l-triphenylsilylpropene was found, however,
to be slower than the reaction of l-chloropropene with triphenylsilyl-
lithium, The mixture was stirred at room temperature for 22 hours and
subsequently refluxsd for 2 hours to give 38.4% of 1,2-bis(triphenyl-
silyl)propane.

The increased rate of reaction and the higher yield of product for
the reaction with l-chloropropene, coupled with the fact that l-tri-
phenylsilylpropene was not isolated, would necessitate the proposal of a

different mechanism for this reaction,

97E. A. Braude and J. A. Coles, J. Chem. Soc., 195, 2078.
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PhySili + C1-CH=CB-CHy —> ::) cB-ga-Ga
SiPhy
l-ncl
PhS1~CE-Ga-CEy < PhySild 0B By
1i 5iPhy SiPhs
l solvent
PhyS1-Ge- -Gl
SiPhy

The reaction of triphenylsilyllithium and the carbene intermediate
is expected to be a reasonably fast reaction even at --60°.60 Therefore,
the addition of triphenylsilyllithium to l-chloropropene’S must be the
slow step, since the reaction proceeds very slowly at a temperature
below 0°, 1,2-bis(triphenylsilyl)propyllithium appears to be very

unstable, as are ofher ol-triphenylsilylorganolithium compounds, such as

98'1‘h¢a highly maclecophilic arylthiolate ion was shoun to undergo an
addition~slimination reaction with vinylidene chloride and related
compounds.

ArS\ /Gl
c1 ArS H
~ ~ -~
CH,=C ——> G¢—0C_ —> c=C
SNa ] \OE i e
H c1
I T

Both compounds I and II were isolated. See, for example, W, E., Truce and
M, M, Boudakian, io &o gm. s__O&Q. m’ 27"'8 (1956)0
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triphenylsilylmethyllithium, l-triphenyleilylethyllithiwm, and
l=triphenylsilylbutyllithium.

2+ Reactlons with l=chloro-l-butens
Triphenylsilyllithium reacted with lachloro-lebutene much more

slowly than it did with l-chloropropens. When the equimolar mixture had
been stirred for 28 hours at room temperature, Color Test I was still
positive, The major product was 1,2-bis(triphenylsilyl)butane (22.2%).
Hexaphenyldisilane was not isolated. When the mixture was refluxed for
2 hours, 1,2-bis(triphenylsilyl)butane was obtained in a 26,0% yield.
Again, hexaphenyldisilane was not isolated,

In a third run the reaction 'mixture was treated with chlorotri-
phenylsilane after 16 hours of stirring. Hexaphenyldisilane was obtained
in a yield of 15.1%, which was the measure of unreacted triphenylsilyl-
lithium, Triphenylsilane (13.0%) and 1~triphenylsilyl-l-butyne (7.4%)
were isolated in addition to 1,2-bis(triphenylsilyl)butane (29.6%).

Reactions which would lead to the formation of triphenylsilane and
l=triphenylsilyl-l-butyne might be as follows:

c1
™ C=CH-CHp-CHg

PhSSiLi + Cl-CH=CB-CHy-CH3 —> PhySiH + P
I

-LiCl

L‘L-ﬁC-CHz-GH3 + Ph3SiH < PrySild E-(EG-CHz-GHB

lPthiC].
PhyS1~C=C~CHp~CH3
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Fe tions with l=b:
Of all the reactions presented in this thesis, that of triphenyl-

silyllithium and l-bromopropens was the most complicated,s The yield of
hexaphenyldisilane in most cases was around 70%. Other products and

thelir yields were as follows:

No PhsSiCl Ph3SiCl

added added
Triphenylsilane ? 13.5
1,2-bis(triphenylsilyl)propane 6.8 | 747
l-triphenylsilylpropene 11,0 6.7
1,3=-bis(triphenylsilyl)propene - 2.2
l-triphenylsilylpropyne 71 15.3
1,3-biz(triphenylsilyl)propyne 762 4.3
Tris(triphenylsilyl)propadiene 0.2 6.4

These values represent the largest yields obtained for each compound.
Since the separation of the products was diffi(_:nlt and since even a
slight change in reaction conditions seemed to affect product ratios, not
all the compounds were obtained in every run.

1,2-bis(triphenylsilyl)propane seems to have been formed by the same
mechanism as in the case of the l-chloropropene r_eaction.

The formation of l-triphenylsilylpropene is probably the result of
the reaction of triphenylsilane and the propenyllithium which would be

formed from the halogen-metal interccnversion reaction.
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Ph3Sild + Br-CH=CB-CH3 ——> Ph3ySiBr + Ii-CH=CH-CH
Ph3SiH
Phasi-CE--CE-%

The reaction of triphenylsilane and propenyllithium was investigated and
it was found that they react smoothly at room temperature to give a
91.5% yield of l-triphenylsilylpropene after 4.5 hours of stirring.
Propenyllithium seemed, howsver, to be unstable under the reaction
conditions, as evidenced by the fact that tbe yield of l=-triphenylsilyle
propene did not increase with the addition of chlorotriphenylsilane,.
All the other products seem to have a common ancestral intemediate.
" Propenyllithium, as well as triphenylsilyllithium, may participate in the
formation of _th_is intermediate. The abstraction of a Y-hydrogen from
1-bromopropene by triphenylsilyllithium (or by propenyllithium) and the
subsequent elimination of lithium bromide would give a vinylecarbene,
which may either rearrange to an allene or react with triphenylsilyl-
1ithium to form a metalated allyltriphenylsilane:

- PhySild CHp-I4 + PhoSiH
Br-CH=CE-~CH; o Br-CH=CE~CHz-I1 + PhsS
l—LiBr or
CHB-CE=CH2
CHy=C=CHp ~—— [:CH-CE=CHy]
l PhySild
I

PhBSi-(IJB-CH-—GHZ
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The metalated allyltriphenylsilane actually exists as a resonance hybrid

of the structure as shown below.”’ 100

When a mixture of triphenylsilyllithium and allyltriphenylsilane was
stirred at room temperature for 22 hours, 1,3-bis(triphenylsilyl)propene
was obtained in a 40% yield.

PhySLT4 + PhySi-CH,-CB=CHp —> [PhyStsCixCrCR)|Ota® + PySin
l PhySi

Ph;Si~CH=CB~CHp-SiPhy + LiH

Probably vinylcarbene rearranges to an allene within a short period
of time so that there may be little chance for triphenylsilyllithium to
react with it to form the metalated allyltriphenylsilane, hence a very
low yield of 1,3=bis(triphenylsilyl)propene and no yield of allyltri-
phenylsilane at alle Vinylcarbene may also form cyclopropene, although
no derivative of cyclopropene was '.'mo:l..a.i'.ed.62

The allene may then be metalated by triphenylsilyllithiums

g, J. lanpher, ibid., 79, 5578 (1957).
100y, ¥, Berbrandson and D. S. Mooney, ibid., 79, 5809 (1957).
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CHy=C=CHp + Ph3Sili —> Ii~CH=C=CHp + Ph3SiH
The resulting anmion can exist as a resonance hybrid:
=] -]
CH=C=CHp ~—> H~-C=C=CHp

Since this is a vinyllithium-type compound, it might be expected to
couple with triphenylsilane to give triphenylsilylpropadiene, which in
turn might rearrange to form the more stable l=-triphenylsilylpropyne
either before or after hydrolysis. Both triphenylsilylpropadiene and
1-triphenylsilylpropyne undergo further metalation and coupling reactions
which give 1,3=bis(triphenylsilyl)propyne and tris(triphenylsilyl)-
propadiene, These reactions will be discussed in separate sections
later.

k., Reactions with l-bromo-l-butene
The reaction of lebromo-l-butene with triphenylsilyllithium took

quite a different course from the l-bromopropene reaction. A solution
of triphenylsilyllithium (0,08 mole) was added to 1l-bromo-l-butene

(0.025 mole) in 100 ml. of ether at room temperature and the mixture was
stirred for 2,5 hours. Triphenylsilyllithium was in excess, as evidenced
by a positive Color Test I and a large yield (53.4%) of triphenylsilane.
The halogen-metal interconversion occurred to the extent of 33.6%, as
shown by the yield of hexaphenyldisilane. Two compounds were isolated,
one melting at 223.5-225°, the other at 198-202°, Both compounds are
unidentified. It will be shown later that l-triphenylsilylel-butyne

behaves differently from letriphenylsilylpropyne toward
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triphenylsilyllithium.

5. Reactions with 2-bromo-l-butene
It is interesting that with triphenylsilyllithium 2-bromo-l-butene

gave results similar to those of l-bromopropene, while l~bromo-l-butene
reacted in a completely different mamner. A slight excess (0.047 mole)
of triphenylsilyllithium was added to 2-bromo-l-butene (0.04 mole) in
100 ml. of ether and the mixture was stirred for 2 hours at room tempera-
ture. Color Test I was positive. Chlorotriphenylsilane was added to
derivatize any organometallic compounds present.-in the reaction mixture.
The yield of hexaphenyldisilane was 7.25 g., representing a yield of
59.6% if the entire amount resulted from the halogen-metal intercon-
version reaction, but it is not at all unlikely that at least a part of
the yield came from the reaction of unreacted triphenylsilyllithium
with chlorotriphenylsilane. The other products were triphenylsilane
(1.7%), 2-triphenylsilyl-l-butene (11.5%), l-triphenylsilyl-l-butyne
(8.8%), and 1,1,3-tris(triphenylsilyl)-1,2-butadiene.

The following reaction sequence may be suggested:

CHp=C-CHp-CHj PhaSitd > Ph3SiBr + CHp=C-CH-CHg
Br 13
PhSi
PhoSild — | 35iC1
or or Ph3SiH
CHp=C-CHz-CHs
| PheSiz CHp=C~CHp-CHj
14 |
Y SiPhg
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cnz=cl:—(l7E-CH3 + PhySiH

Br Ii
l-IdBr
CH,=C=CE~CHg
lPthm
14-CB=C=CH-CHj + PhqSiH
lPh3SiH =
PhySi~CH=C=CH~CH; PhoSila Ph331-05=c=c< 3
Ia
lrearrangemant
Ph~SiK
PhyS1-~CEC-CHy~CHy "°
PhySi~CE=C=C %3
\s;m3
PhoSiI4
PhBSi\ /033
1’ N 81Phy
1?1133101
Pt

PhgSi” \sm:3

6. Reactions with 1,1-dichloropropene

The reaction of 1,1-dichloropropene and triphenylsilyllithium gave
hexaphenyldisilane in yields ranging from 52.5 to 77.6%. The other
products were triphenylsilane (in a higher yield when excess of tri-
phenylsilyllithium was used), l-triphenylsilylpropyne (0-26.2% depending
on reaction conditions and on the ratio of the reactants),
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l-triphenylsilylpropene (a trace amount), 2-chloro-3-triphenylsilyl-
propene (4.2f and 1.6% in two runs), 1,2-bis(triphenylsilyl)propens
(5.4%), and tris(triphenylsilyl)propadiene (5.9%).

When the reaction was carried out at -60°, the yield of hexaphenyl-
disilane was somewhat higher on the average than when it was carried out
at room temperature. Triphenylsilane and l-triphenylsilylpropyne were
obtained in significantly higher yields in the latter case than in the
former. |

The main question here is how l-triphenylsilylpropyne was formed.
The balogen-metal interconversion reaction would give propynyllithiwn
after several steps:

cl

PhySil4 + C1,C=CH-CH3 —> PhgSiCl +
Ii

~
_ C=CH-CH3
1401

14~CSC~CHy PRl B-CSC-Cly <— [=c=cn.cn3]
+

PhySiH

The reactions of propyrnyllithium with triphenylsilane and chlorotri=-
phenylsilane were investigated and it was found that triphenylsilane
reacted with propynyllithium only to the extent of 1-2% under comparable
conditions. It is unlikely, therefore, that the coupling of triphenyl-
silane and propynyllitbium would give as high as 26% of l-triphenylsilyl-
propyne. In the case of chlorotriphenylsilane, it is doubtful that
propynyllithium can compete with triphenylsilyllithium in the coupling
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reaction (see page 167). At least a part of the l-triphenylsilylpropyne
may, however, have resulted from a coupling between propynyllithium and
chlorotriphenylsilane. There is a possibility that l-chloropropyne
might be an intermediate.  The reaction of lwchloropropyne with tri-
pPhenylsilyllithium is discussed in connection with the reactions of
halotriphenylsilylacetylenes. The yield of l-triphenylsilylpropyne
(12.78) from this reaction, however, does not satisfactorily account for

the total yield of l-triphenylsilylpropyne.

PhySild CH3
Cl,0=CH-CHy — ot 0120=c<m + PhSiH

-IiCl

Y
PhsS1~C=C-CHj PhySild 01-050-033

PhySili
Y
14~CSC-GH; + PhgSAC1

An intermediate compound, then, which would give l-triphenylsilyl-
propyne was sought. When triphenylsilyllithium was added to a two-fold
excess of 1,l-dichloropropene, such a compound was isolated in a yleld
of 4.2%. The compound was found to be identical with the compound ob-
tained from the reaction of 2,3-dichloropropene with triphenylsilyls
lithium, as determined by a nizad melting point determination, as well
as by infrared and n.m.r. spectra. largely from the study of the n.m.r.
spectrum a structure of 2-chloro-3-triphenylsilylpropene was assigned to
the compound (see page 153)e The formation of this compound from
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2,3=dichloropropene may easily be justified by supposing a straight-
forward coupling of triphenylsilyllithium at the saturated carbon:

PhoSili + cfnz.?:cnz — Ph3s1-cﬂz-cl:=cnz + 1iC1
c1 a1 c1

The reaction of 2«chloro=3-triphenylsilylpropene and triphenylsilyl-
lithium in a 1:1 ratio gave 64.1% of triphenylsilane and 62.9% of

letriphenylsilylpropyne as expected:

PhoSili + Phasi-CIig-(I::CHz — Ph3Si-(I:H——?=CHZ + PhySiH
cl n a

|-

PhgSimCEC-CHy < Ph,Si~CH=C=CHp

The question of how 2-chloro-3-triphenylsilylpropene is formed from

the 1,l-dichloropropene reaction is unanswered. Perhaps l-chlorocyclo-

propene might be an intemediate:62
1o
N KN :
Ph3SiLi + C1C=CE~CH3 —> o C=CH-CH2-11 + Ph3SiH
-14C1

C1
I

]

I\ E

c—=C <—————— | C1.C-CH=CHp
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Triphenylsilyllithium may add to the double bond, followed by a subse-

quent elimination and rearrangement58 to give triphenylsilylpropadiene:

c1

l

c
c//—}/n

/ N\
H H

PhqSili

i &Gl
X
/M

Phasi—- G-—P-?—-H

H H

=1iCl

PhS1-CE=C=CE,

lechlorocyclopropene may, however, undergo a series of metalation,

rearrangement, and addition reactions:

c
o

/c//—-\c < PhySiT4 159
H H

+ Phjs:\H




L

Cl ]

HB,C=C-CHp~SiPh3

7. Reactions with 1,2-dichloropropene
The reaction of 1,2-~dichloropropene with two equivalents of

triphenylsilyllithium gave 61.8% of hexaphenyldisilane and 2% of
l-triphenylsilylpropyne. When 3 equivalents of triphenylsilyllithium
were used, hexaphenyldisilane (92%) and triphenylsilane (36.5%) were

isolated.

CH=CCH, PhySild PhqSiCl + CH=C=CHj or CE=C~CH
L1 i 13

Cl C1 l i1 C1 ClIii
PhaSild
e
PhaSiSiPh
33 3 H—C'='C-CH3
lPthiL‘L
PhyS1-C2C-CH ~<——doios 14~C=C-CHj + PhqSiH

~ or Ph39iH
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8. Reactions with 1 chloro: ne

According to Bert,19 1,3=dichloropropene reacts with phenylmagnesium
bromide to give an almost quantitative yield of l-chloro-3-phenylpropense
Triphenylsilyllithium, however, reacted with 1,3-dichloropropene in a
somewhat more complicated manner. The halogen-metal interconversion
reaction occurred to the extent of about 10%. When an equivalent amount
of triphenylsilyllithium was added to 1,3-dichloropropene in THF at room
temperature, a mixture of l-triphenylsilyl-3-chloropropens (I), m.p.
105~107.5%, and l-chloro~3-triphenylsilylpropene (II), mep. 112+5-115.5%,
was obtained in a 75% yield in addition to 9.7% of hexaphenyldisilane.

Ph,Sili + Cl-CH=CH-CHp-C1 —> PhgSi~CH=CH-CHp-C1l  (I) }
75%

+ PhySi-CHy-CE=CH-C1  (II)

+ Ph,SiSiPhy 9.7%

The ratio of compounds (I) and (II) was approximately 5 to 4 judging from
the n.m.r. spectrum of a typical mixture. The separation of these two
compounds was very difficult and only small amounts of each were obtained
in pure form after working up the mixture by a combination of chroe
matography and fractional recrystallizations from n~propanol.

The n.m.re. and infrared spectra data are given in Tables 3 and 4,
respectively, together with those of compounds with similar structures.

It can be seen from Table 3 that the n.m.r. spectra of compounds

(I) and (II) are very similar to each other and also to that of
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Table 3. Nuclear magnetic resonance data (7T evalues)®

Compounds Olefinic hydrogens - ~CHp- ~CH;
PhySi-CE=CH-CHp-Cl (I) 4.15(m)® 7.48(m)
PhySimCHp-CH=CH-C1 (II) 4.22(m) 7+70(d)
PhQSi-CHz-(]):GHZ (I11) 5.04(d) 5.16(a) 7.23(d)

C1
Ph351-~CHp-CH=CH2 4,36(m) 5.00(m) 5.25(2) 7.64(d)°
Ph3Si-CH2-CB=CH-SiPhg 3.84%(m) 7.33(d)
(Ph3S1),CH-CE=CH-SiPhy  4.00(m) 6.50(a)
Ph3$i-CE=<l3-S:LPh3 2,77(a) 8.17(d)
Ph3s1.<|:=cnz 4,06(m) 4.56(m) 8.05(t)

CH3
Ph331-tl}=GH2 4,03(m) 4.49(m) 7.76(a)® 9.01(t)

?Hz

Gl
(Ph4S4),C=C=CH-SiPhy 5.75(s)

3Run at 60 Mc. in CDCl3 using tetramethylsilane as the internal
standard.

by-singlet, d=doublet, t=triplet, g=quartet, m~mmltiplet.
®EBach peak is further divided into triplets.



Table 4, Infrared absorption spectra of triphenylsilyl substituted propenes and butenes

Compounds Characteristic absorption bands
PhyS1~CH=CH-CHp-C1 (I) 6.17(m)* 7.56(s) 8.87(m) 10.05(s) - - 12,51(m) 13.21(m)
Ph3Si-CHp~CH=CH.C1 (II) 6.19(w) - = 8.,02(m) -  10.70(m) 12.00(s) = 12,70(m)
phasi.cnz.clz-‘:ca'z - (L) 6.18(s) - 8.35(m) - 10.72(m) 11.64(s) = 12.95(s)
- e A :
Ph3S1..CH=CE-~CHy 6.20(s) - 8.11(w) 10.19(s) - - - 13.10(s)
Ph4S4~CH=CH-CHp~CHy 6425(s8) = - 10.15(m) - - 12.34(w)  12.75(w)
thi-tlzwﬂg ' - - - - 10.75(=) - - - '
Gy ,
Ph,%i.?‘acnz 6e22(vw) - - - 10,75(s) 11.53(w) - -

CHy

81etters in parentheses indicate the relative intensities of absorption bands: s=strong;
m=medium; w=weak; vw=very weak.

25T
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-1,3=bis(triphenylsilyl)propene, all showing a structure of -GHZ-CH-GH-] .
Olefinic hydrogens of the type [=CH=CE-] in compounds, (I), (II),
allyltriphenylsilane, 1,3—bis(t1;iphewlsi]yl)propem, and 1,3,3-tris(tri-
phenylsilyl)propens, show their proton resonance spectra as multiplets
at approximately the same T-values: 4.15, 4.22, 4,16, 3.84, and 4.00,
respectively.

One other isomer, 2-chloro-3-triphenylsilylpropene (III), the
formation of which was discussed undsr the 1,l-dichloropropene reaction,
shows an entirely different n.m.r. spectrum. Comparing this spectrum
with those of compounds having terminal vinyl hydrogens, particularly
with that of allyltriphenylsilane, it can be seen that the signals
appearing at 5.04 and 5.16T for compound (III) are due to the terminal
vinyl hydrogens. The absence of signals in the 4,007 region suggests
that no other olefinic hydrogen is present.

Looking now at Table 4, one finds striking similarities between the
spectra of compounds (II) and (III). On the other hand, the spectrums of
compound (I) is shown to be quite similar to that of l-triphenylsilyle
propene and l-triphenylsilyl-l-butene. We suppose, therefore, that in
compound (I) the double bond is located adjacent to the silicon atom.
Thus, the structures of isomeric compounds (I), (II), and (III) have
been determined.

The addition of two equivalents of triphenylsilyllithium to
1,3-dichloropropene gave 31.0%6 of 1,3-bis(triphenylsilyl)propene in
addition to 12.5% of hexaphenyldisilane. When 3 equivalents of tri-
phenylsilyllithium were used, 1,3-bis(triphenylsilyl)propene was isolated
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in a 50.5% yield, the other products being hexaphenyldisilana (6.7%) and
triphenylsilane (77.0% based on the dichloride),

When a mixture of compounds (I) and (II) was treated with 2 equiva-
lents of triphenylsilyllithium, triphenylsilane (96.2% based on the
mixture) and 1,3-bis(triphenylsilyl)propene (57.7%) were obtained.

In all these reactions there were fair amounts of noncrystallizing,
polymeric material.

These resulis suggest the fellowlng reaction paths:

PhySiCH=CE-CH-C1 (I) Ph;S1CHp~CB=CE-C1l (II)

PhaSili J'Phasi]'.d.
i

Ph~Si-CH=CH-CH,-SiPh. |
B3® Gg=51Fs PhoS1~CB~CB-CE-CL + PhoSiR

-1iCl
PhySiL4 l
Ph3S:1-CH=CH-GH]
—PhySiH / PhySiT4
\ 14
PhS1~CH=CE-CE-S1Phs polymer
o0

Ph54~CH=CE~CHp-S1Ph3
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In order to see how readily 1,3-bis(triphenylsilyl)propens is
metalated by triphenylsilylliithium, a two-fold excess of triphenylsilyle
lithium was added to the compound. Almost immediately a deep reddish
color developed indicating the metalation reaction. After 24 hours of
stirring chlorotriphenylsilane was added. It required 11 hours for
chlorotriphenylsilane to react completely with the intermediate ~rgano-
lithium compound, as evidenced by the slow discharge of the color,
probably because of the sterically hindered product,

' PhoSiH  (30.7%)
Ph81~CH=CH~CE,~S1Phs _ PhoSild P 30-%

+

PbBSi-CH=GH-C|=E-SiPh3

I
lPthicl
PhySi-CH=CH-CH(SiPhq)py  (34.6%)

It is interesting that the treatment of the mixture of compounds
(I) and (IX) with phenyllithium gave a 10.7% yield of 3-triphenylsilyle
© propyne, together with a small amount of polymeric material and some
starting material (27.6%).

The formation of 3-triphenylsilylpropyne may be brought about as

follows:s

Phli Pl
PhySi-CHp=CH=CH-C1 (II) ——> PhySi~CHp~CE=C{
Ia

1-1.4.01
PhyS1-CHp-~C=C-H
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It appears that triphenylsilyllithium is not so strong a base as phenyl- -

lithium in abstracting an olefinic hydrogen from the compound (II).

9. Reactions with 2, 3-.dic¢hloropropene

The formation of 2-chloro-3~triphenylsilylpropens from the reaction
of 2,3~dichloropropene with triphenylsilyllithium was mentioned pre-
viously in comnection with the 1,l-dichloropropene reaction, The
structure determimation was also discussed.

This compound was obtained in 19.4% yield when equimoles of the
reactants were used. The other products were hexaphenyldisilane (28.3%),
tribhe:msilane (10.98), and l-triphenylsilylpropyne (7.8%).

The addition of a two-fold excess of triphenylsilyllithium, followed
by derivatization with chlorotriphenylsilane, converted almost all of
the 2-chloro-3=-triphenylsilylpropene to l-triphenylsilylpropyne.

When the ratio of triphenylsilyllithium to 2,3-dichloropropene was
2.6 to 1 and chlorotriphenylsilane was added after 6 hours of stirring,
most of the l-triphenylsilylpropyne was converted to 1,2-bis(triphenyl-
silyl)propene (5.4%), 1,3-bis(triphenylsilyl)propyne (4.5%), and
tris(triphenylsilyl)propadiene (18.0%).

Ce. Reactions of Triphenylsilyllithium
with l-triphenylsilylpropyne and
Related Reactions

The reactions of triphenylsilyllithium with l~bromopropene,
1,1-dichloropropene, and 2,3-dichloropropene have been shown to give
1-triphenylsilylpropyne, 1,3-bis(triphenylsilyl)propyne, and tris(tri-
phenylsilyl)propadiene. The possibility that the latter two compounds
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resulted from 1-triphenylsilylpropyne (and/or triphenylsilylpropadiens)
prompted the investigation of the reaction of l-triphenylsilylpropyne
with triphenylsilyllithium,

When an equimolar mixture of triphenylsilyllithium and l-triphenyl-
silylpropyne was stirred at room temperature for 5 hours, there was
obtained, after hydrolysis with dilute acid, triphenylsilane (51.3%),
1,2-bis(triphenylsilyl)propene (18.5%), 1,3-bis(triphenylsilyl)propyne
(29.9%), and the starting material (18.4%).

In order to verify that 1,3-bis(triphenylsilyl)propyne is formed by
the coupling reaction between triphenylsilane and the metalated
1-triphenylsilylpropyne, phenyllithium was allowed to react with
l-triphenylsilylpropyne under similar conditions and subsequently trie
phenylsilane was added. When the mixture was stirred for 5 hours, |
1,3-bis(triphenylsilyl)propyne was obtained in a yield of 27.2f. The
vield increased slightly to 31.7% when stirring was continued for 24

hours.

PhoSila
= 2, Ph,Si-CSC-CHpli + PMSiH
PhoSi~CE0-CHy —— hS1-C=C~CHy b3S
or

Phasiﬂ

PhyS1-C=C-~CH,-SiPh3

PhH

When chlorotriphenylsilane was used as a derivatizing agent, tris(tri-
phenylsilyl)propadiene (22.5%) and 1,3-bis(triphenylsilyl)propyne (12.6%)
were isolated. The fact that the starting material, l-triphenylsilyl-

propyne, was recovered in a larger yield from the reaction using
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chlorotriphenylsilane than in the case of triphenylsilane addition,
32.5% v8 17.2%, suggests that triphenylsilylethynylmethyllithium as well
as unreacted phenyllithium metalates 1,3-bis(triphenylsilyl)propyne as

soon as it is formed.
PhyS1-020-CHy — o> 5 PhsSi~(SC-CH,I4
lphas:m
PhyS1~C=C-CHp-51Phy

(or PhIi)
14

Ph3Si-ﬁC-éH—SiPh3 + Ph3Si-CEC-CHB

The 1,3-bis(triphenylsilyl)propyne anion undoubtedly exists as a
resonance hybrid:

© ©
[Phasi-CEC-GE-SinB - Pthi-%CH-SiPlg]

It is with the allenic form that chlorotriphenylsilane couples because of
the steric requirement of the product.

The metalation reaction of 1,3-bis(triphenylsilyl)propyne by
triphenylsilyllithium was virtually complete as evidenced by the lsolas
tion of a small amount (2,9%) of hexapheryldisilane when chlorotri-
phenylsilane was added. In the case of l.triphenylsilylpropyne,

bexaphenyldisilane was obtained in a 15.8% yield, which was a measure
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of unreacted triphenylsilyliithium, -
PhyS1-0=0-CHp-SiFhs
lph3sm. 3.5 hours
lPhasiCI. 3.0 hours
PhySiSiPhg (2.9%) + PhgSiH (88.58)

+ (Ph351),C=C=CH-SiPhg (50.8%) + (Ph4S1),0=C=C(SiPhy), (trace)

Tris(triphenylsilyl)propadiene was identified by physical and
chemical evidence. r The elementary analysis and molecular weight
determination were compatible with the formula. Its infrared spectrum
showed a strong absorption band at 5,30 ) fle The usual allenic absorption

bands appear at 5.0 /4.101

It is seen from Table 5 that an increase in
the number of triphenylsilyl groups in a molecule shifts the position of
the band to a longer wave length, This may be due to the increased
number of participating d-orbitals of the silicon atoms for partial bond
formation; thereby reducing allenic bond character.

The n.lers Spectrum of tris(triphenylsilyl)propadiene showed a

resonance peak at 5.75-7. The value is close to that given in the

101y, J, Bellamy. The Infrared Spectra of Complex Molecules.
Iondon, Methuen and Co., Ltde 1954 p. 61e
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Table 5. Infrared absorption spectra of triphenylsilyl substituted allenes

Compounds MePe C=C=C Other characteristic bands
- PhnSi H )

s >c=o=c< - 5.23(8)®  7.35(w)  10.64w) - 13.79(s)
CHj SiPhg

PhaS4i CH

5° >c=c.ec< 3 174-175 5+23(vs) 7.37(m)  10,10(m)  11.03(w) -
CHy SiPhgy :

PhaSi H

3° >c=c=c< 188-189.5 5.30(vs) - . 11.52(m) 13.73(s)
PhySi SiPhsy

PhaSi D

h3s \C=C=G< 188-18905 503°(V8) - ) llo52<M) -
Ph3$i/ SiPhy

PhaSi CH

5 >c=c=c< 3 196-197.5 5.34(vs) 7.36(m)  10.56(w)  11.57(s) -
PhyS4 SiPh,

Ph,Si SiP

T,ss \c=c=c< h3 ‘0‘!8-1}52 5."‘9(VS) - - 12.00(8) -
PhySt SiPhy 12.18(s)

®letters in parentheses indicate the relative intensities of absorption bands: vs=very
strong; s=strong; m=medium; w=weak,

09T



Table 6. Infrared absorption spectra of triphenylsilyl substituted acetylenes

‘Compounds MeDe | =CEC-H . =(%Ce - Other characteristic bands
PhSSi-;(Ec—H 146-149° 3.05()P 4.91(s) - - - -
Ph;Si-CHp-C=C-H 89-91 3.02(w)  4.75(s) - - 10.50(w)  13.30(m)
PhSSi-CEG-Br 111-112.5 - 4.,70(s) - - 12,28(s) -
Ph3S1-C=C-C1 101,5-102.5 - k.67(s) - - 11.08(s) -
PhgSi-C=C-CHp-SiPh3 127.5-128.5 - ke65(s) - - - 1331(m)
Ph3S1-C2C-CH-SiPhy 135-136.5 - k.65(s) - - 10.30(m) -

l 10.99(m)

Cli5
PhaSi—&-CHB 115—116 - 4060( 8 ) - 9 071( 8 ) - -
Ph;S1.~C=0-Cil,-CHy 90-91 - ke62(s)  7.66(m) 9.35(s) 11.09(m) -
Ph;S1-C=C-CH-CH, 79-81 - 4.60(s)  7.65(m) - 10.38(m) -

] 12.11(s)

. GI-I3.-

PhyS1~CSC-SiPhy 156-157 - _ - - - 12.82(s) -
Ph;S3-C2C-C2C-SiPhy 294.5-296.5 w k.84(s) - - - -

8Boiling point at 0,03m. of pressure.

bletters in parentheses indicate the relative intensities of absorption bands: s=strong;
m=medium; w=weak,

19T



Table 7.

Infrared absorption spectra of some substituted propynes and allenes

Compounds MePe =C2C~- (=C=C -CHy Other characteristic bands
PhqS1=C=C-CHp-SiPhy 127.5-128.5  U4.65 - 7.32(vw)? - - 1331 13.77
Phﬁi—ﬁC—?H—SiPlg 135-136.5 464 - 7.30(w) 10.30  10.99 -

CHs
I
Phﬁi—ﬁc—?—sﬂha - 4068 - 7.36(M) - 11.8"’ -
Chy
PhySi H
> >c=c=c< - - 5423  7.35(w) - 10.64 13.79
CH3 S:\.Ph3
PhqSi CH
% \c=o=c< 3 174175 - 523 7.37(s) 10,10 11.03 -
ctig”” SiPhy
Ph;S1-G=C~CL. 101.5-102.5  4.67 - 7+32(vvw) - 11.08 -

&Intensities in this column are relative to neighboring peaks at 7.53, 7.70, and 7.95 /u..

i
1
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102 e allenic hydrogen of tris(triphenylsilyl)propadiene

literature.
was replaced by deuterium through metalation and hydrolysis with
deuterium oxide. Ths n.m.r. spectrum of the deuterated compound showed
no peak at 5.757.

Tris(triphenylsilyl)propadiene was metalated by phenyllithium and
subsequently treated with chlorotriphenylsilane. To introduce a fourth
tripbenylsilyl group into the molecule was found to be difficult and
only 16.7% of pure tetrakis(triphenylsilyl)propadiene was obtained, %
The nem.r. spectrum showed only signals due to phenyl hydrogens.

‘When methyl iodide was used to derivatize the tris(triphenylsilyl)-
propadienyllithium compound, the reaction proceeded smoothly and
1,1,3~tris(triphenylsilyl)-1,2-butadiene was obtained in a 67% yield.

This compound was synthesized also by the following sequence of reactions:

Ph4S1~C2C-~CHp-SiPhy PhyS1-~C2C-CHp~CHs
lPhLi phx/
ot a8
?H3 .
PhyS1-C2C-CE-SiPhy
o Phla  PhySicl PRI %5
PE3S1-C=C=0 3 g Phgsi”  SiPhg
S:i..'l?l:lB.J

1°2L. M, Jackman. Applications of rmuclear magnetic resonance
spectrescopy in organic chemistry. In D. H, R. Barton and W. Doering,
editors. International Series of Monographs on Organic Chemistry.
Vol. 5. New York, N.Y., Pergamon Press, Inc. 1959.

103fetraiis(trichlorosilyl)propadiene has been reported. See
R. Muller and H. Beyer, Ber., 92, 1957 (1959).
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During the course of the investigation it was noted that there is a
definite correlation between stability of allenic compounds and the number
of substituents. Apparently, as the number of bulky triphenylsilyl
groups lnereases, the allenic structures provide better special arrange=-
ments of the substituent groups than the acetylenic structures. The
results. are summarized in Table 8.

The reaction of l-triphenylsilylpropyne and triphenylsilyllithium
had an important side reaction. It is the addition of triphsnylsilyl-
lithium to the triple bond. 1,2-bis(triphenylsilyl)propene was obtained
in a yield of 18.5%. Its n.m.r. spectrum was compatible with the
structure (see Table 3), showing a doublet at 8.17T and a quartet at
2,777+« The reaction mixture was hydrolyzed with deuterium oxide in
hope of isolating deuterated 1,2-bis(triphenylsilyl)propene. The

attempt, however, falled.

D CH
Ngg” 2

7 \S:‘LPh3

11 CEH
PhS1~020-CHy _PoSild >e=c( 3 __D%
PhoS1 S1Phy PhoSi

This indicates that the intermediate l.2-bls(tripherwlsilyl)pr0perw1p
lithium is unstable under the conditions employed and it must be
protonated long before the hydrolysis step.

The reaction of triphenylsilyllithium and l-tripbenylsilyl-l-butyne,
after 40 hours of stirring at room temperature, gave an olly residue
from which several compounds were isolated in trace amounts: the
unidentified compound obtained from the reaction of triphenylsilyllithium
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Table 8. Isomer preference betwsen some triphenylsilyl substituted

acsetylenes and allenes

Acetylenes RePoe Allenes MeDe
PhyS1-C=C~CHy 115-116 _ 8 —
PhqSi-C=C-CHp-51Phj 127.5-128.5 _ _—

CHy -
| _ o3 b
Ph;S1-C=C-CH-SiPhy 135-136.5 PhgSi-CB=C=C{ =~ = -----
SiPhy
B3 PhySi, _CHy
PhySi-C=C-C—-SiPh3 ----- _C=0=0__ 174175
! Clig SiPhy
Cly
Ph.Si H
_— =2 Se==c{ 188~189.5
PhgS1” SiPhy
PhoSi CH.
S P >c=c=c/ 3 196-197.5
PhsSi N5iPhy
PhaSi SiPh
- %> Se=c=c] > suse
PhqSi 5iPhy
a Not isolated at all.

b Not isolated as a pure product.
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with l-bromo-l;butene, tetraphenylsilane (4.4%), l-triphenylsilyl-l-
butyne (2.7%), 1,2-bis(triphenylsilyl)~l-butene (2%), and 1,3-bis(tri-
phenylsilyl)-l-butyne (1.8%).

When the metalation was attempted by using phenyllithium and
subsequently triphenylsilane was added, the major reaction was cleavage
of the ethynyl group, > yielding 478 of tetraphenylsilane. Triphenyl-
silane was recovered in an 81.4% yield. The metalation-coupling products
were obtained as a mixture of 1,3-bis(triphenylsilyl)-l-butyne and
1,3-bis(triphenylsilyl)-1,2-butadiene (11.7%), and as a pure 1,3-bis(tri-
phenylsilyl)-1-butyne (3.2%).

In the case of the reaction of phenyllithium with l-triphenylsilyl-
propyne, the cleavage occurred to the extent of 10%.

D. Reactions of Triphenylsilyllithium
with Trichloroethylene and
Related Reactions
1. ctions of triphenyl thium £ oxroethylene

When one equivalent of triphenylsilyllithium was added to a THF
solution of trichlorocethylene at room temperature, there was obtained
hexaphsnyldisilane (58.75), triphenylsilane (6.2%), and chlorotriphenyl~
silylacetylene (5.0%). When two equivalents of triphenylsilyllithium
were used, however, there was isolated hexaphenyldisilane (59.8%),

triphenylsilane (10.0%), chlorotriphenylsilylacetylens (7.8%), and

104y Giiman and H. Hartzfeld, J. Ame Chem. Soc., 73, 5878 (1951).
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bis(triphenylsilyl)acetylene (11.0%).

Since bis(triphenylsilyl)acetylene was formed when an excess of
triphenylsilyllithium was used, it was reasonable to assume that
chlorotriphenylsilylacetylene might have been an intermediate in the
formation of bis(triphenylsilyl)aceiylene. Therefore, chlorotriphenyl-
sllylacetylene was synthesized and its reaction with triphenylsilyl-
lithium was investigated.

The synthesis of chlorotriphenylsilylacetylene itself was a matter
of interest. If will be discussed in detall, together with the prepara-
tion of bromotriphenylsilylacetylene and of bis(triphenylsilyl)acetylene.

Triphenylsilyllithium was allowed to react with chlorotriphenyl-
silylacetylene at room temperature; the products were hexaphenyldisilane
(22.7%), triphenylsilylacetylene (15.8%), and bis(triphenylsilyl)-
acetylene (48.58). The starting material was recovered in a 6f yield.

The surprisingly low ylield of hexaphenyldisilane and the relatively
high yield of bis(triphenylsilyl)acetylene should be noted. Since
alkenyl chlorides give halogen-metal interconversion reactions to the
extent of 10-30% (see reactions of l-chloropropens, 1,3-dichloropropene,
etc.), one might expect the halogen.metal interconversion reaction to
increase in the case of the ethynyl chlorides and the resulting tri-
phenylsilylsthynyllithium to compete with triphenylsilyllithium in the

coupling reaction with chlorotriphenylsilane:
PhBSiId. + Cl-C=C-SiPhy —> PhaSiCl + Ii-C=C-SiPhj

PhySili + PhaSiCl —> PthiSiPhB
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PhgSi~CSC-1i + PhySiCl —»> Ph3Si-C=C-SiPhg

The reaction of phenyllithium with 1,2-dichloropropene would be

expected to give l-chloropropyne.lo5
c1 CH c1 cH
oo T8 s o0l d— > C1-02C-CHj
g~ a1 mw- Sa -la

Triphenylsilyllithium was added to a 1l:1 mixture of phenyllithium and
1,2-dichloropropene. Color Test I was negative. The occurrence of an
Immediate reaction was evidenced by the discharge of the color of the
triphenylsilyllithium solution. Color Test I became positive after the
adiition was completed. The products were hexaphenyldisilane (73.9%)

and letriphenylsilylpropyne (11.7%).
CHy=C=C-Cl + PhySild ——> PhgSiCl + CHyC=C-Ii
PhoSild
PhySiSiPhy

106

Trichloroethylene was converted to dichloroacetylene by treatment

1057he metalation reaction of organolithium compounds on polychioro~
ethylenes having at least one hydrogen has been known. See, for example,
G. H, Viehe, Ber., 92, 1950 (1959).

1°6For the nature of dichloroacetylene in ether, see J. H. Wotiz, F.
Huba, and R. Vendley, J. Orge. Chem., 26, 1626 (1961); E. Ott, Ber., 75,
1517 (1942).
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with an equivalent amount of phenyllithiwm. The conversion was approxi-
mately 90% (see page 63) under the conditions employed. When chloro-
triphenylsilane was added, chlorotriphenylsilylacetylene (9.4%) and
bis(triphenylsilyl)acetylene (2.8%) were obtained., When triphenylsilyl.
lithium was added, there was obtained hexaphenyldisilane (53.1%),
chlorotriphenylsilylacetylene (17.0%), and bis(triphenylsilyl)acetylene
(4.2%).

PhIa Ol c1

/
C = Cl-C=C-Cl

Cl~CSC~Cl + PhqSild —> PhgSi-C=C-CL

Ph4SiCl + Li-C=C-Cl
PhqSili

PhasiSiPha

The comparison is by no means quantitative, but one can see the
general trend of decreasing ylelds of hexaphsnyldisilane and increasing
yields of the coupling products in the series l-chloropropyne, dichloro-
acetylene, and chlorotriphenylsilylacetylene (see Table 9).

The reactivities of the ethynyllithium compounds may differ only
slightly within the series and would be expected to decrease in the
order of CH3-C3C-I4 » Cl-G=C-Li~PhySi-C=0-If, since the anion is
stabilized by the inductive effect of the chlorine atom in the case of

chloroethynyllithium and by the deorbital participation of the silicon
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Table 9. Reactions of Ph3SiLi with ethynyl halides

Compound Ph35iSiPhsy Coupling product
GH3-050-01 73.9 n.7
C1.C2C~Cl 53.1 17.0
Ph3S1~02C-C1 22.7 48.5
Ph35i=C=C.Br 18.4 5249

atom in the case of triphenylsilylethynyllithium. This order is opposite
to the order of the increasing yields of the coupling products. There=-
fore, it seems likely that the coupling reactions between the ethynmyl-
lithium compounds and chlorotriphenylsilane occurred only to a small
extent, if at all,

Coupling reactions between organolithium compounds and the ethynyl
halides appear to be uncommon. Gilman and Haubein®? reported that the
reactions between bromo~ and chlorophenylacetylene and nebutyllithium
underwent the halogen-metal interconversion reaction, yielding phenyl-
propiolic acid after carbonation (87 and 20%, respectively). Viehe3®
attempted without success the coupling between dichloroacetylene and
propenyl- and phenyllithium,

Yet, the evidence indicates that triphenylsilyllithium couples with

1074, Gilman and A. H. Haubein, J. Am. Chem. Sog., 62, 1420 (1945).
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the ethynyl halides., Probably the initial step is a nucleophilic addi-
tion of triphenylsilyllithium to & triple bond and then subsequently
lithium chloride is eliminated. The rea;etion may, however, be a con-
certed one.

It was observed that in general the bromides undergo the halogen
metal interconversion reaction far more readily than the chlorides,
giving higher yields of hexaphenyldisilane. In view of this generaliza-
tion, it was surprising that the reaction of bromotriphenylsilylacetylene
with triphenylsilyllithium gave only 18.4% of hexaphenyldisilane (see
Table 9). The coupling product, bis(triphenylsilyl)acetylene, was ob-
tained in a 52.9% yield.

Returning to the original reaction of trichloroethylene with
triphenylsilyllithium, the relatively small yield of triphenylsilane may

be noted. Triphenylsilane could be formed by two possible reactions:

c1
~
(1) PhgSili + ClpC=CHCl —— C12C=C g + PhySiH
i A
(2) PhsSili + C10=CHC1 —> Ph3SiCl + L /czc\n
-LiCl

PhqSiHl + Cl-C=C-Ii <SP o eeon

Both reactions are reasonable and probably are occurring simultaneously,

although the reaction (2) may be more favored than the reaction (1).
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From reaction (1) dichloroacetylene would be formed. It was shown in the
foregoing discussion that triphenylsilyllithium reacted with dichloro-
acetylene to give chlorotriphenylsilylacetylene, as well as hexaphenyl-
disilane and chlorocethynyllithium, Beihg—a true organolithitm compound,
chloroethynyllithium would be expected to abstract hydrogen from tri-
chloroethylene, thereby forming dichloroacetylene. .Thus, once dichloro-
acetylene is formed, its concentration can increase without increasing
the yield of triphenylsilane,

A possible reaction sequence is summarized on the following pagee

2. Preparation of triphenylsilylacetylenes
Bis(tripbenylsilyl)acetylene was first prepared by Hartmann and

Beermann1°8 by the reaction of bromotriphenylsilane with monosodium
acetylide in a yield of 58%. The preparation was carried out by the
reaction of dilithium acetylide and chlorotriphenylsilane in an ether-THF
mixture. In the literature there was found a lone reference which
described the preparation of dilithium acetylide from the reaction of
phenyllithium and acetylene in ether.1°9 When the reaction was carried
out in ether alone, the yield of bis(triphenylsilyl)acetylene was 275,
versus 34% reported for the disubstituted derivative. When an ether-THF
mixture was used, the yield increased to 4l.66. Moreover, triphenyl-

silylacetylene was obtained as a by-product in a yield of 17.8%.

108y, Hartmann and C. Beermann, Z. anorge 4. allg. Chem., 276, 20
(1954).

1094, H, Inhoffen, H. Pommer, and E. G. Meth, Ann., 565, 45 (1949).
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C1,C=CHC1

PhySild

H

@ -

~N

Li/

a

c1
Nn”
C_.C\ + PhBSiH

c1”

l-Li.Cl

Cl-C=C-H

PhySild Cl-C2C-Li +

cl C1

Cl-C=C-H +
a1’ Du

l ~1iC1

.
Canl

-IiCl

Y
Ph451-C=C-C1

A
Ph4Si~C®C-5iPh3

c=t{  + PhySiC1
g TP

lPh3SiLi

_ PRSI pngsi,

lpnjsua

PhBSiH

l Cl2C=CHC1

C1,C=CHC1

'Phjsil.i.

<

Cl-C=CC1 —?Bﬁi& Cl-C=C-1i. + PhBSiCl

PhqSili

Ph

114 PhoSiCL

Ph3$i-CEC-L'l.
-

Ph483-C=C-H
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Chlorotriphenylsilylacetylene was prepared from the reaction of
chlorotriphenylsilane with chloroethynyllithium, which was formed from
1.2—dichlomethy1§ne or trichloroethylene and two equivalents of phenyl-
1ithiwm,1% Higher yields (80-92%) were obtained from 1,2~dichloro-
ethylene than from trichloroethylene (55-71%).

The preparation of bromotriphenylsilylacetylene was quite inter-
esting. Three equivalents of phenyllithium were added to an ether
solution of pentabromoethane at -60°. The reaction mixture was allowed
to warm to room temperature béfore chlorotriphenylsilane was added. The
yield of bromotriphenylsilylacetylene was 10.5%5. When phenyllithium was
added to a THF solution of pentabromoethane at -60° and the mixture was
allowed to warm up, the solution soon turned black. The product was a
black powdery materiale. Viehe reported that the reaction of trichloro-
ethylene with sodium in liquid ammonia gave a black material.los When
the mixture was kept at -60° and chlorotriphenylsilane was added at that
temperature, bromotriphenylsilylacetylene was obtained in a 26.8% yield.

The solvent effect was striking when tetrabromoethane was used. In
ether alone the products were triphenylsilylacetylene (6.2%) and -
bis(triphenylsilyl)acetylene (38.8%). In an ether-THF mixture, however,
bromotriphenylsilylacetylene was obtained in a yield of 35.4f. Small
amounts of triphenylsilylacetylene (8.8%) and bis(triphenylsilyl)-
acetylene (5.56) were also isolated.

In ether the halogen-metal interconversion reaction was favored:



175

‘ BR Pr Br H
BroCH-CHBry — 2ot 5  H.G.G-H Nec”
ether I\ -1iC1 H/ \Br
Ii Br

Phli

H-C=C-Ii
Br H
+ < PEL pomeH < Nomel
- -L'I.Br H/ o \m

Li-C=C-Ii

In an ether-THF mixture, however, the metalation reaction was

facilitated:
Br Br
Phli AN s
Br,CH~CHB » BroC-CHBro —mr—>- C=C
T2 T2 T ether-THF T2V T LB gy’ NE
11
Phli
Phii Br Br
Br-C=C-1i — Br-C2-Br <—————  >c=¢]
-LiBr ~ N
Br 13
3. Cleavage ctions of t 1s cetylenes organometaliic
compounds

During the course of the investigation of the halotriphenylsilyl-
acetylene reactions with triphenylsilyllithium, a question was raised as
to whether triphenylsilyllithium would cleave the ethynyl group from a
silicon atom. Halotriphenylsilylacetylenes are not suitable compounds
with which to examine such a possibility because both the cleavage and

halogen-metal interconversion reactions give hexaphenyldisilane. For
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the type of investigation mentioned above bis(triphenylsilyl)acetylene is
an lideal compounde. |

When triphenylsilyllithium was added to an ethereal solution of
bis(triphenylsilyl)acetylene at room temperature, an almost immediate
precipitation of hexaphenyldisilane occurred. The yields of the cleavage
products, hexaphenyldisilane and triphenylsilylacetylene, were 93.1 and

87.1%, respectively.

Ph3$i-CEC-SiPh3 HZO% Ph4SiSiPhg + Ph3Si-C=C-H

Ph3$iLi4r

When phenyllithium was added to bis(triphenylsilyl)acetylene, the
cleavage reaction occurred and some heat was evolved. Tetraphenylsilane
and {riphenylsilylacetylene were obtained in yields of 98 and 75.5%,
respectively.

The reaction of chlorotriphenylsilylacetylene arnd phenyllithium
gave, however, only 36.1% of tetraphenylsilane. A large émount of
polymeric oll was formed. ‘

On the other hand, methyllithium reacted with chlorotriphenylsilyl-
acetylene by a halogen-metal interconversion, yielding l-triphenylsilyl..
propyne (54.0%), triphenylsilylacetylene (19.6%), and bis(triphenyl-
silyl)acetylens (5.7%)s The absence of methyltriphenylsilane indicates
that no cleavage occurred. l~triphenylsilylpropyne was probably formed
from the coupling reaction of triphenylsilylethynyllithium and methyl
chloride, both of which were formed as a result of a halogen-metal

interconversion reaction, rather than by the coupling of the original
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reacta.nts.36' 107 The ethynyllithium compounds are known to couple
quite readily with primary ha.lides.no When triphenylsilylethynyllithium
was added to methyl iodide, l=-triphenylsilylpropyne was formed in a
77.9% yield, A by-product was bis(triphenylsilyl)acetylene (7.4%).

The formation of bis(triphenylsilyl)acetylene in the foregoing
reactions immediately suggested the possibility of the cleavage of an
ethynyl group by triphenylsilylethynyllithium. Triphenylsilylacetylene,
chlorotriphenylsilylacetylene, and bromotriphenylsilylacetylene were
allowed to react with triphenylsilylethynyllithium for 17.5~19 hours.
Bis(triphenylsilyl)acetylene was obtained in yields of 33.0, 54.5, and

71.4%, respectively.
PhBSi-C!C-X + PhBSi-ﬁC-Li —_— Phﬁi—ﬁG—SiPhB + X.C2C-11
(x = H, 1, Br)

Grignard reagents did not cleave triphenylsilylacetylenes under
similar conditions. Wl;anw phenylmagnesium bromide was allowed to react
with bis(triphenylsilyij)acetylene for 18 hours, the starting material
was recovered in an 87.8% yield. The functional exchange reaction
occurred to the extent of almost 40% when chlorotriphenylsilylacetylene
was treated with phenylmagnesium bromide under similar conditions. Some
biphenyl was also formed; the exact yleld, however, could not be de-

termined because of the difficulties of separation.

1100y such a coupling reaction, ses, for example, M. H. Durand
and L. Piaux, Compt. rend., 248, 2763 (1959).
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The reaction of methylmagnesium iodide with chlorotriphenylsilyl-
acetylene gave after 5 hours 34.0% of triphenylsilylacetylene, 1.8% of
1-triphenylsilylpropyne, and 53.5% of the starting material.

L sis of bis(t 1s bu

The reaction of triphenylsilyllithium with 1,2-dichloroethylene
gave a negative Color Test I even when a 3:1 ratio was used. The pro-
ducts were hexaphenyldisilane (46.4%), triphenylsilane (34.2%), and a
compound with a melting range of 182-194°, The infrared spectrum of the
latter compound was identical with that of a compound obtained from the
reaction of carbon tetrabromide with triphenylsilyllithium. It was long
suspected that this compound might be bis(triphenylsilyl)butadiyne. As
many of the reaction intermediates were identified and their reactions
with organometallic compounds studied, however, such a possibllity
became remote.

The synthesis of bis(triphenylsilyl)butadiyne was of interest. A
reasonable attempt for its synthesis was a coupling reaction of tri-
phenylsilylethynyl Grignard reagent in the presence of some inorganie
halides.

The preparation of triphenylsilylethynylmagnesium halide was first
investigated. The usual method of replacement of an acetylenic hydrogen
by a readily available Grignard reagent was feasible. The synthesis of
triphenylsilylacetylene was not, however, as convenient as that of
chlorotriphenylsilylacetylene, although a successful preparation of the

monomagnesium bromide of acetylene from ethylmagnesium bromide and
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acetylene in THF has been reported.m

On the other hand, high yields of pure chlorotriphenylsilylacetylene
can easily be obtained. Thus, the direct preparation of acetylenic
Grignard reagents from ethynyl halides, the method which was dsve]nﬁed
‘ by Normant and cuvigrw.m was employed.

A fairly concentrated THF solution of chlorotriphenylsilylacetylene
was stirred with magnesium turnings at a temperature around 40-50°, The
reaction took place within a short period of time. In the case of
bromotriphenylsilylacetylene, heating was not necessary to initiate the
reaction. The yield in both cases was around 95% by acid titration.

The use of cobaltous chloride and bromobenzene or ethyl bromide as
catalyst331 failed to give bis(triphenylsilyl)butadiyne. When cupric
chloridey" was used as a catalyst, however, the desired coupling product
was obtained in a yield of 45.3%.

E. Reactions of Triphenylsilyllithium
with Epihalohydrins and
Related Reactions
The reactions of epichlorohydrin with organometallic compounds have

13, 114
been shown to give chlorohydrins or 1,3-disubstituted propan-2-0ls, 3

111g, R, H, Jones, L. Scattebal, and M. G, Whiting, J. Chem. Soc.,

112¢, Normant and T. Cuvigny, Bull. soc. ghim., 1957, 1447.

13y, Gilman, B. Hofferth, and J. B. Honeycutt, J. Am. Chem. Sog.,
74, 1594 (1952).

nL"K. Ivanov and G. Vasilev, Compt. rend. acad. bulgare sci., 9,
NO. "". 61 (1956)0
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Triphenylsilyllithium reacted with epichlorohydrin not only in the
normal manner, giving alcohol derivatives, but also in unexpected ways,
depending on the reaction conditions.

When one equivalent of triphenylsilyllithium was added to
epichlorohydrin at ~60°, l~triphenylsilyl-3-chloropropane-2-0l was
isolated in a 60.5% yield. When two equivalents of triphenylsilyllithium
were used, the product was 1,3-bis(triphenylsilyl)propan-2-0l (43.3%).
The second half of the reaction did not occur at -60°, as evidenced by a
positive Color Test I. Therefore, the reaction mixture was allowed to
warm to room temperature before all of the triphenylsilyllithium solution
was added. The second half of the reaction was found to be exothermic
at room temperature. |

The reaction of an 8:5 ratio of triphenylsilyllithium to epichloro-
hydrin at room temperature gave 46.7% of 1,3-bis(triphenylsilyl)propan-
2-0l1 and 7.6% of another compound, possibly 1,2-~epoxy-3-triphenylsilyl-
propane. The latter compound, however, was not rigorously identi:fiec}_. )
Under similar conditions one equivalent of triphenylsilyllithium reacted
with epichlorohydrin to give none of the products isolated in the above
runs. The compounds obtained were allyltriphenylsilane (8%), triphenyl-
silanol (8%), and another compound, possibly 2.5-b1s(tnpherw1s11y;-
methyl)-1,4-dioxane (19%).

Thus it appears that at -60° an epoxide ring can easily be opened
by triphenylsilyllithium, but the primary chloride is not reactive
enough at that low temperature to be displaced by the anions present.

At room temperature, however, a chloride ion seems to be easily removed
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by an anion, At room temperature the followling may be competing

reactions:

CHy-~CH-CH2-C1
(o)
PhsSili
Ph3Si-GHZ-CH-CH2-Cl
b
wl
1
PhBSi-CHZ-CH-(l!HZ PhqSi~CHp-CH~CH
b v
C1 PhqSili PhySild
thi-cnz-clm.caz v
0 0O11 Ph3Si~CHp~CH-CHp=SiPhs
H,C—CH-CHp-SiFPhy CI)I.i

-IiCl

Phasi-CHz-/CH-C\Hz
o o

Hz\c—c!n.cﬂg_sipha

The reactions of letriphenylsilyl-3-chloropropan-2-0l and triphenyl-
silyllithium at room temperature failed to give any isolable product.

Epibromohydrin reacted with triphenylsilyllithium by halogen-metal
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interconversion even at ~60°, The yields of hexaphenyldisilane varied
from 68.6 to 79.06. No attempt was made to capture 2,3-epoxypropyllithium,
CHp~CH-CHpId .
o/

It is interesting that small amounts, 4.3 and 10.9%, of hexaphenyl-
disilane were obtained when a 2:1 ratio of triphenylsilyllithium to
1,2~apoxy=-3-(2-chloroethoxy)propane were allowed to react. The question
whether a neighboring ether linkage was responsible for the occurrence
of the halogen-metal interconversion reaction was not investigated. The
cleavage of the ether linkage occurred when two equivalents of triphenyl-
silyllithium were added to 1,2—épo:w-3-allylozypmpane, yielding
allyltriphenylsilane (15%) and 1,2-dihydroxy-3-triphenylsilylpropane
(39%).
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V. SUMMARY

The reactions of triphenylsilyllithium with the various halides
other than fluorides have been investigated. The reagent was found to
undergo halogen-metal interconversion, coupling, metalation, and possibly
addition-elimination reactions, depending on the nature of halides. In
many cases more than one type of reactions occurred in the system. The
halogen-metal interconversion reactions invariably led to the formation
of hexaphenyldisilane as a result of the secondary coupling reaction of
halotriphenylsilane and triphenylsilyllithium. This secondary reaction
was so pronounced that the yield of hexaphenyldisilane ocould be used as
a measure of the extent of halogen-metal interconversion reactions. Only
simple primary chlorides did not undergo halogen-metal interconversion.
These compounds coupled with triphenylsilyllithium to form tetra-
substituted silanes,

The reactions with polyhalomethanes and related compounds seemed to
involve carbene intermediates, Many of the products from these re-
actions could be explained by the reactions of these carbenes and
triphenylsilyllithium, forming new organometallic compounds or new
triphenylsilyl substlituted carbenes,.

Alkenyl mono- and polyhalides exhibited even more complex reactions
with triphenylsilyllithiume. The intermediate compounds, many of which
appeared to involve carbenes, underwent further reaction with triphenyl-
silyllithium. Some of these intermediate compounds were isolated.

ol ~hydrogens on a triphenylsilyl group, as well as on other functional
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groups such as mltiple bonds, were greatly activated and easily
metalated by triphenylsilyllithium or by organolithium compounds. In
some cases the resulting triphenylsilane coupled with these metalated
species.

Haloacetylenes and halotriphenylsilylacetylenes seemed to undergo
addition-elimination reactions, resulting in the apparent coupling
products, as well as halogen-metal interconversion. An ethynyl group
could be cleaved from a silicon atom by organosilyllithium compounds.
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