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that its rearrangement product (~3-chloro-3-octene-2,7dione (5b) is also 
isolated after acetylation. 
Since we have demonstrated [A. J. Duggan and S. S. Hall, J. Org. Chem., 
40, 2238 (1975)] that the dichlorocarbene adducts can be reduced to 3- 
alkoxy-2-oxanorcaranes. this procedure constitutes a synthesis of the 
cis-3-(3-ketobutyl)cyclopropanols as well. 
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The reduction of organic halides by organostannanes, first 
reported by vanderKerk e t  a1.,2 has subsequently found nu- 
m e r o u s  app l ica t ions .  The reduction product has generally 
been separa ted  from the organotin halide byproduct by d i s -  
t i l l a t i o n ,  gas chromatography, selective extraction, column 
chromatography, sub l imat ion ,  a c o m b i n a t i o n  of some of these 
techniques, or in an unspecified manner .3 We would like t o  
report a facile, general m e t h o d  for t h e  isolation o f  reduction 
products from the concomitantly formed organotin halide 
b y p r o d u c t s  (eq  1). 

3C-X + +Sn-H - +C-H + +Sn-X (1) 

In general, the r e a c t a n t s  and p r o d u c t s  of the  r e d u c t i o n  re-  
a c t i o n  are al l  so lub le in nonpolar organic solvents, and a s i m p l e  
solubility-based s e p a r a t i o n  o f  t h e  r e d u c t i o n  product and the  
organotin halide cannot b e  achieved. In c o n t r a s t  t o  organotin 
chlor ides,  b romides ,  a n d  iod ides,  trialkyl- a n d  triaryltin 
fluorides are high melting, nonvolatile, i n s o l u b l e  (in both or- 
gan ic  so lvents  a n d  in water ) ,  " p o l y m e r i c "  materials.4 
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The desired separation of reduction product and organotin 
halide can be accomplished by conversion of the organotin 
halide (R3SnX;  X = C1, Br, I) to  the insoluble organotin flu- 
oride by simply "extracting" the reduction mixture, dissolved 
in a nonpolar solvent, wi th a solution of p o t a s s i u m  fluoride 
in water (eq 2). The original organotin halide i s  converted to  
an insoluble (in either the organic or aqueous phase) organotin 
fluoride which can be readily separated by filtration. The 
organic layer can be separated and dried and the solvent re-  
moved to  yield the reduction pr0duct.j 

( 2 )  R 3 S n X  + KF,, --* R3SnF.l + KX,, 

X = C1, Br, I 

As an example, the reduction of  1,3,5,7-tetrabromoadam- 
antane to adamantane-1,3,5,7-d4 in quantitative (crude) and 
92% (isolated) yield i s  reported below. We suggest that this 
technique i s  of general utility and that it markedly fac i l i ta tes  
product isolation in organostannane  reduction^.^,^ 

Experimental Section 
Adamantane-I,3,5,7-& (1) was prepared by the reaction (under 

nitrogen) of 9.5 g (0.021 mol) o f  1,3,5,7-tetrabr~moadamantane~ w i t h  
25.0 g (0.086 mol) o f  tri-n-butyltin deuterideg in 100 mL o f  dry ben- 
zene a t  ref lux for 24 h. After cooling, the benzene was removed o n  a 
rotary  evaporator and the resultant residue was dissolved in 100 mL 
o f  ether. T h e  ethereal solut ion was treated w i t h  excess KF in water 
(-10 g in 100 m L ) .  T h e  precipitated tri-n-butyltin f luoride was re- 
moved by f i l t ra t ion a t  reduced pressure, and the ether layer o f  the 
f i l t rate was separated and dr ied (MgS04). Removal o f  the solvent 
yielded 2.90 g (quantitative yield) o f  crude 1; subsequent subl imation 
of the crude product yielded 2.70 g (92%) of  1, mp 26g269 "C (sealed 
tube) [lit.lo mp 269.6-270.8 "C (sealed tube)]. NMR and mass spectral 
analyses indicated -95% d4 incorporation." 
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The delineation of new strategies for the construction of 
carbon-carbon bonds is fundamental to the development of 
synthetic organic chemistry. We report such a strategy, a 
simple procedure for the conversion of a ketone to the 
homologated enone. I 

n 

We chose ketones to be the starting functionality because 
of their central role in organic construction. Enones were 
chosen for the targets because they are activated for branching 
a t  four contiguous centers. 

In developing this method, we sought a nucleophilic reagent 
the condensation of which with a ketone would lead to an 
adduct that could be readily carried on to the enone. There 
are two subproblems in the conversion of the adduct to the 
enone: unmasking of the  carbonyl and elimination to intro- 
duce the olefin. 

While it is possible to directly dehydrate such tertiary al- 
cohols,lb we thought it preferable to introduce a group which 
could undergo elimination under very mild conditions. The 
phenylsulfinyl group seemed an ideal candidate.2 The problem 
then was to exchange phenylsulfinyl for hydroxyl in the course 
of unmasking the carbonyl. The mechanism we envisioned is 
outlined in Scheme I.3 

A search of the literature indicated that chlorosulfoxides 
are readily available from the corresponding sulfides4 and that 
they can be deprotonatedj and condensed with ketones to give 
epoxides.6 There was a reports that 4 (R = H) smoothly 
thermolyzed to  7 (R == H). While this work was in progress an 
extensive study of this aldehyde synthesis was published.8 
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Results and Discussion 
We have prepared representative chlorosulfoxides 2 (R = 

H, Me, Et) and investigated their condensation with typical 
ketonesg and the thermolysis of the resultant sulfoxides. The 
results are summarized in Table I. 

Entries 7 and 8 suggest an important consideration. Where 
two regioisomeric enones could be formed, it would be desir- 
able to cleanly make one or the other. This has been found to 
be possible. Thus, reluctance to eliminate a methine proton2 
appears to be sufficient to ensure the formation of a single 
regioisomer (entry 7). Even more significantly, we have found 
that when a mixture of regioisomers is formed (entry 8), the 
mixture is cleanly converted to the more substituted isomer 
by refluxing with a catalytic amount of RhC13.nH2Ol7 in 95% 
ethanol for an hour.ls Neither the disubstituted enone 8 nor 
the 2 isomer of 9 could be detected in the product by 
NMR. +--+ 

I 
8 9 

The synthetic utility of this procedure is illustrated by the 
preparation of 8-hydroxy-p-menth-3-ene (12), a component 
of the essential oil of Mentha gentilis. l9 Thus, condensation 
of 2 (R = Me) with 4-methylcyclohexanone gave the corre- 
sponding epoxysulfoxide 10. Thermolysis of 10 led to the 
knownz0 enone 11, which on addition of methyllithium gave 
12. 

0 
II 
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As complex chlorosulfoxides 2 (R = alkyl) are simply pre- 
pared by alkylation of 2 (R = H),zl this method of enone 
construction should be widely applicable in organic synthe- 
sis. 
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