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CCL, insertion into tetraalkyl-silicon and -tin compounds via phenyl
(bromaodichloromethyl)mercury

Recent studies have shown that CCl, insertion into benzylic C-H bonds of
phenvlalkanes can be effected with sodium trichloroacetate in 1,2-dimethoxvethanel,
or, in better vield, with phenvl{bromodichloromethvljmercurv2. Use of the latter
reagent even made possible the preparation of (dichloromethyl)cvclohexane from
cyclohexane in 32 9% yield>.

In a continvation of these studies we report here concerning surprisingly
specitic CCl, insertions into 7 C—H linkages of sila- and stanna-cyvclohexanes and of the
st-propvltrimethyl derivatives of silicon and tin. For example, when a solution of
0.03 mole of 1,1-dimethyl-1-silacyclohexane and o.01 mole of phenyvl{bromodichloro-
methyvljmercury in zo ml of benzene was heated at reflux for 2 h, phenyimercuric
bromide precipitated (92 %), and fractional distillation gave as sole organosilicon
product 3-dichloromethyl-1,1-dimethyl-x-silacyclohexane in 68 9 vield {eqn. 1}. The
product had a satisfactory combustion analysis; it was characterized by b.p. S1° (6
mm}, 75y 1.4878. Its NMR spectrum (CCl,) showed a doublet (f = 3.5 c.p.s.} at 5.71
p-p-m. (xH), singlet at o.07 p.p.m. {6H) and complex absorption (gH) in the region
0.3-2.1 p.p.m. downfield from TMS. The mass spectrum was consistent with this
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structure. An unambiguous structure proof for this product was given by its reduction
with sodium in liquid ammonia to 1,1,3-trimethvl-r-silacyclohexane, which was
identicalinall respects with authentic material prepared by reaction of the di-Grignard
reagent from I,5-dibromo-z-methylpentane with silicon tetrachloride, followed by
methyvlation with methyimagnesium bromide.

A similar reaction of phenyvl(bromodichloromethylymercury with #-propyvl-
trimethylsilane gave y,5-dichloroisobutyltrimethyvlsilane, #35 1.4561, but only in 15 9%
vield. Its NMR spectrum unambiguousiy defined its structure as (CHj)3SiCH,-
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CH{CHCL)CHj;: (CH;),Si-, singlet at 0.06 p.p.m.; -CH,—, unsymmetrical triplet,
0.37-0.93 p.p.m., with additional splitting, AB pattern; CH,~, doublet (J = 7 c.p.s.)
at 1.14 p.p.m.;-CH,~CH <, multiplet centered at 2.25 p.p.m.; CL,LHC~, doublet{J =
3.5 c.p.s.) at 5.70 p.p.m. G.L.c. analysis of the reaction mixture failed to detect any
other organosilicon products of comparable volatiiity, suggesting that this was the
only product formed. Insertion of CCl, into the > C~H bonds should- give a stable
product, while insertion into x C—~H bonds of the propy! group or into methyl C-H
linkages would give products that might possibly undergo f-elimination under the
experimental conditions. However, fragmentation products from possible « C-H
insertion-derived species were not observed.

Such insertion also occurs readily into the analogous organotin derivatives. Thus
n-propvltrimethvltin (37 mmoles) reacted in benzene at retfiux with phenyl{bromo-
dichloromethyvljmercury (r5.8 mmoles) duaring 2 h to give y,y-dichloroisobutyl-
trimethvitin in 70 9 vield, together with phenyimercuric bromide (93 %). This product,
#5 1.5003, had an NMR spectrum (CCl;) which confirmed the structure indicated:
{CH.,},Sn—, singlet at o.04 p.p.m., with observable splitting due to !*Sn and "Sn;
-CH,—, complex AB methylene pattern at 0.3-1.55 p.p.m.; CH,—, doublet {J =
7 c.p.s)atr.i3 p.p.m.; -CH,~-CH <, multiplet, 1.9-2.8 p.p.m.; CLLHC-, doublet (J =
tc.p.sat 5.39 p.p-m. 1,I-Dimethyvl-1-stannacyclohexane reacted with C.H;HgCCL.Br
under the same conditions to give 3-dichloromethyvl-1,1-dimethyvl-1-stannacyclo-
hexane, 23 1.5330, int 50 2 vield. In this case an unambiguous structure proof has not
vet been possible, but the infrared spectrum of the product in the C-H region is very
similar to the spectrum of the starting tin compound and in the fingerprint region is
very similar to the infrared spectrum of the analogous organosilicon Insertion product.

In contrast to CCl, insertion into the Si-H bond of triethylsilane®3, such
insertion into C-H bonds of tetraalkyvl-silanes and -tins does not compete favorably
with CCl, addition to olefins. Thus when 0.03 mole each of cyciohexene and 1,1-di-
methy!-1-silacyclohexane were aliowed to compete for 0.0r mole of phenyl{bromodi-
chloromethvi)mercury {in benzene at So°), 7,7-dichloronorcarane was formed in S0 95
vield and 3-dichloromethyvl-1,1-dimethyl-x-silacyvclohexane in only 0.9 95 vield.

The remarkable features of these reactions with tetraalkyl-silicon and -tin
compounds are {1} the high vields in which the insertion products are formed (with the
exception of the case of n-propvitrimethyisilane}), and (2} the fact that CCl, insertion
occurs exclusively into a C-~H bond which is in g position with respect to the hetero-
atom. Specificity of CCl, insertion has been observed in the case of phenylalkanest.®
and in the case of cvclic and acyclic ethers®.3, ¢.g., tetrahydrofuran - 2-dichloro-
methyvltetrahydrofuran in 65 9% yvield vie C;H;HgCCl,Br%. In the case of ethers an
vlid mechanism could be proposed to explain such specific insertion into the x C-H
linkages:

CeHsHgCCl,Br @H e
- et o P ]
{
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In the case of the organosilicon and organotin compounds uszed in the present study
it is tempting to consider an vlid mechanism with reversed polarity, 7.c., one in which
the CCl. is the donor species and the substrate the electron acceptor, since tetraalkyl-
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silanes and tetraalkyltin compounds have no Lewis base properties, but do have
accessible vacant d orbitals. Here steric factors could serve to explain the observed
specificity.

M CeH<HaCClBr
< (=34 — /

S =) {
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CHy CH, CHy CH, CHy CHa CCIH

However, a radical pathway cannot be discounted. For instance, it is to be noted that
in radical chlorination of 1,1-dichloro-r-silacyclopentane, substitution in the f
position is favored by a factor of 1 (Ref. 6). However, in radical chlorination of
tetraethylsilane, substitution in the x position is favored by a factor of 12, while the
z:p1y chlorination ratio in the case of sulfuryl chloride chlorination of i2-propyl-
trichlorosilane was found to be 1.6:3.5:3.1 (Ref. 7). On this basis, the specificity
observed by us in CCl, insertion is more compatible with a nonradical pathway, but
the final answer to this problem must await further experimental results.

In any case, this novel insertion into the 5 C-H bonds of tetraalkyl-silicon and
-tin compounds has unique preparative utilityv and should make possible the syn-
thesis of new, organofunctional silicon and tin compounds by subsequent reactions of
the p-dichloromethyl derivatives. Another promising synthetic application of these
novel products is illustrated by the formation of a 3:1 mixture of cis-1-chloro-2-
methyvlcvclopropane and methallyl chloride, CH,=C{CH;}CH.CIl, by zinc chloride-
catalvzed y-elimination of trimethylitin chioride from ¢,7-dichloroisobutyltrimethyltin.

It is to be expected that similar insertion reactions will be observed in the case
of alkvl derivatives of other metals, and our current studies are directed toward this
end.

The authors are grateful to the Air Force Office of Scientific Research for
generous support of this Work.
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