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Numerous examples of a-bromo ketones rearranging to the ~1' -isomer in the presence of HBr 

are known.*'3 It has been generally accepted that these rearrangements proceed through a re- 

ductive dehalogenation--rehalogenation sequence (loss of cationic halogen in the Scheme). 394 

More recently, there have been reported a few examples of a-chloro ketones undergoing acid- 

catalyzed migration to the al-isomer. 
5 

For these an cr'-enol allylic rearrangement (loss of an- 

ionic halogen in the Scheme) has been suggested by ourselves 5d and others.5c'e From the study 

of a series of 21 halogenated monoketones of varying structural type, we would now like to re- 

port the unexpected finding that both cr-bromo and a-chloro ketones can rearrange by either of 

these two mechanisms or in some cases by both concurrently, and that contrary to general 

opinion, 394 the a'-enol allylic rearrangement is a.common path for bromine migration. 
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The two mechanisms may be distinguished by different responses to several tests listed in 

the Table. An example for which reductive rearrangement is the only detectable pathway is 2,2- 

dibromo-3-cholestanone 1. In HOAc-anhydrous HC16 at room temperature the major products are 2a, 

4a-dibromo-3-cholestanone 2 and *cl-bromo-3-cholestanone 3 with no trace of 2-bromo-4a-chloro 
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Table. Differing Mechanistic Responses of a-Halo Ketones. 

Test Reductive dehalogenation mechanism 
(cationic halogen) 

Cr'-En01 allylic rearrangement 
mechanism (anionic halogen) 

Nature of acid HBr or HCl required as specific HBr or HCl or other strong 
catalyst acid, 5.3. HClOb, HzSO+r p- 

TsOH; rate with HClOs>rate 
with HCl 

HCl on Br ketone No halogen exchange to form Cl ketone Halogen exchange to form Cl 
ketone 

HBr on Cl ketone Formally halogen exchange can occur Halogen exchange to form Br 
since BrCl is a brominating agent ketone 

Trapping agent 2-Naphthol + l-Br-2-naphthol + 
present reduced ketone or halo ketone 

2-Naphthol * naphthofurans if 
ketone structure permits 

Nature of 
products 

Some reduced ketone formed No reduced ketone formed 

ketone. If the same reaction is run with the addition of three equivalents of 2-naphthol, the 

only detectable product (> 95%) in addition to 1-bromo-2-naphthol is 2a-bromo-3-cholestanone. 

If any al-en01 allylic rearrangement had occurred under the latter conditions, the 2a,4a,-dihalo 

product would have survived (control experiments). The apparent contradiction that rearrangement 

of the 2,2-dibromo ketone 1 to 2 and 3 can also be catalyzed by both anhydrous HC104 and HzSO~ is 

removed when it is noted that the reaction is very slow with both of these acids, and for a 

matter of hours there is an induction period when no reaction occurs. Presumably some slow acid- 

catalyzed reaction liberates HBr which then causes reductive rearrangement. The induction period 

observed in the HClO, reaction also excludes the formal possibility of reduction occurring by 

attack of 2-naphthol,c?bromine atom of carbonyl protonated 2,2-dibromo ketone '_. 

An example in which only enol allylic rearrangement occurs is 1-bromo-bicyclo[5.3.l]undecan- 

ll-one 4. Optically active 4 undergoes racemization by ionization in the presence of HBr and 
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HCl in a variety of solvents. With HCl there is halogen exchange to yield chloro ketone. With 

added 2-naphthol, racemization and chloride exchange still occur, but no 1-bromo-2-naphthol or 

debrominated ketone is formed. 

A more typical case is that of the 1-halo-1-phenyl-2-butanones 5. The 1-chloro ketone 5a 
__ 

rearranges to the 3-chloro isomer 6a (1:lO equilibrium ratio of 5a:6a in HOAc) only by the a’- 
__ __ __ 

enol allylic mechanism. The HC104-catalyzed reaction is faster than the HCl-catalyzed reaction; 

no reduced 1-phenyl-2-butanone is formed with or without 2-naphthol; if 2-naphthol is present l- 

methyl-2-benzylnaphtho[2,1-b]furan 7 is formed, m.p. 70.5-71.5"C. In contrast, the bromo ketone 

5b rearranges by both mechanisms. in HOAc with HCIO1, catalyst the equilibrium proportion (5b:6b __ __ -- 
ca. 1:lO) is formed with at most a trace (5 2%) of debrominated ketone. With HBr-catalysis a-m’ 

equilibration occurs but there is also considerable reduced phenylbutanone produced (lo-15%). 

With 2-naphthol in HClO,-HOAc medium, the initial reaction leads to ~1%' migration and naphtho- 

furan; in the later stages as HBr is released by naphthofuran formation, some reductive de-. 

bromination to phenylbutanone (~10%) and 1-bromo-2-naphthol occurs. With 2-naphthol in the 

HBr-HOAc medium, phenylbutanone is apparent from the outset, and it is the major product after 

long reaction time although naphthofuran is also formed. 

5 6 7 
a) X = Cl b) X = Br 
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Although rare, reductive dechlorination has been observed with 1-chloro-l,l-diphenylacetone 

and HCl in CF,COOH from which reaction chlorine was detected and dechlorinated ketone obtained. 

Also the reaction of l,l-dichlorobutanone with HBr-HOAc probably proceeds by dechlorination-re- 

bromination because l,l-dichloro-3-bromobutanone and 1-chlorobutanone are formed. 

These CPCX' rearrangements are quite general if the acid is not bound by too strong a base, 

e_.s., H20. Recently reported failures7 of HBr to cause equilibration between the 2-bromo- and 

4-bromo-isomers of 3-oxo-5B-steroids were apparently due to the use of aqueous HBr. When anhy- 

drous HBr in HOAc is used, we find that pure 4B-bromo ketone is transformed into a mixture of 

EB-bromo, 4B-bromo, and 2B,4B-dibromo ketones plus 5B-3-cholestanone. 
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