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REACTIOXS OF
TRIPHEXNYLSILYLLITHIUM WITH SOME DICHLOROPROPENES

HEXRY GILMAN axp DAN AOKI

Tke Chemical Laboratory of the lowa State Untversity, Ames, Iowa (U.5.4.)

{Received March 14th, 1964)

Recently, it has been reported from this laboratory that the reactions of triphenyl-
silvilithium (I) with 1-chloropropene and i-bromopropene revealed not onlv a
significant difference in the mede of the reactions of (I) toward these two compounds
but also the possibilitv of formation of carbene intermediates!.2. Thus, in the case of
1-bromopropene, vinvicarbene has been suggested as a probable intermediate which
would lead to the formation of 1,3-bis{triphenylsilyvl)propene (II), x-(triphenylsilyl)-
propyne (III), 1,3-bis{triphenylsilyl)propyne (IV), and tris(triphenvisilvl)propadiene
(V). The first step was visualized as an abstraction of a jy-hydrogen by propenyl-
lithium or by (I), followed by y-elimination of lithium bromide.

The reaction of 1,1-dichloropropene with (I} was found to resemble quite closelyv
the 1-bromopropene reaction. When a large excess of (I) was added to 1,1-dichloro-
propere and the mixture subsequently treated with chlorotriphenvisilane, (IV) and
(V) were obtained in addition to (III), triphenvisilane (VI), and hexaphenvldisilane
(VII). \WWhen chlorotriphenvlsilane was not added, the major products were (III)
(26.2°,), (VI) (26.495), and (VII) (52.5°;).

It ha: been demonstrated that (III) reacts with (I) to give (IV), (V), and 1,2-
biz(tripher visilyl)propene®. Hexaphenvldisilane {VII) was formed as a result of the
halegen-metal interconversion reaction®:

PingSILi = CLC=CH-CH; ——= PhySiCl + [} >C=CH-CH,

(1 AL —vicl
v
Ph,SiSiPh; H-C=C—-CH,
(VID

A possibility that (ITI) and (VI) might have resulted from propymne through
metalation and coupling between propynvilithium and (VI) was ruled out, since the
reaction of the latter two compounds vielded (III) to the extent of only 2-39,. The
competition of propynyvllithium with triphenyvlsilyllithium in the reaction toward
chlorotriphenvisilane is unfavorable, in view of the fact that the reaction of x-chloro-
propyne, which was formed indirectly by the action of phenyllithium upon r,2-
dichloropropene?, with (I) gave (III) {xx.7 %) and (VII) (73.9 25)°. Moreover, in this
reaction there exists a possibility that (III) could be formed by an addition-elimina-
tion mechanism?®. The formation of 1-chloropropvne might reasonably be expected
from the reaction of 1,x-dichloropropene with (I) through the abstraction of an olefinic
hyvdrogen and the subsequent elimination of lithium chloride.
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CLC—=CH -CH, —2 S;C=C(g{3 + Pn,SiH
L V1)
v
P (n — —Lict Li._...CH
Ph,ySi~C=C~—CH, —1= CI-C=C—CH, c=clge
* A
(0 ‘phLi
hd H
LiC=C_CH, + Ph,SiCl CH=C-CH,
a a

“n
(VID)

The isolation of 2-chloro-3-(triphenylsilvi)propene {VIII) in a 1.4 9 vield when
the reaction was carried out at —60° and in a 4.6 °; vield when (I} was added to a
two-fold excess of 1,r-dichloropropene at room temperature suggested another
possible reaction path. This compound, (VIII), was obtained in a 1g.4°; yvield from
the reaction of (I} with 2,3-dichloropropene and identified as such largely by means of
its NMR spectrum (see Table 1). The reaction of (VI11) with (I) in a 1:1 ratio vielded
(I} (62.9%) and V1) (64.1 ).

CH,~C=CH.,
¢t ¢

A e PR,Si—CH,~C=CH,

—LiC:
Ci

e

(VIID
5
Y
TTLKT PhySi-CH—C=CH, + {V])
i Q

Ph,Si~CH=C=CH,

Jfearrangement
v

(11}

A possible mechanism by which (VIII) may be formed from 1,1-dichloropropene
is as follows- the first step may be the abstraction of y-hydrogen, followed by -
elimination of lithium chloride:

CLC=CH~CH, ~— {SC=CH-CH,~Li = (vIj
Ct f;-LECX
7 v
(;._C_ G —— ICO-C-CH=CHJ
H {(IX)

The chlorovinyvicarbene mayv then rearrange to 1-chlorocvclopropene® (IX). The ad-
dition of (I} to the double bond, if it occurred, would be followed by an elimination—
rearrangement reaction® to vield (III).
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x)y —0 ph,sl\lz;c\c, —e— PhySi—CH=C=CH, — (II])
u

Since an olefinic hyvdrogen of the cyclopropene system is fairly acidic?, (IX)
would be expected to undergo a metalation reaction with (I}. Proton shift may occur
within the 1-chlorocyvclopropenyl anion® and the negative charge would distribute
itself over the ring. Elimination of lithium chloride would be difficult because of high
strain involved on the part of the ring. Addition of triphenylsilane to the anion fol-
lowed by ring opening and elimination of lithium chloride or abstraction of a proton
from the solvent, would give (II1I) or (VIII).

The reaction of (I) with 1,3-dichloropropene in a 1:1 ratio gave a 9.7 % vield of
(VII) and a75% vield of a mixture of x-(triphenylsilyl)-3- chloropropene (\) m.p.
105-107.5°%, a_nd 1-chloro-3-(triphenyisilvl)propene (XI), m.p. 112.5-115.5°. The ratio
of (X} to (XI) was approximately 5 to 4 judging from the NMR spectrum of a typical
mixture. The separation of these two compounds was difficult and only small amounts
of each were obtained in pure form after working up the mixture by a combination of
ciiromatography and fractional recrystallizations frem #-propanol.

Compounds (X) and (XI) were identified by NXMR (Table 1) and infrared (Table 2)
spectra. The NMR spectra are quite similar to each other: (X), multiplets centered at
4.15 and 7.45; (XI), multiplet centered at 4.22 and doublet at 7.70 7. The structure

TABLE |

NUCLEAR MAGXETIC RESONANCE DATA
(r-\"alues) e

Contpounds Oiefisnic Hydrogens -CH ,—~ —-CH,
’n,Si-CH=CH~-CH,-Cl} 1.15 (m)? 7.48 {m)
Ph,Si~-CH,~-CH = CH-C1 1.22 (m) 7-70 {d}

l’h Si-CH.. —CCI*—-LH; 5-04 (d) 5-16 {(q} 7-23 (d)
Ph,bx—CH-—(.H LH; 116 (m}) 3.00 {mj} 5.25 {d) 7-63 (d)ye

Ph,Si- CH,-CH=CH-SiPh, 3.33 (m) 7 33 (d)

(Phy 1;,.(,H—(,H CH-SiPh, 1.00 (m) 6.50 (q)
I’h,bx—(H C{CH;)-SiPhy 277 (q) S.17 (d)
P'h,Si-C{CH4) =CH,, 3.06 {m} 1-56 (m) S.05 (t)
Ph,Si-C{=CH.)-CH.-CH; 3.03 {(mj} 4.9 (m) 7-76 (Q)¢ g.o1L {¥)
(P’h,S81},C=C=CH-~ beh, 5.75 (%)

a Run at 6o Mc in CDCly using tetramethylsiiane as the internal standard.
v 5 = singlet, d = doublet, t = triplet, @ = quartet, m = multiplet.
¢ Ezch peak is further divided into triplets.

inferred from these data, and from comparison with the spectra of compounds such
as allyltriphenvlsilane, 1,3-bis(triphenylsilyl)propene (II), and z,3,3-tris(triphenyl-
silyl)propene (XII), is a 1,3-disubstituted propene. The infrared spectrum of (X) is
very similar to those of (r-triphenyvlsilyl)propene and x-(triphenvisilvl)-xr-butene,
suggesting (X) to be I-(triphenylsilyl)-3-chloropropene. The infrared spectrum of
(XI), however, is shown to be similar to that of (VIII). A reasonable conclusion would
be that (XI) is 1-chloro-3-(triphenylsilvl)propene.
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TRIPHEXYLSILYLLITHIUM AXD SOME DICHLOROPROPEXES 297

The addition of 2 equivalents of (I} to 1,3-dichloropropene gave a 31.0 %, vield of
{11} in addition to a 12.5 9% yield of (VII). The vield of (II) increased te 50.5 %, when
3 equivalents of {I) were used. Treatment of a mixture of (X) and (XI) with 2 equiva-
lents of (I) vielded (IT) (57.7 %) and (VI) (96.2 9% based on the mixture). When an
equimolar mixture of (¥) and (II) was stirred for 24 hours and chlorotriphenyl-
silane subsequently added, (XII) was isolated in a 34.6 %; vield.

These results suggest the following reaction paths:

Cl—-CH=CH—CH,—Cl
‘m

Y

Ph,Si—~CH=CH-—CH,—Cl + Ph,Si~CH,~CH=CH—Cl + Ph,S:Cl

Xy |y ‘) (Xn) )
0 v ¥
(VID)
Ph,Si—CH=CH—CH,—SiPh; Ph,Si~CH—~CH=CH~Cl + (VI)
(Im iy Li i
> i)
Li
(V1) + Ph,Si—~CH=CH—CH-SiPh; <«-2— [Ph;Si--CH=CH--CH]
iPh,SiCI

v
Ph,Si—CH=CH-CH{SiPh,).
(XII)

EXPERIMEXNTAL

Reactions involving organometallic reagents were carried out under an atmocsphere
of drv, oxvgen-frec nitrogen. All melting points are uncorrected.

Reaction of triphenvisilyilithiun: with x,1-dickloropropene

(a). A¢ —60°. (1). 2:1 Ratio. A solution of triphenylsilvliithium!® (0.08 mole) was
added over a period of 1 h to 4.45 g (0.04 mole) of 1,1-dichloropropene in 50 mi of
cther 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, 14.5 g (70 %), was separated by filtration. The organic laver was
worked up in the usual manner and the residue was chromatographed on alumina.
Elution with petroleum ether (b.p. 60-70%) gave a trace amount of triphenvlsilane and
1-(triphenylsilvl)propene, both of which were identified by comparison of their infra-
red spectra with those of authentic samples. Elution with carben tetrachloride gave
also a trace of =-chloro-3-(triphenvlisilvl)propene and tris{triphenvlsilyl)propadiene.
These two compounds were also identified by their infrared spectra.

In a second experiment reverse addition was employed. The work-up gave hexa-
phenvidisilane (77.6 %5}, triphenylsilane (4.8 %), x-(triphenylsiivl)propene (0.5 %),
and 2-chloro-3-(triphenylsilvl)propene (0.7 %)-

(2). 3:r Ratio. A solution of triphenylsilyllithium was added dropwise over a
period of 1.25 h to 2.8 g (0.025 mole)} of 1,1-dichloropropene in 50 ml of ether at
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—60°. When 0.06 mole of triphenyisilvllithium had been added, Color Test I became
positive. The reaction mixture was allowed to warm to room femperature and an
additional c.02 mole of triphenylsilyllithium was added. Color Test 1 remained positive
after 3 h of stirring. Chlorotriphenylsilane in ether was added dropwise. When o.01
mole had been added, Color Test I became negative. The reaction mixture was worked
up by the same procedure as in (). The following compounds were isolated: hexa-
phenvidisilane, 13.5 g; triphenyvlsilane, 1.50 g (23.1 % based on 1,1-dichloropropene);
and 1-(triphenylsilyl)propime, 0.30 g (4.0 %). The last compound was identified by a
mivxed melting point determination with an authentic sample.

{8). At room femperature. (x). 1:2 Ratio. A solution of tnphenylsilyllithium (0.05
mole) was added dropwise over a period of 1 h to 11.1 g {0.10 mole) of 1,1-dichloro-
propene in 150 ml of ether at room temperature. After being stirred for 30 min, the
reaction mixture was hydrolyzed with dilute acid. Hexaphenyldisilane, S.go g
(63.7 2.}, was separated by filtration. The organic laver was worked up in the usual
manrer and the residue was chromatographed on alumina. Elution with petroleum
ether (b.p. 60~707) gave in the first fraction 0.45 g (3.5 %) of triphenylsilane. Further
elution with the same solvent gave in the second fraction 0.50 g (4.2 %) cf 2-chloro-
3-{triphenyvlsilvl}propene, m.p. 97-99°, after recrvstallization from methanol. A mixed
melting point with a sample obiained from the reaction of triphenyisilyllithium with
2,3-dichloropropene was not depressed. The infrared and N)MR spectra were identical.
Elution was continued with petroleum ether {b.p. 60—707), whereupon i-(triphenyl-
silvl)propyne, 0.85 g (5.7 %3), m.p. 115.5-116.5° (mixed m.p.}, was isolated as the last
product.

2). 2:1 Ratio. A solution of triphenvisilvilithtum (0.08 mole} was added dropwise
over a period of 2 h 20 min to 3.3¢ g {0.048 mole) of r,1-dichleropropene in 125 ml of
ether. Color Test I was negative when the addition was compleie. The reaction mixture
was worked up by the same procedure as in () to give hexaphenyldisilane, 11.50 g
(57-0%); trphenylsilane, 2.170 g (16.9°%; based on 1x,1-dichloropropene); and
1-(triphenvisiivlipropyne, 2.55 g {20.0 °; based on 1,I-dichloropropene).

In a second experiment the addition of chlorotriphenvisilane, 9.4 g (0.032 mole),
followed after the reaction mixture had been stirred for 4 h. Hexaphenyldisilane was
obtained in a viald of 14.5 g (70 9), but the vield of the other two products remained
essentially- the same: triphenvlsilane, 2.20 g (8.8 9%); and 1-(triphenylsilvl)propyne,
2.35 g (18.5 °;). Chlorotriphenylsilane was recovered as triphenyisilanol in an 81.5 %
vield.

(3). 2.5:1 Ratio. A solution of triphenvisilyllithiurm was added dropwise t0 3.34 g
(0.03 mole) of x,1-dichloropropene in 100 ml of ether. When 0.07 mole of triphenyl-
silyllithium bad been added, Color Test I was negative, but it became positive when
0.073 mole had been added. After being stirred for 30 min, the reaction mixture was
worked up by the same procedure as in (7). The following compounds were isolated:
hexaphenyldisilane, x0.2 g (52.5 2,); triphenvisilane, 3.20 g (16.4 ¢, based on 1.1-di-
chloropropene); I-(triphenvisilvi)propine, 2.35 g (26.2°, based on I,1I-dichloro-
propene).

4). 3:1 Raizo, followed by addition of chlorctriphenyvisilane. A solution of triphenyl-
silyllithium (0.0S mole) was added dropwise over a period of 3 h to 2.78 g (0.025 mole)
of 1,7-dichloropropene in 100 ml of tetrahydrofuran (THF). The color of the reaction
mixture changed from white to a reddish-brown during the last third of the addition.

J- Organomeial. Chem., 2 (1964} 293—303



TRIPAENYLSILYLLITHIUM AND SOME DICHLOROPROPEXNES 299

After 3 h of stirting, chlorotriphenylsilane (x0.0 g, 0.033 mole) in 30 ml of THF was
added. The reaction mixture was stirred for 1.5 h before it was worked up by the same
procedure as in (7). The following compounds were isolated : hexaphenyldisilane, 12.50
g (60.29;); triphenylsilane, 5.05 g (77.7 % based on 1,1-dichloropropene, 24.3%
based on triphenylsilyllithium); x-(triphenylsilyl)propyne, 3.10 g (41.6 % based on
1,1-dichloropropene) ; 1,2-bis(triphenylsilyl)propene, 0.73 g (5.4 %) ; and tris(triphenyl-
silyl)propadiene, 1.20 g {5.9%). In addition, there was 1.05 g of a 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 triphenvisilyllithium with 1-(triphenylsilyl)propvne2.

Reaction of triphenyisilyllithivm with 1,3-dichloropropene

(). 111 Ratto. A solution of triphenyisilyllithium (0.0 mole) was added dropwise
over a period of 2.5 h to 4.45 g (0.04 mole) of 1,3-dichloropropene in 100 m! of THF.
Color Test T was negative immediately after this addition. After 1 h of stirring the
reaction mixture was hydrolyzed with dilute acid. Hexaphenyldisilane, 1.0c g (9.7 %),
was separated by filtration. The organic layer was worked up in the usual manner
and subsequently chromatographad on alumina. Elution with petroleum ether (b.p.
60-70°) gave 10.05 g (75.0 %) of a mixture of two isomers, possibly 1-(triphenylsilyl)-
3-chloropropene (X) and x-chloro-3-(triphenyvisilvl)propene (X1). (Found: Si, S$.41,
8.33. C.,H, ,CISi caled.: Si, §.39°%,.)

Separation of the two isomers proved to be very difficult. Recrystallization of the
mixture from ethanol afforded a sample with a melting point of 87-8g°. \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 recrystal-
lizations from »-propanol gave a small amount (less than o.x g) of (X) with a melting
point of 105~107.5°.

The very last fractions eluted with petroleum ether (b.p. 60~70°), after rooomi of
the eluant, gaveasample which wasrichin the other component, m.p. 8g-106°. Repeat-
ed recrystallizations from n-propanol gave (XI) (less than o.x g), m.p. 112.5-115.5°.

WWhen the infrared spectra of {X) and (XI) (see Table 2) were combined, the
resulting spectrum was superimposable with that of a tupical mixture. Thus, the
mixture consisted of these two isomers.

The XMR spectra of (X) and (XI) {see Table 1) were very similar, both indicating
the presence of a methylene group and olefinic hydrogens.

The combined information of the infrared and NMR spectra suggested (X) to be
1-(triphenylsilyl)-3-chloropropene and (X1} to be 1-chloro-3-(triphenyisilyl)propene.

{&). 2:1 Ratio. A solution of triphenylsilvllithium (0.08 mole) was added dropwise
t0 1.45 g (0.04 mole) of 1,3-dichloropropene in roo 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 completed. Subsequent to hydrolvsis, hexaphenyldisilane, z.60 g
{12.5 %), was separated by filtration. The residue obtained after the work-up of the
organic laver was chromatographed on aluznina. Elution with petroleum ether {(b.p.
60-70°%) gave 6.90 g (31.0°;) of 1,3-bis(triphenyisilyl}propene, m.p. 157-158.5°, after
recrystallization from an ethyl acetate—ethanol mixture. A mixed melting point witha
dehyvdrated product of 1,3-bis{triphenyvlsilvl)-2-propanoel was not depressed.

[ - Organometal Chem., 2 (1964} 293~303
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(¢). 3:1 Ratso. A solution of triphenylsilyllithium (0.08 mole) was added dropwise
over a period of 2 h to 2.78 g (0.025 mole) of 1,3-dichloropropene in 100 ml of THF.
The reaction mixture was a deep reddish-black. Color Test I was positive whken the
addition was complete. It became only weakly positive after 4 h of stirring. Sub-
sequent to hydrolysis, hexaphenyldisilane, 0.87 g (6.7 25), was separated by filtration.
The residue obtained after a work-up of the organic laver was chromatographed on
alumina. The early fractions eluted with petroleum ether (b.p. 60-70°) were re-
chromatographed to give 5.00 g (77.0 %, of theoretical) of triphenylsilane, 0.15 g
(x.8 °;5) of tetraphenvisilane, m.p. 228-23¢" (mixed m.p.), and o0.40 g of x,3-bis(tri-
phenvisilvl)propene, m.p. 156-158° (mixed m.p.}.

The original chromatography was continued. Elution with petrcleum ether
(b.p. bo~70%) gave 3.25 g of 1,3-bis(triphenvisilvl)propene. Elution with carbon
tetrachloride gave 3..40 g of the same compound and a fair amount of non-crvstallizing
polymeric oil. The combined vield of r,3-bis{triphenylsilyl)propene was 7.05 g (50.5 ).

Reaction of triphemnIsilvllithison with a mixture of 1-({riphenvisilvl)-3-chloropropens (X)
and r-chlaro-3-{riphenvisilyl) propene (X1)

A solution of triphenyvisilvHithium (0.04 mole) was added dropwise over aperiod of rh
to 6.76 g {0.02 mole) of the mixture obtained in (@) above in 70 ml of THF. The solution
1mmed1at:~l_\' turned a reddish-brown, indicating that metalation was taking place as
soon as the coupling product was formed. The color became 2 deep reddish-black at the
end of the addition. Color Test I was positive. After stirring for 1 h the reaction mixture

was hvdrolvzed with diluie acid. No hexaphenyvidisilane was obtained. The organic
faver was worked up in the usual manner. The "ompound: isolated were: triphenyl-
silane, 3.00 g {gb.2"°, of theoretical); and 1,3-bis(triphenvisilvl)propene, 6.45 g
{37.7 %), m.p. 155.5-159.5" {mixed m.p.). In addition, there was some non-crystal-
Iizing, glassv, polyvmeric material.

Reaction of phenvilithinn: with a mixture of 1-({riphciyisiiyi)-3-chioropropens (X} and
r-chloro-3-itriphenyisilvl) propeie (XT)

An ethereal solution of phenyvilithium was added to 6.70 g {0.02 mole) of a mixture of
{X) and (XI) in 50 ml of THF. Immedia elv a purple color developed with evelution
of some heat. Color Test I was negative af er the addition was completed. The reaction
mixture was worked up in the usual manne—after 1 h of stirring, followed by chroma-
tography on alumina. Elution with petroleam ether {(b.p. 60-707) gave the following
compoeunds: the starting material, 1.85 g (27.6 25 recovery): tetraphenyisilane, 0.15 g

2.275); and 3-{triphenvisilyl)propine, 0.64 g (10.7°%), m.p. Sg~0I°. after re-

-:rym.a.hz:ztion from sn-propanol. The latter compound was identified by its inirared
spectrum; 3.02 (-C=C-H) and 4.75 x (-C=C-). Elution with carbon tetrachloride
gave a fair ameunt of non-cryvstallizing polymeric oil.

Ro'.utwn of triphervisiiviiithise with 1,3-bis(triphenyisiivl) propene, followed by addition
of chloroiriphenvisilanc.

A solution of triphenvlsilullithium (0.02 mole) was added over a period of 15 min to
3.35 g {c.0006 mole) of 1,3-bis(triphenylsilyl)propene in 50 ml of THF. A deep reddish
color developed. After stirring for 24 h, there was added 7.20 g (0.021 mole) of chloro-
triphenylsilane in 50 ml of ether. The color of the reaction mixture faded gradually

J- Organorzctal. Chem., 2 (1964} 203-303
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and completely over a period of 11 h. 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 laver was chromatograpied on alumina. Elution with
petroleum ether (b.p. 60—70°) gave 1.80 g (34.6 23) 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 g (34.6 %) of 1,3,3-tris(triphenylsilyl)-
propene, m.p. 165-166.5°, after two recrystallizations from an ethyl acetate-methanol
mixture. (Found: C, 83.91, $3.81; H, 5.80, 5.74; Si, 10.29, 10.27. C;;H,Si; caled.:
C, 83.78; H. 5.92; Si, 10.31 %.)
The NMR spectrum supports the proposed structure (see Table 1).

Reaction of triphenvisilyllithium with 2,3-dichloropropene

(@). 1:1 Ratio. A solution of triphenylsilyllithium (0.03 mole) was added dropwise
over a period of ¥ h T35 min to 3.30 g (0.03 mole) of 2,3-dichloropropene in 00 ml of
THF. The reaction mixture was a light brown. It was stirred for 3 h. Subsequent to
hyvdrolysis with dilute acid, hexaphenyldisilane, 2.20 g (28.3 %), was separated by
filtration. The organic layer was worked up in the usual manner and subsequently
chromatographed on alumina. Elution with petroleum ether (b.p. 60-70%) gave in the
first fraction 0.85 g (10.9 2;) of triphenylsilane, which was identified by its infrared
spectrum. Further elution with the same solvent gave a partially solidified oil, which
was treated with a petroleum ether (b.p. 60—70°)-methanol mixture. 2-Chloro-3-
(triphenylsilyl)propene (VIII), m.p. gg—100°, crvstallized out. The mother liqueor was
concentrated and more of (VIII) was isolated. The filirate was again concentrated to
giveamaterial withameltingrange of 78-95°. It was recrystallized twice from methanol
to give pure (VIII). The total vield of (VIII) was 1.95 g (9.5 %)- From the third
filtrate there was obtained o.xo g of 1-(triphenylsilyl)propyvne, m.p. 114-115° (mixed
m.p.). Further elution with the same solvent gave 0.60 g of 1-(triphenylsilvl)propyne.
The combined vield was o0.70 g (7.8 ).

The melting point of (VIII) was raised to ror—xoz” after two recrvstallizations
from methanol. The infrared spectrum (see Table 2) showed the characteristic ab-
sorption bands for a double bond at 6.18 and 10.72 p. Other characteristic bands
for the compound were: 11.64 i (a possible chlorine bond attached to an unsaturated
carbon) and 12.95 p (a possible methylene groupj.

The NXMR spectrum indicated the presence of a methylene group and terminal
vinyl hydrogens (see Table 1).

(8). 2:1 Ratio, followed by addition of chlorotriphenvisilanc. A solution of triphenyl-
silyllithium (0.05 mole) was added dropwise over a period of 30 min to 2.75 g (0.025
mole) of 2,3-dichloropropene in roo ml of ether. Color Test I was slightly positive and
the color of the reaction mixture was a reddish-brown. After 20 min of stirring, 7.5 g
(0.023 mole) of chlorotriphenylsilane in ether was added. The reaction mixture was
stirred for 1 h. It was worked up by the same procedure as in () above. The compounds
isolated were: hexaphenyvldisilane, 4.50 g (34.7 %5); triphenyisilane, 3.10 g (47.7 %0);
1-(triphenvisilvl)propyne, 1.55 g (20.8°%); a mixture of 1-(triphenylsilyl)propyne and
compound (VIII), 1.0g; and tris(triphenylsilyl)propadiene, 0.55 g (2.7%)- The last
compound was identified by a mixed melting point determination with the compound
obtained from the reaction of triphenvisilvllithium with I-(triphenvlsilyl)propyne
followed by addition of chlorotriphenylsilane.

J. Organomeial. Chem., 2 {(1904) 293-303
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{c). 8:3 Ratio, followwed by addition of chlorotriphenyisilane. A solution of triphenyl-
silvllithium (0.08 mole} was added dropwise over a period of 3 h 15 min to 3.30 g
(0.03 mole) of 2,3-dichleropropene in 100 ml of THF. Color Test I was weakly positive
~nd the color of the reaction mixture was a dark reddish-brown. After 2 h 45 min of
stirring, 10.4 g (0.035 mole) of chlorotriphenvlsilane in 30 ml of THF was added. The
stirring was continued for another hour before the reaction mixture was worked up
by the same procedure as in (a). The compounds isolated were: hexaphenvldisilane,
0.25 g (3-39%); triphenylsilane, 9.65 g (46.4 %); I-(triphenylsilvl)propvne, 0.85 g
(9-5 °5); 1,2-bis(triphenylsilyl)propene, 0.90 g (5.4 %); I,3-bis(triphenyvlsilvl)propyne,
0.75 g (4.59%): and tris(triphenylsilvl}propadiene, 4.40 g (18.09;). The last three
compounds were identified by mixed melting points and a comparison of their infrared
spectra with those of the respective compounds obtained from the reaction of tri-
phenvisilvllithium with 1-(triphenylsilyl)propyne followed by the addition of chloro-
tnphenyvlsilane.

Reaction of triphenyisilvllithium with 2-chioro-3-(triphenvisilyvl) propene (VIII)

A solution of triphenyisilvilithium {0.005 mole) was added dropwise over a period
of 15 min to 1.60 g {0.0048 mole) of (VIII) in 50 ml of THF. A purple color developed
tmmediately. During the first few h of stirring the purple color faded to light orange.
After stirring for a total of 7.5 h the reaction mixture was worked up in the usual
manner. The compounds isolated were: triphenvlsilane, 0.80 g (64.1 %), and 1-(tri-
phenvisilyl)propyne, 0.go g (62.9 9%;).
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SUMMARY

Reactions of triphenvisilvllithium with 1,1-dichloropropene, 2,3-dichloropropene, and
1,3-dichloropropene were investigated. The reactions of the first two compounds gave
identical products: hexaphenvldisilane, triphenylsilane, 2-chloro-3-(triphenyvisilyvl)-
propene, and 1-(triphenvisilyl)propyne. The reaction of 2-chloro-3-(triphenyisilvl)-
propene and triphenvlsilvllithium resulted in the formation of equal amounts of tri-
phenylsilane and x-(triphenylsilvl)propyne. Triphenvisilvllithium reacted with 1,3-
dichloropropene in a 1:1 ratio to give hexaphenvldisilane, 1-(triphenvlsilyl}-3-chloro-
propene, and i-chloro-3-(triphenyvisilyvl)propene. The latter two compounds reacted
further with triphenyisilvllithium yielding 1,3-bis(triphenylsilyl)propene. Possible
mecharisms of the reactions are discussed.
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