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o,p-Unsaturated carboxylic acids undergo predominantly
conjugate addition with organolithium reagents at low
temperature (—78 °C) in THF and lead to various substi-
tuted alkanoic acids after quenching with electrophiles;
with (E)-3-phenylpropenoic acid, this tandem alkylation
sequence also affords significant amounts of isomeric
1,3-addition products.

1,4-Additions of organolithium reagents to «,B-unsaturated
carbonyl compounds are usually promoted by steric interfer-
ence of the 1,2-addition process.® Literature furnishes little
information regarding the conjugate addition of unprotected
o,fB-unsaturated acids to organolithiums?3 and the data,
scarce as they are, even appear to be inconsistent at first
sight. Magjewski and Snieckus described in 1984 the reaction
in THF a 0 °C between senecioic acid [(E)-3-methylbut-
2-enoic acid] and 2-lithiodithiane which afforded the 1,4-ad-
dition product in 65% yied4 Reaction of (E)-3-tri-
methylsilylpropenoic  acid  with  n-butyllithium in
THF-hexane at —70 °C was reported to give a mixture of
1,2-(55%) and 1,4-(45%) addition products.> The conjugate
addition of «-silylated «,B-unsaturated acids to organoli-
thiums appears to be a particular case.6 Indeed the 1,2-addi-
tion is suppressed by the placement of a unit of negative
charge adjacent to the carbonyl group. Furthermore the
enolate dianions resulting from such additions are not effi-
ciently intercepted with akylating agents.

We have recently described the efficient addition of
organolithium reagents to naphthalene-1- and -2-carboxylic
acids followed by electrophilic trapping.” The diastereo-
isomeric ratios of 1,1,2- and 1,2,2-trisubstituted-1,2-dihydro-
naphthalenes were found to contain only trans addition
products. The trans addition was verified in each system by
single X-ray determination. Thus, in either case, the electro-
phile approached the naphthalene nucleus from the side
opposite to the organolithium. We now describe results
which demonstrate that the process can be expanded to
simple «,p-unsaturated carboxylic acids.

Typica unsaturated carboxylic acids 1-3 underwent
1,4-addition reactions with lithium reagents in THF at low
temperature (—78 °C) over the course of several minutes
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giving carboxylic acid dilithium enolates which, when
guenched with a proton source (CF3CO,H) or an akyl

halide (Mel),8 gave moderate to good yields of substituted
alkanoic acids 4-15. These reactions amost certainly in-
volve deprotonation of the acid first, which reduces but does
not suppress the reactivity of the carbonyl towards 1,2-addi-
tion.? At —78 °C, n-butyllithium and sec-butyllithium added
efficiently to the carboxylic acid derivatives 1-3. The use of
phenyllithium, however, proceeded very sluggishly to 1 and
2 and after trapping with trifluoroacetic acid gave only 6
and 11 in 40 and 20% purified yields, respectively (Table 1,
entries 3 and 7). Methyllithium failed to react (entries 5 and
9) and gave mainly products resulting from carbonyl addi-
tion at higher temperatures.

Reaction of n-butyllithium with (E)-3-methylpropenoic
acid 1, followed by quenching with trifluoroacetic acid,
provided the 1,4-adduct 4 in good yield (entry 1). A 1:1
mixture of the diastereoisomers 5 and 5” was obtained
when the enolate was trapped with methyl iodide (entry 2).
When 1 was treated with sec-butyllithium, proton quench
with trifluoroacetic acid afforded the conjugate 1,4-addition
product in moderate yield as a mixture of diasterecisomers
(7" and 7”) differing in their configuration at C-3 and C-4
(7:3 ratio, entry 4). Reactions of (E)-3-phenylpropenoic acid
2 with n-butyllithium and sec-butyllithium gave mixtures of
the conjugate 1,4-addition products 9 and 12/, 12” as well as
the isomeric products 10 and 13, 13”, respectively. Struc-
tures of types 9, 10 and 12, 13 were easily distinguished by
their 13C NMR spectra by the multiplicity and the order of
the chemical shift of the carbon in «-position of the car-
boxylic acid. 1,3-Addition reactions of Grignard and organo-
lithium reagents to cinnamate derivatives, involving the
addition of a free radical produced by a single electron
transfer from the organometallic reagent to the akene, are
precedented.22510 Turning to acrylic acid 3, it was found
that n-butyllithium with 3 in THF at —78 °C followed by
hydrolysis, gave 14 and 15 (5:3) which were isolated in
50% vyield (entry 10). Compound 15 resulted presumably
from the double conjugate addition of the organolithium
reagent to the lithium acrylate.

The following procedure for the synthesis of 3-methylhep-
tanoic acid 4 is representative. In a 250 ml flask maintained
under argon, were placed 40 ml of dry THF and 20 ml of
n-butyllithium (1.6 M in hexanes, 33 mmol). The mixture
was then cooled to —78 °C and (E)-methylpropenoic acid 1
(1.29 g, 15 mmol) in THF (40 ml) was slowly added. After
the mixture was stirred for 1 h at —78 °C, a THF solution
(20 ml) of an excess of trifluoroacetic acid (4.62 ml, 60
mmol) was added. The solution was alowed to warm slowly
to room temperature with stirring, then treated with water,
washed with diethyl ether, and shaken. The aqueous layer
was acidified with 2 m HCI, diluted with diethyl ether, and
the organic layer was separated, washed with ag. NaHCO3
and water, and dried with MgSO,. Filtration and concentra-
tion in vacuo afforded 4 which was purified by distillation
(bp 7580 °C/1 mmHg, 1.72 g, 80%).
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Table 1 Additions of organolithium reagents to acyclic «,f3-unsaturated carboxylic acids?

Entry Acceptor R3Lib Product(s) Ratioc Yield (%)d
Bu"
1 1 BunLi Me)vcozH — 80 (90)
4
Bu"
) CO,H
2 1 BunLi Me 1:1 76 (85)
Me
55
Ph
)\/COZH
3 1 PhLi Me . — 40 (70)
Me. _Et
4CH
4 1 BusLi )\/COZH 7:3 46 (62)
Me™ 3
P
Me
5 1 MeLi Me)\/COZH — 0
8
Bu" COH
COyH
6 2 BunLi Ph)\/ 2 Bu" 7:3 60 (73)
9 10
Ph
7 2 PhLi Ph)\/COzH — 20 (32)
11
Me. _Et Me. _Et
CH CH
8 2 BusLi )\/cozH )\/Ph 42:22:23:13 70 (78)
Ph HO,C
12',12" 13',13"
9 2 MeLi 6 — 0
COH
cop 2 )
10 3 BurLi Bun N2 CO.H 5:3 50 (64)

14

15

a All structures are supported by spectral and analytical data. P BunLi in hexane; BusLi in cyclohexane-hexane; MeLi and PhLi in diethyl ether; 2.2 equiv.
of RLi isused. ¢ Determined by *H NMR spectroscopy. @ Yieldsrefer to purified isolated compounds. Yieldsin parenthesis are based on the consumed starting

material.
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