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INTRAMCLECULAR TRAPPING OF a=ALKYL~a~TRIMETHYLSILYL-CARBENES (CARBENOIDS)
BY ADIITION TO CARBON~CARBON DOUBLE BONDS

Mark S. Baird*, Sheila R. Buxton and Manjushri Mitra
Department of Organic Chemistry, The University, Newcastle upon Tyne, NEl 7RU, England.

1yl-Dibromo~l-trimethylsilylbut—3—enes (5) react with MeLi at 25—350 to produce 1l-
trimethylsilylbicyclo[1.1.0 Jbutanes (6), apparently by intramolecular addition of an

intermediate carbene (carbenoid) (8) to the 3y4-related alkene.

Reports of a—(trialkylsilyl)-carbenes generally concern rearrangement or intermolecular
trapping of a-phenyl-a~trimethysilylcarbene (1, R = Ph)1 and trimethylsilylcarbene itself
(1, R = H).2 These species have usually been generated from the corresponding diazo—compouigf
although pyrolysis of (Measi)QCR.OH at 500° is reported to produce (l).3 Thermal decomp~
osition has also been used to generate (1, R = C1) from (Me3Si.CCl2)2Hg, end the carbene
has been trapped by alkenes.4 However, one attractive route to a-silylcarbenes, a-
elimination from l-halo-l-trimethylsilylalkanes, is not widely successful. Reaction of
Me3Si.CH201 with lithium tetramethylpiperidide does lead tc (1, R = H) which is trapped by
alkenes in modest yield,5 and treatment of Me3Si.CHCl2 with sodium cr potassium vapour is
reported to produce the same carbene.6 However, lithiation of MEBSi.CH(Cl)R with s-Buli
leads to (2§ R = Hy Me) which are comparatively stable even at —400,7 and a range of

a=-halo=g-trimethylsilyl-anions decorpose thermally by pathways which apparently do not

include alkylcarbene formation.8
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Treatment of the tribromides (3; BY = R° = Hy R* = Me, R° = H ard BY = Hy R° = Me)®

with n=-Buli in THP-ether—pentane at —115O lezds to the lithiodibromides (4), which may be
trapped by a variety of electrophiles.lo In particular, reaction with chlorotrimethylsilane

leads to the dibromcsilanes (5) (69, 76y 50% respectively).
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Reacticn of (5, Rl = R2 = H) with MeLi-ether at 20—35o givee a single major volatile
product, which shows n.m.r. and i.r. deta idemtical to those reported for (6, Rl = R2 = H)11

(47%), together with less volatile products including (7) (22%) and a trace of l-bromo-l-
trimethylsilylbuta—l,3-diene.* In the same way (5, R- = Me, R% = H) and (5, R* = Hy R = Me)
give the bicyclobutanes (6, R' = Me, R° = H)12 (53%) and (6, B - H RS - Me)13 (48%)
respectively. These bicyclic products (6) are apparently derived by lithium—halogen excheange

in (5) and loss of lithium bremide to produce the carbenes (8), or related carbenoids, which

vnderge efficient addition to the 3,4-related alkene bond.
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Such a process has also teen reported to cccur in the case of CH2=CH—CH2~CH:. although

the major product of this reaction was buta-1l,3-diene, produced by a 1l,2-hydrogen shift;14
alkylated derivatives of this carbene also lead to bicyclo[l.l.o:lbutanes.15 The fact that
the prcducts of 1,2~hydrogen shifts are not cbserved in the reactions of compounds (5) with
MsLi suggests that this process is relatively slow in (8), 2llowing other carbene reactions

to compete effectively.

Bicyclo[l.l.O]butanes are known to be extremely sensitive to heat and to a range of

15,16

acids and metallic derivatives, often undergoing extensive rearrangement. In view of

the known propensity of siliccn for stabilizing a positive charge at the f-positiony but

not at the a—positionl7 it was of interest to examine the reactions of compounds (6).

On treatment wilh silver perchlorate in benzene for 18 hr at 2007 (6, Rl = Me, R2

= H)

gave l-isopropenyl~l-trimethylsilylcyclopropane (9); this is exactly analogous to the
isomerisation of l,2,2—trimethylbicyclo[l.l.C]butane to l—isopropenyl—l—methylcycloprnpane.18
However, on treatment of (6, R1 = Me, R2 = H) with a catalytic amount of p-tcluene

sulphcnic acid in benzene for 30 min at 200, an alternative bond-cleavage cccurred, leading
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to (10) (45%). In contrast, the parent trimethylsilylbicyclo[1.1.0 butane (6, & -8 - H)

SiMe
H Me N
/SA N MeOCH2>A X)Azﬂzome >Q< ’
—
H

Me Si (g) Me,Si H10) Me,Si (11) Mesi H MeO
3 3 2 (12) (13)
proved to be remarkably resistent to rearrangement on treatment with either p--TsOH or
AgClO4 in benzene at 200.1l However, reaction with a catalytic amount of AgClO4 in

methancl for 5 min leads to a ca. 1l:1 mixture of (11) and (12; X = H)." The n.m.r.

spectrum cf (12, X = H) shows a single protorn signal at S 0.3 assigned to the cyclopropane

19t

proton adjacent to silicon. This shows couplings of 10y 6.5 and 7.5 Hzy consistent with

one cis— and two trans-coupling constants across the cyclopropane;19 on this basis (12)
is assigned the trans-stereochemistry, suggesting that the 1,3-bond has broken with
retention of stereochemistry as reported in simple bicyclo[l.l.O]butanes.l6 Compound
(6, R1= h,R2= Me) reesrranges slowly with AgClO4—benzene but the results are difficult to
reproduce. However, on reaction with AgClO4—MeOH a single product, (13),is isolated
[§ 3.19 (sy 3H), 2.19 (ms 2H)y 1.77 (m, 2H), 1.66 (m, 1H, including two couplings of 9.5
and two of 10.5 Hz), 1.19 (s, 3H), = 0.5 (sy 9H) .2’ Although bicyclo[1.1.0 Joutanes are
known to undergo cis-addition across the 1,3-bond, the formation of (13) is in marked
contrast to the ring opening of 1,3-dimethylbicyclo[1.1.0 Joutane to 1,3-dimethy1butadiene?l
We wish to thark S.E.R.C. and Bush, Boake, Allen Ltd. for the award of a studentship

t0 S.R.B.y ané Dr. I.H. Sadler (Bdinburgh University) for 360 MHz n.m.r. spectra.
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