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SUMMARY

Bis(trimethylsilyl)mercury and bis(trimethylgermyl)mercury react with organic
1,2-dibromo compounds to give the corresponding alkene, along with mercury and
trimethylbromosilane or trimethylbromogermane. The removal of two bromine
atoms from erythro- and threo-2,3-dibromo-4-methylpentane by bis(trimethylgermyl)-
mercury is stereospecifically cis, suggesting a one stage molecular mechanism for this
climination. -

1,3-Dibromopropane reacts with the mercurials to give cyclopropane, but
attempts to convert o-xylylene dibromide into 1,2-dihydrobenzocyclobutene were
unsuccessful.

INTRODUCTION

Group I'VB mercurials of the type (R 3M),Hg [(I), M =Si, Ge] react thermally
with many organic halides R'Hal to give the organomercurials R'HgMR 4 or R,'Hg
(or their decomposition products), along with the organometallic halides R;MHal.
These are probably molecular four-centre reactions (1)*.

ey ¥ ¥
R’Br
Aliphatic 1,2 and 1,3 dibromides react differently, as described below.

RESULTS AND DISCUSSION

Reactions of bis(trimethylsilylymercury and bis(trimethylgermylymercury with 1,2-
dibromides :
We have found that bis(trimethylsilyl)mercury reacts with 1,2-dibromoethane
at room temperature to give a quantitative yield of mercury and ethylene, along with
trimethylbromosilane. Bis(trimethylgermyl)mercury reacts with 1,2-dibromoethane
at-—20° to give quantitative yields of mercury, ethylene and trimethylbromogermane.
The reaction with 1,2-dibromopropane gives corresponding products quantitatively,
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‘but requires 2 h at 80°. Bis(trimethylgermyl) mercury?, bis (triphenylsilyl)mercury?,
and bis(triphenylgermyl) mercury* have also been shown to react with 1,2-d1bromo~
ethane in this manner.

- A free radical mechanism for these reactions appears unlikely, since they
‘occur in the dark, and are clean, giving no indication of the formation of dimeri-
zation or disproportionation products of possible radical intermediates, but the most
compelling evidence that the reactions are molecular in nature is provided by the
cis stereospecificity of the elimination, as established below for erythro- and threo-2,3-

dibromo-4-methylpentane.

Reaction of bis(trimethylgermylymercury with 2,3-dibromo-4-methylpentane.

We prepared erythro- and threo-2,3-dibromo-4-methylpentane from trans-
and cis-4-methyl-2-pentene, respectively, by addition of bromine, a reaction which is
normally stereospecifically trans®. Our assignment of stereochemistry was checked
by debromination of the dibromide back to the olefin by iodide ions: this reaction,
which is also stereospecifically trans®, gave back the original olefin from each di-
bromide. Bis (trimethylgermyl)mercury however reacts with the erythro dibromide
to give 98 9/ of the cis-olefin ; the threo isomer correspondingly gives 96 % of the trans-
olefin, thus demonstrating the cis nature of this elimination. These reactions are illus-
trated for the erythro dibromide in the scheme below:
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The cis stereospecificity of this reaction provides strong evidence for a molecul-
ar mechanism, which could be either a two-stage [as in reaction: (2)] or a concerted
process (3).

The concerted process would lead to cis elimination ; so probably would the
two-stage process, provided (as is likely’) that the first stage (2a) proceeded with re-
tention of configuration at the carbon centre involved. Rotation about the central
C—Cbond in the intermediate (I) would be rapid, and thus reaction (2b) would be able
to compete efficiently with reactions of (I) with other molecules. We favour the con-
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certed mechanism (3) because these reactions of the mercurials are so fast compared
with those involving mono-bromides!® or 1,3-dibromides, but we note that rate
enhancement might also arise in the two-stage process (2) if some carbonium ion
character were developed at C,, in which case anchimeric assistance from the g-
bromine atom would be possible.

1,3-Dibromopropane and o-xylylene dibromide

Bis(trimethylsilyl)mercury and bis(trimethylgermyl)mercury both react with
1,3-dibromopropane to give Me;MBr (M =Si, Ge), cyclopropane, and mercury as
major products. The reactions are slower than the corresponding reactions with 1,2-
dibromoethane. The quantitative production of mercury, and the absence of propene
indicate that this reaction is also a molecular process, involving only one molecule of
1,3-dibromopropane and one of the mercurial in the transition state. )

Since 1,3-elimination of two bromine atoms from 1,3-dibromopropane occur-
red with the formation of a sigma bond between the 1- and 3-carbon atoms, it was
hoped that o-xylylene dibromide might react to give 1,2-dihydrobenzocyclobutane,
(I1), which is somewhat difficult to prepare by other routes. The reaction of bis(tri-
methylgermyl)mercury with o-xylylene dibromide (5 h, 70°) gave trimethylbromo-
germane and mercury quantitatively. GLC analysis of the products showed the
presence of a high-boiling compound, whose mass spectrum showed peaks at m/e 208
and m/e 132, corresponding to C,sH{s and C,,H7, respectively. This may have
been 5,6,11,12-hydrodibenzo [ a,e] cyclo-octene, a common by-product of the produc-
tion of 1,2-dihydrobenzocyclobutene by other methods®. Smaller amounts of still
higher boiling materials were formed, but no trace of the hoped for 1,2-dihydrobenzo-
cyclobutene (II) was detected.
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EXPERIMENTAL

Erythro and threo-2,3-dibromo-4-methylpentane

Bromine (16.0 g, 0.1 mole) was added dropwise to a cooled solution of trans-4-
methyl-2-pentene (8.4 g, 0.1 mole) in chloroform (20 ml) at such a rate that the tem-
perature of the reaction mixture did not rise above 5°. The colourless solution was
refluxed for 1 h, after which fractionation yielded erythro-2,3-dibromo-4-methyl-
pentane (nc) (21.0 g, 85%). b.p. 68-70°/7 mm, n%°> 1.5030. (Found: C, 29.5; H, 4.94.
CeH,,Br, caled.: C, 29.7; H, 5.02%,.) The threo isomer (nc) was prepared similarly
from cis-4-methyl-2-pentene in 80 % yield, b.p. 49-50°/1.6 mm, n3> 1.5039. (Found
C,294;H,501%)

Debromination of erythro- and threo-2,3-dibromo-4-methylpentane with iodide ion

erythro-2,3-Dibromo-4-methylpentane (2.5 g, 0.01 mole) was added to a warm
solution of sodium iodide (7.5 g, 0.05 mole) in 1-propanol (75 ml) and water (25 ml),
and the mixture was refluxed for 4 h. The solution was extracted with 30-40° petroleum
cther, the extracts were dried over anhydrous magnesium sulphate, distilled, and the
fraction b.p. 53-59°/755 mm was collected. GLC showed this fraction to comprise
trans-4-methyl-2-pentene (38 %) and cis-4-methyl-2-pentene (2 %). The threo-dibrom-
ide, treated analogously, gave a mixture of cis-4-methyl-2-pentene (94 %) and trans-4-
methyl-2-pentene (6 %).

Reaction of bis{trimethylgermylymercury with erythro- and threo-2,3-dibromo-4-methyl-
pentane

Bis(trimethylgermyl)mercury (0.52 g, 0.0012 mole) and erythro-2,3-dibromo-4- -
methylpentane (2 ml) were heated to 75° for 4 h, when the solution had become colour-
less and mercury (98 9;) had precipitated. GLC analysis showed the products to be
cis-4-methyl-2-pentene (96 %) and trans-4-methyl-2-pentene (2 9/), bromotrimethyl-
germane (94 %), and a trace of hexamethyldigermoxane. The threo-dibromide (2 ml)
reacted similarly with the mercurial (0.62 g, 0.0014 mole) in 2 h at 65° to give mercury
(99 %), trans-4-methyl-2-pentene (97 9%) and cis-4-methyl-2-pentene (1 9{), bromo-
trimethylgermane (95 2;) and a trace of hexamethyldigermoxane.

Reaction of bis(trimethylsilylymercury and bis(trimethylgermylymercury with o-xylylene
dibromide

Bis(trimethylgermyl)mercury (0.5 g, 0.0011 mole) was heated with o-xylylene
dibromide (1.6 g, 0.004 mole) in benzene (2 ml). After 5 h at 70°, the mixture was colour-
less and mercury had been quantitatively precipitated, but no 1,2-dihydrobenzocyclo-
butene was detected in the reaction mixture. GLC showed the presence of bromo-
trimethylgermane (87 ¢{) and a high boiling compound, the mass spectrum of which
showed peaks at m/e 208 and 132, corresponding to the ions C;gHs and C;,H5
respectively. Bis(trimethylsilylymercury reacted similarly with o-xylylene dibromide
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to produce high yields of bromotrimethylsilane and the high-boiling product, along
with a quantitative amount of mercury.

Reaction of bis(trimeth ylgermyl)mercury with 1,2-dibramoethane
z,L-Dxbi'GmGEulauc \U 90 g, 0.005 mole ; was condensed onto bis{ \tﬁmﬁtu _yl-
germyl)mercury (0.52 g, 0.0012 mole) at — 196° under vacuum. On warming to —20°,
a vigorous reaction set in, gas was evolved, and mercury was precipitated. The reaction
subsided after 10 min, and little further reaction occurred on warming to 30°. The
volatile reaction products were distilled through a trap at —78° into a trap cooled by
liquid nitrogen, leaving a mercury residue. GLC analysis of the contents of the —78°
trap showed the presence of bromotrimethylgermane {0.0019 mole, 79 /) and hexa-
methyldigermoxane (trace). The liquid nitrogen trap contained 0.0010 mole of a gas
identified as ethylene by its molecular weight (28 +2), its IR spectrum?®, and its mass
spectrum which showed peaks at m/e 28 and 14 corresponding to C,H} ' and CHY ,

resnectivelv,

wop LAV Y

Reaction of bis(_trime_thy_garmyl)mprm:ry with 1 _-_drbrnmnprnnnnp

This reaction was carried out in a smnlar manner to the reaction with 1,2-
dibromoethane, although heating for 1 h at 40° was necessary to complete the reaction.
Mercury was recovered quantitatively. GLC analysis of the liquid products showed
the presence of bromotrimethylgermane (90 %) and hexamethyldigermoxane (trace).
The gas evolved was identified as propene by its molecular weight (40 + 2), its IR spec-
trum®:1? and its mass spectrum which showed peaks at m/e 42, 41, 40, 27, and 15 cor-

responding to the ions CsH¢, CsHY, C;HY, C,HY and CHY, respectively.

Reaction of bis(trimethylgermyl)mercury with 1,3-dibromopropane

1,3-Dibromopropane (0.8 g, 0.004 mole) was condensed onto bis(trimethyl-
germyl)mercury (0.48 g, 0.0011 mole) at — 196° under vacuum. No reaction took place
until the temperature was raised to 50°, and completion of the reaction required 4 h at
80°. Work-up as in the reaction with 1,2-dibromoethane showed that mercury
(quantitative) bromotrimethylgermane (0.0018 mole, 82°() and hexamethyldiger-
moxane (trace) had been formed, along with 0.0008 mole (73%;) of a gas identified as
cyclopropane by its mol.wt. (41 4+2), its IR spectrum®!, and its mass spectrum, which
showed peaks at m/e 42, 41, 40, 39, and 14 corresponding to the ions C;HZ, C;HZ,
C3Hy, C;H3, and CHJ, respectively.

Reaction of bis(trimethylsilylymercury witk 1,2-dibromoethane

A solution of 1,2-dibromoethane (0.95 g, 5.05 mmole) in benzene (2 ml) was
added to bis(trimethylsilyl)mercury (1.51 g, 4.35 mmole). An exothermic reaction
ensued, gas was evolved, and the mercurial was completely decomposed after 1 h,
giving mercury quantitatively. The products, separated as above, included bromo-
trimethylsilane as a major component, together with unreacted 1,2-dibromoethane
and traces of hexamethyldisilane and hexamethyldisiloxane. The gas was identified
as ethylene (4.18 mmole, 9627) by its mol.wt. (28.6), its IR spectrum?, and by its mass
spectrum which showed major peaks at m/e 28 and 14 attributable to C,H}; and CH3 .
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Reactton of bts(trtmethylsdyl)mercury with 1,3-dibromopropane

v 1,3-Dibromopropane (1.3 g, 6.25 mmole) was added to bls(tnmethylsﬂyl‘
mercury (2.09 g, 6.25 mmole). A gas was evolved immediately and mercury was pre-
cipitated, but heating at 100° for 6 h was required to complete the reaction. Analysis
as above showed a quantitative recovery of mercury, a major amount of bromotri-
methylsﬂane and 2.9 mmole (46 $;) cyclopropane, identified by its mol.wt. (40.6), its IR
spectrum®?, and its mass spectrum.
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