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The reaction of the trimethylchlorosilane/magnesium reagent with gem- 
dibromocyclopropanes in tetrahydrofuran medium results in the formation of 
silylated cyclopropanes and/or silylated ring-opened products, depending on 
the substituents on the cyclopropane ring. 

Introduction 

During the course of a previous study we had investigated the silylation of 
7,7dibromonorcarane using the trimethylchlorosilane/magnesium reagent [ 11. 
This reaction gave the expected 7,7-bis(trimethylsilyl)norcarane in 54% yield, 
but three other products were formed in lower yield (eq. 1). Two of these, 
7_anti-trimethylsilylnorcarane and norcarane, could be rationalized in terms of 
the reduction processes, probably free radical in nature, which often accom- 
pany reactions of Grignard or Barbier systems with polyhalogenated com- 
pounds. However, a mechanism was not proposed for the formation of the ring- 
opened product, I. 
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In a later project we had need of an authentic sample of 7,7-bis(dimethyl- 
silyl)norcarane II [ 21, and we proposed to prepare this compound by the chlo- 
rosilane/magnesium route. In view of the unexplained by-product formed in 
reaction 1, we thought that it would be of interest to expand this work to 
include the trimethylsilylation of a few other gem-dibromocyclopropanes. 

SiMeZH 

Results and discussion 

The trimethylchlorosilane~magnesium/gem-dibromocyclopropane reactions. 
were carried out by adding the gem-dibromocyclopropane to an excess of the 
mixture of trimethylchlorosilane and magnesium turnings in tetrahydrofuran 
(THF) medium. Upon completion of the reaction, the reaction mixture was hy- 
drolyzed. The results of these reactions are shown in Table 1. The methyl-sub- 
stituted ethylenes stand out in that the major products derived from them were 
acyclic. 

It seems reasonable to invoke radical intermediates in order to explain the 
formation of both ring-opened and reduced products. The cyclopropylcarbinyl- 
3-butenyl radical rearrangement is well known [ 31, and, considering the 
butenyl derivatives obtained as products in these reactions, it seems likely that 
this process is operative here. 

Several mechanistic pathways are conceivable, as shown in Scheme 1. The 
disilylated products could be the result of further reactions of the initially 
formed gem-bromo(trimethylsily1) derivative, III. Reaction of the rather 
hindered III with magnesium could generate a radical species, IV. Such a radical 
generation could be an induced process which requires the participation of tri- 
methylchlorosilane as a co-reactant [ 3-51. Such a mechanism has indeed been 
proposed by Dunogues, Jousseaurne and Calas [5] to account for the products 
observed in the reactions of acyclic gem-polychlorinated compounds with the 
trimethylchlorosilane/magnesium reagent in hexamethyl phosphoric triamide 
medium (eq. 2). 

RMgX + Me&iCl + R’ + MgX’ + Me&%’ + Cl- (2) 

Alternately, reaction of III with an organomagnesium compound in solution 
also could yield IV. It may be noted that radical intermediates have been postu- 
lated in the-mono-reduction of gemdibromocyclopropanes with CH3MgBr in 
THF [6]. Once the radical IV has been formed, intra- or intermolecular hydro- 
gen atom abstraction from a nearby CHa group could produce the cyclopropyl- 
carbinyl radical V which rearranges to the more stable butenylradical VI. As 
shown, hydrogen atom abstraction by VI gives the monosilylated vinylidene 
product, VII. Regeneration of a Grignard reagent from radical VI by recombi- 
nation with Mg or BrMg’ and its subsequent reaction with Me&Cl (or combi- 
nation of VI with silyl radicals generated in the “induced” mechanism) yields 
the disilylated vinylidene prod&t, VIII, The monosilylated product also can be 
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obtained, using similar reasoning, from radical IX. The internal olefin products 
then result from radical-promoted allylic rearrangement to the more stable.tri- 
substituted olefi& While such a reaction course is reasonable, it remains specu- 
lative and unproven. 

In any case, as these few examples have demonstrated, the formation of a 
silylated product derived from cyclopropane ring opening is by no means 
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TABLE 1 
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TABLE 1 <continued> 

gem-Diimmocyclopropanes Products (% yield) 

(6 I 

H 
SiMeg 

unique to the 7,7dibromonorcarane system, and in some cases such ring- 
opened compounds are the only products formed in the silylation reaction. The 
main impetus for this brief study was provided by our need for a sample of 7,7- 
bis(dimethylsilyl)norcarane. This compound could be obtained in satisfactory 
yield by the reaction of the Me&fSiCl/Mg reagent with 7,7-dibromonorcarane. 

It would be of interest to examine a wider range of gem-dibromocyclo- 
propanes in this reaction with the cblorosilane/magnesium reagent and to carry 
out experiments aimed at elucidation of the reaction mechanism. Such experi- 
ments, however, are beyond the scope of our present interests. 

Experimental 

General comments 
Infrared spectra were recorded using a Perk&Elmer Model 457A grating 

infrared spectrophotometer. Proton NMR spectra were obtained using a Varian 
T60, Perkin-Elmer R20 or Perkin Ehner R22 spectrometer. Samples were in 
carbon tetracbloride solution which contained chloroform as an internal stan- 
dard. Che_mical shifts are reported in 6 units, ppm downfield from internal 
tetramethylsilane. 

Gas-Iiquid chromatography (GLC) was used to analyze reaction products, 
determine purity, isolate samples for analysis and spectroscopy and to deter- 
mine yields by the internal standard method. 

Solvents were rigorously dried and all reactions were carried out under nitro- 
gen in flame-dried glassware. The “standard apparatus” used in these experi- 
ments consisted of a three-necked, round-bottomed fiask of appropriate size 
which was equipped with a mechanical stirrer, a pressureequalizing addition 
funnel. and a reflux condenser topped with a nitrogen inlet tube. 

Trimetbylchlorosilane was donated by Union Carbide Corp. The gem-dibro- 
mocyclopropanes were prepared by the bromoform/potassium tert-butoxide 
proce$ure [7 J. 
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Reactions of gem-dibromocyclopropanes with the trimethylchiorosilanel 
magnesium reagent 

(a) I,I-Dibromo-2,2-dimethyicyclopropane. The standard apparatus (300 ml 
flask) was purged with nitrogen, flame-dried and charged with 3.7 g (0.15 g 
atom) of magnesium turnings, 100 ml of THF and 17 ml (0.13 mol) of freshly 
distilled trimethylchlorosilane, The addition funnel was charged with 12.4 g 
(54 mmol) of l,l-dibromo-2,2dimethylcyclopropane in 10 ml of THF and this 
solution was added to the Me,SiCl/Mg reagent, dropwise over a period of 1 h, 
with rapid stirring_ A sIight exotherm and precicitation of magnesium halide 
were noted. The mixture was stirred at room temperature for 4 h and then was 
hydrolyzed to the “dry end point” with saturated ammonium chloride solu- 
tion. The mixture was filtered and the salts were washed wi@h 50 ml of 
pentane. The residue was dissolved in 1 N hydrochloric acid and the resulting 
solution was extracted with pentane. The organic phases were combined, dried 
(MgSO,), concentrated at reduced pressure to remove solvents, and the residue 
was trap-to-trap distilled (room temperature at 0.05 mmHg) into a receiver 
cooled to -78” C. The distillate was examined by gas-liquid chromatography 
(GLC) (10% DC-200 silicone oil, at 122°C). Three products were present. 
These were collected and identified: 

i) The component of lowest GLC retention time was shown to be a mixture 
of two components by NMR analysis. The major compound was 3-methyl-3- 
buten-1-yltrimethylsilane, Me3SiCH,CIi,C(CH,)=CE12, X; the minor component 
was 3-methylS-buten-1-yltrimethylsilane, Me,SiCH,CH=CMe,, XI. The mix- 
ture yield was 24%; the X/XI ratio was 82/l& Therefore, the yield of X was 
20%, of XI, 4%. Characterization data were obtained for the mixture. (Anal. 
Found: C, 67.66; H, 12.77. CsHlaSi calcd.: C, 67.51; H, 12.75). n$,’ (mixture) 
1.4206. NMR: 6 -0.03 (s, Me,Si of XI), 0.00 (s, Me$i of X), total integration 
9H, 0.66 (t, J 8 Hz, SiCHz of XI), 0.67 (d, J 7 Hz, SiCH* of XI), total integra- 
tion 2H, 1.55 (s, bd, CCHs of XI), 1.73 (s, bd, CCH, of X and XI) 1.98 (t, bd, 
J 8 Hz, CCH1, X) and 4.63 ppm (m, bd, all =CH). 

ii) 1,1-Bis(trimethylsilyl)-3-methyl-2-butene, (Me,Si)&HCH=CMe,, ng 
1.4513. (Anal. Found: C, 61.84; H, 12.31. CliHlaSil &cd.: C, 61.59; H, 
12.22). NMR: 6 0.03 (s, ISH, Me,Si), 1.16 (d, J 12 Hz, 1H, Si&H), 1.57 (s, 
3H, CCH,), 1.67 (s, 3H, CCHs) and 5.01 (d, J 12 Hz, lH, =CH). This product 
was obtained in 12% yield. 

iii) 1,1-Bis(trimethylsilyl)-3-methyl-3-butene, (Me,Si)&HCH2~=CH2, n$,, 

Me 
1.4549, longest GLC retention time. (Anal. Found: C, 61.74; H, 12.19. C&H26 
Siz calcd.: C, 61.59; H, 12.22). NMR: 6 0.06 (s, 18H, MeaSi), 0.10 (t, J 6 Hz, 
IH, Si&H), 1.73 (s, bd, 3H, CCH& 2.19 (d, bd, J 6 Hz, =CCH& and 4.66 ppm 
(m, 2H, =CH,). GLC analysis showed that this product was present in 58% 
yield. 

(b) I,I-D:‘bromo-2,2,3,3deframethylcyclopropane_ The samd procedure was 
used in the reaction of 12.8 g (46 mmol) of this dibromide with 3.7 g (0.15 g 
atom) of magnesium and 17 ml (0.13 mol) of Me&Cl in THF (120 ml total). 
The organic phase obtained upon work-up was concentrated and the residue 
was examined by GLC. One major product was present, in addition to two 
minor products of higher retention time. These were collected and character- 
ized. 



i) 2,2,3-Trimethyl-3-buten-1-yItrimethyls&me, Me,SiCH&Me&(CHjj=CH2, 
ng 1.4395, in 64% yield. (Anal. Found: C, 70.26; H, 12.93. C&H&i c&d.: C, 
70.50; H, 13.02). NMR: 6 0.00 (s, 9H, Me,Si), 0.85 (s, 2H, SiCH2), 1.11 (s, 6H, 
Me&), 1.73 (s, 3H, =CC&) and 4.6 ppm (m, 2H, =CH& 

ii) 2,3,3-Trimethyl-4,4-bis(trimethylsilyl)-l-butene, (Me-,Si)$HCMe,C(CH,)- 
=CH1, ng 1.4511, in 5% yield. NMR: 6 -0.02 and -0.01 (two s, total 18H, 
Me,Si), 0.15 (s, lH, Si&H), 1.12 (s, 6H, CMe2), 1.75 (s, bd, 3H, =CCH,) and 
4.68 (m, ZH, =CH.$ 

iii) l,l-Bis(trimethylsilyl)-2,2,3,3-tetramethylcycloprop~e, m-p. 110- 
112” C (GLC-collected sample), in 17% yield. (Anal. Found: C, 64.30; H, 
12.26. C13H3$i2 calcd.: C, 64.37; H, 12.47). NMR: 6 0.36 (s, 18H, MesSi) and 
1.43 (s, 12H, Me&). 

(c) l,l-Dibromo-,%n-amykyc~opFopane. The same procedure was used in the 
reaction of 9.6 g (36 mmol) of l,l-dibromo-2-n-amylcyclopropane with 3.0 g 
(0.12 g atom) of magnesium and 12.3 g (94 mmol) of trimethylchlorosilane in 
THF (85 ml total). The organic phase obtained upon work-up was concentrated 
at reduced pressure and the residue was examined by GLC. One major product 
and two minor products (which were not isolated and characterized) were pre- 
sent_ The major product was collected and identified as X,1-bis(trimethylsilyl)- 
2-n-amylcyclopropane, n g 1.4596. It was present in 40% yield. (Anal. Found: 
C, 65-71; H, 12.46. C14H32Si2 calcd.: C, 65.54; H, 12.57). NMR: 6 -0.01 (s, 
9H, Me,Si), O-10 (s, 9H, MesSi), 0.30-1.40 ppm (m, bd, 14H, all other C-H). 

(d) 9,9-DibromobicycZo[6.1.O]nonane. The same procedure was used in the 
reaction of 14.1 g (50 mmol) of the dibromo compound with 3.7 g (0.15 g 
atom) of magnesium and 17 ml (0.13 mol) of trimethylchlorosilane in THF 
(110 ml total). The usual work-up gave an organic phase which was concen- 
trated at reduced pressure to remove solvents. The residue was examined by 
GLC. Four products were collected and identified. In order of increasing GLC 
retention time, these were: 

i) anti-9-%imethylsilyIbicyclo[6.1.O]nonane, n$ 1.4673; lit. [S] ng 
1.4670, in 5% yield. The IR and ‘H NMR spectra matched those reported [S] _ 

ii) syn-9-Trimethylsilylbicyclo[ 6.l.O]nonane, ng 1.4774; lit. [ 81 ng 1.4778, 
in 6% yield. Spectral data matched those reported [8 J _ 

iii) syn-9-Bromo-anti-9-trimethylsilylbicyclo~6.l.O]nonane, ng 1.5012. The 
IR and lH NMR spectra of this compound were in agreement with those 
reported previously [ 81. 

iv) 9,9-Bis(trimethylsilyl)bicyclo[6.l.O]nonane, ns 1.4830, in 36% yield. 
(Anal. Found: C, 67.06; H, 12.03. C15H&i2 calcd.; C, 67.08; H, 12.01). NMR: 
6 0.00 (s, 9H, syn-Me,Si), 0.19 (s, 9H, anti-Me,Si) and 0.67-2.18 (m, bd, 14H, 
all other H). The syn and anti-Me,Si assignments were based on similar assign- 
ments made in the case of the syn- and anti-7-trimethylsilylbicyclo[4_1.0] 
heptane isomers 191. 

Thejreparation of 7,7-bis(dimethylsilyl)bicyclo[4.1.O]heptane, II 
Essentially the same procedure as that described in the experiments above 

was used in the reaction of 534 g (0.23 mol) of 7,7_dibromonorcarane with 
17.2 g (0.7 g atom) of magnesium turnings and 57 g (0.61 mol) of dimethyl- 
chlorosilane (War Laboratories) in THF (440 ml total). Standard work-up gave 
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an oqanic phase which was distilled to give 30.8 g (0.146 mol, 63%) of the title 
compound, b-p. 126-129°C at 23 mmHg, ng 1.4881. (Anal. Found; C, 61.90; 
H, 11.42. C,,H,xSi, calcd.: C, 62.18; H, 11.39). NMR: 6 0.04 (d, J 4 Hz, 6H, 
sjln-Me,Si), 0.21 (d, J 4 Hz, 6H, anti-Me,Si), 0.91-2.11 (m, bd, IOH, ring 
C-H), 3.59 (heptet, J 4 Hz, lH, syn-SiH) and 4.12 ppm (heptet, J 4 Hz, lH, 
an fiSiH)_ 
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