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Summary 

The reaction of (CH,),SiC(Cl)=CRR’ (R = R’ = H; R = H, R’ = CH3; R = R’ = 
CH3; R = R’ = C!,H,) with organolithium reagents was examined. Alkenylsilanes 
of structure (CH3)$iCH=CH-alkyl were obtained from (CH3)$SiC(C1)=CH2 
and alkyllithium reagents. Substrates with R or R’ # H inhibited addition of 
the organolithium species to the double bond and led to products derived 
from chlorine-lithium exchange (R = R’ = C&l,) or proton abstraction from an 
allylic methyl site (R = H, R’ = CH, ; R = R’ = CH,)_ 

Introduction 

We have previously described our initial observations concerning the trans- 
formation represented by eq. 1, in which treatment of cr-chlorovinyltrimethyl- 
silane (I) with n- or t-butyllithium afforded synthetically useful quantities of 
alkenylsilanes IIa, b [l]. Inasmuch as this method of alkenylsilane preparation 
was previously unknown, we wished to explore the synthetic scope of the 
reaction as regards substrates and conditions and to elucidate-more fully the 
pathways by which observed products arose. In particular, the possible extension 
of the method to include P-substituted analogues of I was of interest, and these 
findings are reported here. 

Me$iC5CH, + RLi + Me,SiCH=CHR + LiCl 

t: 1 

(I) (IV) 

(IVa, R = n-Bu) 
(IVb, R = t-Bu) 
(IVc, R = 3-butenyl) 
(IVd, R = alIy1) 
(IVe, R = phenyl) 
(IVf, R = methyl) 

(1) 
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1: csit1t.s 

Table 1 summarizes the behaviour of I with a variety of organolithium rea- 
gents.‘Of the combinations tried, good yields of alkenyltrimethylsilanes were 
only realized from the use of II- and t-butyllithium and from 3-butenyllithium. 
A somewhat lower yield of expected product was obtained from allyllithium, 
while in the instances of methyl- and phenyllithium, the main course of reac- 
tion was diverted to elimination, rather than addition products. Variation in 
solvents caused little effect on the yields of products obtained from the reaction 
of n-butyllithium with I, although strong rate acceleration occurred in ether and 

THF (Table 2). Addition of tetran~etl~ylethylenecliamine (TMEDA) to runs 
employing n- or t-butyllithium led to a severe reduction in the amount of 
alkenylsilnne obtained, and enhanced the formation of ethynyltrimethylsilane 
by an elimination process (see Discussion). 

In order to assess the ability of P-substituted cx-chlorovinyltrimethylsilanes 
to undergo the process described by eq. 1 the behaviour of three mono- and 
di-substituted olefins with n- and t-butyllithium was examined. Results obtained 
from the diphenyl substrate XIV were least interesting, as apparent lithium-chlo- 
rine exchange led principally to -XV after hydrolysis (eq_ 2)_ Treatment of E-g- 

Me,Si 
\. 

Cl 

Ph 
/ 

Me,Si 

(I) n-Bu Li \ 
C=C/ph (2) 

(21 Hz3 

Ph 
/ 

H Ph 

(x3x) ccv) 

methyl a-chlorovinyltrimethylsilane (VIII) with either n- or t-butyllithium led to 
some of the expected alkenylsilanes, but trimethylsilylcyclopropanes incorporat- 
ing the butyl moieties were also obtained (Table 3; Scheme 5). Under similar 
conditions, P,P-dimethyl-a-chlorovinyltrimethylsilane (XI) gave only cyclopropyl 
compounds with n-butyllithium. The preparative value of the transformation 

TABLE 2 

REACTION OF n-BUTYLLITHIUM WITH u-CHLOROVINYLTRIMETHYLSILANE (I) IN VARIOUS 

SOLVENTS 

Solvent 

_---- 

Temp. (OC) 

_ .__._____ 

Conversion of I (%)I 
total time (h) 

Yield IVa o 

(So) 

Hexane 
Hexme/ 

cyclohexene 
Hexane/ 

benzene 
Hexane/ 

ether 
Hexanel 

THF 

25 70148 72 23 h 
25 69166 82 18h 

25 73146 88 13 h 

-10 to 25 ’ 9014 70 21 mia 

-25 8?14 73 <2 Inin 

- 

a Based on‘consumed I. b I added at -lO°C and wanned to 25OC over 15 min. 
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represented by eq. 1 is thus limited to the use of the unsubstituted cy-chloro- 
vinyltrimethylsilane (I)_ n-Butylmagnesium bromide could not be substituted 
for n-butyllithium in this reaction (see Discussion). 

Discussion 

The ability of organolithium reagents to add to vinylsilanes so as to form 
ac-lithioalkylsilanes has been demonstrated in a variety of systems [2]. At least 
part of the driving force for these reactions lies in the ability of silicon to stabi- 
lize an adjacent carbanion [3]. In the present system (Scheme 1, path b), addi- 
tion of an organolithium reagent to .I is thought to produce the carbenoid II as 
an intermediate on the pathway to IV. The preparation of similar intermediates 
[Me,SiCH(Li)Cl and Me$iCH(Li)(CH,)Cl] has been reported recently, and 
these have been shown to possess low-temperature stability [4]. Under ambient 
conditions, II would be expected to suffer geminal elimination and P-hydrogen 
migration to form the alkenylsilane IV [ 51. This process is envisioned as 
possibly (but not necessarily) proceeding through the intermediary of carbene 
III (Scheme 1). The stereochemistry of the products (predominantly trans- 

olefin forms) is well explained on the basis that the major product arises from 
the predominant conformation of the carbenoid (or carbene). Thus, for large 
R, tither IIA or IIB would be the major precursor to IV, as it is the P-hydrogen 
coplanar with the :wtant (or developing) carbenic p orbital which is predicted 
to undergo preferential migration [6]. 

SCHEME 1. POSSIBLE REACTION MODES OF (r-CHLOROVINYLTRIMETHYLSILANE WITH 
ORGANOLITHIUM REAGENTS = 

:” (b) 

MegSi 
\ w* 

c=c 
/ \ 

(d) - Cl H I - (a) 

---I+ 
RSiMeg i LiCGCH 

(a) 
RH + LiCl + MqSiCECH RLi 

I 4+ MegSiC(Li)=CHR 

-LiCl 
Me$i&HZR 

-H 
MqSiCH=CHR 

I+RLi 

(c) 

t 

(II) <III) (IV) 

RSiMeg + CIC(Li)=CH2 4 LiCl l HC-CH 

(d) 
RCI + MegSiC(Li)=C!H2 

- 

a Sites of initial carbtionic attack are lettered. 



( E .‘-.\ : cne! 

Eeveral attern& ‘,vF’re q-, zcl_e tz cc:!nfirm the int.er1nfxlincy of c,arbenoid specir3 
by t.rapping experiments. The rnr~sl s~rai~:ht.f~r~sa~-c! of these appeared to be 
protonation of carbencid If a.$. lox temperatures to afford an a-chloroalhyltri- 
methylsilane. I-Iewever, additicil of n-butvllithium or t-butyllithium to I c-lid a 
not Gi3cLIr at --~~@C. When t-butyllithiurn was allowed to react with I at 
-7S”C, followed by 2 methanolic HCl quench, a mixture of products was 
obtained which included IVb, the ci%~ a.~,_ 74 tm??s isomers of (5,5-dimet.hyl-2- 
hexenyl)trirnethylsilane (V) and the cis and tram isomers of l-neopent.yl-1,2-t_l~~- 
(trirnethylsilyl)cycloprcpane (VI). Scheme 2 suggest 3 a route by w!lich 1’ ant! 

SCIXEAIE 2_ POSSIBLE BEI1_4VIOR OF THE SI-STEM a-CHLOR~VINYLTR1~~~E~H~-LSILnNE: 

t-BUTYLLITHIUM AT -i8’C 

-LiCl (1.1) 

Cl /’ 

ICi 

I 
S’iMe3 

7 
KegSiCH=CH’+j--CH2-t-Bu 

I 
SiMej 

I WI) 

H+ 

Me$SiCHZCH=CHCH2-t-Bu < /f 
i 



VI may arise. Precedents exist for the cyclization of t.ransient. 3-ha!oalkyllit.hium 
species [7], while isomeric acyclic material will result from a geminal elimina- 
tion of LiCl (followed by hydride migration) identical t.0 t.hat. involved in the 
formation of vinylsilane IV. Reduction of t.lle crowdec! alkyl chlorides thus 
produced may have been effected by escess t-butyllithium [S] or could result 
from a metal-halogen eschange/protonation (upon workup) sequence. Subse- 
quent protonation of the alkene couId t.hen effect desilylation of V *. Confirma- 
tion of the sequence leading to the olefin V was not attempted, but it was shown 
that cyclopropane VI does not serve as progenitor to V via acid-catalysed ring 
opening. 

In an attempt to capture the intermediate c‘arbenoid or carbene intramole- 
cularly, I was treated with 3-butenyllithium at -65°C and subsequently quenched 
with methanolic I-ICl **. No “internal capture” product of the carbenoid IIc 
was found (Scheme 3). Instead, the “normal“ product IVc was Dbtained, together 
with VII. Solutions of organolithium reagent.s in THF are known to generate 
ethylene, which could then add the organolithium reagent present [lo]. How- 
ever, it is not clear why VII should be formed under these condi%ions to the 
exclusion of the silane derivable from protonation of 11~. 

The data of Table I indicate that alkyltrimethylsilanes and ethynyltrimethyl- 
silane accompany the formation of alkenylsilanes IV in the reaction of I with 
various organolithium reagents_ Ethynyltrimethylsilane most likely arises from 
the vicinal dehydrohalogenation of I by the organolithium species employed 
(Scheme II, path a). This interpretation is supported by the higher Me,SiC-CH/ 
IV ratio when TMEDA is added to mixtures of I and n- or t-butyllithium, as 
TMEDA exerts a base-enhancing effect on such reagents [ll]. The use of ally&, 
phenyl- and methyl-lithium in these reactions also leads to significant amounts 
of “by-prcducts” at. the espense of IV. These results, however, may stem from 

* Loss of that trimethylsilyl group u-hich IekLs to V is indicated on thermodynamic grounds. 
** Kimse and Grassman have obtained bicyclic intramolecular addition products from unsaturated 

carbenes (diazo precursors) 191. 



hle$ZiCTCSiEtg (50%) 

+ 
Et$iCl 

n-BuSiMe3 (13%) 
(R = n-Bu) 

EtgSiCECSiEt3 (12%) 

Xle3SiC~XXi 

I 
i RLi 

hle3SiC:CLi JIe$5iC: CII 

i KLi (R = n-BU. 53%: 

11~0 
R = Me. 92%) 

LiCECLi .- i 

+ R S i bl vj 

RSihIe; (R = n-Bu. lRri: 

R = RIe 7%) . 

a decreased reactivity towards n-bond addition which allows dehydrohalogena- 
tion to become more competitive j12]. Several points of interest were established 
by allowing ethynyltrimeghylsilane to react with methyl- and n-butyllithium 
under conditions similar to those used to generate IV from I. Water quench of 
these reactions produced no IV, signifying that ethynyltrimethylsilane does 
not add these organolithium reagents to form a-lithiovinyltrimethylsilane, a 
possible pr&ursor to IV (Scheme 1, path a). On the other hand, tetramethyl- 
silane and n-butyltrimethylsilane were produced (Scheme 4) suggesting that 
either ethynyltrimethylsilane itself (Scheme 1) or lithium trimethylsilylacetylide 
(Scheme 4) can act as a silyl donor to the organolithium reagent present *_ 
Although pathway c of Scheme 1 remains a possible alternative source of alkyl- 
trimethylsilane, its operation seems less likely in view of the behaviour of the 
diphenyl substrate XIV with n-butyllithium, discussed below. As a final com- 
ment on the possible behavior of I with alkyllithium reagents, we note that 
products expected from Scheme 1, path d (alkyl chloride and vinyltrimethyl- 
silane) were not found when a reaction between n-butyllithium and I was 
examined for this purpose. 

The reaction of n-butyllithium with I in various solvent combinations was 
examined with a view towards optimizing conditions (Table 2). Although little 
change in the yields of IVa resulted, a marked increase in rate occurred in 
proceeding to solvents of greater electron-donating abilities. These results are 
consistent with previous data detailing the enhancing effect of ethereal solvents 
on the rate of alkyllithium additions to ethylene [ 141. 

P-Substituted cw-chlorovinyltrimethylsilanes were expected to add alkyllithium 
reagents sluggishly on steric grounds. In fact, several different reaction modes 
were observed depending on substitution type (eq. 2 and Scheme 5). The major 
product (XV) obtained from XIV and n-butyllithium most likely is the end 
result of lithium--chlorine exchange followed by protonation of the inter- 
mediate ar-silylvinyllithium species. Attack of n-butyllithium at the trimethyl- 
silyl group of XIV would have generated diphenylacetylene via rearrangement 

* The known disproportion of lithium acetylide to dilithium acetslide [ 131 precludes the choice of 

one of these pathways on the basis of. e-g.. the absence of ethynyltriethylsilane among the products 

of Scheme 4. 
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SCHEhIE 5. REACTION MODES OF P-SUBSTITUTED-m-CHLORO\‘INYLTRIMETHYLSILANE.S WITH 
ALKYLLITHIUjd REAGENTS 

hle3.5 
\ 

,CfI3 MejSi 

,c=c’ 

Cl ‘R. CH3 
I 

(VIXI. R’ = H; XI, R’ = CH3) 
, 
i 

1 
RLi f R’= H 

I 
& 

Me3Si 
\ /““” 

c=c 

H 
/ \ 

R 

(IXa-t, R = n-Be) 
(IXb-t. R = t-Bu) 

hIegSi 
\ lR c=c 
i 

H 
\ 

CH3 

(IXa-c, R = n-Bu) 

(1Xb-c. R = t-Bu) 

Me3Si 

/ \ 
Li Me;.% C?Zg 

Me-jSi 

/ \ 
H CH3 j, Hz0 

(X114. Cl 

(Xa. R = n-Bu) 
(Xb, R = t-Bu) 

of an a-chlorovinyl carbanion [1.5]. No trace of this acetylene was found in 
these runs, which also suggests that the analogue of this process (Scheme 1, 
path c) is not the source of alkyltrimethylsilanes generated in the reaction of 
organolithium reagents with I. 

Introduction of two methyl groups as @substituents (in the alkenylsilane 
XI) again led to complete suppression of r-bond addition. Instead, metalation 
of the relatively acidic allylic sites led to cyclopropyl compounds XII and XIII 
by a process interpreted in Scheme 5 *. Vinylcarbenes (or carbenoids) are 
known to afford cyclopropanes from intramolecular r-bond insertion C177. 
The resulting cyclopropene x-bond would be receptive towards n-butyllithiulm 
addition due to strain [18], and in the present instance, simultaneous formation 
of a cyclopropyllithium species additionally stabilized by an adjacent silyl 
group. The isolation of XIII serves as corroboration of the process proposed 
for the formation of XII, since the bis-cyclopropane may logically arise Born 
cross-reaction of the immediate precursors to XII. Additional evidence that a 

* A similar observation within a non-silicon system has recently come to our attention [16]. 



infrared (IR) data were obt.ained on neat. films using R~ctcman IIL8 ant! 
Per&n-Elmer 237 spectrophotometers. ‘H NhIR spectra were recorded on a 
Varian -460-A spectrometer unless otherwise indicated; a JEOL PFT-100 instru- 
ment was used to obtain spectra at 100 MHz. Spectra were obtained on samples 
in capillary tubes in CC4 solvent with benzene (taken as 6 7.24) as internal 
standard unless otherwise indicated (solvent, internal standard Iistecl sequen- 
tially). Analytical and preparative GLC work utilized the following 0.25 in. 
stainless steel columns prepared on 6Oj80 Chromosorb W: (A) 10 ft. 20% 
SE-30; (B) 15 ft. 15% TCEP; (C) 15 ft. 15% Carbowax 2OM; (D) 15 ft. 15% 
FFAP_.The following 0.375 in. columns were also used: (E) 20 ft. 25% FFAP; 
(F) 20 ft. 30% SE-30. GLC yields were obtained using internal standards after 
determination of relative response ratios. 1Jnless boiling points are stated, 
product isolation was effected throughout by preparative GLC. Mass spectra 
were obtained at 70 eV using a Hitachi RMU-GE spectrometer. 

Ethereal solvents were distilled from LIAlH,; chlorotrimethylsilane, TMEDA 
al;d HMPA were distillecl from calcium hydride. Hexane used in the prepara- 
tion of organolithium reagents was rendered olefin-free by treatment with 
concentrated H,SO,. n-Butyllithium (n-BuLi) in hexane was obtained from 
both Alfa Division of Ventron Corporation and Foote %%ineral Co. t-Butyllithium 



tlei(iclioi2 af ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (1 j [[,lit)) i~r.~uii”liliiii:j?z j’e+?<T&.Zii_t.S 

(A) With t1-blrt~.l!it~iirltii. A 15.5 i;liilOi k sz;ini>le of n-B&i iii her;ane \\ras 
keated dropsvise at -25°C - -_’ :t~c!i 2.0 g (15.0 mmole) of Z [22]. After an adcli- 
tional 48 h at 25OC, the uenction misiure was poured into ice water and 
worlied Up_ GLC analysis (COllIIiiil3 A, Ej itdic_zitecl a GO’%. yield of cis- and 
tr*u~zs-IV [23] as entered ii1 Table 1. The cis-llJa isome? sho\~;ecI IR: 6.21m, 
S-Ok, 12.0s, l3.16m /.rm ancl ‘I-f NM%: fi -0.02 (9 H, s), 0.79 (3 H, m), l.22 
(4 H, m), 2.02 (2 Ii, m), 5.29 (1 I-I, cl oft, J= 14, 1.5 Hz), 6.16 (1 H, cl oft, . 
J= 14, 7 Hz). The tkrzs-IVa isomer showed IR: 6.lSm, S.Ols, 10_13m, 11.62s, 
12.00s l.lm and ‘H MklIR (CCl.;, est. Cf-ZC13 t:ifien as 6 7.24): 6 -0.15 (9 II, S), 
0.73 (3 H, mj, 1.14 (4 H; in), 1.91 (,2 1-I; m), 5.31 (7 I-I, cl, J= 19 Hz), 5.s2 
(1 H, cl or t, J= 19.5 Hzj. 

In a preparative run, 9.8 g (73 nilnc,lj of L afi’o;_dec~ 7.3 g it;S%.) of iVa (S4jl6 
tmzs/cis mixture), b-p_ 156-158” C/760 mmHg, of 97% purity. 

(B) Witfr t-hutyllitlzilrm. In the same manner as ii1 part A, 2.4 g (lS mmol) 
of I and 21 mmol t-BuLi in ~~eniane, initially rit -30°C and then at 25”C, gave 
an 84% yield of f,-crlzs-iVb [23,24]. 

(C) With 3-brlte}zylZithirl17z [-35]. Di-3-buteil\rlnler~u~~ [ 251 WZE prepared in 
65% yield (b.p_ lO3-lO~“C/14 mmHg, 9% purej b y adding one equivalent 
H&I, (dissolved in THF) to two equivalents of 3-but-enylmagnesium bromide 
in THF. 3-Butenyllithium was then prepared by chopping 1.5 g (0.22 mmol) 
of lithium wire (1% Naj in 100 ml hesane with a high-speed stiri-t:r (PIIorton 
flask with helium atmosphere). After addition of 50 mm01 di-3-h~Itenylnier- 
cm-y, the high speed stirrer was replaced 11, ‘17 a rnag>:lletic stirrer and the reaction 
flask sealed with was. i!lonitoring by GLC indicat.ed total consumpt.ion of 
di-3-butenylmercury after S days at. 25°C. Filtration afforded a quantitative 
yield of 3-butenyllithium, as indicated by double titration. Treatment of an 
aliquot with trimet~ly!chlorosilalle afforded 3-butenyltrimethylsiJane [ 261. 
Anal.: Found: C, 65.27; H, 12.75. C7H, ,$i caicd.: C, 65.54; H, 12.57%. IR: 
6.09m, S.Ols, lO.O9m, 11.08s, ll.G6s, 12.03s, 13_23m, 14.53m ,um. ‘H NklRr 
6 -0.17 (9 H, s), 0.28-0.61 (2 H, m), 1.66-2.13 (2 H, mj, 4.51-5.01 (2 H, 
m), 5-34~5.91 (1 H, mj- 

Following the same protedure as in _A , 4.8 g (36 mmol) of I was allowed to 
react with 35 mmol of 3-butenyllithiuil1. An isomer mixture of frmzs- and cis- 
IVc was obtained (columns A, F) as indicated in Table 1. No intramolecular 
insertion product was observed by GLC. Anal.: Found (IVc, trar2~): C, 70.13; 
H, 11.55. C,H,,Si calcd.: C, 70.13; H, 11.69%. ‘H NMR: 6 -0.17 (9 H, s), 
1.96 (4 H, m), 4.57-4.97 (2 H, m), 5.18-5.85 (3 H, m,-J(SiCX) = 19 Hz). 
Anal.: Found (IVc, cis): C, 70.09; II, 11.61. ‘H NMR.: 6 0.00 (9 H, s), 2.05 
(4 H, m), 4.67-5.10 (2 H, m), 5.20-6.37 (3 H, m, J[SiCa=CH] = 14 Hz. 

(0) With alZyllithium. Allyllithium was prepared by the addition of 25 
mmol n-BuLi in hexane to S-05 g (25 mmol) allyltri-n-butyltin [27] in ether. 
GLC indicated that no allyltri-n-butyltin remained after 25 min. Derivatization 
by trimethylchlorosilane afforded 90.5% allyltrimethylsilane, taken as the 



measure of allyllithium concentration; no n-butyltrimethylsilane was observed 
by GLC. To a solution of allyllithium thus prepared was added 2.80 g (21 
mmol) of I at 25°C. After one day, the results shown in Table 1 were obt.ained. 
The isomeric products (IVd) cduld not be separated by GLC on B, C or SE-30 
columns, but were inferred to be in a 90/10 trcms/cis rat.io by examination of 
the NMR spectrum of the mixture *. Anal.: Found (IVd, cis + tmns): C, 68.74; 
H, 11.22. CsH,&ji calcd.: C, 68.49; H, 11.50%. ‘H NMR: 6 0.01s (trans) and 
0.06s (cis) (9 H), 2.78 (2 H, m), 4.84 (1 H, m), 5.05 (1 H, m), 5.15-6.32 
(3 H, m)- 

(E) With phenyllithium. A 4.4 g (33 mmol) sample of I was allowed to react 
with 43 mmol of phenyllithium and the progress of the reaction followed by 
GLC (column A)_ Results are shown in Table 1. The presence of /3-trimethylsilyl- 
styrens was confirmed by spectral data [ 291. 

(F). With methyllithium. A l/1 molar ratio of methyllithium and I was used; 
results (columns A, F) are shown in Table 1. cis-l-propenyltrimethylsilane 
[30]‘gave an ‘H NMR spectrum showing 6 0.09 (9 H, s),as the Me& resonance, 
while the Pans-isomer [30] displayed 6 0.02 (9 H, s) for this group. 

(G) With alkyllithirtm reagents and TMEDA. Equimolar amounts of alkyl- 
lithium reagent and TMEDA were mixed at -25”C, allowed to warm to 25”C, 
and an equivalent amount of I then added. Results (columns -4, 2) are shown 
in Table 1. 

Attempts at trapping the carbenoid 
(A) With n-butyllithium or t-butyUithium. A mixture of 25 mmol of either 

n-BuLi or t-BuLi, 17 ml hexane (n-BuLi), or 20 ml pentane (t-BuLi), plus 20 ml 
THF and 5 ml ether [31] was prepared at -78°C. After further cooling to 
-lOO”C, 25 mmol of I was added dropwise and the mixture stirred 0.5 h at 
-100°C. The reaction mixture was then quenched with methanolic HCl; GLC 
analysis indicated that no reaction had taken place. 

When the above reaction was repeated with t-BuLi at -78°C for one hour, 
96% of I was consumed to afford (column A) 18% of an isomeric mixture of IV, 
25% of a mixture of cis- and trans-(5,5-dimethyl-2-hexenyl)trimethylsilane (V) 
[32] and the isomeric cyclopropyl compounds XVI and XVI’ in 3% and 12% 
yields. MS (c&-V): m/e = 184 (93), 169 (74), 141(40), 127 (98), 111 (37), 
73 (100). IR: 6_07w, 7.18w, 7_33m, 8.02s, 8.67m, 11.8~~ pm. ‘H NMR: 6 
-0.03 (9 H, s), 0.86 (9 H, s), 1.38 (2 H, m), 1.82 (2 H, m), 5.31 (2 H, m). 
MS (trans-V): m/e = 184 (95), 169 (75), 141 (39), 127 (99), 111 (36), 73 
(100). IR: 6_05w, 7,19w, 7_33m, 8.02s, 8.65m, 10.36m, 11.8~s pm. ‘H NMR: 
6 -0.04 (9 H, s), 0.82 (9 H, s), 1.35 (2 H, m), 1.81 (2 H, m), 5.24 (2 H, m) **. 
MS (VI): m/e = 256 (8), 2.41 (ll), 199 (67), 182 (7), 110 (go), 73 (loo), 57 
(43). IX: 6.81m, 7.18m, 7.33m, 8.02s, lO.l8m, 12.Ovs, 13.33m, 14_65m, 
15.56m pm. ‘H NMR (100 MHz): 6 -0.21 (SiCH, d of d, J= 8, 10 Hz), 0.04 
(CH-t-Bu, d, J= 15 Hz), 0.06 (SiMe3, s), 0.08 (SiMe3, s). 0.25 (cyclopropyl 

* In a series of a&disubstituted vinyltrimethylsilanes. the methyl resonance of a trimethylsilyl group 
within the Z isomer was found to be downfield of that of the corresponding E isomer [283. 

** Spectral data confirmed by preparation of authentic sample [321. Literature data Quotes tau 5.25 
for the chemical shift of these olefiic protons 1321. 



I-ICE, pattern obscured, J = 10, 3 Hz), 0.48 (cyclopropyl ECH, d of d, J = 8, 3 
Hz), 0.92 (CH-t-Bu, d, J= 15 Hz), MS (VI’): nt/e = 256 (4), 241 (7), 182 (17), 
l-10 (loo), 73 (73), 57 (49). IR: Virtually identical to that of VI, except 10.64~ 
replaced by 10.53~ and 10.99w by 10.84~ pm. ‘H NMR (100 MHz): 6 -0.48 
(SiCH, cl of d, J= 7, 10 Hz), -0.02 (SiMe3, s), 0.03 (SiMej, s), O.l5.(CH-t-Bu, d, 
J= 14 Hz), 0.5-1.1 (cyclopropyl HCH, m, pattern obscured), 0.93 (CH-t-Bu, 
d, J= 14 Hz), 0.94 (SiMe,, s). The unusually high-field absorptions assigned to 
the methylene hydrogens of the neopentyl group may be due to restricted 
rotation which places at least one of these hydrogens principally within the 
shielding zone of the cyclopropyl ring [33]. - 

A duplicate run of the above, carried out at -60°C for 5 min before quench, 
consumed 99% of I and afforded 40% IVb, 8% of cis- and trans-V, plus 0.5% 
VI and 3% VI’_ Treatment of isolated VI/VI’ with methanolic HCl in THF, with 
or without added water, did not afford V. 

(B) With 3-butenyflifhizzm. A mixture of 2.73 g (20.4 mmol) of I, 30 ml THF 
and 5 ml ether was cooled to -65°C and treated dropwise with 20.4 mmol of 
precooled (-65°C) 3-butenyllithium in hexane. After 4.5 h, anhydrous methan- 
olic HCl was added. GLC analysis (column A) showed a 19% consumption of I, 
and formation of IVc (47%) and 1-chloro-7-octenyltrimethylsilane (32%). 
Anal.: Found: C, 60.34; H, 10.38; Cl, 16.28. C,,H2,ClSi calcd.: C, 60.37; H, 
10.59; Cl, 16.20%. IR: 6_09m, 6_94m, S.Ols, 8.72m, 10_09m, 11.02s, 11_9vs, 
13.39m, 14.45m pm. ‘H NMR: 6 0.05 (9 H, s), 1.3-2.3 (10 H, m), 3.12 (1 H, 
m), 4.72-5.12 (2 H, m), 5-5-5.9 (1 H, m)_ 

Reaction of ethynyltrimethylsilane with organolithizcm reagents 
A 2.0 g (20 mmol) sample of ethynyltrimethylsilane was added dropwise to 

25 mmol of n-BuLi in hexane at -25°C. The mixture was allowed to warm to 
25°C and stirred for 22.5 11, during which time white solid appeared. A solu- 
tion of 3.35 g (22.3 mmol) chlorotriethylsilane in 10 ml THF was then added, 
and the reaction worked up 17.5 h later with water. GLC analysis (columns 
A, D) indicated a 50% yield of triethylsilyltrimethylsilylacetylene [34],12% 
bis(triethylsilyl)acetylene 1351, 12% n-butyltrimethylsilane and 8% n-butyltri- 
ethylsilane. 

A similar run, all-owed to stir 68 h at 25”C, was poured into saturated 
NH&l solution. A product mixture consisting of 53% ethynyltrimethylsilane, 
18% n-butyltrimethylsilane and 3% bis(trimethylsilyl)acetylene was obtained. 
No IV was present in either run, as ascertained by GLC comparison using an 
authentic sample. 

When 2.15 g (21.9 mmol) ethynyltrimethylsilane was allowed to react with 
21.9 mmol methyllithium in 17 ml ether for 42 h followed by a hydrolytic 
workup, 7% tetramethylsilane, a trace of bis(trimethylsilyl)acetylene and 92% 
ethynyltrimethylsilane was obtained. Again, no IVf was present. 

Half-life determinations 
Mixtures of n-BuLi in hexane (2.25 M) and the appropriate co-solvent were 

prepared so as to afford 1.125 M solutions. These were controlled isothermally 
at 25 t 0.5”C, an equivalent amount of I added, and aliquots withdrawn period- 
ically for water quench and analysis (column A). Plots of time vs. % consump- 
tion of I were prepared, and tllz values extracted. 





1.02 (9 H,s), 1.76 (3 H, s), 5.24 (1 H, s). Anal: Found (IXb-c): C, 70.35; 
H, 13.23% IR: 6_25m, 6_92m, 7.2Sm, 7_33m, S.Ols, S.26q 9.11m, 11;49s, 
11.9s, 13.391~1, 14_61m, 13.67111 ym. ‘H NMR: 6 0.09 (9 I-I, s), 1.09 (9 H, s): 
l.S4 (3 E-1, d: J= 1.5 Hz), 5.20 (1 H, 111, J= 1.5 Hz). 

The second pair of products consisted of It-uns-1-t-butyl-2-trimethylsilyl- 
cyclopropanc (Xb-t, 22% yield), and a small amount. (4%) of what may have 
been the cis isomer_ Assignment. of tram stereochemistry t.0 Xb-t is based 011 

the assumption of near equivalency for JLTu,_ of H(l)-H(2) and H(2)--H(3), 
together with the usual J, > J, correlation in cyclopropanes [33]. The presumer! 
cis isomer showed NZIR absorptions attributatde to t-butyl and Me$i groups, 
but could not be fully characterized because of separation difficulties_ Anal. : 
Found (Xb-r): C, 70.55; H, 12.S3. CIOHI1_Si calcd.: C, 70.50; H, 13.02%. IR: 
6.&n, 7.15w, 7_33m, S_Ols, 9_65w, 10_20m, 10.4&n, 11_09m, 11.03s, ll.Ss, 
12.0s, 13.4m, 14.5m I.rm. ‘H Nh-IR (100 MHz): 6 -0.61 (1 H, apparent AM,S 
pattern; intensity ratio 1/2/1/1/2/l, J, = 10 Hz, J, = ‘7 HZ), -0.12 (9 H, s), 
0.04-0.60 (3 H, m), 0.76 (9 H, s). 

When a similar reaction was carried out employing 18 mmol of VI11 and 20 
mmol n-BuLi in hesane/ether for one day, a misture of products was obtained 
which was not separable on column A. ‘H NiuIR analysis indicated the probable 
presence of 2-methyl-I-trimethylsilyl-1-hesene (IXa) and l-n-butyl-2-trimethyl- 
silylcyclopropane (Xa) in a ratio of 4/3 (45% combined yield). 

Reaction of ~-chlo,-o-P,P-cli~izenyIvirzyttrin~et~zylsiiane (III) with n-bu tyllithitcr,z 
No reaction occurred between XIV [36] and a 10% molar excess of n-BuLi 

in hevane after 3 days at 25°C. Complete reaction occurred, however, when 
2.0 g (7.1 mmol) of XIV and 15 mmol n-BuLi (2.25 AT) in hesane were refluxed 
for 14 h. After workup, GLC (column D, 165°C) indicated the formation of 
75% fl,&diphenylvinyl trimethylsilane (XV) and S% of a product (XVI) which 
spectral data indicated was either a-n-butyl-/3,,6-diphenyltrimethylsilane or 
2,3-diphenyl-1-trimethylsilyll-hexene. 

A parallel experiment, in which 6 ml of ether was added to the initial 
reaction mixture, and the reaction allowed to proceed at 25°C for 1 day, con- 

sumed 76% of XIV and afforded 60% XV and 8% XVI. No diphenylacetylene 
was produced in either run, as ascertained by GLC comparison with an authentic 
sample. Anal.: Found (XV) [35]: C,.SO.93; H, S.10. C17H15Si &cd.: C, SO.SS; 
H, 7.99%. IR: 6_31m, 6_3Sm, 6_72m, 6_93m, 7_4Sm, S.O2s, S.24w, 9_34w, 9.7lw, 
10_78m, 11.13s, 11.7s, 12.0s, 13.16s, 14_28s, 14.46s pm. ‘H NMR (CCL, external 
CHzClz taken as 6 5.28): 6 -0.69 (9 H, s), 6.05 (1 H, s), 6.99 (10 H, m). IR 
(XVI): 6_35w, 6.72m, 6.92m, S.Ols, 9_34w, 9_74w, 10_95w, 12.0s, 13.13s, 
14_30s,pm. ‘H NlMR (Ccl,, external CHzClz): 6 -0.09 (9 H, s), 0.6-1.5 (7 H, 
m), 2.26 (2 H, m), 7.21 (10 H, s). 

Reaction of cr-c~zlorovi?zyltrinzet}l~lsilane (I) with n-brrtylmug-nesium bromide 
A mixture of 42.5 mmol n-butylmagnesium bromide (1.7 N in THF), 25 ml 

THF and 4.6 g (34.3 mmol) of I was held at reflex for 3.5 days. After workup, 
GLC analysis (column A) showed total consumption of I, and the formation of 
42% 2,3-bis(trimethylsilyl)-l$butadiene (XVII) [20] and 9% 2-trimethylsilyl- 
1-hexene (XVIII). A check with authentic samples showed that no IVa was 
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formed. Anal.: Found (XVII): C, 60.34; H, 11.08. CIOHz3SiZ caIcd_: C, 60.52: 
H, 11.1’7% IR: 5_41w, 6_3Ow, 6.36w, ‘i.lOm, S.Ols, lO.S6s, 12.0s, 13.3~, 14.53~, 
15&n, 15.Sm pm. ‘H NMR: 6 0.07 (9 H, s), 5.3’7 (4 H, s). Anal;: Found (XVIII). 
C, 69.00: H, 12.SS. C9Hz0Si calcd.: C, 69.14; H, 12.59%. IR: 6.2~7, S.Ols, 
lO.S5m, 12_Os, 13_23m, 14.53m pm. ‘H NPVIR: cci 0.05 (9 H, s), 0.7-1.6 (7 H, 
m), 2.12 (2 H, m), 5.28 (1 H, m), 5.51 (1 H, m). 
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