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ASYMMETRIC OXIDATION OF SULFIDES WITH AN OPTICALLY ACTIVE SUBSTITUTED

N-HALOGENOCAPROLACTAM

Yoshiyasu SATO, Norio KUNIEDA, and Masayoshi KINOSHITA
Department of Applied Chemistry, Faculty of Engineering,

Osaka City University, Sumiyoshi-ku, Osaka 558

Oxidation of sulfides using an optically active substituted
N-halogenocaprolactam, (+)-N-chloro-7-isopropyl-4-methyl-2-oxo-
hexamethyleneimine, produces the corresponding optically active
sulfoxides. The absolute configuration of sulfoxides obtained depends
on the chirality of the caprolactam used. The steric course of this

asymmetric oxidation is discussed.

The asymmetric oxidation of sulfides has most frequently been accomplished by

1-4) A correlation model was proposed based on

5)

using a number of chiral peracids.
principles of steric control like those developed by Cram and Prelog in asymmetric
syntheses at carbons,

We have previously reportede) that the oxidation of sulfides with N-bromo-¢-
caprolactam (NBC) in the presence of optically active alcohols gave the corresponding
optically active sulfoxides. The absolute configuration of sulfoxides obtained
depends on the chirality of alcohols used. Present communication reports on the
asymmetric oxidation of sulfides with an optically active substituted N-halogeno-
caprolactam, (+)-N-chloro-7-isopropyl-4-methyl-2-oxohexamethyleneimine (I), prepared
by the chlorination of the corresponding (-)-imine (II) with tert-butyl hypochlorite
in methylene chloride. The N-chloro-imine (I) was used without purification because
it easily decomposed on heating.

To a solution of a sulfide (20 mmol) and (I) (20 mmol) in 200 ml of a solvent
was added 8 ml of methanol with stirring at the desired temperature. After being
stirred for the desired time, the reaction mixture was poured into a large amount of

aqueous sodium thiosulfate to decompose unreacted (I). The sulfoxide was isolated

by means of chromatography on silica gel eluting with benzene-ether (2 : 3).
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The results of the asymmetric oxidation are summarized in Table 1.
CHy CHy Analyses, % found(calcd),
* *
§=° t-BuoC1 ¢=0 c H N
£« ~N-H —mo-—oouo % _—N-C1
in CH,CL, 1) 57.90 8.55 6.74
H,C cH, H,C cH, (58.88) (8.33) (6.87)
70.47 11.46 8.18
(11) (1) -
(70.96) (11.32) (8.28)

M.p. 119-120°C,

[al

- o
M.p. 19.5-20.0°C, a) Crude product

-50.86° (acetone) [a]D +34.75°(CHC13)

D
Table 1. Asymmetric Oxidation of Sulfides with (I)
Temp. Reaction ,———— Sulfoxide ————:5————1
Sulfide Solvent Time Yield [a]D Opt.Yield Abs.
(-]
(°€) (hr) () °) (%) Config.
- - a) -
p-CH 3CH,SCH,C H, CH,CL, 40 24 45.0 0 0
CH,CL, ~78 48 32.2 + 1.14%) 0.45 R
Toluene  ~-78 60 7.4 + 6.962) 2.76 R
P-CH,C H,SCHg Benzene 25 12 27.9 + 0.34% 1.60 R
CgHgSCH, Toluene -78 70 4.4 + 0.39% 0.26 R
C6H5CHZSCH3 Toluene ~-78 70 25.9 - 0.43b) 0.45 R

a) Determined in acetone. b) Determined in ethanol.

c) Calculated from the published data; (R)-(+)-benzyl p-tolyl sulfoxide [oc]D +252°

(acetone),7) (R) - (+) -phenyl p-tolyl sulfoxide [a]D +21.2°(acetone),8) (R)=(+)-

)

methyl phenyl sulfoxide [a]D +149°(acetone),9 and (S)-(+)-benzyl methyl sulfoxide

[a]D +96°(ethanol).4)

As shown in Table 1, in the case of aryl or alkyl benzyl sulfides the oxidation
must be carried out below -40°C in order to afford optically active sulfoxides.

The substituted caprolactam (II), prepared from %£-menthol by means of the method
of M. Imoto et al.,lo) has two asymmetric centers at 4-~ and 7-positions of the ring.

11)

The asymmetric carbon at 7-position has (S)-configuration. The sulfoxides obtained
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have the (R)-configuration on the sulfur atom in all cases.

On the basis of these results, a transition state model like that proposed by

5)

Prelog is proposed to interpret the steric course of this asymmetric oxidation.

Recently, it has been reported that N-chlorosuccinimide or 1l-chlorobenzotriazole

12,13) Assuming

reacts with sulfides to form an imido~ or an iminosulfonium salt.
the similar ionic adduct in the present reaction, two diastereomeric pathways may be

drawn in a similar manner as described previously (Scheme 1).

Scheme 1.
( CHMe,, Y+ oMe )+
CH, = . l
\'.' | : _ _ Hydrolysis
C—N---S7--OMe | C1"—> S Cl —————— > (R)-Sulfoxide
/ \’9, /‘,
H Ry ‘a7
(I) (a) Ry
) \ L) o
+
Sulfide
t - N
MeOH (B) C:HMez + .QMe +
CH - .
2, | / _ Hydrolysis
\C—N---s'--—OMe c1 —> S Cl'————> (s)-Sulfoxide
/ \"/, /e
H Ry, ‘RMRL
\ Ry )

According to this model, pathway (A) is preferred since the approach of the
asymmetric reagent to a sulfide is such that the large group (-CHMeZ) attached to
the chiral center is more easily arranged between the smaller group (lone pair) and
the middle group (RM) of the sulfide, rather than between the smaller and the larger

And the resulting alkoxysulfonium salts afford sulfoxides by hydrolysis,
14-16)

(RL).

proceeding with inversion of configuration. Thus the sulfoxide with (R)-
configuration is produced in excess.
Further investigation on the other asymmetric reaction with this optically

active substituted caprolactam is now underway.
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