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A novel synthesis of cyclic a-amino aldehydes, amino alcohols,
and a-amino acid methyl esters from cyclic ketones through

sulfinylaziridines
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Abstract—Treatment of 1-chlorovinyl p-tolyl sulfoxides, which were synthesized from cyclic ketones and chloromethyl p-tolyl
sulfoxide in three steps in good yields, with N-lithio arylamines gave sulfinylaziridines in high yields. On treatment with N-lithio
aniline or N-lithio p-chloroaniline, the sulfinylaziridines gave a-amino aldehydes in high yields. The a-amino aldehydes were
converted to amino alcohols and a-amino acid methyl esters in moderate to good yields. This procedure offers an efficient method
for synthesis of cyclic a-quaternary a-amino aldehydes, amino alcohols, and a-amino acid derivatives from cyclic ketones.
� 2004 Elsevier Ltd. All rights reserved.
Amino acids are the fundamental building blocks of
peptides and proteins and play essential roles in living
organisms.1 Because of the physiological importance of
a-amino acids, innumerable studies for their chemistry
and synthesis have been published.2 Recently, quater-
nary a-amino acids3 and b-amino acids4 have received
considerable attention. Especially, the cyclic a-quater-
nary a-amino acids are conformationally constrained,
they are used in controlling peptide secondary structures
and in drug design and development.5 The synthesis and
chemistries of cyclic a-quaternary a-amino acids have
attracted great attention these days.6 On the other hand,
a-amino aldehydes and amino alcohols are also quite
important and interesting compounds in organic chem-
istry.7

We have reported some new synthetic methods starting
from 1-chlorovinyl p-tolyl sulfoxides 2,8 which were
synthesized easily from aldehydes and ketones 1, and
chloromethyl p-tolyl sulfoxide. In continuation of our
study concerning the use of 1-chlorovinyl p-tolyl sulf-
oxides in the development of new synthetic methods,
herein we report our recent results for a novel synthesis
of cyclic a-quaternary a-amino aldehydes 4 and a-amino
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acid methyl esters 5 from the 1-chlorovinyl p-tolyl sulf-
oxide 2 via the sulfinylaziridines 3 (Scheme 1).

First, 1-chlorovinyl p-tolyl sulfoxide 69 was treated with
1.2 equiv of N-lithio aniline in THF at 0 �C for 30min.
Quite clean reaction took place and sulfinylaziridine 7c 10

was obtained in 92% yield (Scheme 2). It is interesting to
note that the product 7c is a single isomer though it has
two stereogenic centers. On the other hand, when this
reaction was conducted with excess N-lithio aniline at
room temperature, a-amino aldehyde 8c11 was obtained
in 90% yield.

A plausible mechanism of this very interesting reaction
is as follows (Scheme 3). Conjugate addition of N-lithio
aniline to the 1-chlorovinyl p-tolyl sulfoxide 6 gave the
adduct 9, which affords a-sulfinyl carbenoid 10 with
elimination of LiCl. N–H insertion reaction, then, took
place to give the sulfinylaziridine 7c. Another plausible
path for the formation of 7c is thought to be the sub-
stitution of the chloride by nitrogen via 11.

The mechanism for the formation of the a-amino alde-
hyde 8c by treatment of 6 with excess N-lithio aniline
was confirmed to be as follows. The sulfinylaziridine 7c
is attacked by the anilide to give ring-opened adduct 12.
The sulfinyl group in 12 is eliminated via 13 to give
imine 14, which is hydrolyzed in the work-up process to
give the a-amino aldehyde 8c. In fact, treatment of the
sulfinylaziridine 7c with excess N-lithio aniline at room
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temperature resulted in the formation of a-amino alde-
hyde 8c in high yield (vide infra, Table 3, entry 4).

In order to know what kind of amines afford the sulf-
inylaziridine 7, the vinyl sulfoxide 6 was treated with
various N-lithio arylamines and N-lithio alkylamines,
and the results are summarized in Table 1. As shown in
Table 1, arylamines gave sulfinylaziridine 7 in good to
high yields (entries 1–5), except p-nitroaniline (entry 6).
Quite interestingly, no alkylamine gave the desired sul-
finyl aziridine 7. The reaction with about 2 equiv of
N-lithio alkylamines did not proceed; however, with
large excess of N-lithio alkylamines, the reaction only
resulted in decomposition of 6 (entries 7–9).
Scheme 3. A plausible mechanism for the formation of sulfinylaziridine 7c a
The results for a trial to synthesize the a-amino alde-
hydes 8 directly from 6 are summarized in Table 2. The
reaction was conducted with large excess of various
N-lithio arylamines at room temperature. As shown in
Table 2, very limited arylamines gave the desired
a-amino aldehyde 8 (entries 3 and 4). It is interesting to
note that o-methoxy and p-methoxy aniline gave a
mixture of the aldehyde 8 and imine 14 (entries 1 and 2).
From these results, we concluded that there is little
prospect for the synthesis of a-amino aldehydes by this
direct procedure.

Next, we investigated the reaction of the sulfinyl azir-
idine 7 with various N-lithio arylamines and found that
N-lithio aniline and N-lithio p-chloroaniline gave good
to high yields of the desired a-amino aldehyde 8 (Table
3). As can be expected, this reaction with N-lithio
4-methoxyaniline gave a mixture of the aldehyde 8 and
the imine 14.

Finally, the a-amino aldehyde 8a (the product in Table
3, entry 1) was converted to cyclic a-quaternary a-amino
acid methyl ester 16 (Scheme 4). Because highly oxi-
dizable nitrogen is present in 8a, a mild oxidizing re-
agent for the conversion of aldehyde to carboxylic acid
must be selected. We found that iodine and a base in
methanol were the reagent of choice.12 The a-amino
nd a-amino aldehyde 8c.



Table 1. Synthesis of sulfinylaziridine 7 from 1-chlorovinyl p-tolyl sulfoxide 6 with various N-lithio amines

O

O

S(O)Tol

Cl

O

O

N H

S(O)Tol

R
RNHLi

6 7
THF

Entry RNHLi Temperature �C 7 Yield %

R (Equivalents)

1 o-MeOC6H4 (2.1) 0 7a 80

2 p-MeOC6H4 (1.3) 0 7b 90

3 C6H5 (1.2) 0 7c 92

4 p-ClC6H4 (1.7) 0 7d 93

5 p-CNC6H4 (2.3) 0 7e 84

6 p-NO2C6H4 (1.7) 0 to rt ––a

7 CH2@CHCH2 (5.3) 0 ––b

8 CH3(CH2)5 (5.2) 0 ––b

9 PhCH2 (2.2) 0 ––b

aNo reaction.
bA complex mixture.

Table 2. Synthesis of a-amino aldehyde 8 from 1-chlorovinyl p-tolyl sulfoxide 6 with various N-lithio arylamines

14

+
O

O

S(O)Tol

Cl

NHArArNHLi

6 8
CHO

NHAr

CH=NAr
room temp.

THF

Entry ArNHLi 8 Yield % 14 Yield %

Ar (Equivalents)

1 o-MeOC6H4 (12.4) 8a ––a 14a ––a

2 p-MeOC6H4 (7.5) 8b ––b 14b ––b

3 C6H5 (4.0) 8c 90 0

4 p-ClC6H4 (8.3) 8d 80 0

5 p-CNC6H4 (6.2) 0c 0

aAn inseparable mixture of a-amino aldehyde 8a and imine 14a; 84% yield.
bAn inseparable mixture of a-amino aldehyde 8b and imine 14b; 40% yield.
c The product of this reaction was the sulfinylaziridine 7e (Table 1, entry 5; yield 75%).

Table 3. Synthesis of a-amino aldehyde 8 from sulfinylaziridine 7

Ar'NHLiO

O

N H

S(O)Tol

Ar
O

O

NHAr

CHO
room temp., 4 h 87

THF

Entry Ar Ar0 (Equivalents)a 8 Yield %

1 o-MeOC6H4 C6H5 (5.5) 8a 90

2 p-MeOC6H4 C6H5 (4.0) 8b 76

3 p-MeOC6H4 p-ClC6H4 (5.5) 8b 91

4 C6H5 C6H5 (4.0) 8c 94

5 p-ClC6H4 p-ClC6H4 (4.5) 8d 90

6 p-CNC6H4 C6H5 (8.5) 0b

aUse of less amount of aniline or p-chloroaniline gave incomplete reaction.
bA complex mixture.
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aldehyde 8a was treated with a solution of iodine and
KOH in methanol to give the methyl ester 15 in 84%
yield. Finally, the methyl ester 15 was treated with celic
ammonium nitrate (CAN).13 This reaction gave the
desired free amine 16 in moderate yield. Reduction of
the aldehyde 8a with NaBH4 in ethanol gave the desired
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amino alcohol 17 in a quantitative yield without any
problem.

To investigate the generality of these reactions, we fur-
ther studied this procedure starting from 1-chlorovinyl
p-tolyl sulfoxide 18 derived from cyclopentadecanone9

(Scheme 5). The reaction of 1-chlorovinyl p-tolyl sulf-
oxide 18 with N-lithio 2-methoxyaniline gave the desired
sulfinylaziridine 19 in somewhat lower yield (72%)
compared with the examples in Table 1. The amino
aldehyde 20 was obtained from 19 by treatment with N-
lithio aniline in 88% yield. Oxidation of the aldehyde
group to a methoxycarbonyl group was successful by the
oxidation with iodine to afford the amino acid methyl
ester 21 in 85% yield. Finally, the methoxyphenyl group
was eliminated with CAN as above to give the cyclic
amino acid methyl ester having a large carbon ring 22 in
moderate yield.

We are continuing to study the scope and limitation of
this procedure and extension of this reaction to the
asymmetric synthesis of cyclic and acyclic a-quaternary
a-amino aldehydes, amino alcohols, and amino acid
derivatives.
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