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Abstract: The reduction of several cyclopropyl ketones with hydride reagents was studied. High 

diastereoselectivities (15 to 20 : I) were. obtained with ci~-cyclopropyl ketones, while virtually no facial 

selectivity was observed for the trans-analogues. 

One of the continuing areas of investigation in organic synthesis is the stereoselective construction of 

compounds via carbonyl addition strategies. ’ Stereocontrol in the reduction of acyclic ketones is governed by 

nearby stereocenters and the facial preference can often be predicted on the basis of an analysis of the reactive 

conformation in the transition state, eq. 1. We were interested in determining the diastemoselectivity of hydride 

addition in substrates bearing a cyclopropyl ring adjacent to the carbonyl group. We now report that the 

selectivity varies as a function of the stereochemistry of the substituent on the cyclopropyl ring. 
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A L=large B major product 

We recently described a highly diastereoselective cyclopropanation process of allylic alcohols 1, using 

samarium metal and dihalomethane for the synthesis of bimetallic cyclopropyl carbinols, eq. 2.2a 

Cyclopropanes 2 are obtained as the major diastereomer whenever a (Z)-substituent is present (selectivities 

>50 : 1). Similar selectivities were noted by Molander for the analogous alkyl substituted derivatives.zbtc 

However, the diastereomeric products 3 are not directly accessible via the cyclopropanation of allylic alcohols. 

Sm(Hg), CH,I,, 
H 
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i! OH THF, 70-80%, 2 OH 
1 2:3=>50: 1 2 3 

R = alkyl, R’ = alkyl, R,Si, R3Sn 2: 3=1:15-30 
Z = alkyl, R,Si, R$n 

z4° 
When a cyclopropyl ketone 4, bearing a substituent cis to the acyl group, was treated with LiAl& in 

THF at 0 “C, the diastereomeric alcohol 3 was obtained in good yield and selectivity, eq. 2. The generality of 

this result was explored and the results are presented in Table 1.3 
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Table 1. Diastereoselecthqty in the Reduction of Cyclopmpyl Ketones. 

Entry Substrate ReagenF, Temperatutz, Time Products / Diastereosektivityb Yield(%y 
H 

mBu h R 

H 0 

6 7 

: 
1 
1 :. 

5a R = c-hex$ 
b i-Pr 

LA.& 0 “C, 5 min 
LiAlIQ, 0 ‘C, 5 tin 

H 
Me$Si --P-T R 

H 0 

M*$i& R 

H OH OH 

9 l”o 

1 2.5 3 8 R= c-bexy) LiAlH&o”c,5min 

H 

H R 

% Me3Si 

H,&R H.+._.R 

MesSi OH Me&i :H 

12 13 

4 11 R= n-Pr LiAUQ, 0 “C, 5 min 1 : 15 

H 

14 R= c-&y6 5 LiAllQ, 0 “C, 5 min 1 15 

H 

bfle3Si 
-Mr 

P 

BySn 0 

6 

i 
9 

LiAUQ, 0 “C, 5 tin 1 20 
Dibal-H, 0 ‘C, 5 min I : 26 
Dibal-H, -78 “C. 3 h 29 
L-Select&k, 0 “C to rt, 17 h 

: 
I 18 

H 

R 

10 20 R = c-hex$ LiAUQ, 0 “C, 5 tin 1 : 27 a8 

a) All reactions were performed jar a 0. I M solution of the ketone in THF, followed by addition of the reducing agent (1. t-l .5 as) at 

the desired temperature. b) Thc~diastereosclcctivity was measured by I H NMR (4OOMEIz) on ttu crude mixture. c) Isolated yields 

of pun? pxoduct arc rcporkd. 
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While the reduction of the disubstituted C~5J+llcyl- and (9-silyl cycIopropyl ketones 5a.b and 8 was 

virtually non&ective, entries 1-3, tnx~nt oftheQ)-silyl~yclopfopyl ketone 11, gave a 15 : 1 mixtureof 13 

and 12, entry 4. Hydride delivery to. the triwbstituted cyctoprapyl lcetcm~es 14,U ahd 20, was also highly 

selective, entries 5-10.4 A comparison of the hydri& reagents showed that slightly higher diastereweleqivities 

can be obtained using Ilibal-H (26-29 : l), compare entries 6 with 7 and 8. LAelectrideR offers no advantage 

over the aluminum based hydride reagents as the reaction is very sluggish and no improvement in the 

diastereoselectivity was observed, entry 9. For all cases examined, the diastereomeric alcohols were easily 

separated by flash chromatography on silica gel. 

A survey of the literature revealed that little information on the selective reduction of cis-cyclopropyl 

ketones was avtitable.5.6 In an isolated example, a French group reported that treatment of a trisubstituted 

cyclopropyl ketone gave a 9 : 1 diastereomeric mixture of two cycIopropy1 carbinoIs5 Later, Kitazume repo#d 

that triffuoromcthyl cyclopropyl ketones could be diastereoselectively reduced using L-Select&W@. However, 

no specific selectivities were mentioned and the major cyclopropyl carbinols were obtained in low yield (37- 

46%).6 

In order to explain the ohserved selectivig in the reduction, an understanding of the conformational 

analysis of ~!yclopropyI ketones is essential.’ The ability of the cyclopmpyl group to conjugate with the adjacent 
carbonyl-z-electrons has been well established.7 Both the s-cisconformation C and s-trans-conformations SD 

and 17D, are able to provide maximum stabilization, Scheme 1. In addition. it was found from both 

computational and spectroscopic sfdies, that the s-&-conformation is favoured by 1.6-3.0 kcal mol-t over the 

s-rrurwxnformation, depending on the substitution pattern on the cyclopqane.7 

Scheme I Conformations of Cyclopropyl Ketanes 
LiAlH., 

9 + 10 

t 

1 : 2.5 

8D 

c 
s-trans conformation 

disfavoure4l 

w 
s&s conformation 

favoured 

R = c-hexyl 

LiAlH* 

18 + 19 

1 : 20 

The s-c&conformer can be used as a model for the reduction of the cyclopropyl ketones, Scheme 1. It 

can be seen that in the case of the (E)-cyclopropyl ketone 8, no facial preference for reduction of the ketone is 

expected. That is, the nucleophilic hydride experiences similar steric hindrance on both faces of the cyclopmpyl 

ketone and a 1 : 2.5 mixture of alcohols 9 and 10 is obtained. This is in contrast to the (Z)-substituted 
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cyclopmpyl ketone 17. wbem a steric interaction between the (zj-tributylstannyl substituent and the incoming 

hydride disfavours attack from one face of the ketone. Consequently, hydride attack wili prefenntially COIRC 

from the less hindered sidt to form the diastereoisomer 19. It is very interesting to realize that, just as in the 

cyclopropanation of the bimetallic allylic alcohols. Za it is again the Q-substituent which controls the 

diastereoselectivity in the mktion of these cyclopropyl ketones. The ability to remove the tin group Following 

the cyclopropanation or reduction further highlights its use as a stereocontrol element. 
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