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carbanions and a new synthesis of a-amino acid derivatives
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Abstract—Treatment of 1-chloroalkyl phenyl sulfoxides with a Grignard reagent at low temperature afforded magnesium carbenoids
in quantitative yields. The magnesium carbenoids were found to be reactive with N-lithio alkylamines and N-lithio arylamines. The
reaction withN-lithio alkylamines afforded an olefin, which was derived from dimerization of the magnesium carbenoid, in moderate
yield. The reaction with N-lithio arylamines gave the adducts, a-amino-substituted carbanions, in good yields. From these interme-
diates, a novel synthesis of a-amino acid derivatives and N,N-dialkyl arylamines having a deuterium at the a-position was realized.
� 2004 Published by Elsevier Ltd.
Carbenes and carbenoids have been well known as a
highly reactive carbon species and are recognized as use-
ful intermediates in organic synthesis.1 Generation of
carbenes and carbenoids has mainly been carried out
in two ways: (a) photolysis, pyrolysis, and metal-cata-
lyzed decomposition of diazo compounds,2 (b) base-in-
duced a-elimination.1,3

In this decade, we have been interested in the generation
of magnesium carbenoids from a-halo sulfoxides via
sulfoxide–magnesium exchange reaction4 and applica-
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tions of the generated magnesium carbenoids to new
methods for organic synthesis.5 In continuation of our
investigation of the chemistry of the magnesium carbe-
noids, we recently studied the generation of simple
magnesium carbenoids 3 from 1-chloroalkyl phenyl sulf-
oxides 2 with Grignard reagents and reaction of 3 with
nitrogen nucleophiles (Scheme 1).

Interestingly, the reaction of the magnesium carbenoid 3
with N-lithio dialkylamine gave no aminated product
but dimeric product 4. In sharp contrast to this result,
tion; a-Amino-substituted carbanion; a-Amino acid.
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the reaction of 3 with several N-lithio arylamines af-
forded the adduct, a-amino-substituted carbanions 5.
From the adduct 5, a novel synthesis of a-amino acid
derivatives 6 was realized (Scheme 1).

The representative reactions are reported by using 1-
chloroalkyl phenyl sulfoxide 8, derived from sulfide 7
in high overall yield,6 as an example (Scheme 2). Treat-
ment of 8 in THF with 2.5equiv of i-PrMgCl at �70 �C
cleanly gave the magnesium carbenoid 9 in a quantita-
tive yield.6 To this solution was added 5equiv of N-lithio
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Scheme 3. A plausible mechanism for the formation of the dimer 10.
piperidine through a canula and the temperature of the
reaction mixture was allowed to warm to �40 �C for 1h.
We obtained an olefin 10 (dimer of the carbenoid 9)
in 55% yield. Quite interestingly, this olefin 10 was
not obtained at all from the carbenoid 9 in the absence
of N-lithio piperidine. Obviously, N-lithio piperidine is
essential in this olefin formation.

A plausible mechanism for the formation of the olefin 10
is proposed as shown in Scheme 3. Thus, the magnesium
carbenoid 9 (or 14) reacted with N-lithio piperidine to
i

NHLi

NCH3Li

NCH3Li

ArCH2CH2CHSPh

Cl

ArCH2CH2CH=CHCH2CH2Ar

O

D

ArCH2CH2CH2NH

ArCH2CH2CHN

ArCH2CH2CHN

COOEt

CH3

CH3

i-PrMgCl

8

10

11

12

(E:Z=5:1)

2.5 eq.

THF,  -70 ˚C

(D-content, 91%)

13

10 min

 for 1 h

H:

Cl2

=CHCH2CH2Ar

MgCl2

NLi

N

ArCH2CH2CH-CHCH2CH2Ar

Li

10

16



ArCH2CH2CH: MgCl2

NHLi

ArCH2CH2CHNPh

H Li

NCH3Li

ArCH2CH2CHNPh

Li CH3

CD3OD

ArCH2CH2CHNPh

CD3OD

ArCH2CH2CH2NHPh

Li H

ArCH2CH2CHNPh

D CH3

14

11

17

18

19 12

14

Scheme 4. A plausible mechanism for the formation of the N-alkylaniline 11 and N-(1-deuterated alkyl)-N-methylaniline 12 by the reaction of the

magnesium carbenoid 14 with N-lithio aniline and N-lithio N-methylaniline.

Table 1. Synthesis of N,N-dialkyl arylamine and a-amino acid derivatives 20 from the magnesium carbenoid 3 by the reaction of N-lithio arylamine

followed by electrophiles

RCHSPh

O
i -PrMgCl

RCHMgCl
ArNLi

R1

ClCl E

RCHN-Ar

R1
1)  3.5 eq.

2)  Electrophile
3 202

2.5 eq.

THF,  -70 ˚C

Entry 2 Ar R1 Electrophile E 20

R Yield/%

1 CH3O CH2CH2 CH3O CH3 CD3OD D 81%a

2 CH3O CH2CH2 CH3O CH3 ClCOOEt COOEt 74%

3 CH3O CH2CH2 Cl CH3 CD3OD D 79%a

4 CH3O CH2CH2 Cl CH3 ClCOOEt COOEt 73%

5 CH3O CH2CH2 CH3O PhCH2 CD3OD D 69%b

6 CH3O CH2CH2 CH3O PhCH2 ClCOOEt COOEt 67%

7 CH2CH2 CH3O PhCH2 CD3OD D 73%c

8 CH2CH2 CH3O PhCH2 ClCOOEt COOEt 71%

9 CH2 CH3O CH3 CD3OD D 70%b

10 CH2 CH3O CH3 ClCOOEt COOEt 68%

11 CH2 Cl CH3 CD3OD D 72%c

12 CH2 Cl CH3 ClCOOEt COOEt 68%

13 CH3O CH3 CD3OD D 48%d

14 CH3O CH3 ClCOOEt COOEt 48%

15 Cl CH3 CD3OD D 42%b

16 Cl CH3 ClCOOEt COOEt 41%

aD-content 90%.
bD-content 97%.
c D-content 95%.
dD-content 99%.

T. Satoh et al. / Tetrahedron Letters 45 (2004) 6703–6707 6705



6706 T. Satoh et al. / Tetrahedron Letters 45 (2004) 6703–6707
give the adduct 15, which reacted again with the carbe-
noid to give 16. b-Elimination of N-litho piperidine from
16 afforded the olefin 10.

In contrast to the reaction of 9 with N-lithio piperidine,
the reaction with N-lithio aniline gave N-alkylaniline 11
in good yield (Scheme 2). This reaction was quenched
with excess CD3OD; however, no deuterium was incor-
porated in the N-alkylaniline 11. Next, the magnesium
carbenoid 9 was treated with 5equiv of N-lithio N-meth-
ylaniline under the same conditions as above, and the
reaction was quenched with excess CD3OD. We ob-
tained the N,N-dialkylaniline 12 in 73% yield and the
product was deuterated on the a-carbon. The plausible
mechanism of this interesting reaction is shown in
Scheme 4.

The reaction of the magnesium carbenoid with N-lithio
aniline gave the adduct, N-alkylaniline having carbanion
at the a-position 17. The adduct has an acidic hydrogen
on the nitrogen, and the carbanion quickly picks up this
acidic hydrogen to give 18. So, as described above, on
quenching this reaction with CD3OD no deuterium
was incorporated on the a-carbon. In contrast to this,
the reaction with N-lithio N-methylaniline provided
the adduct 19, which has no acidic hydrogen, to
give the product having the alkyl group deuterated at
the a-position 12. Generation of the a-amino-substi-
tuted carbanions is well recognized to be quite difficult
from unactivated amines.7 The results obtained in this
study are highly notable as a new method for generation
of non-stabilized a-amino carbanions.8

In order to synthesize a-amino acid derivatives, we tried
to trap this carbanion 19 with ethyl chloroformate and,
fortunately, the expected reaction worked to afford the
a-amino acid derivative 13 in 73% yield (see Scheme
2).9 Generality of this reaction was investigated using
four kinds of 1-chloroalkyl phenyl sulfoxides 2 and N-
methyl p-anisidine, N-benzyl p-anisidine, and N-methyl
p-chloroaniline. The results are summarized in Table 1.

Entries 1–6 show that the reaction of the magnesium
carbenoid 9 with three kinds of arylamines, N-methyl
p-anisidine, N-methyl p-chloroaniline, and N-benzyl p-
anisidine, gave equally good yields (67–74%) of the a-
amino acid derivatives. The reaction starting from the
sulfoxide having a 2-phenylethyl group as R gave similar
results (entries 7 and 8). Entries 9–12 show the reaction
starting from the sulfoxide 2 having a cyclohexylmethyl
group as R. The results were shown to be almost equal
to those described above. Interestingly, the reaction
starting from the sulfoxide having a cyclohexyl group
as R showed markedly diminished yield of the a-amino
acid derivatives (entries 13–16). Steric hindrance is
thought to be the reason for the lowering of the yield,
at present.

In conclusion, we have found a novel and versatile
method for the formation of non-stabilized a-amino-
substituted carbanions by the reaction of the magnesium
carbenoid and N-lithio N-alkylarylamines. Investigation
of the scope and limitation, and development of this
reaction to an asymmetric synthesis of a-amino acid
derivatives is underway in these laboratories.
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