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Alkylation of the a-carbon atom of isobutyraldehyde (3) was best accomplished by reaction of an alkyl halide 
with the corresponding lithium salt Sa of the imine 7 rather than with the lithium enolate 6. Reaction of the re- 
sulting alkylated aldehydes 16 with the ketone lithium enolate 20 afforded good yields of the aldols 21 which un- 
derwent acid-catalyzed dehydration to form the enones 22. The enone 22d was cyclized to the cyclopentane deriv- 
atives 23-25 under very mild conditions. 

Our interest in the possible utilization of anion radicals 2 
derived from unsaturated carbonyl compounds 1 as syn- 
thetic intermediates in carbon-carbon bond forming reac- 
tions led us to explore synthetic routes to enones of the 
type 1. To examine possible synthetic applications involv- 
ing intramolecular cyclization, we wanted enones 1 in 
which the y substituent, R1, contained unsaturation. Since 
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earlier studies2 had indicated that relatively stable anion 
radicals 2 could be obtained from enones 1 when no hydro- 
gen atoms were present a t  either the y position &e., R1 # 
H) or the a' position [e.g., R2 = C(CH3)3], we directed our 
attention to the synthesis of a series of enones 1 in which 
R1 was an alkenyl group and Re was a tert-butyl group. 
This paper describes a satisfactory synthetic route to these 
substances. 

Our synthetic plan required the alkylation of isobutyral- 
dehyde (3) to form the aldehydes 16 (Scheme I) containing 
the desired alkenyl substituent R. Although isobutyral- 
dehyde (3) has been successfully alkylated in moderate 
yields (15-75%) by treatment with a mixture of an alkyl ha- 
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lide, aqueous 50% NaOH, and a tetrabutylammonium salt, 
this process was satisfactory only with very reactive alkyl 
halides such as methyl iodide or allylic or benzylic  halide^.^ 
With less reactive alkyl halides, competing aldol condensa- 
tion predominated.3 We expected that competing aldol 
condensation might be minimized or eliminated if the alde- 
hyde 3 was converted completely to its enolate anion 6 in 
an aprotic solvent before alkylation. Therefore, the lithium 
enolate 6 was generated in 1,2-dimethoxyethane (DME) so- 
lution either by adding the enol acetate 4 to 2 equiv of 
MeLi or by adding the aldehyde 3 to a cold (0-2') solution 
of i- p r ~ N L i . ~  In each case, when the solution of the enolate 
6 was treated with benzyl bromide, the desired alkylated 
product 16a was accompanied by significant amounts of 
the alcohol 17 as well as higher boiling material. Alcohol 
and ester by-products were also produced along with the 
aldehyde 16b when the lithium enolate 6 (from 4) was 
treated with allyl bromide. Thus, we conclude that al- 
though the lithium enolates of aldehydes (e.g. ,  6) can be 
prepared in suitable aprotic media, the alkylation of these 
enolates is complicated by reaction of the alkylated alde- 
hyde products 16 with the various bases (e .g . ,  6, t- 
BuO-Li+, i- PrzN-Li+) present in the reaction mixture to 
give the products of a Cannizzaro or a Tishchenko reac- 
t i ~ n . ~  

base 
RC(CHJZCH0 - RC(CHJ,CHzOH + 

16 

RC(CH,),CO,- + RC(CH3)2CH20COC(CH3)2R 

We, therefore, turned our attention to an alternative 
synthesis for the aldehydes 16 in which the imine 7 was 

converted to its anion 8 which would serve as the nucleo- 
phile in alkylation reactions. This alkylation procedure, as 
originally introduced by Stork and Dowd,6 involved reac- 
tion of imines, such as 7, with EtMgBr to form bromomag- 
nesium salts (e.g., 8b). Subsequently, many workers have 
generated anions analogous to 8 employing various lithium 
salts as bases to form lithium salts such as 8a.' In the pres- 
ent study we have compared the ease of converting the 
imine 7 to salt 8b with EtMgBr in T H F  to the ease of con- 
verting it to the salt 8a by reaction with i- PrzNLi in DME. 
The latter procedure, which forms the lithium salt 8a, was 
clearly preferable. In the course of examining the formation 
of solutions of salt 8a we also observed that this lithium 
salt 8a attacks the solvent, DME, at  temperatures above 
30' to form the starting imine 7, CHsOLi, and CHz= 
CHOCH3. This same type of cleavage of DME with i- 
PrzNLi has been observed in the temperature range 0- 
l O O . 4  Because of this solvent cleavage, the generation and 
use of the lithium salt 8a was best accomplished by treat- 
ment of a cold (-10 to 0') solution of i-PrZNLi in DME 
with the imine 7 followed by warming the solution to 10- 
20'. During the subsequent addition of alkyl halide the 
temperature of the exothermic reaction mixture was main- 
tained in the range 20-30' to achieve reasonably rapid al- 
kylation while avoiding extensive solvent cleavage. When 
the reaction mixture was hydrolyzed by addition of HzO, 
the corresponding imines 15 could easily be isolated from 
the aqueous alkaline solutions. The imines 15 were best hy- 
drolyzed to form the aldehydes 16 by stirring with a mix- 
ture of hexane and excess aqueous 1 M HOAc a t  25'. The 
conditions, which give an aqueous medium of pH -4 corre- 
sponding to the maximum rate of imine hydrolysis,8 are to 
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be preferred over the original procedure (refluxing aqueous 
10% mineral acid)6 since the hydrolysis is faster and acid- 
catalyzed side reactions (e.g., double-bond isomerization) 
are largely avoided. By attention to the foregoing details, 
each of the desired aldehydes 16 was synthesized in good 
yield and contamination of aldehydes 16c and 16d with 
their double-bond isomers 18b and 19b was minimized. 

With the aldehydes 16 in hand, application of a previous- 
ly describedg aldol condensation procedure in which each 
aldehyde 16 was added to a cold (-40 to - 5 O O )  ether solu- 
tion of the lithium enolate 20 (Scheme 11) produced the 
aldol products 21 in high yield. Subsequent dehydration of 
the aldols 21 with a catalytic amount of TsOH in PhH af- 
forded the indicated trans enones 22, three of which could 
be isolated as low-melting crystalline materials. 

Although the conditions used for the acid-catalyzed de- 
hydration of the aldols 21a, 21b, and 21c to the corre- 
sponding enones 22 were not particularly critical (ca 0.1 
molar equiv of TsOH in boiling PhH), the enone 22d 
proved to be especially prone to subsequent acid-catalyzed 
cyclization. Thus, attempts to dehydrate the aldol 21d with 
0.1 molar equiv of TsOH in boiling PhH formed primarily 
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the cyclic keto olefins 23-25, presumably by successive con- 
version of the enone 22d to the carbonium ion intermedi- 
ates 26 and 27. With much less acid catalyst (ca 0.001 
molar equiv) and a short reaction time, the dehydration 
reaction could be stopped a t  the desired stage to form the 
enone 22d. The ease of this acid-catalyzed cyclization 22a 
-+ 23-25 is, of course, gratifying support for our expecta- 
tion that cyclization of electron-deficient intermediates de- 
rived from the enone 22d will be a favorable process. 
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Phenyl  t r i f luoromethy l  ketone is reduced rap id ly  by b o t h  pr imary  and secondary bromomagnesium alkoxides 
t o  phenyltrifluoromethylcarbinol (as the bromomagnesium salt). Us ing deuterium-labled alkoxides and ch i ra l  al- 
koxides it was shown t h a t  whereas Meerwein-Ponndorf-Verley-type reduction o f  phenyl  t r i f luoromethy l  ketone 
is facile, the alkoxide produced has l i t t le  tendency t o  transfer i t s  hydr ide t o  acceptor carbonyl compounds present 
in the reaction mixture. T h e  electron-withdrawing inductive effect o f  the t r i f luoromethy l  group is believed t o  be 
responsible for  th is  behavior. 

Meerwein-Ponndorf-Verley-type reductions (MPV re- 
ductions) are equilibrium reactionslJ which show a strong 
preference for the formation of primary alcoholate and ke- 
tone in equilibria involving primary and secondary alcoho- 
l a t e ~ ~  (eq l). A few examples of reductions of ketones by 

0- m e t a l  
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RCHO + R'---CH-R'' e 

0 
I1 

RCH,O-metal + R'-C-R" (1) 

primary alcoholates have been reported4 but in these cases 
the reaction was forced to completion by distillation of the 
aldehyde as it was formed. 

In agreement with the above view of the MPV-type reac- 
tion we found that treatment of isopropyl phenyl ketone 
with 2-phenyl-1-butoxymagnesium bromide in ether-ben- 
zene a t  room temperature for 3 days gave no detectable 
(glpc) amount of isopropylphenylcarbinol after hydrolysis 
(eq 2). In contrast, we found that phenyl trifluoromethyl 
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