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A sigmificant difference in the behavior of organic chlorides and bromides toward
triphenvisilyvilithium (I} has been noted!-= Thus, primary- chlorides such as z-butyl
chloride reacted with (I} exclusively by a coupling reaction® *. The bromides, on the

ther hand, reacted predominantly- byv halogen-metal interconversion which led to
the formation of hexaphenvldisilane {II} as a result of the secondary coupling reaction
of {1} and bromotriphenyvlsilane!-=.

Although the initial attack of (I) on polvchloromethanes and polybromomethanes
was by halogen-metal interccnversion, soine of the secondary reactions involved

ped.red to be different’. Organolithium compounds show dissimilarities in their
reactions toward methyvlene chloride and methyvlene bromide. 2-Butyilithium reacted
with methylene chloride bv meralation®, while with methvlene bromide it underwent
halogen-metal interconversion®.

The reactions of 1-chloropropene and r-chlorc-1-butene with (I) gave 1,2-bis-
{triphenyvisilvlipropane and 1,z-bisftriphenvlsilvljbutane, respectively, as major pro-
ducis®. The reaction of 1-bromopropene and z-butvllithium vielded r-phenvi-z-
butin-I-ol inn a 73 °; vield upon the addition of benzaldehvde®.

It is perhaps not surprising that a large vield {70°;} of (II} was obtained from
the reaction of 1-bromopropene and (I) in view of the fact that the bromides in general
undergo halogen-metal interconversion reactions readily with {I}. It is surprising,
however, that seven other compounds were L:olated from the same reaction. These
compounds and their vields are listed in Table 1.

1,2-Bis(triphenvisilvlipropane was probably formed by the same mechanism as
in 1ts formation from the z-chloropropene reaction?; that is, an addxtlon—ehmlnatron
reaction iollowed by a coupling between the resulting carbene and (I).

The formation of 1-{triphenvisilvlipropene was likelv the result of the reaction
of triphenvisilane (1II} with propenyviithium®, which would be formed from the
halogen-metal interconversion reaction.

Pn,Sili +~ Br—CH=CH-CH, Bl — Li-CH= CH——CH

{1 : DwA.P‘
Al ' !ll‘
Ph,SiSiPh, Ph,Si-CH=CH-CH,
{1}

* Some exceptions have been noted: isobuty: chloride gave a small amount of hexaphenyl-
distlape in addition to a 629, vicld of the coupling product, whereas neopentyl chloride vielded
hexuphenyldisilane in 2 642 vield®.
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REACTIONS OF TRIPHENYLSILYLLITHIUM 45

TABLE 1

PRODUCTS?® FROM THE REACTION OF PhySili (I) WITH I-BROMOPROPENE
OTHER THAN HEXAPHENVEDISILANE (II)

No Ph,SiCl Ph,SiCl

Compounds added, added,
% %
Triphenylsilane 20 13.5
1,2-Bis{triphenylsilvl}propane 6.8¢ 7-7
1-{Triphenvlsilvljpropene I1.0 o.7
1,3-Bis(triphenylsilyi)propene — 2.2
1-(Triphenylsilyl)propyvne 7.1 15.3
1,3-Bis(triphenylsiiyvijpropyne 7.2 1.3
Tris(triphenylsilyl)propadiene o.z 6.4

e Not all the compounds were isolated from a single run.

% The presence of triphenylsilane was shown by the infrared spectrim, but the vield could
not be calenlated because the compound could not be obtained in a p we state.

¢ \'alues are the highest vields obtained.

Propenyllithium, however, seemed to be unstable under the reaction conditions,
as evidenced by the fact that the yield of r-(triphenylsilyl)propene did not increase
by the addition of chlorotriphenylsilane (IV). Since all the other products seem to
have a common intermediate, propenyllithium as well as (I} mayv have participated
in the formation of this intermediate compound. The abstraction of a --hyvdrogen
from I-bromopropene by propenvllithium or by {I) and subsequent elimination of
lithtumn bromide would give a vinylcarbene, which either rearranges to propadiene or
reacts with (I} to form a metalated allvltriphenvisilane:

S tH=CHL . Br CH—=CH-CH,-L: - CH, CH=CH,

or (IIT)

Br-CH =CH-CH,

‘i LiBr
N

CH,=C=CH, ~— [:CH-CH=CH,]

]
Ph,Si-CH-CH=CH,

The anion of the metalated allvltriphenyvlsilane exists as a resonance hvbrid of the
structure as shown below?.1%. \When a mixture of (I} and allyltriphenylsilane was
stirred at room temperature for 22 h, 1,3-bis{triphenylsilyl)propene was obtained in a
1095 yvield.

r e
i 24 :
5 ! !
i C i
{1) : TN {
Ph,Si-CH.-CH=CH, — | Ph:,Si:r-C; (;,—H E Li® + (II)
i H H |
!(m)

v

Ph,Si-CH =CH-CH,-SiPh, < LiH
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46 H. GILMAN, D. AOKI

Protably, vinvlcarbene rearranges to allene within a short period of time so
that there mayv be Little chance for (I} to react with it to form the metalated allyl-
triphenylsilane, hence a very low vield of 1,3-bis{triphenylsilyl)propene and no alivl-
triphenvlsilane were obtained. Vinylcarbene may also form cyclopropene®?, although
no derivative of cyclopropene was isolated.

The allene may then be metalated by (I):

I;
CH,=C=CH, —— Li-CH=C=CH, = (I1I)

Since the resulting allenyvllithium is a vinyllithium type compound. it would be
expected to couple with (III) to give {triphenylisilvl)propadiene, which may rearrange

to the more stable 1-(triphenyisilvlipropyne (V') prior to or after hydrolysis. The for-
mation of {V} could also be accounted for by the following simple sequence:

L %
BrCH=CHCH, —— HC=C-CH; —— LiC=C-CH,

v
Ph,SiC=C-CHy
Y

The addition of chiorotriphenyisiiane {IV; would then lead to an increased vield of (V.
1-{ Triphenvlsiiviipropadiene and/or {V; can undergo {urther metalation—coupling
reactions to give 1.3-bis{triphenyisiivhpropyne {VI; and tris{triphenylsilyb propadiene
{\'IIs. To verifyv the last phase of the reactions, (V) was allowed to react with (I}.
When an eq 1moia. mixture was stirred at room temperature for 5 h, there was ob-
tauned I[I— {50,373, iV (18.17,5, (V] {20,975, and r2-bisitriphenvlsilviipropene
‘\III!'I\’“-, When phenviii

thium was vsed as a metalating agent and subsequently

JII& was added, (VI was isolated in a 27.2 2, vield:
prii
Piysi-C.C-CH, - Pi,Si-C=C-CH,Li
Y
R g h
PhySi-CooC~-CH-SiPhy {272
L

\Wher chlorotriphenvisilane {IV} was used as a derivatizing agent, (VIIi {z2.57,) and

(VI {12.62,} were Isolated. The fact that the starting material, {V}, was recovered
in a larger vield from the reaction using chlorotriphenyisilane (1V) than in the caze of

tr p‘l(“‘l"bll:.nt, (i1} addition, 32.53°, vs 17.2 T’J,. suggests that the metalated (V) as
vell as uareacted phenvilithium metalated {VI} as soon as it was formed.
PaLi P2 SICHIT)

(V3 — PhySi-C=C-CH,Li —— = [V}

Phati-Co C-CH.Li
Lar PhLI
-

Li
(V) — Ph Si-C=C-CH-SiPh,

I. Organometfal. Ciem., 2 (1904} §3~-358



REACTIONS OF TRIPHENYLSILYLLITHIUM 17
The 1,3-bis{triphenvlsilyl)propvne anion undoubtedly exists as a resonance hybrid:
& 2
{Ph,Si-C=C-CH-SiPh; <> Ph,Si-C=C=CH-SiPh,:

Chlorotriphenylsilane (IV) couples with the allenic form, which provides better
spatial arrangement for three bulky triphenvlsilyl groups than the acetyvlenic form
as scen from molecular models.

The metalation reaction of (VIj by (I} was virtually complete as evidenced by
the isolation of a small amount (2.9 °;) of iII} when (IV} was added. In the case of
{\), (II) was obtained in a 15.8°, vield, which was a measure of unreacted (I).

v . N (D) (2990 < (111 (83:59)
4+ (Ph,Sil,C=C =CH-SiPhy {50.89;)
(V11

-+ {Ph,S1).C=C=C{8iPh,). (trace)
{IX)

Tris{triphenyisilvlipropadiene (VII) was identified by physical and chemical
evidence. The elementary analysis and molecular weight determination were com-
patible with the formula. Its infrared spectrum showed a strong absorption band at
5.30 . The usual allenic absorption bands appear!? at or near 5.0 . Synthesis of
several triphenvlsilvl-substituted allenes revealed that the position of bands shifted
from 3.23 g for 2,4-bis{triphenylsily]l}-2,3-pentadiene to 5.49 u for tetrakis{triphenyl-
silvhpropadiene (IX). The reason for this shift might be the increased number of
participating d-orbitals of the silicon atoms for partial bond formation; thercby
reducing allenic bond character.

The NMR spectrum of {VII} showed a resonance peak at 5.75 7, which is charae-
teristic for an allenic hyvdrogent!. The replacement of the allenic proton by deuterium
through metalation and hydrolysis with deuterium oxide resulted in the dis-
appearance of the peak at 5.75 7 in its NMR spectrum.

The allene (VII} was metalated by phenvilithium and subsequently treated with
{IV). The tetra-substituted allene (IN} was obtalned in a 16.7 9, yleld. The NXMR
spectrum showed only signals due to phenyi hyvdrogens. WWhen methyl iodide was used
to derivatize the metalaied (VII), the reaction proceeded smoothiy and z1,1,3-tris-
{triphenvlsilv])-1,2-butadiene (X) was obtained in a 67 °; yvield.

. . PhLi - _Li
(Ph,S1).C=C=CH-SiPhy — > (Ph,5i},C=C= C\S; Ph
(VIn : *
(CH,I
CH,

1 =C=C~
(Ph,Si),C=C sipn,
(X

The allene (X) was also synithesized by the following sequence of reactions:

J - Organometal. Chem., 2 (1964) 13-55



H. GILMAN, D. AOKI

b
V4

VI Ph,Si-C=C-CH.-CH,
PuLi AL
v .
(CH,E Ph.SiK
v C’H3 r (':Hz
{Ph,Si-C=C-CH-SiPh; — Ph,Si-CH=C=C-SiPh?
SP!‘.L:
v
(X3

The reaction of {V) and (I) had an important side reaction. It is the addition of
(I} to the triple bond®. 1,2-Bis{triphenyisilvl)propene {VII) was obtained in a yield
of 18.5 2. The NMR spectrum was compatible with the structure, showing a doublet
at S8.17 7 for terminal methvl hvdrogens and a quartet at 2.77 7 for an oletinic hydro-
gen. The reaction mixture was hydrolvzed with deuterium oxide in hope of isolating
deuterated (VIII). The attempt, however, failed. This indicates that the metalated
{VIII} i5 unstable under the conditions emploved and it must be protonated prior to
hidrolysis.
EXPERIMEXNTAL

Reactions involving organometallic Teagents were carried out under an atmosphere
ofi dry, oxygen-iree nitrogen. All meliing points are uncorrected.

Reaction of iriphenvisilvilithinn: witly I-bromopropere

(a} r:I Rafi
A solution of triphenylsilyvllithium?®*? {0.05 mole} was added dropwise over a peried
of 3¢ minutes to 6.09 g {0.05 molej of 1-bromopropene in 100 m! of ether at room
temperature. Color Test I3 was negative after the addition. The reaction mixture was
stirred for ¢ h. Subsequent to hvdrolysis with dilute acid, hexaphenyldisilane, Sgo g
{63~ 2.}, was separated by filtration. The organic layver was worked up in the usual
manner and the residue was chromatographed on alumina. Elutior with petrcleum
ether {b.p. 60-70%} gave in the fi ut fraction 1.65 g {11.0°;) of x-{triphenylsilvl}-
propene, m.p. §9.5-92 7, after recrysiallization from metharnol. A mixed melting point
with an autheatic sample prepared from propenvllithium and chiorotriphenylsilane?
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 2.} of 1-{triphenvisilvl)-
propyne, m.p. I£5.5-II6°, after recrystailization from methanol. A mixed melting
po’nt with an authentic sample was not depressed. Elution with carbon tetrachicride

ave 0.25 g (1.8 2;) of 1,3-bis{triphenyisilyl)propene, identified by a mixed melting
pomt determination with a sample obtained from the reaction of triphenylsiiyl-
Iithinm with 1, 3-dichloropropenels and by a comparison of infrared spectra, as well
as a trace amount of tris{triphenylsilyvljpropadiene, identified bv comparison of its

J- Organemetal. Chkem., 2 (1664) 3458



REACTIONS OF TRIPHENYLSILYLLITHIUM 49

infrared spectrum with that of the sample obtained from the reaction of triphenyl-
silvilithium with 1-(triphenyvisilvllpropyne.

(b} 4:3 Ratio, followed by addition of chlorotriphenylsilane

A solution of triphenylsilvllithium {0.08 mole) was added dropwise over a period of
2 h to 7.28 g (0.06 mole) of x-bromopropene in 200 ml of ether. Color Test I was faintly
positive when the addition was completed. After 1 h of stirring there was added 15 g
{0.05 mole) of chlorotriphenyisilane in 150 ml of ether. The reaction mixture was
stirred for 2.5 h before it was worked up by the same procedure asin (@). The following
compounds were isolated: hexapheny- ldisilane, 15 5.0 g (72.59); triphenylsilane, 1.35 g
{6.5 % based on triphenvlsilvllithium}; 1- (tnphen_\ 1:11_\'1) propyne, 2.5 g (I5.39%
based on 1-bromopropene}; 1-{triphenyisilyvl)propene, 1.20 g (6.7 2; based on x-bromo-
propene}; 1,2-bis(triphenvisiiviipropane, 0.10 g (0.5 %), identified by comparison of
its infrared, spectrum with that of an authentic sample; and tris{triphenylsilyl)-
propadiene, 1.80 g (3.7 %), m.p. 186.5-188.5° (mixed m.p.).

{¢) 8:5 Ratio, followed by addition of chlerotriphenvisilane

A solution of triplienyvisilvilithinm (0.0S mole) was added to 6.06 g (0.05 mole) of
1-bromopropene in 100 ml of ether at room temperature. Color Test I was positive
even after 5 b of stirring. Chlorotriphenylsilane was added until the color test became
negative. This process required about 0.02 mole of chlorotriphenvisilane. An excess
of 0.0x mole of chlorotriphenvisilane was added. The reaction mixture was worked up
by the same procedure as in (a). The following compounds were izolated: hexaphenvl-
disilane, 1520 g: a mixnture of tripl:envisilane and 1- :trlphm\Lll\'l‘vpropme 1.75 &;
1-(triphenvisilvlipropine, 1.0 g (6.6 2); 1.2-tis{triphenvisilvlipropane, 2.15 g (7.7 %5} ;
1.3-bis{triphenyisilvlipropene, o.40 g {1.4°,1; 1,3-bis{isriphenvisiivlipropyvne, 0.30 g
(1.1 °5); and tris{triphenvisilyvlipropadiene, 2.60 g {(6.49,).

{dy 3:1 Ratio
A solution of triphenvisilvllithium {(0.0S mole} was added dropwise sver a peried of
1 I to 3.03 g {0.025 male} of 1-bromopropen= in 100 ml of ether at 30-35°. Color Test
I was positive at the end of this addition. I't remained positive after 2 h of stirring.
The reaction mixture was worked up by the same prouzdure as in (a}. The following
compounds were isolated: hexaphenyldisilane, 1.90 g {9.2%); tnphemlﬂla‘u
10.45 = (530.2 95} r,2-bis{triphenvisiivl}propane, 0.5 g (6. b 243, 1dc..t15.c'1 v a2 mixed
mclting point with an authentic sample?; and 1, ybla(trlphen_\'lallyqprop} ne, 1.0 g
(7-2°%%

In another run, chlorotriphenylsilane (ro.2 g, 0.034 mole) was added after the
mixture was stirred 1 h and 4o min. The yield of hexaphenyldisilane was 19.50 g.
The other products were triphenvisilane, 2.35 g (36.2 ¢; based on 1-bromopropene);

,_.—bi:-(triphen\'lcil\'l)propzme 0.45 g (3.2%); I,:,-bb\trinhenvls:' vlipropene, 0.30 g
(2.2 2,3; 1,3-bis{triphenyvisilvl)propyme. 0.60 g (4.3 %) ; and a compound with a melting
pomt of 186-189°. The last compound has not been identified, but the infrared
spectrum indicateé the presence of a double bond.

J. s ometal. Chem., 2 (1963) 313—5S



50 H. GILMAN, D. AOKI

Reaction of ériphenvisilvllithitm with 1-ériphenvisilylpropine

{a) Without addsiton of chlorotriphenvisilane
A soluiion of tiphenvlsilyliithium {0.03 mole} was added dropwise over a period of
20 min to 9.25 g {0.031 mole) of 1-(triphenyvisilvl)propine in 70 ml of tetrahydrefuran
{THF). The reaction mixture was stirred for 5 h at roem temperature during which
time Color Test I remained posiiive. A work-up in the usual manner gave a solid
residue which was chromatographed on alumina. Elution with petroleum ether (b.p.
6o-70°, gave in the first fraction 4.0 g {51.3 ;) of triphenyisilane, which was identified
v its infrared spectrum. Further elution with the same solvent gave in the second
fraction 1.70 g (£8.4 2, recovery) of the starting material. Still further elution with the
same solvent gave in the third fraction 3.20 g (18.5°5) of I,2-bis{triphenyisilyl)-
propene, m.p. I47-Y19°, after several recrystallizations from an ethyl acetate-
methanol mixture. {Found: C, 83.8q9, 33.77; H, 6.23, 6.43; Si, 10.05, 9.84. C;H;,Si.
caled.: C, 83.81; H, 6.13: Si, 10.05°,.} .

The \'\IR spectrum was in zgreement with the proposed structure, <how'na a
doublet =t 3.17 v and a quartet at 2.77 7. The infrared spectrum, however, did n
show any absorption band corresponding to a double bond.

Elution with carbon tetrachloride gave an oil which was treated with petroleum
ether {b.p. bo-707! to give $.10 g of 1,3-bis{triphenvisilylprepyne, m.p. r27-128.57,
after rccr\':t't.lhmtmn from an eth 1wl acetate- 'ncth.-nol mixture. The mother liquor
was concentrated and an additional 1.05 g of the same compeund crystallized cut.
The total vield was 5.15 g {20.G°,). lI‘ou“d C, S.g 35, 84.31; H, 5.01, 5.77: 51, 9.97,
9.03. C;yHoSiu caled.: €, 1125 H, 5.70; St, 10.09 95

The infrared spectrum showed a character istic tripic bond absorption band at
1.60 u.

(& Feilowed by addition of ciilorotridlicnyisiliane

{1} I; = toere of cHeer aind THE. A solution of npluln IstlvHiti:ium (0.05 mole)
was added dr. px te .0 g {0.03 mole; of 1-{t iphen _\_< ilvl;propine in 7o ml of ether
at room temperatare. A dr'q) reddish-brown color daveloped. Afrer 5 h of stirring
there was d o g 10.03 mole: of chloro 1phen_ lsilane in ether. The color of the
reaction mixture fade ta light veilow. The reactien mi_\:ture was hvdrolvzed with
dilute acid after 1 h of sitrring. Hetapnen\'ldx silane, 215 g (15.8 2}, war separated by

filtration. The O-H“nic iaver was worked up in the usual manner and the residue was
chromatographed on alumina. Elation with peiroleum ether ib.p. co-70°; gave the
following compounds: triphenvlsiane, 3.25 g {5435°%); I—’tnp’x-’n\'Lil\ uprop_\‘nc,
5. TI280 L revrai: 2l L osbisitrinhe nS s U IR 3ena (O 5. 8 L O

b

from an ethyl acetate-methanol mixture. {Found: C, 8409, Sto1; H, 5.36, 5.75;
Si, 10.2¥, 10.20; mol. wt. Rast, 764. C;.H Si; caled.: C, 83.97; H, 5.69; Si, 10.34"5;

mol. wt., 815.21.)
The infrared spectrum showed z characteristic allenic absorption band at 5.30 u.
The N)MR spectrum supported the proposed structare showing a ringle peakat 5.75 7.
From the mother liquor after separation of tris{triphenylsiivl)propadiene there

J- Organcinsial. Chem., 2 (1964) 4458



REACTIONS OF TRIPHENYLSILYLLITHIUM 51

was obtained 0.90 g (5.19%) of &,3-bis{triphenvlsilvl)propyne, m.p. 126-127.5°
(mixed m.p.).

{(2) Inn THF. A solution of triphenvlisilyllithium {0.03 mole) was added dropwise
to g9.10 g (0.03 mole) of 1-(triphenvlisilvl)propyne in 50 ml of THF. After 5.5 k of
stirring there was added 1c.0 g (0.635 mole) of chlorotriphenylsilane in 50 m! of THF.
Color Test I was positive prior to this addition. The reaction mixture was hydrolyzed
with dilute acid after 1 h of stirring. The organic layer was dried with sodium sulifate.
The solvent was removed. \WWhen the oily 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 polint of this precipitate was 177-182°. It was raised to 186—
1887 after recrystallization from an ethyl acetate-methanol mixture. A mixed
melting point with tris{triphenyvisiiylipropadiene was not depressed.

The mother liquor was poured onto an alumina column for chromatography. The
following compounds were isolated: triphenyvisilane, 2.00 g (25.2 9,); r-(triphenyl-
silyl)propyne o.go g (9.9 %} recoverv); 1,2-bis(triphenvisilvlipropene, 3.00 g (18.09%;);
tris(triphenvisilvl)propadiene, 1.85 g; and z,3-bis{triphenvlsilvl)propvne, 1.6c g
{90-5 °5). The combined vield of tris(triphenvisilvl)propadiene was 7.95 g {32.1 %;).

Rezacivon of phenvllithinin with x-liriphenvisilvl) propyne

(a) Follozoed by addition of iriphcnyisilane

A solution of phenvllithium (0.03 mole) was added dropwise over a period of 15 min
to .0 g (0.03 n:ole) of 1-(triphenylsilvi)prepynein 50 ml of THF. The reaction mixture
became slightly warm during this addition. Afier 5 h of stirring at room temperature,
during which time Color Test I became negative, there was added 7.8 g (0.03 mole)
of triphenyisilane in 6o ml of THF. The reaction mixture was stirred for another 5 h.
The solution was a dark reddish-brown. A work-up in the usual manner left an oily
residue which was chromatographed on alumina. Elution with petroleum ether (b.p.
$50-707; gavein the first fraction 5.45 g (63.9 2, recovery) of triphenyisilane, which was
identiited by 1ts infrared spectrum. Further elution with the same solvent gave in the
second fraction a mixture of tetraphenylsilane =w.d r-{triphenvisilvlipropyne. Frae-
tional recrystallization of this mixture from petroeum ether (b.p. 60-70%) gave 0.75 g
{6.6 %) of tetraphenylsilane and 1.25 g (13.9 % recovery) of 1-{triphenylsilvlipropine.
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.p. 60- 707) vielded 4.55 g (27.2 %5) of 1,3-bis{triphenylsilyl)-
propyne, m.p. 126-127.5° {mixed m.p.).

In another run, a mixture of phenyliithinum and 1-(triphenyvisilvljpropine was
stirred for 1 h before triphenyvilsilane was added. The solution was then stirred for
another 2¢ h. The following compounds were isolated: triphenylsilane, 1.60 g {(54.1 %,
recovery;; tetraphenvisilane, 1.x1 g {11.0°); 1-(triphenyisilyl)propyne, 145 g
(17.2 2, recovery}; and 1,3-bis(triphenylsilvl)propyne, 5.30 g (31.7 25)-

(b) Feliowed v additior of chloroiriphenyisilane
A solution of phenvilithium {0.02 mole) was added slowly to 6.0 g (0.02 mole) of
1-{triphenvisilvl}propyme in 50 ml of THF. After stirring for 7 h there was added

J. Organometal. Chem., 2 (1964) 34—5S



32 H. GILMAN, D. AOKI

6.30 g (0.021 mole) of chlorotriphenylsilane in 50 mi of ether. The reaction mixture
was stirred for another 1.3 h. It was worked up in the usual manner and subsequently
chromatographed on alumina. Elution with petroleum ether (b.p. 60-70%) gave 0.57 g
(£r.5%;) of tetraphenvisilane and 1.95 g (32.5% recovery) of 1-(triphenvisilvl)-
propyne. Farther elution with carbon tetrachloride gave an oil which upon treatment
with petroleumn ether (b.p. 60—07) vielded 3.67 g (22.59%) of tris(triphenylsilvl})-
propadiene, m.p. 186—138° (mixed m.p.). The mother liquor was concentrated and
there crystallized out 1.40 g (12.6 %) of 1,3-bis{triphenvisilvl)propyvne, m.p. 127-128°
{mixed m.p.).

Reaction of triphenvlsiivilithinng with iris{Eriphenyisilyl)propadicie

{a} Vithout addilion of chiorotriphenvisilane

A solution of triphenvlsilyllithium (0.013 mole) was added to 5.8 g (0.9071 mole) of
tris{triphenvkilvlipropadiene in 2 mixture of 50 ml of ether and 30 ml of THF at
room temperature. After 3 h of stirring Color Test I was only faintly positive. The
reaction mixture was “orkz_d up by~ the usual procedure after a total stirring of 5 h.
The residue obtained was chromatographed on alumina. Elution with petroleum cther
{b.p. bo—707) gave 2.35 g (6g.5°;) of triphenvlsilane, which was identified by its
infrared spectrum. Further elution with carbon tetrachloride gave an oil which was
treated with petroleum ether {b.p. 60-707) to vield 5.15 g (§8.8°,} of the starting
material, tris(iriphenyisilvlipropadiene.

(8t Foliowsd by additivi: of chlorotriphienvisiiaie

A zolution of triphenvlziivilithium 0.0135 mole) was added slowlv to 5.0 ¢ {0.0069
mole: of tris{triphenyisiiviipropadiene in 77 ml of THF at room temperature. Color
Test I was positive after 3.5 h of stirring. The reaction mixture was stirred for a fotal
of 6 h before £0 7 {0.013 mole; of chlorotriphenylsiiane in yo ml of THF was added.
After being s tirred for an additional 3 3.5 h, the reaction mixture was hvdrolvzed with
dilute acid. Hexaphenvldisilane, 2.20 g {31.4 2.}, was separated by filtration. A work-
up of the organic laver left a solid residue which was chromatographed on alumina.
Elution with petroleum ether {b.p. 60-70°) gave 1.85 g (52.67,} of rriphenvisilane.
Further elution with carbon tetrachloride gave an oil which upon treatment with
petroiecm ether {b.p. 60-707} gave 1.25 g (76.0 °,} of the starting material. However,
this material contained some tetrakis :trmhcn\ lailvlipropadiene as evidenced by the
presence of an additional absorption band at 5.5 w in its infrared spectrum, aithough
the meiting point was 180. 3-“\\ 57 {mixed m._p.). From the mother liquor there was
isolated 6.20 z i2.7 2.} of crude tetrakis{triphenvisilvlipropadiene, m.p. 433-140°.

Reaciionr of phenvlitiiun with trisieriphenyisiiviipropadicnc -

(a} Fcllowed oy addition of chiorciriphicnyisilanc

An ethereal solution of phenvllithium {0.0o1 mole; was added to 6.0 g {o.co736 mole}
of tris{triphenvisilvlipropadiene in 60 ml of THF. The reaction mixture became
siightly warm. Color Test I was negative after 1.5 h of stirring. A solution of 3.3 g
{o.011 mols} of chlorotriphenylsilane in 30 m! of THF was added after a total of 1+ h
of stirring. The reaction mixture was stirred for another 23 h, during which time the
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color cf the solution changed from light clear brown to vellow. A work-up in the usual
manner gave an oilv residue which was chromatographed on alumina. Elution with
petroleum ether (b.p. 60—0%) gave o.40 g (x1.99;) of tetraphenylsilane which was
identified by a mixed melting point determination with an authentic sample. Further
elution with carbon tetrachloride gave an oil in three fractions which were treaied
separately with petroleum ether (b.p. 60—70°). From the first fraction there was
obtained 0.15 g of pure starting materiai. \WWhen the second {raction was freated with
petroleum ether (b.p. 60-70°), there precipitated out 0.55 g of a material, melting
above 3035°, which was recrvstallized from an ethyl acetate—-methanol mixture to give
0.35 g of tetrakis(triphenylsilyl)propadiene, m.p. 442-4;48°. The mother liquor was
concentrated and sore petroleum ether {b.p. 60—70°) was replaced with ethyvl acetate.
Upon the addition of cold methanol there precipitated cut 2.65 g of a material melting
at 183-203°. Fractional recrystaliization from an c¢thyvl acetate-methanol mixture
gave 0.85 g of pure starting material ard 5.17 g of tetrakis(triphenvlsilvl}propadiene,
m.p. 448-432°. The third fraction gave, after sim.lar i catment to the above, 0.55 g
of tetrakis(iriphenylsilyvl}propadiene, m.p. £18-452°. The total yield of the starting
material recovered in pure form was 1.2 g (16.7 %;). Tetrakis(triphenylsilyl)propadiene
was obtained in a vield of 1.c7 g (3.5 %). (Found: C, 83.25, 83.05; H, 567, 5.50;
Si, 10.23, 10.25; mol. wt., 1058, ggo. C,;HSi, caled.: C, 83.90; H, 5.63; Si, 10.47 %
mol. wt., 107 _6.)

The infrared spectrum showed a very intense band at 5.49 x which was attributable
to the allenic bond. Other characteristic bands appeared at 12.00 and 12.18 u. The
NMR spectrum showed only the absorption signals of the aromatic hvdrogens, thus
supporting the structure of a tetrasubstituted allene.

(0) Followed oy addifion of mecilivi todide
A solution oi phenvlithium (0 oI mole} was added slowly to 2.20 g {0.0027 mole) of
tris{triphenvisiivl)propadiene in 50 ml of THF. After a stirring of 3.25 I at room
temperature there was added 1.8 g (0.0124 mole) of methyl iodide in 1o ml of THF.
Some heat was evolvad and the reaction mixture became colorless. After 1 h cf
stirring the reaction mixture was worked up in the usual manner, followed by chro-
matography on alumina. Elution with petroleum ether (b.p. 60-70°} did not give any
product. Eluiion with carbon tetrachloride gave a solid product which was re-
rvstallized from petroleum ether (b.p. 60-707} to give 1.70 g (67 %) of 1,1,3-tris-
{triphenyisilvl)-1,2-butadiene, m.p. 1g6~1g8°. (1~0und C, K? 51, S?. .34; H, 6.06, 5.97;
Si, 10.22, 10.12. C, H (81, caled.: C, 84.00; H, 5.83; Si, 10.169,,.)
The infrared spectrum showed a very intense allenic absorption band at 5.34 u.
A band at 7.36 ;2 was very likely due to the methyl group present.

(¢} Followed by addifion of deuteriune oxide*

A solurion of phenylithium (o.0r mole) was added to 2.0 g (0.0025 mole) of tris-
{triphenvlsilvi)propadiene in 60 ml of THF. After a stirring of 3 h there was added
0.5 ml (0.04 mole) of deuterium oxide. Some ether was added. The organic layer was
washed twice with water and dried with sodium suifate. The solvent was removed.
The residue was treated with petroleum ether (b.p. 60—70%) and methanol to give

* Deaterium oxide was kindly provided by Dr. R. W. Kixg of Iowa State University.
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175 g {87.5%) of deuterated tris(triphenvlsilvl}propadiene, m.p. 187-189°, after
recrystallization from an ethyl acetate-methanol mixture. The mixed melting point
of the non-deuterated and the deuterated compounds was not depressed. Their infra-
red spectra were identical, except that a peak at 13.80 ¢ was missing in the spectrum
of the denterated compound. The N)MR spectrum showed no signal at 5.75 7, indicating
that the compound was deuterated completely.

Reaction of triplenyisilvilitkium with 1,3-bisltriphenvlsilyl)propyne followeed
bv addition of chlorotyiphenvisilane

A solution of triphenyisilyliithium (0.01 mole) was added slowly over a period of 15
min to 5.2 g (0.0093 mole) of 1,3-bis{triphenvisilvl}propyne in 50 ml of THF. A deep
reddish-brown color developed almost immediately after this addition. After a stirring
of 3.5 h at room temperature there was added 3.5 g (0.012 mole) of chiorotriphenyl-
silane in 30 ml of THF. The solution was decolorized almost immediately without
evolving any heat. The reaction mixture was hydrolvzed with dilute acid after an
addiiicnal stirring of 3 h. A\ small amount, 0.15 g (2.9 %), of hexaphenvidisilane was
separated by filtration. The organic laver was worked up by the usual procedure and
the residue was chromatographed on alumina. Elution with petroleum ether {b.p.
6007 gave 2.30 g {88.5 %) of triphenylsilane, which was identified by its infrared
spectrum. Elution with carbon tetrachlori:le gave an oil, which upon treatment with
petroleum ether {b.p. 60—;0°} vielded a total of 3.85 g (50.8 25) of tris{triphenylsilyl}-
propadiene, m.p. 187-188.5°, aiter recrystallization from an ethyl acetate-methanol
mixture. From the mother liquor there was obtained 0.12 g of a high melting material,
m.p. 111-6007(<}, part of which was tetrakis/triphenvisilylipropadiene as indicated
by~ the presence of an absorption band at 5.50 x in its infrared spectrum.

Reaction of blrexvilithits with 1,3-bisltriphenyisilvlpropyae

(a Followed by addiiior of clhilorotriphicizvisilane
A solution of phenyvllithium {0.01 mole) was added siowly- over a period of 135 min
to 5.60 g {0.0I mole} of 1,3-bis{triphenylsilvljpropyne 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 h, during which time its color became a very
ark reddish-brown. Color Test I was, however, negative. A solution of 3.30 g {o.011
mole} of chlorotriphenylsilane in 30 mi of THF was added. The color of the reaction
mixture changed slowly from dark to light orange. After 2 h of stirring one gram
more of chlorotriphenyvlsilane was added and the stirring was continued for another
3 h. The reaction mixture was then worked up and the residue was chromatographed
on alumina. Elution with petroleum ether (b.p. 60-—0%) gave 0.40 g (11.9 %5} of tetra-
phenvisilane, which was identified by a mixed melting point determination with an
authentic sample. Further elution with carbon tetrachloride gave an oil, which upon
treziment with petroleum ether {b.p. 60—0°) vielded 3.45 g {42.1 %) of tris(triphenyl-
silvl)propadiene, m_p. 187-189°, after recrystallization from an ethylacetate-methanol
mixture. This compound was identified by a mixed melting point determination and
by a comparizon of the infrared spectra. The mother liquor was concentrated and there
was isolated 1.335 g (27.7 %5} of the starting material, 1,3-bis(triphenyisilyl)propyne.

£ -
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n

5

In addition, a trace amount of tetrakis(triphenvisilvlipropadiene, identified by its
infrared specirum, was formed.

{0) Followed by addition of methyl sodide

(Z) 2:1 Ratio. A solution of phenyllithium (o.or moie) was added rapidly to2.50 g
{0.0045 mole) of 1,3-bis(triphenylsilyl}propyne in 50 ml of THF. The solution im-
mediately became reddish-black and evolved some heat. After one hour’s stirring
there was added 1.80 g (6.012%7 mole) of methyl iodide in 10 ml of THF. The reaction
mixture was worked up in the usual manner after 1 h of stirring. The residue obtained
was chromatographed on alumina. Elution with petroleum ether (b.p. 60—70°} gave
in the first fraction 0.13 g (8.6 2;) of tetraphenvisilane. Further elution with the same
solvent gave in the second fraction 0.08 g (3.1 %) of a compound with a melting point
of 166—1677 after recrystallization from petroleum ether (b.p. 60—70°). The infrared
spectrum of this compound was very similar to that of 2,4-bis(triphenylsilyl)-2,3-
pentadiene, which was obtained from the reaction of phenyllithium with a mixture of
1.3-bis{triphenyilsilyl}-1-butyne and 1,3-bis(triphenyisilyl)-1,2-butadiene followed by
the addition of methyl iodide. Further elution with carbon tetrachloride gave an oii,
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 4.63 (strong), 5.25 (weak), 10.75, 11.32 and 12.80 . The material may have
been a mixture of 1,3-bis{triphenylsilvl)-1-butyne and 1,3-bis{triphenylsilyl)-1,2-
butadiene. From the mother liguor there was obtalned an additional 0.35 g of the
mixture. The total yield of the mixture was 1.30 g (50.8 %5}

{2} 1:1 Raiio. A solution of phenyvllithium (0.01 mole) was added slowlvto 5.10 g
{0.0092 mole) of 1,3-bis{triphenyisilvi}propvne in 70 ml of THF. The reaction mixture
was stirred for 20 h at room temperature before 1.80 g (0.0127 mole) of methyvl iodide
in 15 ml of THF was added. After being siirred for 2z h, the reaction mixture was
worked up by the same procedure as in (1). Tetraphenylsilane was not isolated. The
vield of the mixture was 3.05 g (38 %). The infrared spectrum of the mixture showed
characteristic bands (in carbon disuliide solution) at 5.22, 7.32, 7.36, 10.30, 10.00
(very weak), 10.98, 11.85 (weak), and 13.76 u. The analysis of these bands indicated
that the following compounds were present in the mixture: 1,3-bis(triphenyisilvl}-1-
butyne (7.32. 10.30, 10.98); 1,3-bis(triphenvlsilyl)-1,2-butadiene (5.22, %#.36, 10.60,
13.76); 1,3-bis(iriphenyvisilvl)-3-methyl-1-butyne (7.36, 11.84); and possibly the
starting material (7.32, 13.76). Three recryvstallizations of this mixture gave a material
with a melting point of 133-135°. It was predominantly 1,3-bis(triphenylsilyl)-1-
butyne, the major contaminant being the starting material (x3.33, 13.76). 1,3-Bis-
(triphenylsilvl)-1-butvne was obtained from the reaction of phenyllithium with
1-{triphentlsiivl)-1-butyne followed by the addition of triphenvisilane, m.p. 135-
136.5°.

Reaciion of triphenvisilyllithium with r-(triphenyisilyl)-r-butyne
A solution of triphenvisilyvllithium {0.03 mole) was added to 7.35 g {0.0235 mole) of
1-(triphenvlsilvl)-x-butine in 70 ml of THF. The reaction mixture wzs stirred for

40.5 h 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
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treated with petroleum ether (b.p. 60—707). A solid material, 0.80 g, m.p. 1602207,
was separated by filtration. It was recrystallized from an ethyl acetate-ethanol
mixture, 0.60 g, m.p. 1¢g7—225°. The mother liquor was poured onto an alumina
column. Elution with petroleum ether {b.p. 60—70°) gave in the first fraction 3.35 g
{43-07) of triphenvlsilane, which was identified by its infrared spectrum. Further
elution with the same solvent gave a partially solidified oil in several fractions from
which the following compounds were isolated: tetraphenvlsilane, ©.35 g (4-4%).
m.p. 230233 {mixed m.p.): i-(triphenvisilvl}-1-butyne, 6.20 g (2.7°; recovery);
a compound obtained from the reaction of triphenvlsilyllithium with 1-bromio-1-
butene, 0.15 g, m.p. 221-2237; and a compound, possibly 1,2-bis(triphenylsilyl)-1-
butene, 0.20 g (2 %), m.p. 134-137°, whose infrared spectrum showed a moderately
strong absorption band at 6.25 u, suggesting the presence of a double bond. Elution
with carbon tetrachloride gave 3.90 g of an oil from which there was isolated o0.15 g
{r.5°3) of crude 1,3-bisi{triphenvisilvl)-1-butyne, m.p. 128-133°, which was identified
by 2 comparison of infrared spectra.

Reaction of phenylltihinm with 1-((riphenvisiivl}-1-buivne
ia) Followed by wuddition of tripienyisiiaie
An erhereaf solutien of phenyllithium {0.034 molej was added slowly to 9.35 g (¢.030
mole} of r-{triphenvisiivii-1-butyne in 100 ml of THF. The reaction mixture was
stirred for 20 h at rcom temperature before 6.40 g {0.036 mole) of triphenvisilane in
30 ml of THF was addad. After being stirred for another 20 h, the reaction mixture
was huvdrolvzed with dilute acid. An insoluble material, 3.70 g, was separated by
filtration. It was identified as tetraphenvisilane, m.p. 231-233.5° {mixed m.p.). The
organic laver was worked up in the usual manner and the residue was treated with
petroleum ether {b.p. 60—50°:. The precipitate was nltered off. It was identified as
tetraphenylsilane, 1.35 g. The mother liquor was poured onto an alumina column.
Elution with petroleum ether {b.p. 6050°) gave 7.65 g (811 °, recovery? of triphenyl-
silane, identified by its infrared spectrum, and 0.40 g of tetraphenvisilane. The com-
bined 1ield of tetraphenvisilane was 545 g (17.6°, based on phenyllithium}. In
addition, there was 1solated 0.20 g (1.3 7;) of crude starting material.

Flution with carbon tetrachloride gave an oil in two fractions, both of which
were treated separateiyv with a mixture ot petroleum ether (b.p. 60—70°} and mcthanaol.
Ths first fraction gave 1.45 g {11.7°,) of & material with a melting range of 128.5-
136°. The infrared spectrum showed characteristic absorption bands at 1.64, 5.23,
7-35. 10.30. 1068, 10.69 and 13.70 u. This material was possiblv a mixture of 1.3-bis-
(triphenyvisilvii-i-batyne and 1,3-bisftriphenyvisilvii-1.2-butadiene. The second frac-
tion yvielded 0.55 g (3.2 9.} of what was possibly 1,3-bisitriphenvisilvii-1-butine, m.p.
135-136.5°. The infrared specirum showed characteristic bands at 464 (-C=C-},
10.30. and 10.9G g {Found: C, 8114, Se24; H, 5.86, 5.76; Si, 9.67, 0.63. C,,H;,Si.
caled.: €, 84.36; H, v.00; Si, 9.8:°,.)

(B Followed by addition of methyl iodide

An ethereal solution of phenvllithium {0.015 mole} was added tc 3.15 g (0.01 miole) of
1-{triphenvisilvl)-1-butyne in 50 ml of THF. The reaction mixture was stirred for
19 h before 2.25 g {0.016 mole} of methvl iodide in 30 ml of ether was added. The
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reaction mixture went from light brown to colorless with the evolution of some heat.
It was hydrolyzed with dilute acid after 1.75 h of stirring. Tetraphenyvisilane, 1.15 g,
was separated by filtration. The organic laver was worked up in the usual manner
leaving an oily residue, which was chromatographed on alumina. Elution with
petroleumn ether (b.p. 60-70°) gave an oiil which was treated with methanol. The
insoluble material was filtezed of and identified as tetraphenvlsilane, 0.25 g, m.p.
237-234° (mixed m.p.). The combined vield of tetraphenylsi‘ane was 1.40 g [41.6 %
based on I-(triphenvlsilvi)-1-butime’. From the mother liquor there was obtained
0.I0 g {3.I °,) of what was possibly 1-(triphenyisilvl}-3-methyl-1-butyne, m.p. 79-81°.
The infrared spectrum showed characteristic bands at 4.60 {(-C=C-), 7.65, 10.3S,
and 12.11 u. ’
Reaction of phenvilithinm with a mixture of
1,3-bisitriphenylsilvly-r-butyne and 1,3-bis(triphenyisilyl)-i,2-butadiene followed
by aditdion of sizethyl iodide

The starting mixtrre was obtained from two sources: (1) from the reaction of phenyl-
lithium with 1,3-bis{triphenylsiivijpropyne followed by the addition of methyl iodide;
{2) from the reaction of phenvllithium with 1-(triphenylsilyl)-1-butyne followed by
the addition of triphenvisilune.

An ethereal solution of phenvilithium {0.01 mole} was added to 3.15 g {0.0055
meole! of a mixture of 1,3-bis{triphenylsilyvl)-i-butyne and 1,3-bis(triphenylsilyl}-1,2-
butadiene in 60 ml of THF. The reaction mixture was stirred for 3 h befor= 1.8 g
(0.0127 mole) of methvliodide in 15 ml of ether was added. The reaction mixture went
rom orange-brown to colorless upon the addition of methyl iodide. After 2 h of
stirring the reaction mixture was worked up in fhe usual manner, followed by chro-
matography on alumina. Eluticn with petroleum ether (b.p. vo-70°! gave 0.10 g of
tetraphenyisilane, m.p. 22¢g-232° {mixed w.p.). Elition with carbon tetrachloride
gave an oil which was treated with petroleum ether (b.p. 60—707) to give r1.gc gofa
solid, m.p. 140-1627°. Recrystallizatioa from a mixture of ethyl acetate and merhanol
vielded 1.15 g (35.8 %) of crude 2,4-bis‘triphenyisilyl}-z,3-pentadiene, m.p. 165-170°.
Another recrystallization from the samc solvent produced ¢.50 g (25.0 %;) and raised
the melting polnt to 173-175°. The infrared spectrum showed the characteristic
allenic absorpzion band at 5.23 u. (Found: C, 84.57, 84.371; H, 6.00, 5.01: Si, 9.64,
0.64. C H.¢Si, caled.: C, S4.19; H, 6.20; 8§, .61 %}

From the filtrate and from the originai mother liquor there was obtained a
material, 1.60 g {50 ¢,), which melted in the range of 135-145°. An attempt to purifv
by recryvstallization faiied. The infrared spectrum of this material showed character-
1stic bands at 4.61, 4.68, 5.22, 7.36, 10.10(?), 10.3} (veryx weak), 11.00 {broad and veryv
weak), and 11.84 u. Analysis of these bands indicated that this material was a mixture
of 1,3-bis{triphenvlsilyl)-r-butine (trace, 4.612, 10.34, IT.0¢). 2,4-bis(triphenyIsilyi)-
2,3-pentadiene {5.22, 7.37, 10.10, 11.03), and possibly r,3-bis{triphenyisily1}-3-methvi-
1-butine (1.68, 7.36, 11.84).

Reaction of triphenvistivilithizan with allyltripienyisilane

A solution of triphenylsilvllithium {0.02 mole) was added to 6.c g {0.02 mole) of
alivitriphenylsilane in 30 ml of THF. After being stirred for 22 h at room temperature,
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the reaction mixture was werked up in the usual manner and the residue obtained
was chromatographed on alumina. Elution with petroleum ether (b.p. 60—707) gave
in the first fraction 1.50 g {299}) of triphenylsilane, which was identified by its
infrared spectrum. Further elution with the same solvent gave in the second fraction
0.35 g {.2°,} of allyltriphenyisilane, the starting material. Following elution with
carbon tetrachloride there was obtained 4.45 2 (40.0°;) of 1,3-bis(triphenyvisilvl)-
propene, m.p. 138-159.57, after recrvstallization from petroleum ether (b.p. 60-70°).
This compound was identical with a dehydration product of 1,3-bis(triphenyl=ilvi)-

z-propanol. It was also identical with a product obtained from a reaction of tri-
phenvisilvilithium with 1,3-dichloropropene in a 2:1 ratio.

ACKNOWLEDGEMENTS

The NMR spectra were kindly furnished by Dr. R. W. Kixg, and the infrared spectra
were provided through the courtestv of Mrs. IxUE Ocawa of Iowa State University.
This research was supported in part by the United States Air Force under Contract
AF 33(6163-6.:63 monitored by~ the Materials Laboratory, Directorate of Laborateries,
Wright Alr Development Center, Wright-Patterson AFE, Ohio.

SUMBARY

i-Bromopropene reacted with triphenyvisilvilithium vielding hexaphenvidizilane as
the major product. However, seven other compound:- were isolated as by-products.
The reaction of i-{triphenvisilvlipropyne, one of the by-products, with triphenvi-
silvilithium was investigated. The mujor products were 1,2-bis(triphenvisilvlhpropene
and 1.3-biz‘triphenyisilvitpropyne. When chlorotriphenvisilane was added to the
above reaction mixture, an additional product, tris{triphenyvisilvl)propadiene, was
isolated. By metalation-coupling reactions three other triphenylsilvl-substituted
allenes were. svnthesized: 2,4-bis{triphenylsilvli-2,3-pentadiene, 1,1,3-tris{triphenyl-
silvli-1,2-butadiene. and tetrakis{triphenyisiivl} propadiene. Allvitriphenvisilane re-
acted with triphenylsiiviiithium in a similar manner to give 1,3-bis{triphenvisilyvl)-

propene.
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