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COMPARISON OF SYN DEHYDROHALOGENATIONS FROM TRANS-l-BROMO-2-CHLOROCYCLOALKANES 

PROMOTED BY COMPLEX BASE AND BY POTASSIUM TERT-BUTOXIDE 

Alan P. Croft and Richard A. Bartsch* 
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Summary: Compared with t-BuOK-t-BuOH, syn eliminations from trans-1-bromo-2-chlorocycloalkanes 

(C4-C8) induced by NaNH2-NaO-F-iu in THF are rapid, exhibit greater propensity for dehydrc- 
chlorination and show little sensitivity to ring size of the dihalocycloalkane. 

Base-solvent combinations of t-BuOK in c-BuOH, benzene or toluene facilitate 1,2-e1imi.M 

nations of HX which proceed with syn stereochemistry. 
1 

For these associated bases, 
1 

transition 

state 2 has been invoked to explain the enhanced propensity for syn eliminations from alkyl 

and cycloalkyl halides and arenesulfonates as well as from analogous substrates which contain 

activating B-aryl or B-halogen groups. 

Caub6re has reported remarkable syn dehydrobrominations in reactions of the "complex base" 

of NaNH2-NaC-t-Bu in THF with trans-l,2-dibromocycloalkanes which produce high yields of l- 

bromoalkenes.2 Transition state 2 was proposed for these complex base induced syn elimina- 

tions. 
2,3 

We have observed that reactions of complex base with trans-l-bromo-2-chloro- 

cyclohexane favor dehydrochlorination over dehydrobromination. 
4 

In view of the similarity between postulated transition states ,$ and 2, a direct compari- 

son of syn eliminations from common substrates promoted by complex base and by associated 

t-BuOK should be enlightening. Results from the reactions of complex base and of t-BuOK-K-BuOH 

with a series of B-1-bromo-2-chlorocycloalkanes (,_3m)5 which are reported herein reveal 

large differences in reactivity and regioselectivity for the two base-solvent combinations. 
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k 2k 28 2t 2s 3 5 
n=2 3 4 5 6 (from -HCl) (from -HBr) 

Reactions of a,?+$,~ with NaNH2-NaO-l-Bu in THF at room temperature were conducted8 under con- 

ditions which provide the products of kinetic control. 
3 

The heterogeneous reaction mixtureswere 

sampled and analyzed by GLPC after 15, 30, 45, 60 and 120 minutes to determine the length of 

time required for consumption (~1% remaining) of the substrate. The reaction times for comple- 

tion and the elimination product proportions at completion are listed in the Table. 

Reactions of J&-J with 0.50 M t-BuOK-r-BuOH at 50°C were sampled and analyzed by GLPC for 

unreacted substrate after 0.5, 1, 2, 3, 4 and 5 days. 
9 

For ,$&-J the reactions were incomplete 

even after 5 days. Reaction times and elimination product proportions at the termination of 

the reactions are recorded in the Table. 

For complex base-promoted syn eliminations from trans-1,2-dihalocycloalkanes, the t-BuONa _ 

serves only to activate the effective base species NaNH2. 
3 

Therefore, this comparison of the 

two base-solvent combinations involves the same concentrations of dihalocycloalkane and effec- 

tive base. The much greater reactivity of NaNH2-NaO-t-Bu in THP compared with t-BuOK-t-BuOH is - - _ 

striking (Table). This is particulary evident for eliminations from w promoted by complex 

base which are complete after reaction for 2 h at room temperature, but are very incomplete 

after reaction with t-BuOK-t-BuOH at 50°C for 5 days. - Clearly complex base is the reagent of 

choice amongst base-solvent combinations which facilitate syn eliminations for inducing, dehy- 

drohalogenation of trans-1,2-dihalocycloalkanes. 

For reactions of m with &-BuOK-L-BuOH, dehydrobromination predominates over dehydro- 

chlorination with the 1-bromocycloalkene comprising approximately 15% of the elimination pro- 

duct in all cases except one (Table). For & only 5% of the dehydrochlorination product is 

observed. The change to complex base enhances the proportion of dehydrochlorination product 

(relative to that for dehydrobromination) for every dihalocycloalkane examined. Thus even 

though transition states such as&are proposed for syn eliminations promotedby&-BuOK-t_-BuCH,l 

it appears that base counterion-leaving group interactions (which favor removal of the normally 

poorer, 
10,ll 

but more electronegative, leaving group4) are stronger in transition state ,$ for 

complex base-induced elimination. 

In reactions of the dihalocvcloalkanes with complex base, dehydrochlorination either pre- 

dominates over (for &) or is essentiallyequalto (for $&J+&) dehydrobromination for all sub- 

strates except one. Only for & is the dehydrobromination product dominant. This suggests a 

possible weaking of base counterion-leaving group interactions in transition States involving 

trans-1-bromo-2-chlorocyclooctane. We propose that this results from steric interactions be- 

tween the activated sodium amide surface and portions of the cyclooctane ring. 

For syn eliminations from ,.$I* induced by t-BuOK, the ring size of the dihalocycloalkane 

exerts a pronounced influence upon reactivity. Based upon the yield data, the apparent reac- 

tivity order is &>>&>@a=&. This variation in reactivity probably results from different 
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dihedral angles for syn eliminations from the various dihalocycloalkanes. In comparison, the 

reactivity differences for eliminations from &E promoted by NaNH2-NaO-t-Buin THF at room 

temperature are very small indeed. This contrasting effect of ring size upon reactivityreveals 

further differences between transition states & and ,$. For the complex base-promoted syn elim- 

inations, the insensitivity of reactivity to ring size variation indicates transition states 

with limited double bond character. High basicity of the amide ion should produce highly car- 

banionic E2 transition states' which have little double bond development. 

In summary, substantial differences are evident for transition states ,$ and 2. The latter 

appears to possess stronger base counterion-leaving group interactions, less double bond 

development and more ElcB character than the former. 
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