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A FACILE PREPARATION OF DIFFERENTIATED 1,2-DIVINYLCYCLOALKANOLS 

Dennis A. Halt' 
Department of Chemistry, Harvard University, Cambridge, MA 02138 

Abstract: A method is described which permits one-step conversion of 2-chlorocycloalkanones 
to differentiated 1,2-divinylcycloalkanols, 2-vinylcycloalkanones, or 2-vinylcycloalkanols. 

The oxy-Cope rearrangement2 provides the basis for a particularly attractive approach 

to medium and large ring natural products from more readily available small ring precursors. 
3 

However, preparation of the 1,2-divinylcycloalkanols required in this ring expansion tech- 

nique usually involves several steps 
3b,c,e,f 

or demands appropriately substituted natural 

product precursors. 
3d 

Cur interest in this particular ring expansion methodology has 

prompted an investigation of a more efficient preparation of 1,2-divinylcycloalkanols, 

based on the addition of differentially substituted vinyl groups to 2-chlorocycloalkanones. 

Our studies on this method and its extensions, which provide for equally facile preparation 

of 2-vinylcycloalkanones and 2-vinylcycloalkanols, are described herein. 

Our approach is based on the well known pinacol-like rearrangements of arylchloro- 

hydrins, 
4 
and the analogous vinyl migration first observed' in the divinylation of 2-chloro- 

cyclododecanone. The mechanism for the latter is proposed to involve initial 1,2-addition 

of the vinyl Grignard to the a-chloroketone, followed by a vinyl group migration. The 

resulting a-vinylketone is then attacked by excess vinyl Grignard to yield the 1,2-divinyl- 

cyclododecanone (Scheme I). 

Scheme I 

Clearly, the ability to introduce differentially substituted vinyi groups in one 

operation would allow greater control over the type and position of peripheral appendages 

in the ring expanded products as recuired for natural product synthesis. The method 

developed in these laboratories to efficiently accomplish this goal invclves treatment 

a chlorcketone (1) in THF with clne equivalent of - a first vinyl Grignard (2) at O°C for 
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of 
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two hours to effect 1,2-addition. A second vinyl Grignard (2) is then added, and the 

solution is heated at reflux for three hours, in order to effect rearrangement and 

subsequent 1,2-addition to the intermediate ketone. Aqueous workup followed by column 

chromatography affords the divinylcycloalkanol 4 (Scheme II). 

Scheme II 
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Table I summarizes sane of the cases investigated. It is noteworthy that: (i) vinyl- 

lithium reagents, as well as Grignard reagents, can be utilized (cf. la + 4a, lb + 4b); ---- 

(ii) bromoketones can be used in place of chloroketones,6 although this results in lower 

yield-/ (lc + 4c); (iii) tertiary chlorides also undergo rearrangement, thereby providing -- 

a means of generating a quaternary carbon center' adjacent to the original carbonyl (le + 4e); -- 
and (iv) six and seven membered rings can be used (ld + 4dkq -- 

The expectation that this methodology could be extended to accommodate other nucleo- 

philes as alternatives to the second vinyl Grignard proved to be reasonable as was demon- 

strated by using methyl Grignard (lh + s). Of special interest is the use of hydride as - 

the second nucleophile leading to the a-vinylated secondary alcohol (li + g). This has - 

the advantage over vinyllithium induced epoxide cleavage for the preparation of 2-vinyl- 

cycloalkanols in that it avoids use of the less practical alkenyllithium reagent and the 

possible non-regiospecificity of the epoxide opening. 

Another important variation on this theme is the a-vinylation of ketones -- typically 

a laborious multi-step task. 
10 

The a-vinylketone intermediate in the above sequence (Scheme I) 

is easily isolable in good yield when the second nucleophile is omitted altogether Clj * 4j). 
11 

-- 

Thus, a very convenient and efficient procedure for preparation of 2-vinylcycloalkanones 

and 2-vinylcycloalkanols, as well as mixed-1,2-divinylcycloalkanols, has been realized. 

Further studies on the scope and applications of this method are in progress. 
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TABLE I 

Entry 1 2 3 4 %Yielda CiS/Tranrb 

a 

b 

C 

d 

e 

f 
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i 

i 
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0 a Br 
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0 
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0 a Cl 
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H 

02 
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HO 

cc 

HO 

cc 

HO 

cc 
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HO 16 

G 

H 

ce 

17 

H 

G 

18 

HO 13b 

G 

13b 
OH 

Q, 

19 

69 

57 

36 

61 

60 

63 

52 

63 

67 

56d 

85115 

as/l5 

85115 

go/10 

9000 

go/10 

50/50c 

dYields are those isolated after fldsh column chromdtogrtiphy 
12 and are not o-,timized. 

bDetennuxsd by GC (3% ov-210, 2O'x l/8", 1000). Cis and trans refer to relative positiC!X 

of hydroxy and a-vinyl groups. 

ktermined by GC (3% SE-30, 2O'X 1/'8", 90'). 

d3etermined by GC. 
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