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Abstract—The Birch reduction—dialkylation reaction has been studied with different aromatic carboxylic acids and primary and sec-
ondary bromides. From these results it can be concluded that it is a reasonably general reaction. However, we found important
exceptions with the primary bromides: allyl bromide, B-phenethyl bromide, and 5-bromo-2-methyl-2-pentene. The unusual behavior

of allyl bromide is briefly discussed.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

The Birch reduction—dialkylation of aromatic carboxylic
acids is a potentially useful reaction since after the usual
Birch reduction of the aromatic ring, two C—-C bonds are
formed sequentially at the C-1 and C-4 positions of the
intermediate 1,4-dihydrobenzoic acid.! The reaction was
first observed with 3,5-dimethoxybenzoic acid and
excesses of Na and ethyl bromide in liquid NH; although
Li but not K, also gives similar results (Scheme 1).2
We have now extended our studies to other aromatic
carboxylic acids and alkyl bromides with the purpose
to determine its generality.

2. Birch reduction—dialkylation of 3,5-dimethoxybenzoic
acid with alkyl bromides

Following the general procedure described in Ref. 1, in
the first group of experiments 3,5-dimethoxybenzoic
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—_—
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acid 1 was submitted to the Birch reduction—dialkyla-
tion reaction with different primary and secondary alkyl
bromides.? Sodium was used as the reducing alkali metal
and analysis of the crude reaction mixtures were done by
"H NMR spectroscopy of the crude methyl esters as
reported previously for the ethyl case 2a.* Results are
presented in Table 1.

With 6.2 molar equiv of Na, dialkylation with primary
alkyl bromides (entries 1 and 2) proceeded smoothly
to give high yields of products, whilst the secondary iso-
propyl bromide afforded the dialkylated products con-
taminated with 20% of monoalkylated product. Since
dehydrobromination of secondary alkyl bromides was
expected to be a competitive base-consuming side reac-
tion, in experiments with these bromides the molar
equivalent of Na and alkyl bromides were increased
up to 10.2, but even so some monoalkylated compound
still remained in the product (10% for isopropyl bro-
mide, entry 3 and 12% for cyclohexyl bromide, entry 5).

2a, R1=R2=C2H5
2b, R1=R2=n-CaH7

R2 2c, R1=R2=n-CSH11
2d, Ry=R,=i-CaH,
2e, R1=R2=(CH2)4CH

OMe  2f, Ry=R;=(CHy)sCH

29, Ry=H, R2=M620=CH(CH2)2
2h, Ry=H, Ry=Ph(CH,),
2i, Ry=H, Ry=CH,CH=CH,
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Table 1. Birch reduction-dialkylation of 3,5-dimethoxybenzoic acid

Entry RBr (molar equiv)

Na (molar equiv)

Main product (see text) Yield (%)

l’l-C3H7f (82) 6.2
n-CsH] 1— (82) 6.2
i-C3Hy— (8.2) 10.2
(CH,),CH- (10.2) 10.2
(CH,)sCH- (10.2) 10.2
Me,C=CH(CH,)»- (8.2) 8.2
Ph(CH,),- (8.2) 8.2
8 CH,=CHCH,- (8.2) 8.2

NN N R WD~

2b 95
2 84
2d 98*
2e 91
2f 76°
2g 55
2h 75
2i 81°

#The product contained 12% of mono iso-propyl compound.
®The product contained 10% of monocyclohexyl compound.
“The product contained 40% of starting material (see text).

Surprisingly, cyclopentyl bromide (entry 4) gave cleanly
only dialkylated products in high yield and it is also
noteworthy that a reasonably good yield was obtained
with the easily dehydrohalogenated cyclohexyl bromide
(entry 5).

Even more easily dehydrohalogenated primary alkyl
bromides such as the homoprenyl and homobenzyl bro-
mides failed to give the dialkylation reaction and affor-
ded only monoalkylated products in fair yields (entries
6 and 7). Probably, after alkylation at C-1 NaNH,
and/or the sodium carbanion at C-4 are too basic and
dehydrohalogenate the excess alkyl bromide before
alkylation at C-4 takes place. Fortunately, in these and
other related cases dialkylated products can be obtained
successfully in separate experiments by C-4 metalation
(n-BuLi, THF, —78 °C)-alkylation of the corresponding
monoalkylated dihydrobenzoic acids (Scheme 2).° Inci-
dentally, we have used this two-step method for the
synthesis of several 1,4-dialkyl-2,5-cyclohexadiene car-
boxylic acids containing two different groups at C-1
and C-4.

Finally, our reaction conditions were also tested with the
highly reactive allyl bromide but unexpectedly, the 1,4-
diallyl compound was not obtained. A 3:2 mixture of
monoallyl compound 2i and 3,5-dimethoxybenzoic acid
1 were produced instead. We could demonstrate that the
3,5-dimethoxybenzoic acid present in the crude product
was not due to an incomplete Birch reduction when we
attempted to prepare 1,4-diallyl compound from 2i by
the two-step method cited before (n-BuLi, THEF,
—78 °C; then allyl bromide). The starting material was
totally consumed and a quantitative yield of crude 3,5-
dimethoxybenzoic acid was obtained (Scheme 3).

Presumably, the intermediate lithium carbanion at C-4
aromatizes by expulsion of the allyl anion (Scheme 4).
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Scheme 4.

This unusual aromatization, which involves elimination
of a poor leaving group has been previously observed
with the somewhat related benzyl anion.®

3. Birch reduction—diethylation of substituted benzoic
acids

The second group of experiments we performed involved
the use of different benzoic acids as substrates in the
Birch reduction—diethylation reaction. Ethyl bromide
(8.2 molar equiv) was used both as the ethylating agent
as well as reagent for NaNH, formation. The experi-
ments were carried out following the procedure
reported for the Birch reduction—diethylation of 3,5-
dimethoxybenzoic acid with 7.2 molar equiv of Na.3
The crude products were analyzed as the methyl esters
by '"H NMR spectroscopy and results are presented in
Scheme 5 and Table 2.

HO,C
X
) n-BuLi (THF)
2) Me,C=CH(CHj),| MeO OMe
70 %
=
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CO,H
Ry 1) 7.2 Na (NHg)

Rs 2) 8.2 EtBr

Scheme 5.

Table 2. Birch reduction—diethylation of substituted benzoic acids

HO,C a, Ry=Ry=H
Ry b, Ri=Me, Ry=H
C, R1=H, R2=Me
Ry d, Ry=H, R,=OMe
e, R1=R,=OMe

Entry Benzoic acid Diethylated product Yield (%)
1 R;=R,=H R;=R,=H 85
2 = CH}, R2 =H = CH3, R2 =H 86
3 RIZH, R2:CH3 RIZH, RZZCH3 91
4 R1 = H, R2 = OCH3 R] = H, R2 = OCH3 89
5 R1:R2:OCH3 R1:R2:OCH3 91

Very high yields of diethylated products were obtained
with the five benzoic acids listed in Table 2. The only
substituted benzoic acid tested, which failed to give a
clean reaction was o-anisic acid (not included in the
Table). In this case, a complex mixture of starting
material (10%), mono- (20%) and diethylated (20%)
products, and diethylated 1,4-dihydrobenzoic acid
(50%) was obtained in 86% yield (Scheme 6). Loss of
the o-methoxy group during the Birch reduction of this
acid has been previously observed.”

We have also submitted 1-naphthoic acid to the
Birch reduction—diethylation reaction but triethylated

M902C

CO.H
OMe 1) 7.2 Na (NHg)

—_—

2) 8.2 EtBr
3) CH,N,
Scheme 6.

CO,H

1) n Na NH3
)82 EtBr

n=7.2
n=4.2

Scheme 7.

20 %

MeO,C

product was exclusively formed in 74% yield. Interest-
ingly, with reduced amounts of Na (4.2 molar equiv) a
1:1 mixture of mono- and triethylated products were
obtained, but diethylated products were not detected
(Scheme 7).8

In conclusion, the results presented in this letter show
that the Birch reduction—dialkylation reaction is a quite
general transformation with benzoic acids and primary
and secondary bromides. Easily dehydrohalogenated
alkyl bromides (e.g., homoallyl and homobenzyl
bromides) and the highly reactive allyl bromide are
important exceptions in this reaction.

M602C
OMe OMe
+ +
20 %
CO,Me
OMe
+
50 % 10 %
CO,H
0% 74 %
87 % (1:1)
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