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The Reaction of Lithium «-Lithiocarboxylates
(Dianions of Carboxylic Acids) or a-Lithiocarbox-
ylic Esters (Ester Enolates) with a-Halocarboxylic
Esters or Lithium «-Halocarboxylates

Nicola PETRAGNANI*, Massami YONASHIRO

Instituto de Quimica da Universidade de Sdo Paulo, Caixa Postal
20780, Sdo Paulo, Brasil

Since it has been found that a-carbanions of carboxylic
acids and ester enolates can be prepared under mild condi-
tions by the use of non-nucleophilic bases such as disubsti-
tuted lithium amides'??, their synthetic utility has been
widely explored. Reactions of these intermediates with al-
kyl halides'", dihaloalkanes"®*'*", ¢poxides', halog-
en'*'S, carbon tetrahalides's, silyl halides', sulfenyla-
tion'*1%2° and selenylation®>?"*? reagents, chlorophos-
phates?, alkyl nitrates?>, ammonia derivatives*, aldehydes
and ketones®*?, carbon dioxide™, esters®»3*¢, acyl chlo-
rides®”-%8, carbonochloridates®®*®, anhydrides®, «,B-unsa-
turated carbonyl compounds®**®, and oxygen* * have
been described. However, the (very simple) application of
such reactions to the preparation of succinate derivatives
via alkylation of acid dianions and ester enolates with a-
halocarboxylates and a-haloesters has not been widely ex-
ploited.

In continuation of our studies on ester enolate chemis-

try'>2%28 we report here the results of the investigation of

the following four reaction types:

(1) Reaction of lithium o-lithiocarboxylates with lithium
a-halocarboxylates;

(2) Reaction of a-lithiocarboxylic esters with lithium «-ha-
locarboxylates;

(3) Reaction of a-lithiocarboxylic esters with a-halocar-
boxylic esters;

(4) Reaction of lithium a-lithiocarboxylates with a-halo-
carboxylic esters.

In spite of some limitations due to the occurrence of side

reactions, the above reactions (1)-(4) have been found to
be widely applicable to the synthesis of succinic acid deri-
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(1) RS=RE=Li

(2) RS:alkyl ; R®= Li
(3) RS, RE=alkyl
(4) RS-Li;RS-=alkyl

vatives (3). Hitherto, these derivatives have usually been
prepared via alkylation of malonic esters, i.e., by a route in-
volving a decarboxylation step *. Previous attempts to
prepare succinic acid esters (3, R3=alkyl, R®=H, alkyl) by
reaction of ester enolates with a-halocarboxylic esters or
metal a-halocarboxylates had only given poor results*”*,

Due to the stability of dianions of carboxylic acids (in 1,
R>=Li) even at a reaction temperature of 45 °C and to the
inertness of the carboxylate group (in 1 and 2) towards nu-
cleophilic reagents, reaction (1) affords the best results
without significant dependence of the yiclds on the degree
of a-substitution either at the nucleophilic (in 1) or the
electrophilic center (in 2).

Reaction (2) requires milder conditions to avoid decompo-
sition of the ester enolate (1, R®>=alkyl), and it shows limi-
tations in the case of the reaction of ¢-butyl lithioacetate
with compounds 2 having a sterically highly hindered elec-
trophilic center. Ethyl 2-lithiobutanoate, which lacks a pro-
tective bulky ester group, undergoes the desired reaction
only with lithium bromoacetate; with lithium 2-bromopro-
panoate, which has a secondary electrophilic center, the
reaction does not proceed and self-condensation of 1 occurs
to a minor degree (10% by N.M.R. analysis).

Reaction (3) shows only slight dependence on steric factors.
In the case of methyl 2-lithiohexanoate, the reaction with
a-iodocarboxylic esters gives better results than with the
bromo analogs; the yields decrease with increasing steric
hindrance at the electrophilic center and the formation of
B-oxocarboxylic esters (condensation products) is ob-
served. In the light of these results, we reinvestigated the
reaction of z-butyl lithioacetate with 7-butyl bromoacetate
under our reaction conditions and obtained a 58% yield of
di-r-butyl succinate (3u) whereas the reported”’ yield was
only 10%.

In reaction (4), we used lithium 2-lithio-2-methylpropa-
noate (the dianionic derivative of isobutyric acid) as a
model compound. With this nucleophile, we obtained a
good yield (70%) of the corresponding succinic monoester
only from the reaction with z-butyl bromoacetate, a com-
plex mixture of products being formed in the other cases.

Melting points were taken on a Kofler block and are uncorrected.
Boiling points refer to bulb-to-bulb destillation (Kugelrohr).
G.L.C. analyses were performed on a Varian 2800 instrument
equipped with flame-ionization detectors and a 6’ x 1/8” column
packed with 3% OV-17 on Varaport 30 (100/120 mesh) with nitrog-
en as carrier gas. 'H-N.M.R. spectra were recorded at 60 MHz on a
Varian T-60 spectrometer (TM$ as internal standard).

All the reactions are performed in a nitrogen atmosphere.

Succinic Acids and Esters (3) by CC Coupling of a-Lithiocarboxyl-
ic Acid Derivatives (1) with a-Halocarboxylic Acid Derivatives (2);
General Procedure:

Lithium Diisopropylamide Solution: A 2 molar solution (5 ml. 10
mmol) of butyllithium in hexane is added to a stirred mixture of
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diisopropylamine (1.012 g, 10 mmo}) and anhydrous tetrahydrofu-
ran (10 ml) and the mixture is held at 0°C for 15 min.

Lithium a-Lithiocarboxylates (1, R®=Li): The carboxylic acid (5
mmol) is added, at 0 °C with stirring, to the lithium diisopropylam-
ide solution (10 mmol). Stirring is continued for 15 min at 0°C and
for 1 h at 45°C.

Alkyl a-Lithiocarboxylates (1, R®=alkyl): The alkyl carboxylate (5
mmol) is added, at —78°C with stirring, to the lithium diisopro-
pylamide solution (5 mmol) and stirring is continued for 40 min at
-78°C.

Lithium a-Bromocarboxylates (2, R®=Li): The a-bromocarboxylic
acid (5 mmol) is added with stirring to lithium hydride (48 mg, 6
mmol) in anhydrous tetrahydrofuran (5 ml) at 0°C.
Condensation Reaction: Hexamethylphosphoric triamide
{HMPT; 0.90 g, 5 mmol) is added to the solution of compound 2 (5
mmol) and the resultant mixture is added to the solution of 1 (5
mmol) with stirring.

For reaction (1): Addition at 0°C, stirring for 2 h at 35°C.

For reactions (2), (3), and (4): Addition at —78 °C, stirring for 2 h
at —78°C.

Work-up:

Reactions (1), (2), and (4): A 1 normal hydrochloric acid solution
(~ 15 ml) is saturated with sodium chloride and added to the stir-
red reaction mixture at 0°C. The mixture is extracted with ether
(3% 20 ml). The extract is washed with saturated sodium chloride
solution (20 ml) [washing with plain water is to be avoided because
of the solubility of the products], dried with sodium sulfate, and
evaporated. The residual crude product is purified by column chro-
matography on silica gel (70-230 mesh) using ether as eluent
(HMPT is thus removed). The solid products are recrystallized
from petroleum ether (30-50 °C) or ethyl acetate. Liquid products
are distilled in vacuo.

Compound 3h is purified by dehydration to the anhydride (b.p.
75-80°C/5 torr) using phosphorus pentoxide, and subsequent hy-
drolysis to the acid.

Reaction (3): Saturated aqueous ammonium chloride (20 ml) is ad-
ded to the stirred reaction mixture at 0 °C. The mixture is then di-
luted with water (20 ml) and extracted with ether (3 x 20 ml). The
organic phase is washed with water (30 ml) and saturated sodium
chloride solution (20 ml), dried with magnesium sulfate, and evap-
orated. The residual crude products are distilled in vacuo.
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