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lost in the final step,5 it may be expected to be less favoured in the case 

of displacement of halogen from a trihalomethyl-group. However, we now 

provide evidence for this mechanism in the case of bromoform reactions. 

The presence of ester, nitrile or halogen substituents on an alkene is 

known to dramatically reduce the rate of reaction with dihalocarbenes 

generated by thermolysis of phenyl trihalomethyl mercuries.6 However, when 

ethyl or methyl a-bromoacrylates were treated with bromoform and 50% aq. 

sodium hydroxide in the presence of TEBA (benzyltriethylammonium chloride) 

for 4h at 20 OC the cyclopropanes (4, R=Me,Et) were obtained (40,21%): longer 

reaction times led to more complex products , including (4).7 In the same 

way, treatment of a-bromoacrylonitrile with bromoform and base in the 

presence of TEBA led to (5)(39%1.’ 

Perhaps more dramatic is the fact that alkylidenemalonates can alSO be 

cyclopropanated by treatment with bromoform and base. Thus, under the same 

conditions as described above, diethyl ethylidenemalonate (6,R=X=H) was 

converted to (7,R=H) ‘(77%) in lh at 20°C and diethyl iso-butylidenemalonate 

(6,R=Me,X=Hj1’ gave (7,R=Me)(69%).11 When these reactions were repeated with 

chloroform in place of bromoform the starting materials were consumed but 

only complex mixtures were obtained.12 However, the reactions with 

bromoform-base were rapid compared to carbene addition to alkyl-substituted 

alkenes. When a 1:l mixture of (6,R=X=H) and ethyl acrylate was treated with 

a deficiency of bromoform in the presence of aq.NaOH-TEBA, a 1:2 mixture Of 

(l,R’= Et) and (7,R=H) was obtained; under the same conditions, competition 

between ethyl acrylate and 2,3-dimethylbut-2-ene in reaction with CHBr3- 

base-TEBA led predominantly to (1, R’= Et) rather than (8) (ca. 26:l). 

The rapid formation of the cyclopropanes (7) from alkenes having two ester 

groups at the l-position seems unlikely to be the result of addition of the 

normally electrophilic species dibromocarbene. The simplest explanation is a 

Michael addition followed by cyclisation with displacement of bromide ion 

from the tribromomethyl group. 

In order to prove the intermediacy of an anion in these reactions, . . 

Y-bromocrotonates were treated with haloform and base under phase transfer 

conditions. T-Bromocrotonates are known to react with nucleophiles by initial 

Michael addition followed by cyclisation with loss of bromide ion:13 
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Methyl Y-bromocrotonate was stirred for 6h at 20°C with one equivalent of 
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bromoform and excess 50% aq. NaOH in the presence of TEBA. A single product, 

(9,R=Me), was isolated (41%).14 The two ring hydrogens adjacent to ester and 

tri- bromomethyl-groups (6, 2.2 and 2.9) each appeared as double double 

doublets with coupling constants of 4, 6, and lOHz.Since each showed only one 

cis- coupling constant (10Hz) the overall stereochemistry has to be trans-. 

The geminal hydrogens appeared as an unresolved multiplet (6, 1.6) even at 

300MHZ.14 In the same way ethyl Y-bromocrotonate led to (9, R=Et)(46%).15 The 

formation of (9) is consistent with initial trapping of the tribromomethyl- 

anion by the Y-substituted alkene followed by displacement of bromide as in 

Scheme 1 (X - = Br3C-). However, direct comparison with the non-brominated 

alkene methyl crotonate is not simple, as a,fl-unsaturated esters with an 

a-hydrogen lead to very complex products on reaction with either chlorform or 

bromoform and base under phase transfer conditions16. Treatment of diethyl 

(2-bromo-2-methyl- propylidene)malonate (6, R=Me, X=Br)l' with bromoform- 

aq.NaOH-TEBA for 3h at 20°C led to (10, X=Br)(43%).l* 

VB'3 
CBr2X 
: I cc1 

4 
(9) 

Me co2Et 
3 

co*P, * 
--c 

Me a2n 
(10) - co2Et (11) 

In this case the corresponding non-brominated alkene was dibromocyclo- 

propanated under the same conditions. 

Although the above results implicate the tribromomethylanion in a number 

of cyclopropanations, the pattern of reactivity is apparently different from 

that observed in chloroform reactions. However, it is interesting to note 

that ethyl a-bromomethylacrylate is converted to (11) by reaction with 

chloroform and base under certain conditions. This has been described as a 

nucleophilic displacement of bromide ion by -CC13 ,lg but could equally 

represent a Michael addition of the anion followed by bromide loss. 
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