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SUMMARY

The reaction of two equivalents of vinyldimethylethoxvsilane or
vinyldimethylnethoxysilane withh hwviilrocarbon soluble alkyllithium reagents;
t-BuLi, s-BuLi, or nBuli; in hexane at low temperature gives high vields of
1,1-dimethyl-2-alkyl—-4—(dimethylalkoxysilyl)silacyclobutanes. With methyl- or
phenyllithium substituted vinylsilanes are obtained. The stersochemistry of
the silacyclobutanes is assigned on the basis of Si-29 and H-1 MMR. For
vinyldimetnylethoxysilane the ratio of cis to trans silacyclobutane is about
57/43, and is independent of the alkyllithium reagent used. In the reaction of
vinyldimethylmethoxysilane with t-BuLi a 70/30 ratio of tne cis and trans
silacyclobutané is obtained. A pathway is provosed which is consistent with

the stereochemical results and with the products isolated in the reaction run

in THF.

INTRODUCTION

We recently reported that the reaction of t-butyllithium with
vinyldimethylchlorosilane in hydrocarbon solvent at low temperature gives high
yields of disilacyclobutanes as the major nroducts [l]. Evidence from
competition experﬁnents with chlorosilanes and trapping exveriments with
1,3-butadiene was obtained wnich indicated that silaethylene intermediates can

be produced by the elimination of lithium choloride from eo-lithiochlorosilanes
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v",_:under anorocrlate exneru'lental condltlons f2].~ DJ.SJ.laCYClObutane formatlon
under s:unllar condltlons had orevmusly been observed by Sevferth and Ipfferts'
Sin the reactlon of bls(trlmethylallvl)bro.rmmetnylllthlum w1th
- dlmethyld_ldlloros;lane at 'lqa tetrr.v_aeratures in ether solventa [3]. Subsequent
4'td both of i:hééé. reports Wiberg and Preinét reéortéd ‘that ru-v-lithiosilyl
phosphates, phpsmites or tosylatés also give rise to disilacyclobuténes and

suagested the iritémediacy of a silaethylene [4].

! l_ -LiX [ si=c” ] 5 ' ‘
X Li - ~

Intermediates similar to I can conceivably undergo three types of reactions:
elimination of LiX to give silaethylene tyve intermediates, intermolecular
coupling to give cyclic or polymeric products, or addition to another alkene.
One xi:ight anticipate that the favored process in a given system should be a
function of the leaving groué, X, on silicon. ‘These considerations lead us to
invesi:iéate’ the reactions organolithium reagents with vinyldimethylalkoxy-

silanes. ile report herein the results of that investigation.

RESULTS AND DISCUSSICN

when vinyldimethylethoxysilane was added to an equimolar amount of
E—butyllithilxﬁ in hydrocarbon solvent cooled to —78° there was obtained, after
varming and hydrolytic work-up, & 40% yield of a mixture of the cis~ and
trans-isomers of 1,l1-dimethyl-2-neopentyl-4-(dimethylethoxysilyl)silacvelo-
kutane, fIb. To our surprise, none of the disilacyclobutanes, the major
products from the analogous reaction with vinyldimethylchlorosilane, could be

detected in the reaction mixture.

CHZR'
Mezt‘ii—]/
- R _780 "
2 ROMe,S5iCH=CH, + R'Li —_—
hexane ¥
Mez-Si—OR
' 11

II: a, R = Me, R" = t-Bu; b-d, R = Et, R' = t-Bu, s-Bu, or n-Bu.



101

_Because the -stoichiometrv for the formation of II requires two moles of
silane for every mole of organolithium reagent we repeated the reaction using
this ratio of reactants. Under these conditions the vield of IIb was increased
to 86%. An investigation of the reaction emploving a variety of organolithium
reagents showed that it is apparently general for those organolithium reagents
which are soluble in hydrocarbon. The resulis are summarized in Table 1.

Hith those lithium reagents which are hydrocarbon insoluble the major
products were tnose resulting from substitution at silicon rather than addition
to thie vinyl IinXkage. . Thus methvIIithium gave a 60% yield of vinvItrimethyl-
silane. Phenyllithium gave a 40% vield of phenyldimethvlvinvlsilane aiong with

a trace of a material which was tentatively identifiad by mass spectrometry as

Table 1. Product Yields and isomer distributions for the
reactions of vinvldimethylalkoxysilanes with organolithium

reagents in hexane.

RO R'Li Silacyclobutane prodiucts Substitution oproduct
Isomer ratio®
cis- trans- % Yield % Yield
MeO t-BuLi IIa 70 30 88 -
EtO tBuLi IIb 59 a1 402 -
EtO t-BuLi IIb 57 43 86 -
EtO s-Buni IIc 55 45 65 -
EtO n-BuLi IId 57 43 79 -
EtO Meli - 60S
EtO PhLi 5 40

2 With the exception of IIb these ratios were estimated from the H-1 MMR
spectra of the mixtures. For IIb the ratio is from GLC integration. On
duplicate runs the ratios were reproducible to within %2 3. B 14 this reaction
a 1:1 ratio of vinyldimethylethoxysilane to t-BuLi was used. £ In the reaction
with methyllithium about 40% of unreacted vinyldimethylethorysilane was

recocvered.



s 1lacyclobut:ane products.r It can be see:x :m Table 1 that the y1elds of

szlacyclobutanes are: con51stently good for e:.ther vlnvldlmethylmethoxysﬂane or

vq.nyldlme th 11emoxysnane m ‘the reactlon with a’ hvdrocarbon soluble

'orqanollthlum reagent. LR
Vhen the reactmn of " t—butylh.th:.mn with ‘two equlvalents of vinyldi-
nethylethoxv 511ane was’ carrled out in THF rather than hexane as the solvent- a

ccmplete cha.rne in the m:oducts resulted. Instead of the silacyclobutanes,

AIID,' compounds III and IV were obtained.

Lo o —si —S5i
thuli + 2 47 “si-oet — > | ‘ ’lééi\\
- I T Et0

111 (16% 5) IV (73%)

E‘of th<e 1‘,3-dirsilacy>clnhe‘xane, ﬁ, three of the’ foﬁr possible stereoisamers
couldbe detected by GIC. The stereqéhemistry of these isomérs has not been
estanlished.’

A The products obtained in these reactions are all consistent with the
following Scheme, involving an intermediate, VI, resulting from the addition of

the initiallv formed a-lithiosilane, V, to a second mole of vinylsilane.

Scheme
Rl
' 1
- )
\si/\ R'Li _si Li ’//\Sf"OR >
\
OR No”
R/
v
"hexane: VI ——> ‘II + Li-OR
THF: VI + V ——> IV + 2 Li-OR

In hvdrocarbon solve-zt:s tl'v= mtevned:.ate vI underooes mtramlecular

.substltutlon to gJ.ve the - slliacyclobutane oroducts. In THF the aodltlonal
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solvation of the intermediate lithium compound VI permits intermolecular
coupling reactions to occur leading to the 1,3-disilacyclohexanes, IV.
Compound III produced in the THF reaction presumably arises from hydrolysis of
the intermediate VI during work—-up, although it could arise from ring cleavage
of the silacyclobutane, IIb, by ethoxide, followed bv hydrolysis.

It is interesting to note that the TIF reaction mixture gave a negative
Gilman color test II [5] prior to hvdrolysis. This observation suggests that if,
as is suggested by the detection of III among the vroducts, the organolithium
intermediate VI was 1ndeed present in the mixture at this time it is not
sufficiently reactive to undergo a rapid lithiun-halogen exchange with p—bromo-
N,N-dimethylaniline. In related studies we have observed that trimethylsilvl-
methyllithium does give a positive Gilman test I with Michler's ketone, but a
negative Gilman test II ([6]. Intramolecular coordination of the alkoxy aroups
withh lithium in VI, or stabilization of the e-lithio compround bv the adijacent
s5ilyl groups mignt providje an exnlanation For this observation.

It miont be suggested that the silacyclobutanes formed in hvdrocarton
solvents arise from a [2 + 2] cycloaddition of a silasthvlene intermediate with
another vinylsilane. There are at least twd observations which seem to rule
out this pathway. Firstly, in none of the reactions were anyv of the
3-(dimethylalkoxysilyl)-1-silacvclobutane adducts observed. e have observed
that, under conditions where the silaethylene intermediates are produced bv the
elimination reaction, all opnssible cvcloadducts are Formed with a reactive
olefin [2,6]. Secondly, the ratio of cis— to trans-silacyclobutanss obtained in
the reactions with vinyldimethvlethoxysilane is insensitive to the steric bulk
of the organolithium reagent, Table 1. If these comoounds were produced bv a
[2 + é] cvcloaddition, one would exoect their stereochamistry to be affected by

the steric remquiraments of the reacting silaethvlene intermediate.

Stereocnenistyy of the Silacvclobutanes

The determination of tne stersochemistry of the disubstituted silacyc—

lobutanes produced in these reactions was a non—trivial problem. fFor each of
the mixtures, IIa-d, it was possible to detect two peaks in the GLC. However,

only in the case of the neopentyl compounds, IIb, was it possible to rasolve
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Figure. Si-29 FT MR spectrum of a mixture of cis—, and trans-1,1-

dimethyl-2-(2"'—~mathylbutyl )-4~(dimethylethoxysilyl)silacyclobutane, IIc.

the two peaks sufficiently to permit intergration of the chromatogram and
_ collection of the individual isomers. The H-1 MMR spectra of these two isomers
showed or;1y very subtle differences. The most distinguishing feature of these
two spectra was in the chemical shift for the methyl protons of the
dimethylethoxysilyl groups. For the major isomer these protons appeared at §
.08 while for the minor isomer they avpeared at § 0.14. For each of the other
silacyclobutane mixtures two resolvable singlets appeér.;ed in this région of the
spectrum. In each case the higher-field singlet was more intense and the
intergrated ratio of these two peaks corresiaonded torthe apparent ratio of

the two isomers observed in the gas chromatograms of the mixtures. From the
E-1 MR spectra by themselves we could not differentiate between the cis and
trans isomers. '

The Si—29 Pourier-transform NYR spectrum of the mixture of silacyclobutane
isomers produced by the reaction of sec-butyl-lithium with vinyldimethyl-
ethoxysilane, Figure 1, provided a clue to the identity of the isomers. The
spectrum shows two sets of peaks corresponding in intensity to the ratio of the

two isomers in the mixture. ‘'he lower field peaks at 6 18;6 and 16.5 are due

to the silicons in the dimethylethoxysilyl groups while the remaining peaks are
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due to the silicons in the rings. ZEach of the absorptions are partizally split
into two, indicating that each Of‘ tne silicons are found in two slightlv
differing chemical environments. The differences are most apparent for the
silicons of the dimethylethoxysilyl groups. These slight differences are
consistent Qith the possible conformers which exist for the cis and trans

isomers. These conformers are illustrated below.

H
1 l -l
cis H i '——- H R'CH, '\\V7"' SiMe,OR
, | )
R'CH, Silfe,,OR Si
H SiMe,OR
RCH,~ [
trans  H si SiMe,0R 7_’—
Si
14
R'CH, H

For the cis isomer one would anticipate that the conformer with the two bulky
groups in pseudo equatorial positions should be favored over that in which th<::-
alkyl group and the dimethylethoxysilyl group occupy pseudo axial positions.
On the other hand in the trans isomer both conformers have one bulkv group in
an axial orientation, and more nearly equal populations of each conformation
should be observed. It is clear from the Si-29 NMR spectrum that the isomer
present in higher concentration has one conformer favored over tne other. The
isomer present in lower ooncentration has approximately egual amounts of each
conformer. On this basis we have assigned the cis stereochemistry to the major
isomer in the mixture.

If this assignment is correct then the higher field resonance for the
methyl protons of the dimethylalkoxysilyl group in the H-1 iMR spectra of the
isomer mixtures corresponds to the cis silacvclobutane. The chemical shift
difference is consistent with the aobservations of other workers that cis
substitutents in silacyclobutane rings shield each other more than trans

substituents [7]. The isomer distributions given in Table 1 are based on this

' assignment.



'Ihe stereochem.cal *uroferance ...or t'_'le c1s over the trans 1somer 1n the ‘

T ::E_sﬂacvclobutanps produced in the cvcllzatlon roact10n= is conalstent w1th the.

; '_"'reactlon scneme we orooosed above.r 'I‘he stereochemlstrv cf the 2 4—dlsubst1—

i ‘:tutecI 51lacyclobutane deoends on the conflguratlon at carbons 2 and 4 in

; 1ntemted;ate' VI \Jhen cvcllzatlon ‘occurs _If both of the»se carbons have the
same configuratl:on ,tne cis isomer will result. If the 2 and 4 carbons have

opposite configurations the trans isomer will pe prodiuced in the cyclization.

r"’e H H H
Me — Si 1
R—O. 4 2
oL \Si—Me \sl—\>r—
. / Sl——Me
- hE
Me ’e R b
- Me
VI; S,S + eis VI; S,R » trans

In t';he initial addition of the alkvllithium reagent to the vinylsilane,
two achiral molecules, eouzl amounts of the R and S enantiocmers of the a-lithio
intermediate‘», Y, should be produced. However, in the addition of V to a second
mole Of vinvlsilane, the stereochemistry of the adduct is affected by the
configuration of the chiral carben in V. Examination of models of the .
ccmpounds revéals that more effective coordination of the lithium by the alkoxy
" groups Va.ri»d»;fewer steric interactions develop during the addition if it occurs in
the mann'erwhicﬁ produces the same configuration at carbons 2 and 4 in the
inteﬁrediate VI. .

Simple,. non—rigia secondary alkyllithium reagents are only configura—
.tionally stable at low temperatures and in the absence of electron donors [8].
It seems rreasonabl_e that the coordinating effacts of the alkoxy aroups in VI
should be sufficient to permit -inversion of configﬁration at carbon 4 in
intermediate VI. If this inversion is competing with cyclization in our systems
the stereochemical results may be explained. Intermediate VI: S,S or R,R; which
leads to cis product is formwed wore rapidly ‘than VI; 5,R or R,S. With ethoxide
as the 'leaviﬁq arnoup intérconversion of t'né* Stereoisomers procédes— at a rate.

' comparable to the cyclizatibn leading to the 57/43 ratio of
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cis to-tians product. It should be noted that steric interactions in VI; R,S
or S,R which leads to trans prodqct are greater than the steric interactions in
VI; S,S or R.R. When ethoxide is replaced with the better leaving group,
methoxide, cyclization ocours more rapidly than inversion and more of the cis
product is obtained. Bxéerixnents aimed at determining the thermodynamic ratio
of the cis and trans isomers of the 2,4-disubstituted silacylobutanes are

presently in progress.

EXPERT*ENTAL,

All experiments were carried out under dry nitrogen or argon atmospheres.
Apparatus was flame—dried or assembled hot from the drying oven. Reagents and
solvents were transferred by standard syringe or double ended needle techniques
[9]. Alkyllithium reagents were obtained from Lithium Corporatién of America
and were standardized using the method of Kofron and Baclawski [10].

Vinyldimethylmethoxysilane

The procedure of Weber and Childs was adapted for the preparation of this
comound [11]. To 64.5 ml (0.500 mole) of vinvldimethylchlorosilane (Petrarch)
in a 250 ml flask fitted with a reflux condensor, septum, and gas inlet was
slowly added 51.5 ml (0.500 mole) of trimethylorthoformate (Aldrich). The
mixture was allowed to react for 3 days and distilled to give 51 g (87% yield)
of vinyldimethylmethoxysilane, b. 80-85°. The NpIR; § (CCls, CHC13 int. std.),
0.03 (s,6H), 3.2 (s, 3H), 5.76 (m, 3H) was consistent with the desired
structure.

Reaction of lithium reagents with vinyldimethvlalkoxysilanes in hexane.

The general procedure is illustrated by the reaction of t-butyllithium
with vinyldimethylmethoxysilane. To a solution of 10 mmole of t—butyllithium
in about 50 ml of hexanes cooled to —~73° with an acetone/dry ice bath was
slowly added 3.0 ml (20 mmole) of vinyldimethylmethoxysilane. The acetone/dry
ice bath was allowed to evaporate slowly overnight (ca. 12-18h). The white
precipitate which had formed dissolved when the reaction was quenched with 4.0
ml of sat'd ammonium chloride solution. The organic layer was separated, and

the aqueoué layer extracted three times with ether. After drying the combined
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—orgam.c lavers w1th anhydrous magnes:.un sulfate the solvents were removed
: 'us;,ng;a rotary evapo:ator. GIC analysis of t_he re51<3ue us:.ng 'lnterngl .
sgafﬁards showed ‘an 88% yield of the cis and trans isomers of 1,1-dimethyl~2-
- neép'eﬁty144—'(aﬁnethy1metrpxysily1)s;ilacyclobutane;" Ia, in the ratio of 70:30.
_l!halytical samples of the IIa iscmer mixture were obtained by collection from
the GIC.

'me same procedure was used for all of the organolithium reagents. For
me_thyllithium and phenyllithium hexane was used a the solvent and the
hef:erogeneous mixtures were allowed to warm from ~78 © with stirring. Pfoduct
yields and isomer distributions for the products Vfrom the reaction of the
lithium reagents with the vinyldimethylalkoxysilanes are summarized in Table 1.
Table 2 gives the analytical data for the cis—trans isomer mixtures of the new
silacyclobuténes. MMR data for the purified compounds is as follows:

Cis-, and trans-1,1-dimethyl-2-neopentyl~4-(dimethylmethoxysilyl)silacyclo-
butane, ITa, 70% cis, 30% trans: & -0.25 to -0.10 (m,1H), 0.1 (s, 6H), 0.31
(s, 34), 0.36 (s, 3H), 0.89 (s, 9H), 0.66-1.66 (m, 54), 3.38 (s, 3H).
Cis-1,1-dimethyl-2-neopentyl—-4-( dimethylethoxysilvl)silacyclobutane, cis-IIb:
5-0.20 to -0.10 r(m, 1H), 0.08 (s, 6H), 0.31 (s, 3H), 0.36 (s, 3H), 0.60 to 0.65
(m, 1H), 0.92 (s, 9H), 1.22 (t, 34, J = 7 Hz), 1.4]1 to 2.58 (m, 4H), 3.59 (q,

24, J = 7 Hz).

Table 2. Analytical Data for the SilacyclobutanesE

Corpound % C $H Mass (m/e,M+)
ITa Calcd for C12H3008i2 60.39 11.70 258
Found 60.18 11.60 258
IIb-d Caled for C14H320512 61.69 11.83 272
IIb Found 61.80 11.70 272
IIc Found 61.56 11.70 272
IId Found 61.40 11.89 272

Zzlemental analyses performed by Galbraith Laboratories, Inc.
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Trans-1,l-dimethyl-2-neopentyl—-4—(dimethylethoxysilyl)silacyclobutane,
_t_raLS—IIb: § -0.25 to -0.10 (m, 1H), 0.14 (s, ¢64), 0.31 (s, 3H), 0.37 (s, 3H),
0.70 to 0.75 (m, 1H), 0.90 (s, SH), 1.22 (t, 3H, J = 7 Hz), 1.41~-2.50 (m, 4H),
3.63 (q, 8, J = 7 Hz).

Cis— and trans-1,l1-dimethyl-2—-(2'-methylbutyl)-4-(dimethylethoxysilyl)-
silacyclobutane, IIc: § —-0.20 to —-0.05 (m, 1H), 0.07 (s, 64, cis-isomer), 0.13
(s, 6H, trans-isomer), 0.26 to 0.36 (overlapping singlets, 6H), 0.67 to 2.07
(multiplets, 14H) 1.17 (t, 3H, J = 7 Hz), 3.61 (g, 2H, J = 7 Hz). The ratio of
the peaks assigned to the cis- and trans- isomer was 55:45.

Cis~, and trans- 1,1-dimethyl-2-pentyl—4-(dimethylethoxysilyl)~l-silacvclo~
butane, cis~, and trans~ IId: & -0.20 to -0.10 (s, 1H), 0.11 (s, 6H,
cis-isomer), 0.14 (s, 6H, trans—isomer), 0.31 to 0.35 (overlapping singlets,
6i1). 0.59 to 2.51 (overlapping multiplets, 17H), 3.64 (g, 2H, Jd = 7 Hz).

Silicon—29 nmr were of IIc recorded on a JEOL-PFT-100 Fourier transform
pulsed nmr spectrometer. Chemical shifts were measured in CDC1l4 solution and
are reported in ppm downfield from internal tetramethylsilane. cis—TIIc: §
13.5(ring Si), 18.6 (dimethylethoxysilyl Si). trans-IIc: & 15.0 (ring Si),
16.5 (dimethylethoxysilyl Si). The spectrum is shown in Fig. 1.

Reaction of vinvldimethylethoxysilane with t-butyllithium in tetrahydrofuran.

To 50 ml of freshly distilled THF cooled to -78° was added 10 mmole of
E-butyllithium in pentane and 3.3 ml (20 mmole) of vinyldimethylethoxysilane
(Petrarch). The yellow-orange solution turned to a dark brown color with no
visible precipitate after slow warming (24h) to room temperature. A Gilman
color test II, [5], was negative.indicating no active organolithium reagent
remained. After hydrolysis with water and separation of the layers the aqueous
layer was saturated with potassium carbonate and extracted three times with
ether. The combined organic layers were dried over anhydrous magnesium
sulfate, filtered, and the solvents removed using a rotary evaporator. GLC
analysis of the residue showed 4 major peaks; '2-ethoxy-2,7,7—trimethyl—5—
(dimethylethoxysilyl)-2-silacctane, III: 16.5% vield; NMR (CCly) &, 0.12 (s,
12H), 0.48 to 0.88 (m, 7H), 0.92 (s, 9H), 1.19 (t, 6H, J = 7 Hz), 3.66 (q, M, J

= 7 Hz); Mass spec, M’ calcd. 318, found, 318.
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"fi,i;é;3;te£fa&etny152,47dineopent9146—(dimethyle;hoxysi1y1)41,3—disiiacyclofz
] Hé#éﬁé,‘ IV, 'hixﬁuré of ,thrréé isomers; - »(VCCL,) "6‘ ;—0.30' to . 0.06 (m, Zé),'. 0-01:
‘to p.lbfxsinqlets; 64),-0.12 to 0.287(sin§1ets, 128), 0.50 to 0.90 (m 3H), 0.91
to O.98—($inglet§, 18H), 1.21 (t, 36, J = 7 Hz), 1.08 to 2.12 (m, 4H), 3.67 (g,
28, J = 7 Hz). ‘The mass spectra of each of the iscmers gave essentially
idenpicél:ffagméptatiﬁn.pattérns and showed a parent peak at M* 414 consistent

with that calculated for the compound.
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