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New Chemical Aspects of ft -Sultams: Selective
Hetero Bond Cleavage and Sequential Reactions

TADASHI KATAOKA

Gifu Pharmaceutical University, 6-1 Mitahora-higashi 5-chome,
Gifu 502-8585, Japan

The selective C-S bond cleavage of a P-sultam ring was achieved using EtAlCl2 as a Lewis
acid. Furthermore, treatment of 4-silyl-P -sultams with EtAlCl2 effected the selective C-N
bond cleavage which, followed by desilylation, afforded (£)-vinylsulfonamides stereospecif-
ically. The Pummerer reaction of 4-suIfenyl- (3 -sultams produced a-amino acid thioesters,
and the chiral a-amino acid thioesters were prepared from chiral imines and methanesulfonyl
chloride.

Keywords: 1,2-thiazetidine; 1,1-dioxide; P -sultam; bond cleavage; 1,2-aryl migration;
Lewis acid; a -amino acid thioester; Pummerer reaction

INTRODUCTION

1,2-Thiazetidine 1,1-dioxide, namely, 0 -sultam,111 is a cyclic sulfon-

amide of # -aminoethanesulfonic acid, also called taurine. Taurine is the

most abundant amino acid, but the functional role of taurine in the body

is at present unknown. It may act as an inhibitory neuro-transmitter in

the brain and as a membrane stabilizer linked to the Cr channel. /3 -

Sultams are also regarded as the sulfonyl analog of 0 -lactams. A great

number of |3-lactams have been synthesized and their chemistry has
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194 TADASHIKATAOKA

already been fully studied. However, very few papers on the 0 -sultams

have been published. One main reason why the chemistry of /3 -sultams

has not been developed is the fact that the # -sultam derivatives have

not shown remarkable antibiotic activities.

0 -Lactams are stabilized by the n -bond overlap between the lone pair

electrons of the nitrogen atom and the carbonyl group, but in # -sultams,

the degree of stabilization is much less. In addition, the distortion of the

# -sultam ring is enhanced by the C-S and C-N bonds which are longer

than the corresponding C-C and C-N bonds of the & -lactam ring.

The /3 -sultam ring comprises three different types of hetero single

bonds, namely, the C-N, C-S and N-S bonds. If a hetero bond is

selectively and heterolytically cleaved, & -sultams can be utilized as

synthetic equivalents of 2-aminoethyl cations, 2-sulfamoylethyl cations

or 2-aminoethanesulfonyI cations. In order to open up the new

chemistry of # -sultams on the basis of this background, we focused

our attention on the selective bond cleavage of the 0 -sultam ring and

have been studying the selective hetero bond fission of 0 -sultams over

the past five years.

b

'-NH

-SO
c

2

a

a: C-S Bond ... _
Cleavage ^< NHSO2 or +'

b: C-N Bond
Cleavage * + '

c: N-S Bond
Cleavage * HN

Scheme 1

CARBON-SULFUR BOND CLEAVAGE

We first investigated the selective C-S bond cleavage with a Lewis acid

(Table I).'"1 The reactions of m-3,4-diphenyl- # -sultam la with
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NEW CHEMICAL ASPECTS OF p-SULTAMS 195

various Lewis acids were carried out, and A1C13 and EtAlCl2 proved to

be the best reagents for the selective C-S bond cleavage. EtAlCl2 was

used for the convenient handling of the small quantity required.

Reaction using 2 equiv. of EtAlCl2 gave benzophenone 2a in higher

yield than that using 1.1 equiv. of EtAlCl2, and, therefore, other

reactions were conducted with the use of 2.0 equiv. of EtAlCl2. The C-S

bond was selectively cleaved.in spite of the cis- and trcms-

configurations between the 3,4-diaryl groups. In the case of p-

methoxyphenyl derivative lc, hydroxy-aldehyde 4 was obtained as a

minor product. The reactions of the/3-sultams without a substituent at

the 4-position did not proceed.

Table 1. Formation of Ketones or Aldehydes

\-N

R'"j-EO2

EtAICb (2 equiv)

,12h

.CHO Ph^-CHO

H4^X>H

4

Entry

1
2
3"
4
5
6
7
8
9

Compd No.

1a
1b

1c
1d
1e

1f
1g

1h
11

Suttam
Ar

Ph
Ph
p-MeOC6H4

Ph
p-MeCjH,
p-MeC6H4

p-MeCjH,
Ph
/vMeC«H4

R1

H
Ph
H
H
H
H
Me
Me
Me

R1

Ph
H
Ph
H
H
Me
H
Me
Me

R3

Ph
Ph
Ph

-
-

Me

-

Products
(Kyields)

2a (81)
2a (78)
2b (62). 4(31)
N.R.
N.R.
N.R.
2c (35). 1g (44)
3a (73)
3b (78)

a) 2.2 Equiv of EtAIC^wai u«ed.

Lewis »eld« attempted: A d 3 , EtjACI, EtjAl.TiO,, TKOiPr),. ZnCI,. Znl2. ZnEt2. BF3-Et2O

The m-methyl derivative If did not give the product, but the compound

with the /ra/tt-configuration lg gave the product 2c in 35% yield. The

4,4-dialkyl derivatives lh, i produced aldehydes 3a, b in high yields.

The plausible mechanism for formation of aryl ketones and aldehydes is

shown in Scheme 2.

EtAlCl2 attaches to the sulfonyl group and the C-S bond is cleaved. The

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



196 TADASHIKATAOKA

Ar ArAr

VNR
so

1.2-Aryl Shift *-•
•- Ar-A SO2

II -

Scheme 2

resulting carbocation I undergoes the aryl group migration and the

subsequent release of sulfur dioxide to form the imine II. The imine

having a hydrogen, namely, R2=H, isomerizes into the enamine III. The

enamine III transforms into the chloro-imine IV and then hydrolyzes to

form the a -hydroxy aldehyde V. This aldehyde V causes deformylation

to give the ketone 2. On the other hand, when the a -carbon of the imine

II is fully substituted, the imine II gives aldehyde 3 by hydrolysis. To

confirm this mechanism, we conducted the following reactions. When

a -hydroxy aldehyde 4 was used in the preparative TLC, p-methoxy-

pheny] phenyl ketone 2b was obtained in 86% yield. iV-(2-Phenyl-

propylidene)butylamine 5 was treated with 2 equiv. of EtAJCI2 at room

temperature for 12 h, and acetophenone 2d was obtained in 63% yield.

In order to study the effect of the migrating group R, we next examined

the reactions of the $ -sultams with an electron-deficient aryl group at

the 3-position (Table 2).

The reactions of m-3-(3-pyridyl)-4-phenyl- # -sultam 6a-e/s with 2

equiv. of EtAlCIj gave 1,2,3-oxathiazolidine 2-oxide 7a in 65% yield.

The product 7a was a mixture of diastereoisomers 7A and 7B due to the
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NEW CHEMICAL ASPECTS OF p-SULTAMS 197

Table 2. Formation of 1,2,3-OxathiazolldIne 2-Oxides and Aziridines

R ,

Ph-"

S-N /R<s--N R«y.
T "s-o/ T >-o * DN-CI
- o /Ph- ° P>r

7A 7B 8

Entry
p-Sultam

Compd No. R Condition* Products f * yield)

6a-c/s
Sa-c/s

Gb-c/s
Sb-c/«
Sc-c/a
6d-c/j
««-c/s
«f*

3-Pyridyl
3-Pyrioy
3-Pyridyl
4-Pyridyl
4-Pyridyl
2-Pyridyl

p-CNCjH4

(Butyl

ElAICI2(2.0).r.t.12h
EtAICIj (4.5). r«flux. 60h

). r.t. 12h
). 0°C. 22h

AKa3(4.0),l»flu«,28h
AICI}(4.0),r.l.27h
EtAlCI2(1.0).0°C.12h
AIOj(1.5). r.t, 14h
EtAICt2(1.1).r.t12h

7. (65. A 8-70:30)
7a (S. AB'8020).8a (62)
No Reaction
7b(49. A:B-Mt0i°.8b(11)
7b(8.A:B-91;9)b.8b(54)
7c (9, A B-M 6)b. 8c (48)
7d(ie.A:B-95:5)'
8t(23)
7fA (93)

aAn tsom«ric mixtur* (cib:fr«nt>1:1.8) was u
Tho ratio was datermined by ' H NMR.

bAn ln»parabi* mixtur* of sttreoisom«rs.

configuration of the S-0 group in the ratio of 70:30. Upon using 4.5

equiv. of EtAlCl2, we obtained cw-aziridine 8a in 62% yield accom-

panied with oxathiazolidine oxide 7a. The /ra/is-isomer 6a-frfl«s did

not afford the oxathiazolidine oxide. Therefore, we conducted the

reactions of only the c/'s-isomers. A1CI3 was used instead of EtAlCl2 and

we obtained m-aziridine 8b in 54% yield.

From these results, it was seen that the stereochemistry between the 3-

and 4-aryl groups affects the ring-opening of the # -sultams. Prolonged

reaction time and the increased use of the Lewis acid increased the

yield of the aziridines.

In contrast, the reaction of 3,4-diphenyl- & -sultam la-cis with 2 equiv.

of SnCl4 gave c/s-aziridine 8a and benzophenone 2a, but no

oxathiazolidine oxide. In entry 6, the fi -sultam with an electron-

releasing group, the p-methoxyphenyl group, lc-ci$ afforded only

ketone 2b. The franx-isomers in Entries 3 and 5 did not give the

aziridines, but gave the ketones 2.

The difference in the products between the reactions with the aluminum

Lewis acids and SnCl4 can be explained in terms of the difference in

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



198 TADASHI KATAOKA

Table 3. Reactions of Some P-Suttams 1 with SnCl4

s H " SnCI4 (2equiv)

pJSO2 CH2C.1.r.t.12h

Products(%yield)-

1

2°
3

4

5

6

1a-c/s

1a-c/s

U-tnns

1J-C/S

1J-trsns

1C-C/S

Ph

P4
Ph

p-8rC6H4

p-BrCgH4

p-MeOCsH4

8a (46). 2a (19)

8a (53). 2a (10)

8a (trace), 2a (61)

8b (14), 2d(4). 1]-c/s(76)

8b (trace). 2d (46), 1J-«rans (32)

2e (83)

'Reactions were carried out at room temperature for 12 h unless otherwise noted, isolated yield.
'2 equ'w of Kl was added as the nucfeophile.

affinities to the sulfur and oxygen atoms.

Since we achieved the selective C-S bond fission using a Lewis acid,

we attempted to trap the resulting carbocations with an intramolecular

alkenyl group (Table 4).|3>

fraw-4-Butenyl-3-phenyl- $ -sultam 9a was treated with 2.2 equiv. of

EtAlCl2 in toluene at room temperature, and bicyclic 7 -sultam 10a was

obtained. The c/s-isomer 9a' also gave the same product 10a. When the

Table 4. Formation of Bicyclic-Y-sultams from 4-Alkenyl-P-suttams

T
Y

10A;X=Ar,Y=R
10B: X=R, Y=Ar

Entry

1

2

3

4

5

6

p-Sutttm

9a

9a'

9b

9c

9d

9e

Ar

Ph

Ph

p-Tol

p-Tol

p-Tol

Ph

R

Ph

Ph

Me

Et

Ph

Ph

n E

2

2

2

2

2

1

LtWOj (eq.)

2.2

2.2

2.2

2.2

2.2

2.2

Solvent

Toluene

Toluene

Toluene

Toluene

Toluene

Toluene

Time(h)

12

12

12

12

12

12

Products (% yield)'

10a(53)

10a (59)

10bA(42). 10bB(6)b

10cA(39). IOCBIS)"

10d(56,A:B = 1:1)c

10* (11). 11 (66)

'Isolated yield. "Stereochemistry ol the products was determined by NOE measurement.
CA mixture of diastereomers. The ratio wa* estimated by 1H NMR spectrum.
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NEW CHEMICAL ASPECTS OF p-SULTAMS 199

aryl group and the group R were different, the diastereoisomers 10A
and 10B were obtained. A methyl group of the alkenyl group was
necessary for this reaction. The propenyl derivative 9e gave the
aldehyde 11 as the major product. The structures of the products could
not be determined based only on the spectral data and, therefore, an X-
ray analysis was conducted.

The proposed mechanism for the tandem cyclization is shown in
Scheme 3. The Lewis acid, EtAlCl2> cleaves the C-S bond. The
resulting cation VI undergoes the 1,2-aryl shift and the intramolecular
tandem cyclization, namely, the olefinic cyclization and the sulfonyl
cyclization. The bicyclic y -suitam 10 is finally formed. In the case of
the propenyl derivative, the cation VII eliminates sulfur dioxide and
forms the imine, which is hydrolyzed to aldehyde 11.

Me
VII

Me

work-upj hydrolysis M*"\tlX'Ar

A r v CHOX
i£r'

recydizabon

"

. . . , I olefinic
' J cyclization

Me10

Scheme 3

CARBON-NITROGEN BOND CLEAVAGE

We synthesized the /3 -sultams bearing a trimethylsilyl (TMS) or lert-

butyldimethylsilyl (TBDMS) group at the 4-position and carried out the
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200 TADASHI KATAOKA

reactions of the j3 -sultams with EtAlCl2.
|5-6) The vinyl sulfonamides

with (£)-configuration were obtained in good to high yields (Table 5).

Table S. Reactions of 4-Slty<-subs8tuted p-SuItams 12 with EtAICIj

Sfl-SOj
R512

H^,Ctf,CMe-p

MS SOjNH'CsH,,
IS

CompdNo. R1
4-5iTy<ated P-Su«am

(equiv.) Tiroe(ri)
Products'
(% yield)"

1
2
3
4<
5
6
7
e
9
10
11

12a
12b
12C
12(1
12«
12f
12g
12h
121
12)
12k

C 6 H ,
' C B H ,

C C 6 H,
C C 6 H,
C C 6 H,
"Bii
|C6H,
CgHj

eC,H,
eC6H,

Ph
(>*teC6H.

rBu
Ph
Ph
Ph
'Bu
Ph

p^ctm

H
H
H
H
Me
Me
Ph
Ph
"IMS
IMS
TMS

TBDMS
TBDMS
TBOMS
TBDMS
TMS
TBDMS
TMS
TMS
TMS
TMS
TMS

2.0
2.0
2.0
1.5
4.0
2.0
2.0
2.0
3.0
2.0
2.0

26
24
28
23
24
24
30
28
3$
36
34

13t<93)
13b(99)
13c(91)
13d (21). 14(85)
13«<64). 12«(26)
13e(92)
138(68). 1g(12)
13h(64)
131(89)
131(71). 15(21)
13k(90)

TTie Qdometry was determined from the coupling constant between vfc-olefinic protons in *
NOE technique . "isolated y»U. 'Reaction Tempefature: 40°C.

or by

Some quantity of the starting material was recovered from the reactions
of TMS-substituted P -sultam 12e in Entry 5. This implies that the
bulky TBDMS group accelerates the & -sultam ring opening. The N-
dealkylation was observed in the case of N-tert-bu\y\ derivative 12d,
and iV-n-butyl derivative 12g gave the desilylated & -sultams lg in 12%
yield. 4-Disilylated & -sultams 12i-k similarly reacted with EtAlCl2 to
give the a -silyl (£)-vinylsulfonamides 13i-k in high yields. The p-

methoxyphenyl derivative 12j produced (Z)-vinylsulfonamide 15
together with (£)-isomer 13j.
The plausible reaction mechanism for the stereoselective formation of
(£)-vinylsulfonamides is shown in Scheme 4.

It is seen that the 0 -sultam ring is folded, and not planar, from the
conformational analyses of the 0 -sultam ring by 'H-NMR spectro-
scopy and X-ray crystallography. A conformer bearing an equatorial
silyl group VIII is more stable than that with an axial silyl group IX.
EtAlCl2 attaches to the sulfonyl group similar to the other examples
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NEW CHEMICAL ASPECTS OF P-SULTAMS 201

Mechanism for Stereoselective Formation of (E)-Vinylsulfonamides

O H SI

1 Ratals

S^ML-TMS

^-vrv-H

R'-^H

H

I
(2J-18

Scheme 4

mentioned above. The equatorial silyl group assists the breakage of the
C-N bond from the rear side, and this can be explained more clearly by
the Newman projection. The antiparallel desilylation gives the (£)-
vinylsulfonamide stereoselectively. When the aryl group is a p-

methoxyphenyl moiety, the resulting carbocation X is stable to rotate by
120° and then eliminates the silyl group. Hence, Z-isomer 15 is formed
as a by-product.

The C-N bond fission of # -sultams was also found in the reactions of
3-phenyl- # -sultams with organometallics.'71

1'UMMERER REACTION OF 4-SULFINYL- & -SULTAMS:

SYNTHESIS OF a -AMINO ACID THIOESTERS

If the sulfinyl j3 -sultam XI causes the Pummerer reaction by the treat-

ment with trifluoroacetic anhydride (TFAA) and the expected trifluoro-

acetate XIII is produced, the trifluoroacetate XIII is labile against

hydrolysis and gives the half-acetal XIV. The half-acetal XIV

undergoes the C-SO2 bond cleavage and forms the amino acid thioester
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202 TADASHIKATAOKA

with the loss of sulfur dioxide. On the other hand, if the benzenethiolate

ion is eliminated from the half-acetal XIV, a 4-keto- /3 -sultam XV is

formed and then hydrolytically ring-opened to give the a -amino acid.

R' -R2 R'v .R2

V" __ VN
•/rs°2 PhS—}—so2

h S ^ ) 0C0CF3
X | J OCOCF3 XIII

R R

"20 V N , -SO
P h S ^

(o a-Amino Acid Thioester

R -R

Mi —
0/ o

HO XV a-Amino Acid

Scheme 5

If this Pummerer reaction shown in Scheme 5 proceeds successfully, it
would become a new method for the C-S bond cleavage.

The synthesis of the 4-sulfinyl substituted 0 -sultams is shown in Table
6.
The /rans-phenylthio- P -sultams 16 were oxidized with m-chloroper-
benzoic acid (MCPB A) and gave the sulfoxides 17 as a mixture of dia-
stereoisomers. The diastereoisomers could be separated into two
isomers, 17-1 and 17-2, but their stereostructure has not been

determined. The cu-sulfide 16d was similarly oxidized, but the

resulting cis-sulfoxides 18d were isomerized to the trans-isomers 17d

by treatment with silica gel.
The Pummerer reactions of the frans-sulfinyl- 0 -sultams 17 with TFAA

were conducted and the results are shown in Table 7.|!|
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NEW CHEMICAL ASPECTS OF P-SULTAMS 203

Table 6. Synthesis of 4-Sulflnyt-p-sultams

.J-S02
PhS 1 5

R1 R2

PhS' '
i 17-1.17-2
u (diastereonrwrs)

Entry 16 R1 R2 17 ( * yield)'

1«a
16b
16c
16d

16f

Ph
Ph
Ph
p-Tdyl
o-Tolyl
•Bu

eC( sH,,

"Bu

feu •

17l-1 (58). 17J-2 (IS)
17b-1(49).17b-2(47)
17c-1 (75). 17c-2 (20)
17d-1 (53). 17d-2 (20)
17e-1 (S4). 17e-2 (33)
17M (54). 17f-2 (38)

"Isolated yield.

p-ToM P-Tolyl

SO2

° 18d-1,18d-2
dastwsomsrj .

silica 9.1 . '

bomerizstion u 18d

PhS

O
1.17d-2

Table 7. The Pummerer Reaction of 4-Sulfinyt-p-sultams:
Formation of a-Amino Acid Thioester Derivatives

PhS PhS

18
COCF,

Entry

1
2
3
4
5
6
7
8

R1

Ph

Ph

'Bu

R2

'CoHu

'Bu

eCeH, ,

Conditions

TFAA (1.0 eq). 12 h
TFAA(2.0eq). 24h
TFAA(4.0eq), 20h
TFAA(4.0eq), 20h
TFAA(4.0eq), 20h
TFAA(4.0eq), 20h

TFAA(4.0eq). 20h
TFAA (4.0 eq), 20 h

Sulfoxide

17a-1
17a-1
17a-1
17a-2
17e-1
17c-2
17M
17t-2

Products* (% yield)11

recovery1

19a. 20a (low yield)
18a (72). 20a (13)
19a (79), 20a (14)
19c(93)
19c (97)
191(81)
19f(82)

"A trace amount of (PhS)2 was isolated In an cases,
of the sulfoxide moiety was observed.

^Isolated yietd. cl9omerization

From the results in Entries 1-3, 4 equiv. of TFAA was necessary to

complete the reaction. However, excess TFAA yielded //-trifluoro-

acetamide 20a as a by-product. The other diastereoisomer 17a-2

similarly gave the same thioesters 19a and 20a in Entry 4. The

difference in the stereochemistry at the sulfinyl group did not affect the
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204 TADASHIKATAOKA

Pummerer reaction. This means that the stereochemistry of the

sulfoxides was lost during the reactions similar to the usual Pummerer

reaction. Therefore, we conducted the Pummerer reaction of the

mixtures of four diastereoisomers 17d-l,2 and 18d-l,2 and obtained the

thioester 19d (63%) and //-trifluoroacetyl derivative 20d (15%).
The Af-trifluoroacetamide derivatives were not obtained from the

reaction of the N- or 3-/er*-butyl derivative, 17c or 17f, because of the
bulkiness of the /erf-butyl group.

The Pummerer reaction of the selenoxide was attempted. The product
was very labile and decomposed during preparative TLC.

The Pummerer reaction proceeded as might have been expected in
Scheme 5. An interesting finding in this reaction is that the thionium
ion XII, that is, the a -phenylthio carbocation, did not cause the 1,2-aryl
shift in contrast to the carbocation generated using an aluminum Lewis
acid.

We next planned to apply this method to the synthesis of optically
active a -amino acid thioesters. The fi -sultam ring can be constructed
by the [2+2] cycloaddition of imines and sulfenes. The sulfenes are
generated in situ from the reaction of the imines and the sulfonyl

chlorides. If we use a chiral imine, we can expect the 1,3-asymmetric
induction, and the carbon at the 3-position would become a chiral
center (Table 8).
The reaction of the optically active iV-phenethyl imine 21a with

methanesulfonyl chloride gave a /? -sultam in 70% chemical yield and
42% diastereomeric excess. Reactions of the imines bearing an aryl

group 21a-e gave the products with moderate diastereoselectivity. The

imines with a bulky alkyl group 21f-h increased the diastereoselectivity,
and the highest selectivity was obtained from the //-(l-te/7-butyl-

ethyl)imine 21h. The stereochemistry of the major isomer was

determined by X-ray crystallographic analysis.

The 1,3-asymmetric induction of the reaction of N-(l-/-butylethyl)imine
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Table 8. 1.3-A»ymm«tric Induction in the [2>2J Cycloaddition

THF " V i . , / * *
11 Lso,

1m hie

%

Ph 2 1 *

Me

"Bu 21b

Ph 21c

Me
>-1-N»pt

rH

Ph 21d

Product MTiek)"

Me
Ph J . 7o.42«e

I-SO, 22

Me
feu Jj J^W^*

I-SO, 23

\ i _ N - * ~ - _ . T o ( 72.44%de

Lio, u

Me

I 3Q. 25

Imine

Me

P h ^ N

Ph'

Me

Ph^N

2 1 .

211
Me

21g

21 h

Product

U,
Me

Phlf-N'^-tC
Lso,

P htf
Me

3

27

Me

21

2>

SYieta1

60.67%de

. . S O S d e

67. > 95Sde

"Isooted ><eld Dastereomftric exc«» w«s calculated from ' H NMR spectrum at the reaction mature

21h with sulfene is shown in Scheme 6 as an example.

Conformers A and B are important among the conformers of the imine

21h for the discussion of the stereoselectivity of the reaction.

Conformer B is less stable than conformer A because of the allylic

strain. When the sulfene attacks the imine from the opposite face to the

te/-/-butyl group, the 5>>n-isomer syn-29 is formed. The front-side

attack of sulfene is restricted by the bulky /ev/-butyl group, and
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consequently the aw//-isomer anti-29 is produced in only a few % yield.

The synthesis of the chiral a -amino acid thioesters is shown in Table 9.

Table 9. Synthesis of Chiral a-Amino Acid Thioesters

Me Me
Ph A" 1)LDA(3 0moleq), THF,-78°C ph A *

ar-y P h » r N p h
M o 2 2)(PhS)2(1.0moleq) A-SO2

syn-22 %

Ph.
Me

Ph

antf-22

1)LDA(3.0moleq),THF,-78°C

2)(PhS)j(1.0moleq) .
PhS'

30(74%)

Me

s L S O 2

PhS

Me

s A"
pN Ph

?-so2

32 (84%)

31 (17%)

Me

33(9%)
Me

• r - N ' V h MCPBA

M
Ph. s A"

N

PhS

M
Ph. s A"

Me

30

, A- P"h V e

^pN^Ph TFAA(4.0eq) P h S v A N A « p h

CH2Cb phs 2 CH2CI2, r.t, 20 h o H

hT 34

PhS' 37

Entry

1
2

3
4

Sulfde

30

32

Sulfoxide (% yield)8

34-1 (71)
34-2 (25)

38-1 (75)
36-2(22)

Thioester (% yield)"

35 (89, > 90% de)b
33 (97, > 90% de)b

37(91.>90%de)b
37 (88, > 90% de)b

'isolated yield. bDiast»reomeric excess was calculated from 1H NMR spectrum.

A 1 'R,3S-syn- & -sultam syn-22 was sulfenylated at the 4-position, and

yielded a pair of diastereoisomers 30 and 31. A r^,3/?-a«//"-isomer

anti-11 was similarly sulfenylated and gave two diastereoisomers 32

and 33. We oxidized the major isomer 30, which has the \'R,7>S,4R-

configuration, and obtained the sulfoxides as a mixture of the

diastereoisomers 34-1 and 34-2. After separation of the diastereo-

isomers, each isomer was submitted to the Pummerer reaction and gave

the same thioester 35 in high chemical yield and higher than 90%
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diastereomeric excess. Similarly, the anti-trans- $ -sultam 32 was trans-
formed into the a -amino acid thioester 37 with the on/z-configuration
in high chemical and optical yields. A slight epimerization of the a -
chiral center was observed under the reaction conditions.
This synthetic method for optically active amino acid thioesters has the
advantage that achiral aldehydes can be converted to the chiral amino
acid thioesters. •

ACKNOWLEDGEMENTS
I wish to express my appreciation to Dr. T. Iwama for his invaluable
contribution to this program, and am also grateful to my co-workers
whose names appear in quoted publications from my research group.
This research was supported by the Ministry of Education, Science,
Sports, and Culture, Japan, and the Suzuken Memorial Foundation.

References
[1] T. Iwama and T. Kataoka, Reviews on Heteroatom Chemistry. 15, 25 (1996); J.

Chanet-Ray and R. Vessiere, Org. Prep. Proced, Int., 18,157 (1986).
[2] T. Kataoka and T. Iwama, Tetrahedron Lett., 36,245 (1995).
[3] T. Iwama, M. Ogawa, T. Kataoka, O. Muraoka, and G. Tanabe, Tetrahedron, 54, 8941

(1998).
[4] T. Kataoka and T. Iwama, Tetrahedron Lett., 36,5559 (1995).
[5] T. Kataoka, T. Iwama, and A. Takagi, Tetrahedron Lett., 37,2257 (1996).
[6] T. Iwama, A. Takagi, and T. Kataoka, Chem. Pharm. Bull, 46, 757 (1998).
[7] T. Iwama, T. Kataoka, O. Muraoka, and G. Tanabe, Tetrahedron, 54,5507 (1998).
[8] T. Iwama, T. Kataoka, O. Muraoka, and G. Tanabe, J. Org. Chem., submitted for publi-

cation.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


