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Summary: Organoaluminum-promoted single homolo- 
gation of aliphatic and aromatic ketones with diazoal- 
kanes has been described, and among various organoalu- 
minum reagents, especially bulky methylaluminum 
bis(2,6-di-tert-butyl-4-methylphenoxide) (MAD) is found 
to be highly effective for the selective homologation of 
various ketones. 

The single carbon homologation of aliphatic and aro- 
matic ketones is a frequently encountered synthetic 
objective. The most effective technique is obviously the 
direct insertion of an alkylidene unit from diaz0alkane.l 
This reaction, however, has severe experimental limita- 
tions, the most serious of which include the low reactivity, 
multiple homologation, and oxirane formation. The rate 
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of the homologation reaction can be somewhat acceler- 
ated by the use of protic solvents such as alcohols and 
water, which are not generally applicable to less reactive 

Protic acids and Lewis acids usually decom- 
pose dia~oalkanes.*-~ In this context, we have been 
interested for some time in the possibility that certain 
bulky, oxygenophilic organoaluminum reagents might be 
highly effective for the single homologation of ketones 
with diazoalkane because of their carbonyl activation 
ability which does not affect the interaction of diazoal- 
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kane. In this paper, we wish to report our preliminary 
results from this study. 

First, we examined the reaction of 5-nonanone (1 j with 
diazoethane in the presence of various activation cata- 
lysts, which gave homologation products 2-4 and epoxide 
5. The previously known catalysts such as alcohols and 
lithium chloride are totally ineffective for the less reactive 
5-nonanone substratela A common Lewis acid, BFsOEh, 
afforded only trace amounts of the homologation prod- 
u c t ~ . ~  However, triakylaluminum gave quite satisfactory 
results in chemical yield and product selectivity. This 
is rather surprising since organoaluminums are reported 
to react easily with diazoalkanes to give insertion prod- 
ucts with the evolution of n i t r ~ g e n . ~  
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Me3AI, CH2C12, -78 OC, 1 h 
%3AI, CH2C12.0 'C, 1 h 

Et2AIC1, CH~CIZ, -78 OC, 1 h 

0 : 0 : 8 ) 
1 : 0 : 8 ) 

: 74% ( 63 : 30 : 7 : 0 ) 
CBu3AI, CH2C12, -78 OC, 1 h : 65% ( 92 : 1 : 0 : 7 ) 

- BF30Et2, ether, -20-0 'C : 2% 

The homologation of cyclopentanone with diazoalkanes 
results in formation of undesired cycloheptanones at  the 
expense of the intermediary cyclohexanone. This is 
because the reactivity of cyclic ketones is in the order of 
cyclohexanone =- cyclopentanone =- cycloheptanone.2 The 
organoaluminum-promoted single homologation of cyclo- 
pentanone has been effected with (trimethylsilyljdiaz- 
omethane? where the single-homologated cyclohexanone 
is successfully trapped as its trimethylsilyl enol ether.* 

%3AI/Me3SiCHNp, -20-0 OC 
BF30Et2/Me3SiCHNz, -20 OC 

: 68% ( 96 : 2 : 0 : 2 ) 
: 35% ( 64 : 23 : 10 : 3 ) 

In the homologation of 4-tert-butylcyclohexanone with 
Me&diazoethane, the isomeric ratio of trans- and cis- 
5-tert-butyl-2-methylcycloheptanone is -3:2. Since 5-sub- 
stituted 2-methylcycloheptanones constitute an impor- 
tant framework for the synthesis of guaiazulene ses- 
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quiterpenes? we continued our search for more superior 
organoaluminum catalysts for stereoselective ring expan- 
sion of 4-tert-butylcyclohexanone with diazoethane. Ex- 
ceptionally bulky methylaluminum bis(2,6-di-tert-butyl- 
4-methylphenoxide) (MAD) has been found to be highly 
effective for this transformation.1° Noteworthy is the fact 
that diazoethane should be added to the organoalumi- 
num-ketone complex, and attempted reaction of ketone 
with a mixture of diazoalkane and organoaluminum at 
-78 "C gave none of the homologation products. 

Communications 
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20% EtOH/ether : 91% ( 43 : 43 : 14 ) 

i-Bu3Al, CH2ClP : 85% ( 67 : 20 : 13 )" 
Me3AI, CHzCl2 : 81% ( 54 : 32 : 14 ) 

DAD, CH2Cl2 : 84% ( 80 10 : 10 ) 
MAD, CHzCl2 : 87% (94 3 : 3 ) 

Since a variety of diazoalkanes including functionalized 
ones are readily accessible from the corresponding amines 
in three-step s e q u e n ~ e s , ~ ~ J ~  the present technique has a 
broad applicability in selective organic synthesis. For 
example, use of diazopropene permits a-vinylation of 
cyclic ketones with ring enlargement, hitherto difficult 
by other chemical transformations.14 Organoaluminum- 
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promoted insertion of long-chain diazoalkane appears 
feasible. Another characteristic feature is the reaction 
of acetophenone, where three methods showed totally 
different selectivity and where MAD has proved to be 
effective for the regioselective single homologation. 

(n - 2; R = vinyl) Me& CHz=CHCHN2 : 51% ( 100 : 0 : 0 ) 
(n = 4, R = Me) MAD, CH3CHN2 : 56% ( 1 O O : O : O )  

Me3AI. CH3CHN2 : 60% ( 98: 1 : 1 ) 
(n = 4, R - pentyl) Me3AI, CH3(CH2),CHN2 : 88% ( 100 : 0 : 0 ) 

MAD, CHzC12, -78 OC : 85% ( 80 : 0 : 3 : 17 ) 
Me& CH2Cl2, -78 "C : 83% ( 36 : 0 : 40 : 24 ) 
MeOH/ether, 0 OC : 18% ( 57 : 43 : 0 : 0 ) 

This methodology is successfully applied to the regio- 
and stereocontrolled homologation of aldol derivatives 
with diazoalkanes as illustrated below. 
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Me3AI : 69% ( 38 : 62 ) 
MAD : 71% (98: 2 )  
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