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New Chemical Aspects of 3 -Sultams: Selective
Hetero Bond Cleavage and Sequential Reactions

TADASHI KATAOKA

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

The selective C-S bond cleavage of a B-sultam ring was achieved using EtAICl, as a Lewis
acid. Furthermore, treatment of 4-silyl-B -sultams with EtAICl, effected the selective C-N
bond cleavage which, followed by desilylation, afforded (E)-vinylsulfonamides stereospecif-
ically. The Pummerer reaction of 4-sulfenyl- 3 -sultams produced ot-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; B -sultam; bond cleavage; 1,2-aryl migration;
Lewis acid; a -amino acid thioester; Pummerer reaction

INTRODUCTION

1,2-Thiazetidine 1,1-dioxide, namely, 8 -sultam,!" is a cyclic sulfon-
amide of 8 -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 Cl channel. 8-
Sultams are also regarded as the sulfonyl analog of B -lactams. A great
number of B -lactams have been synthesized and their chemistry has
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already been fully studied. However, very few papers on the 8 -sultams
have been published. One main reason why the chemistry of B -sultams
has not been developed is the fact that the 8 -sultam derivatives have
not shown remarkable antibiotic activities.

B -Lactams are stabilized by the 7 -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
B -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 B -lactam ring,

The B -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, B -sultams can be utilized as
synthetic equivalents of 2-aminoethyl! cations, 2-sulfamoylethyl! cations
or 2-aminoethanesulfonyl cations. In order to open up the new
chemistry of B -sultams on the basis of this background, we focused
our attention on the selective bond cleavage of the 8 -sultam ring and
have been studying the selective hetero bond fission of B -sultams over
the past five years.

‘a:C-S Bond

b Cleavage ~ +~ “NHSO, or .-~ “NH
-NH
) b: C-N Bond _ "
[ “~ e Cleavage +/\SOZNH
'802
+
a c: N-S Bond - SO
Cleavage HNT 772
Scheme 1

CARBON-SULFUR BOND CLEAVAGE

We first investigated the selective C-S bond cleavage with a Lewis acid
(Table 1).2 The reactions of cis-3,4-diphenyl- B -sultam 1a with



14: 05 28 January 2011

Downl oaded At:

NEW CHEMICAL ASPECTS OF B-SULTAMS 195

various Lewis acids were carried out, and AICI; and EtAICl, proved to
be the best reagents for the selective C-S bond cleavage. EtAICI, was
used for the convenient handling of the small quantity required.
Reaction using 2 equiv. of EtAICl, gave benzophenone 2a in higher
yield than that using 1.1 equiv. of EtAlCl,, and, therefore, other
reactions were conducted with the use of 2.0 equiv. of EtAICl,. The C-S
bond was selectively cleaved .in spite of the cis- and trans-
configurations between the 3,4-diaryl groups. In the case of p-
methoxyphenyl derivative 1c, hydroxy-aldehyde 4 was obtained as a
minor product. The reactions of the B -sultams without a substituent at
the 4-position did not proceed.

Table 1. Formation of Ketones or Aldehydes

[
A, N CeHi eiach, (2 equiv) j’\ N><CHO Ph.__CHO
ez SN, ' -
RU{—80, cHLht,12h AR RTCR? P-MeOCH,” ~OH
2 3 4
R, 2
Ent . Suftam Products
™Y Compd No. A R' ]? R® (%ylelds)
1 1a Ph H Ph Ph 2a(81)
2 1b Ph Ph H Ph 2a(78)
3 1c pPMeOCH, H Ph Ph 2b (52), 4 (31)
4 1d Ph H H - NR.
5 1e p-MeCgH, H H - N.R.
6 1 p-MeCeH, H Me - NR.
7 1g p-MeCgH, Me H Me 2c (35), 1g (44)
8 1h Ph Me Me - 3a(73)
9 1i p-MeCgH, Me Me - 3b (78)

a) 2.2 Equiv of EtAIC!, was used.
Lewis acids attempted: AICI,, ELAICE, EtAL TICH,, THOPH, ZnChy, Znly, ZnEty, BFyEL,0

The cis-methyl derivative 1f did not give the product, but the compound
with the frans-configuration 1g gave the product 2¢ in 35% yield. The
4,4-dialkyl derivatives 1h, i produced aldehydes 3a, b in high yields.
The plausible mechanism for formation of aryl ketones and aldehydes is
shown in Scheme 2.

EtAICl, attaches to the sulfonyl group and the C-S bond is cleaved. The
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H0 Me™ “Me
Scheme 2

resulting carbocation I undergoes the aryl group migration and the
subsequent release of sulfur dioxide to form the imine 1I. The imine
having a hydrogen, namely, R,=H, isomerizes into the enamine III. The
enamine 11l 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-
phenyl phenyl ketone 2b was obtained in 86% yield. N-(2-Phenyl-
propylidene)butylamine § was treated with 2 equiv. of EtAICI, 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 8 -sultams with an electron-deficient aryl group at
the 3-position (Table 2).

The reactions of cis-3-(3-pyridyl)-4-phenyl- 8 -sultam 6a-cis with 2
equiv. of EtAlCl, 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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Table 2. Formation of 1,2,3-Oxathiazolidine 2-Oxides and Aziridines

Cc H [
R N/‘Csﬂn (CeH CeHn

EtAKC); or AICH, RGN, RN, R

T, — e X gm0 X svo ¢+ Tu-ton

PH O PR O PH
6 TA B 8

{-Sultam
Entry Compd No. R Condiions Products (% yield)
1 6a-cls  3-Pyrigyl EtAICI; (2.0), 1., 12h Ta (65, A:B=70:30)
2 Sa-cls  3-Pyridyl EtAICH (4.5), reflux, 60h  Ta (5, A:B=80:20), Ba (62)
3 6a-rens  3-Pyridyl EtAICH (1.4), 1L, 12h No Reaction
4 6b-cis  4-Pyrioyl ELAICK (4.5), 0°C, 22h 7b (49, A:B=90:10)°, 8b (11)
5 6b-cis  4-Pyrioyl AIC1; (4.0), reflux, 28h 7b (8, A:B=919)°, Bb (54)
6 6ccls  2-Pyridyl A3 (4.0),1L,27h Tc (9, A'B=84:6)°, 8¢ (48)
7 6d-cis  p-NOLCeH, EtAICK (1.0),0°C, 12h 7d (18, A:B=95:5)°
8 8e-cis  pCNCgH, AICI;{15).rt, 14h 8¢ (23)
9 o1 +Butyl ELAICK (1.1), 1 12h THA (93)
*An isomeric mbture (cis:trans=1:1.8) was used. bAni parabie mi of st Isomers.

The ratio was determined by 'H NMR.

configuration of the S-O group in the ratio of 70:30. Upon using 4.5
equiv. of EtAICl, we obtained cis-aziridine 8a in 62% yield accom-
panied with oxathiazolidine oxide 7a. The frans-isomer 6a-frans did
not afford the oxathiazolidine oxide. Therefore, we conducted the
reactions of only the cis-isomers. AlCI, was used instead of EtAICl, and .
we obtained cis-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 B -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- 8 -sultam 1a-cis with 2 equiv.
of SnCl, gave cis-aziridine 8a and benzophenone 2a, but no
oxathiazolidine oxide. In entry 6, the B8 -sultam with an electron-
releasing group, the p-methoxyphenyl group, le-cis afforded only
ketone 2b. The trans-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 SnCl, can be explained in terms of the difference in
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Table 3. Reactions of Some B-Sultams 1 with SnCl,

<
A O snol, (2 equiv) Ar o o
80, CHCh it 1zh | pN e i en
Ph 1 8 2
2 B-Sulhm . b
Entry Compd No. A Products (% yield)
1 1a-cis Ph 8a (46), 2a (19)
¢ ta-cis PR 2a (53), 2a (10)
3 la-trans Ph 8a (race), 2a (61)
4 1}-cis p-BrCgHy 8b (14), 2d (4), 1)-cls (76)
5 1)-trans p-BrCgH, 8b (trace), 2d (46), 1)-trans (32)
6 1c-cls p-MeOCgH, 2e (83)

*Reactions were carried out at room temperature for 12 h untess otherwise noted. lsolated yield.
2 equiv of Ki was added as the nucleophile.

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)."}

trans-4-Butenyl-3-phenyl- B -sultam 9a was treated with 2.2 equiv. of
EtAlCl, in toluene at room temperature, and bicyclic ¥ -sultam 10a was
obtained. The cis-isomer 9a’ also gave the same product 10a. When the

Table 4. Formation of Bicyclic-y-suitams from 4-Alkeny!-f-suttams

/2 O,
’°°H" ke N’C""" EIAICH s\Nz‘Can Ph_ CHO
! ————
\) s°2 or H Soz rs. Me/ﬁglx * Ph&(
R n Me
¥ 1"
10A: X=Ar, Y=R
108: X=R, Y=Ar
Entry p-Sutam Ar R n EMAICH (eq) Solvent Time(h) Products (% yeld)*
1 %a PR Ph 2 22 Toluene 12 10a(53)
2 % Ph Ph 2 22 Toluene 12 10a(59)
3 % pTol Me 2 22 Toluene 12 10bA (42), 10bB (6)°
4 8¢ pTol Et 2 22 Toluene 12 10cA(39), 10cB (5)°
5 8d pTol Ph 2 22 Toluene 12 104 (56, A:B=1:1)
6 %¢ Ph Ph 4 22 Toluene 12 10e(11), 11(66)

l50lated yield. PStereochemistry of the products was determined by NOE measurement.
A mixture of diastersomers. The ratio was estimated by 'H NMR spectrum,



14: 05 28 January 2011

Downl oaded At:

NEW CHEMICAL ASPECTS OF B-SULTAMS

aryl group and the group R were different, the diasterecisomers 10A
and 10B were obtained. A methyl group of the alkenyl group was
necessary for this reaction. The propenyl derivative 9¢ 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 t‘he tandem cyclization is shown in
Scheme 3. The Lewis acid, EtAlCl, 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 ¥ -sultam 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.

’ AJ
H FCH ‘CeH
/Ce ”EtA!Clz Mﬁr{ 7 CeHas 1.2-anyl NG n\N,soz
Y $0, TCTSbond so,\ shift R-Y .3
Me R cdeavage n R "l —
N
vi ! Me
VH
n=t .
- olefinic
n=1 .Zl cydization
Ar_ =NCgHq,
R><:( Az
(o] . A
Me sz\NzcceHn Cetn, _s0;
racydlization 5, N
workupl hydrolysis Me A T R
n
Ar ,CHO R A
X_( 10 Me
R
11 Me
Scheme 3

CARBON-NITROGEN BOND CLEAVAGE

We synthesized tl;eB -sultams bearing a trimethylsilyl (TMS) or fert-
butyldimethylsilyl (TBDMS) group at the 4-position and carried out the

199
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reactions of the B -sultams with EtAIC1,.** The vinyl sulfonamides
with (E)-configuration were obtained in good to high yields (Table 5).

Table 5. Reactions of 4-Sliy-substituted p-Sultams 12 with EtAICI,

R R RA_MH Bu._H H._ CeH(OMe-
AT (S T S
SFYTSO2 Toluene,rt.  R'Z “SONHR' H OSONH;  TMS” “SONH'CeHy,y
R 12 13 14 15
4-Siyated p-Sutam EIAICH Products®
Enty compdNo. R! REs & & (oquv)  Tme) (% yieid)®
1 122 ‘CHy  Ph H  TBOMS 20 26 138(93)
2 120 CgHyy pMeCeH, H  TBOMS 20 24 13b(89)
3 12¢ “CeHyy p-8rCsHy H  TBOMS 20 28 13¢(91)
" 120 “CeHy  Bu H TBOMS 15 23 13d(21), 14(85)
5 12¢ iy Ph Me TMS 40 24 13¢(64), 12¢(26)
6 121 CHyy  Ph Me TBDMS 20 24 13¢(92)
7 12 "Bu Ph Ph ™S 20 20 139@5) 1(12)
8 12h  °CHyy Bu Ph ™S 20 28 3h(64)
9 120 CHy  Ph ™S ™S a0 » 1:1(39)
10 12 CeMyy  pPMeOCH, TMS TMS 20 % 13J(71). 15(21)
1 12k Ty pBICH,  TMS T™MS 20 N 13%(30)
*The g y was d d from the coupling bet vic-alefinic protons in TH NMR or by

NCE lechmque blsohled yield. “Reaction Tempomture: 40°C.

Some quantity of the starting material was recovered from the reactions
of TMS-substituted B -sultam 12e in Entry 5. This implies that the
bulky TBDMS group accelerates the B ~sultam ring opening. The N-
dealkylation was observed in the case of N-fert-butyl derivative 12d,
and N-n-butyl derivative 12g gave the desilylated 8 -sultams 1g in 12%
yield. 4-Disilylated B -sultams 12i-k similarly reacted with EtAlCl, to
give the e -silyl (E)-vinylsulfonamides 13i-k in high yields. The p-
methoxyphenyl derivative 12j produced (Z)-vinylsulfonamide 15
together with (E)-isomer 13;j.

The plausible reaction mechanism for the stereoselective formation of
(E)-vinylsulfonamides is shown in Scheme 4.

It is seen that the B -sultam ring is folded, and not planar, from the
conformational analyses of the 8 -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.
EtAICl, attaches to the sulfonyl group similar to the other examples
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Mechanism for Sterecselective Formation of (E)-Vinylsulfonamides

R R (¢} at H st
N = 5& [ — <R’
sr~-~1:éo, o st = Oz H
2
R 42 R v O x R
Teous jewc,
0., H C-N Bond
B IR Cloavage R ooaywm
cr-Al-o” CLi s:RzE R .
cl o SO;NHR
[]
s
3 120°
SkR -TM1 Rotate
N%_ms CgH‘OMs-p
SO;NH‘C;H“

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 (E)-
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 B -sultams was also found in the reactions of
3-phenyl- B -sultams with organometallics.!”

PUMMERER REACTION OF 4-SULFINYL- 8 -SULTAMS:
SYNTHESIS OF a-AMINO ACID THIOESTERS

If the sulfinyl B -sultam X1 causes the Pummerer reaction by the treat-
ment with trifluoroacetic anhydride (TFAA) and the expected trifluoro-
acetate XIN is produced, the trifluoroacetate XIII is labile against
hydrolysis and gives the half-acetal XIV. The half-acetal XIV
undergoes the C-SO, bond cleavage and forms the amino acid thioester
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with the loss of sulfur dioxide. On the other hand, if the benzenethiolate
ion is eliminated from the half-acetal X1V, a 4-keto- B -sultam XV is
formed and then hydrolytically ring-opened to give the a -amino acid.

R' R? R! R? rR! R? R\ R?
T T o "y y
S0, . =503 + #—50; Phs—}-s0,
Phs ; pns” PhS)\_ OCOCF,
o . OCOCF3 Xl OCOCF, i
CF3CO,
* R? R! 2
H,0 A
20 LN 1892 gy 1
PhS—{T50; NHR
(o) [}

4 xiv  o-Amino Acid Thicester

l

R? R R?
Ny .
) HO. 1
<502 ))\NHR
o/ 0
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-sulfiny] substituted 8 -sultams is shown in Table
6.

The trans-phenylthio- 8 -sultams 16 were oxidized with m-chloroper-
benzoic acid (MCPBA) 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 cis-sulfide 16d was similarly oxidized, but the
resulting cis-sulfoxides 18d were isomerized to the frans-isomers 17d
by treatment with silica gel.

The Pummerer reactions of the zrans-sulfinyl- 8 -sultams 17 with TFAA
were conducted and the results are shown in Table 7.%!
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Table 6. Synthesls of 4-Sulfiny{-p-sultams

1 2 1 2
R R
o MCPBA N
=5 L-s
prs el CHERIL g 092
& a2
{diastereomers)
Ertry 16 R' R? 17 (% yield)*
1 18a Ph “CeHyy 17241 (58), 1722 (16)
2 180 Ph "Bu 17b-1 (49), 17b-2 (47)
3 18¢c Ph Bu * 17¢-1 (75). 17c-2 (20)
4 16d p-Toml ‘CeHyy 17d-1 (53), 17d-2 20)
5

o
-
-3
-

16e o-To ‘CeHyy 17e-1 (64),17¢-2 (33)
'8y CeHyy 1714 (54), 171:2 (38)

*1solated yheld.

/
p-To N/cCan MCPEA P'“M):N/cccﬂu siica gol p-Toiy N/eCsHu

' - : + 184
02 cHLhrt $0, scmerization 80,
PAS” yea Phs PRS
o o
18d-1, 18d-2
dinstereomers 174-1,17d-2

Table 7. The Pummerer Reaction of 4-Sulfinyl-3-sultams:
Formation of a-Amino Acid Thioester Derivatives

R' 2 1 1
N TPAA PhS X PhS 1 R?
[ —_—
<7802 CHCh, 1t \H\NHR’ * j/l\l:l‘
PhS o 0, COCF,
o 711712 19 20
Entry R! r? Conditions Sulfoxide Products® (% yield)"
1 Ph ‘CeHyy  TFAA(1.0eq), 12h 17a-1 recovery®
2 TFAA (2.0eq).24h  17a-1 19a, 20a (low yield)
3 TFAA(4.0eq), 20h  17a1 19a (72), 20a (13)
4 TFAA (4.0eq). 20h  17a2 18a (79), 20a (14)
5 Ph '8u TFAA(4.0eq), 20h  1Tc-1 19¢(33)
6 TFAA (4.0eq), 20h  17¢c-2 19¢ (97)
7 TFAA (4.0eq), 20h 1711 191 (81)
8 'Bu ‘CeHyy  TFAA(4.0eq), 20h 1712 191 (82)

*A trace amount of (PhS), was isolated in ali cases. Plsolated yield.  “lsomerization

of the sulfoxide moiety was observed.
From the results in Entries 1-3, 4 equiv. of TFAA was necessary to
complete the reaction. However, excess TFAA yielded N-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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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-1,2 and 18d-1,2 and obtained the
thioester 19d (63%) and N-trifluoroacetyl derivative 20d (15%).

The N-trifluoroacetamide derivatives were not obtained from the
reaction of the N- or 3-fert-butyl derivative, 17¢ or 171, because of the
bulkiness of the rert-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 8 -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 N-phenethyl imine 21a with
methanesulfonyl chloride gave a 8 -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 N-(1-fert-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-(1-r-butylethyl)imine
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Table 8. 1,3-Asymmetric Induction in the [2+2] Cycloaddition

R' 1 [

=N+ MeSOQO IR \'EN'
RrR? 3 50’

Imine Produat %Yield® imine

%Yield?

o o K RS G
h n H
N N7Spn  T0.42%de 35, 50%de

2 S0, ol "V 21e
e Me
S .
N TR () P Me,
. R, 45%de s Ysce
/ | L " N ‘C‘H 60,67 %de
b éO N 1"
Bl 21 n L t

Me

P

>—-p-Td Ph - 172 44mde Me.. e Me.
tN p-Tol g ) Ph }@— Me 54, B0%de

N
1 ol 219 s, =
)—1-Naph Ph Me Me
53, 47%de
-Nam '8y Ph 8
Ph/_ 214 ‘ 2 /-N).. . r:‘)\lau 67, > 95%de
Py 21h S0, ¥

isolated yield  Diastersomernc excess was caiculated from TH NMR spectium of the reaction madure

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

t-Bu

':l/\
S0,
ant-29

205

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
tert-butyl group, the syn-isomer syn-29 is formed. The front-side
attack of sulfene is restricted by the bulky fers-butyl group, and
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consequently the anti-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 Me
Ph, AR 1)LDA (30mol eq), THF,-78°C  pp, AR Ph, . AR
gy Pn SN Ph . N Ph
S0, 2){PhS); (1.0 moleq) . 50, £-$0,
syn-22 . hS s0amy  PPS 31(17%)
Me We Me
Ph, AR 1) LDA (30 mol eq), THF,-76°C  Ph__ AR Ph, . AR
AN Ph NPh, N "Ph
$0, 2)(PhS); (1.0 moleq) . o 350, ¥—so,
ant-22 hS s2a%) PP 33(ew)
Ph, f‘ﬂ\: Ph. :{: Eh Mo
“&NPhMCPBA “N""ph TFAA(40eq) Phs\l}‘\N,'\"Ph
¥-s0; CHZCh 77507 CHClprt,20h o H
PhS PhS
30 1 M . 35
o]
N b Me Ph Me
s h A8 S a
N PR MCPBA N""Ph TFAA (4.0 eq) Phs\n}J\NAPh
st 502 CH.Ch Phs‘i SO2  CHyCh,rt,20h o H
32 i 38 37
o
Entry Sulfide Sulfoxide (% yield)® Thicester (% yield)®
1 6 : 341 (71) 35 (89, > 90% de)b
2 34-2 (25) 35 (97, > 90% de)®
3 32 281 (75) 37 (91, > 90% de)b
4 26-2 (22) 37 (88, > 950% de)®

®isotated yield. PDiastereomeric excess was calcutated from 'H NMR spectrum.

A 1’R,3S-syn- B -sultam syn-22 was sulfenylated at the 4-position, and
yielded a pair of diastereoisomers 30 and 31. A 1'R,3R-anti-isomer
anti-22 was similarly sulfenylated and gave two diastereoisomers 32
and 33. We oxidized the major isomer 30, which has the 1'R,35,4R-
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- 8 -sultam 32 was trans-

formed into the a -amino acid thioester 37 with the anti-configuration

in high chemical and optical yields. A slight epimerization of thec -

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.
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