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2 ok ¢is @ trans 2-Methyl-N-phenyl-1, 3-oxathiolane-2-acetamide-3-oxides () 3 (0)9
sigmat ropicrearrangement o] 28t} QA s} F42e sulfenic acid (d) B (f) = deuterium exchange
reaction o] &]3}ed FelH Y}, cis 2} trans sulfoxide (M)} ()9 ol AAFI) FH2ATFNAE &
A ko), AAFu] EAT AL Lodtis He] HAFHYL, FRAEAFNA o]Z48ot 4
oJ1}x] & A-L sulfenic acid & SOH 41491219 NH proton A}o]9) 322§ o] 3o 3= stereo-
specific recyclization ¢]] 7]1¢13t4 v} reverse sigmatropic rearrangement ol A ®h-$-o -3} A T
Ao AR gFo 7eldctz A5l 38 cis sulfoxide (b)$} trans sulfoxide (c)9] &
EL FE AFEAR 1,3-oxathiolane 8] 43}ul-2o] 4] benzene seleninic acid & &+l 2 3 H,0, 4}
3o 3te] cis sulfoxide )7} & T2 AYH o2 do|Frt

ABSTRACT. Sigmatropic rearrangement of cis and ¢rans 2-methyl-N-phenyl-1, 3-oxathiolane-2-
acetamide (b) and (c) gave unisolable sulfenic acids (d) and (f), respectively. These sulfenic acids
were confirmed by deuterium exchange reactions involving 2-methylene and 2-methyl groups. The
reactions also showed that no isomerization between the cis and trans sulfoxides (b) and (¢) occurred
under neutral conditions. However, the isomerization took place in the presence of acid catalyst.
Stereospecific recyclization of sulfenic acids to the sulfoxides is attributable to possible hydrogen bonding
between sulfenyl oxygen and NH proton or it arises from the geometrical requirements of the reacting
bond and atoms in the reverse sigmatropic rearrangement. In the oxidation of 1, 3-oxathiolane, cis
sulfoxide (b) could be obtained selectively in high yield by using HyO;-benzene seleninic acid.
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A E W g2 ek B4 e 2, 1, 3-oxathiolane-3-oxide

Dihydro-1, 4-oxathiin f-%4 (a)& €A & (b & o2 B 23t FAHE = T4
AFAL sk e FAAR Y A3 & A 2F sulfenic acid (d)9} thiolsulfinate ()& A4 (a)
9] AT A} (systemic fungicide) 2.4 & E#HAH R L Jd A2 T 4359 112 (scheme 1).

o}, S _CONHCHs ol ey FAPRL Az} AR AP ¥
(O/IL . L AAA Feoz FAC 59y a-chloroace-
(a1 toanilide 9] AL W T & 9L Bt opel,
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@9 &% 9458 45 ARk 53 o] 4
T AF A5 AR LA 1, 3-oxa-
thiolane-3-oxide 3-8+9] M =4 o] A=
e AL FEL 9 Aot

2 g A = A<4F 1, 3-oxathiolane~3-oxide
ol & AlAl AdFEA, sulfoxide (b))} (¢}
o] E3FE-9] B34 9] el A sulfenic acid interme-
diate ()9} (e)9)] &4 & deuterium exchange
reaction & F3le] Atz ¢A | FolA o)
A2 ¥l & cis sulfoxide (b)$} trans sulfoxide
{¢) AFo]9] isomerization o & 98]} e},
ol 23] ¢is 9} trans sulfoxided EFEL F -
AFEA 1,3-oxathiolane & AF ol cfs =
trans S| A A7 Boh A¥ A ez AYH = §
Az Feds z gt

4 #

2= jEe £4&4L Electrochemical
Melting Point Apparatus® o], L v g
3] ¢gkrr. NMR & E 2ty Varian EM-360
= Varian FT-80 22 5733%¢ o, 333
o] & TMS & 7|Ee= §2 Ve A%
A2HEZ = Varian MAT-212 =X Hewleit-
Packard 5985B & &3l &3%A} Azg
3FEY 9P L w2 AR g & o
X9 0.4% WAL E3vh TLCE kiesel
Gel GF 254 & A8-31c},

BEE $Ae & FFd A4 ARSI B
ot WA A F4& @] ool 8l
2 @74 FF31 muksle] Na-wire oA
a2 AzAAF A Na-wire o 4 A2AA 4
ddlA] EFF . DMF = MgSO, oA ula
AZANF APolA F73d 4A 34990l
By}t IR 2EE RS AAN 4
gted & Yol k¥ CaChe A2 ¢ 2
T8 43} odal S AT FAoz o A
< FE 5% FHIGEEFSTEA, ] E=
AZF F CaCl 2 AZF I8 FFAh

1. 2-Methyl-N-phenyl-1, 3-oxathiclane-
2-acetamide-3-oxide (b 2} ¢)2f B[, 4 A,
1, 3-oxathiolane(7.12 g, 0.03 mol) & HAc 30m{

o Fql £94E d¥F T A3 15~20°C
2 YA, o] §9& mubdieia] 30 2ol A
A, 35% Hy0, 8% (6ml, =0.06mol) & w&
A g, 2 2EdA 1A%} 4585 o
Zget. 6 N A EES Jlelo o] £ E
9] pH7}t 70] HE5 o}, J4EE CHLCLE
F33te 29 % E2 AJ 3 FEFIVESR
22 AzPch $oE Fo]A Fstel] Fa
AA, IAFEE =AE A4 7.09g 93
3%) o] AFFY zA e NMR spectrum(CDg)
ol 3, 70:309 cis trans sulfoxide &
FEol At o] F °] A2 & preparative TLCE.
A8 o] EFE 1.0g S CHCl;: MeOH
(95:5)F A/ &A= Bl silica gel (GF 254)
TLC & Fo3te cis o] AAA (b) 0.4968g 7}
trans |4 AA (c) 0.2368g & ASi} o5&
A A E Aol E -4 folul 2 s ARG

Cis o] 3 A (b) : mp 97~103°C; 'H NMR
(80 MHz) (CDCly) 61.54(s,3, 2-CHj), 2.88
and 3.12 (AB pattern, 2, J=14.4 Hz, 2-CH,),
2.80~3.38 (m, 2, 4-CH,), 4.00~4.67 (m,2,
5-CHp), 6.90~7.58(m, 5, ArH), 8.87 (s,1,
NH); 'H NMR (80 MHz) (CiDg) 61.23 (5,3,
2-CHy), 2.81 and 3.04(AB pattern, 2, J=14.4
Hz, 2-CHy), 2.05~2.27(m, 2, 4-CHp), 3.22~
4.08 (m, 2, 5-CHp), 6.73~7.85 (m,5, ArH),
9.10 (5,1, NH); IR (KBr) 1680 (C=0), 1035
(S—0) em™; Anal. (C,,H;:NOsS) C,H,N,S.

Trans ]| AA (c) : mp 121~125°C (dec);
IH NMR (80 MHz) (CDCly) d1.54 (5,3, 2-
CHy), 2.94 (s, 2, 2-CH,), 2.70~8.39 (m,2,
4-CHp), 4.27~4.40(m,2, 5-CHj), 7.01~7.50
(m,5, ArH), 8.27 (5,1, NH); 'H NMR (80
MHz) (CeDs) & 1.39(s, 3, 2-CHs), 2.20 (s, 2,
2-CHj), 2.10~2.80(m, 2, 2-CHp), 2.10~2.80
(m,2, 4-CHy), 3.54~4.10(m,2, 5-CH,, 6.80
~7.45 (m, 6, ArH, NH); IR (KBr) 1680(C=
0), 1025 (S—0) cm™, Anal. (C;pH;sNO,S)
C.H,N,S.

Bl B. 1, 8-oxathiolane(8.00 g, 33.7 mmol)
& FEZEE 200/ o] F¢l o F-AdS5E
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1, 3-Oxathiolane-3-oxide 246 $Ex <94t 199

22 0~5°C2 JAAR F, atsidA 200ms
8] Z2RXF S9d 5 85% MCPBA(6. 84g,
33.7mmol}g 1 A7kl ZAA wey F3LFE, A
F3te] 34 o] mutdch WSEIES AL
3 FEAER T893 B2 AT Fg0
FAGEFOE ARAZ . £A4F At 2
Lol A FRAA, 714 FAFHEE AL o
FFEE dalgale] 5o oS, sl o
siE Al g F9AA 3 AFLY ZAAFEE
ARt (858 99.5%). NMR (Do)l &34
o] AFE2 8:153 cis ) trans suifoxide £
FEAO] @33

4 C. 1,3-oxathiolane (71.79g, 300 mmol)
< 23 dal 450mi o) 59l oS G-L5FH
o2 0~5°CE WA 7l 3 benzene seleninic
acid 0. 936 g(3 mmol)-& 7}3}g o}, Al <3hed 30%
HzO: =& 15,3 mi(450 mmol) & 30%-7kel 2
AupgA spEerS, 22 250X 308} ¥ &2
gy, wEERES 5 FHAVEE 97
HEE AL ¥ FIUYEFo = Axdty,
Arl| & Zqtelel]l FuHAA 3 AFARY mAE
A (752, 99%). °] AFFY =A== NMR
spectrura (CeDg)oll 4 31ed 93:79) cis o} trans
sulfoxide £3-Fo| g ot oA & daHRaAA 4
Foldl 2 AR 74 A3 24 60g
(cis sulfoxide) & A r}.

2. 50°C, C;H-DMFoi| 4 (b)2} D,02| ¢he,
Cis sulfoxide (b) (200mg, 0.79mmol)E 1:1
CeHs-DMF (4mi-4md)ol] ¢ S ¢] DO (0.42
mi, 21 mmol} & ZFHch, ule EFEEL 50°C
o] EEgdA 547 ¢ il $AE 7
at3tell 50°Cell 4 FEAA FH| A F49 Z
fBL Atk AL S0mid FEEEF
£8A7 g, AEE 64 A=, FF F44d
Egoz AEART. LoE F3tel AAd
o FA9 7|E AFE 169mg S It °]A
< FFart ARD By @9 9:1 EFE0]
g}, NMR spectrumo} 9j3ba, ¢is sulfoxide
(bYe] 7t2rgr 9] e-"2A7 8] 80%7t T
2 AfAA T

3. 50°C, CH-DMFoilA (e)2F D02 Hi

Vol. 31, No. 2, 1987

8. QoA 2 ug oz, trans sulfoxide (¢)
(200 mg, 0.79mmol)-& 1:1 CeHe-DMF (4 mi-
dml)e =¢l 2Qo] DyG(0.42m/, 21 mmol) &
ZHct, kg EREE 50°Co 5844 4
AZHEr Zgde, &AF el 50°CelA
FuAA FA AR AREL A9, 9
Ag 50ml 8] FREEEH $iA2 g, I
& 64 Az, ¥ FAIEFLR A2AR
ot g ZAgsd AAgd T4 1E 2
& 148mg(74%) & vt NMR spectrumoj
o] 3}, o]Z-& trans sulfoxide ()& 2-vj® 7}
7t 10% Fraz AFE G

4. 100°C, DMF X (e)=F D02 EHS,
Trans sulfoxide (¢) (200 mg, 0.79 mmol)-g DMF
Smiel 54l G| DO(0-42ml, 21 mmol)$-
Mt g ERHEL100°CY 1 FHo4
547 ¢ witdek 8AE 2l 50°C
A FLAA T4 AE4S] AFHELT 4
o oA L 50mlie) FE I A o
% AEER 64 Az, ¥ FANEFoE A
ZAZAt, SAE AL Ao FLAH
T8 71§ HE (110mg, 54%) At
NMR spectrum ¢]] ¢]3}% ] 7 2 trans sulfoxide
©9 2-4E 77} 95% FLTE JHAEHAUCT,

5. Deuterated cis sulfexide (h)2} At2| B}
& Deuterated c¢is suifoxide (1.0 g, 3.90 mmol)
& CeHe: DMF(1: 1) 40mio] %ol %2t %
FAEEN(75.35mg, 0.39mmol) & 7}chg,
50°C2] EF70A 1Az 1585 w94
¥ A% 50ml & s, ub§ ERES 93
Riloz FE6n, F& FAUEFOR Az
& o, $UE AN FRAH A9
71822 43 (0.794 )& 2 % v}, NMR spectrum
o) 2]5le o] 7.2 deuterated trans sulfoxide <}
deuterated ¢ss sulfoxide 28] = acetoacetanilide,
dihydro-1, 4-oxathiin (a), isomeric dihydro-1,
4~oxathiin (@)% £FE] 1:1:1.59 vl&x
Heol e}, o] E¥REL dvEE-SRExE
(5:95v/v)E L) o & 3} preparative TLC
2 Fqc AuA F9v RE=0.18)F 4
A Fr9Rf=0.26) ¢ dgE-E22ELE(1:1



200 ZER08 « AHR

vMzA 2Eddd. AA9 A4FE HE
A g st A5 oe 2ol A AR 34 F
A A9 deuteraed cis sulfoxide 0.1348g{(13.5
%) 7} deuterated trans sulfoxide 0.1124g(11.3
%)-& A9t} deuterated cis sulfoxide mp 97~
103 °C deuterated #rans sulfoxide mp 121~125°C.

6. Deuterated trans sulfoxide (¢)2F &t
b2 Deuterated trans sulfoxide (1.0g, 3.90
mmol) & CeHs : DMF (1:1) 40mio] Ho| =,
shet B 2o S E 4H(76. 35 mg, 0.39 mmol) & 7+
g, 50°C9) g astay 143
Fo) ol 4AErt dejrp Aol TLCH o8 %
els)gich o)A &S dold F S acetoace-
tanilide, dihydro-1, 4-oxathiin (2)$} isomeric
dihydro-1, 4-oxathiin (g)o] A= o] #2]eA
=},

2 ™ 0
O PCONHCHs .5 | CONMCHs HiCNOC, Is«'éj 3 CONHEHs
~d - = \

0 cry ‘\OJI\CHI o ~o e,

e e

] )

: [
x\'/
v ,S\'/CONHCﬁS
o
0 07T CHy

;
5
R G )
K ‘ 1, CONMCHs iz
Lo tmconicy, 07 TCoNHEHs 07 CH,CONHCEHs

e} (L3 i3l

Scheme 1.

9 ?
§ CH.CONHCHs -5 LMy
—_ [ Y +|:

S, CHLORNC Mg
[ O CH,CONHCM,

0 CHy 0 .'C"":

1o by (c)
NCPiA 8y i5
M0, ) W
Ha07 19320 4! 33 !

Scheme 2.

#at 9 1g

1. 1, 2-oxathiolane-3-oxides, <A x5 =l
wps} 7ko]? 1, 3-oxathiolane-3-oxide &} Az
9104 m-chloroperbenzoic acid (MCPBA)ol| 2|
3 1, 3-oxathiolane (h)8] 4k3} 85:159] cis
o trans sulfoxide 8] EFEE 43, HO;

o] 93 A%t ALdhE v g 70:309 ERE
< A7

Cis sulfoxide (b) &= dihydrooxathiin(a) 2.2 4
A Ag™ & 9o, erans sulfoxide (¢) = 4§
274 B3 (@) = 29 o] 4A A dibydro-
1, 4-oxathiin (g) 2 AZA )

g9 B4 o gy ukSA)AY 475 AA
v} o] 5 F o] 4AAE A2 AYALE EZ T
¢85 dide Ao A, o ¢HA
benzene seleninic acid & &) & AL &8 43t
W o4 Qg3 ]Y, sulfoxide 7t & 582
dojg on, o] A cis R trans 2] ¥] &2 93:7
o)l t}(scheme 2). &3 trans sulfoxide ()&
ZQAE2 Jd7] $13+9 iodobenzene dichloride
25 2k g8t Astagg FPP o AT
A acetoacetanilide gieh, o] AL A sul-
fonium salt 8] Zhpdd 2 A Aojch o 9
Qo %, frans sulfoxide ()% FAAEE 3te
Aswpo] #36) @A s,

A& HO, & Adshe 3oz Ao
2) 70: 30 9 cis-trans E3-E-Z preparative TLC
e o 238 292484 A4 A £
#Y S+ A+

WA Brd A3 gy A} 2o eis 9 trans sul-
foxide 8] = AA-& aromatic solvent induced
shifts(ASIS) &+ 5 o] 4AA & Aold &Y
A A9 Aol YA

S o AAA S TEdEe = e wWieE
B Fo] A= S—O0 oxygen¥ NH proton A}o] £
AEe F22%Y ZFE e ag (Fig. 1),

Cis sulfoxide (b)) NH proton (3 8.87)9]
trans AAA ()9 2R (38.27) Bw R
FolA TR e AL, QAF2AA Ee
B8} 7o) T st FHUAI} cis o] AAA (b)
o QolA, o Ao ¥led % FATE
yehg s wFoletn Bk, trans o|AAA (o)
AAE o ARy T2 ke AL 4
F54 1, 3-oxathiolane (h)¢] NH proton 9 3}
84 o] Eo] trans ¢|AZA (09 ZARHE
we g el AdAE & 4 A+ %
2tA % o] 4@ A %F NH proton?] signal o] w2
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1, 8-Oxathiolane-3-oxide 228 #55 F#4 201

9 \.\ e} cy
ot
o """"'Hﬁ 1rans
Hy \C'H‘

Fig. ). Perspective view of the cis and frans sul-
foxides (b and ¢} showing hydrogen bonding between
50 oxygen and NH proton.

2o et AL eis-sulfoxide (b), ¥ %

o] GEl;E A& grans sulfoxide (¢) 2 F= ¥l
AL % ¢ 99+,
o] :l‘"z"]'l%} cisltrans B2 ¥ 35 AdF

g & MCPBA &=& 34sfr4d 9% 45
ol A cis o] QAR (7} FALER HAHE
2 & peracid 7} amide NH & 428 7]
#A8te] S Ze Foz o FA AY3A B
o] cis-sulfoxide (b)7} ©] F F A 57| o-Folc},

2. Sulfenic acids

2.1. Deuterium Incorporation: Sulfenic acid
g 2% A= ARATR A gle AR
Sulfoxide (by=i= ()& ¥ sulfenic acid (d)
=E (F ¥y 28 ASHY A=
EAHE ek, zE W Gl A A A sulfenic
acid 7} =724 4-¢ #9357 93k sulfoxide,
deuterium incorporation experiment & 4 A §c},
(scheme 3)

stieke) DO EA 3 A, cis sulfoxide (b)&
#-H:DMF o4 5A2k5< 50°CE 748 &
. NMR 2#edd] o84, 7283979 «
of gl oldalr]s) 80 % &2 FTadEY
o, 2 $EEAFNAA trans ]AAA (9=
247k Bt 2o —RIel 10 % TEE Tt
E¢549 . (deuterium incorporation). e
Edks o] 324 (¢)& 100°C DMFA 547
FoF 2-a¥ e 95 % FEE FTast B
Ak o] A& sulfoxide-sulfenic acid 7} % §
Aejell? gl ov] F o] A ko]l o] HA AN o
o yviz GEohe AME AR E
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[0
N : .
S CH,CONHCHs 5 CH,CONHC‘H' £ .-'L‘ c CONHE s
N s 1 =1
e CHY S = Sobow
0 CHy STy [
i
) s s .
: its
¢°
¢ S ’CH(,ONh‘Cé"S
'"““3"‘?_‘-4i
&3]
§ 3 ?-' ?D
s
S CH - g C"z
. Co oA
O (HCONHC Mg ACHJONHC‘HS €L CONRC M
n
4 1 et i Hn
0
L IR}
3 fH
Letm HEONHC M5
Scheme 3.
SR /@
O-H N
I_'O\ ‘//v — )
L—S \(CH\ (see Figt)
Ny
CHy «d
n LT
AsH.,
NS
J —s 0
4 \/\Q (see Fig)
/ o>

Fig. 2. Stereospecific recycization of sulfenic acids
(d) and (f) to sulfoxides (k) and {(c), respectively.

2.2, Stereospecific recyclization: F44 4%
oA HAY el 2ol trans sulfoxide ()2
2p) Az A FA4H sulfenic acid (X
£ YASoIHor (2 zE3} I} °]7‘
£ sulfenyl 719 4b49F NH 7} 4238 #A
87 f3ted, D (D9 SYATL o, 223
ARG 7S f-vkao] JpEddE sRgAl A28
R i B ko e B B 2 IR B 1 R et
(Fig. 2). obn} o} A o (Do} Ax
g3 42, CH,CONHg 7|7} =2 49 -5
o 27 sulfenic acid 7} A A-E gl HFot
A eis O|YAA (b)7F FAAGY, wtAA R
(H2 Azl oA, S0 AFe] olF
A% FP3 Ao fEldhe, trans o] 4 TAQY



202 F0Eh - AR

o-H CONH-CiH,
O\/} oo

[L- TR H —_—
cis %‘é ,}/\ ©s

gl

0 Y

O — %%%\H _'t:ci:\s
irans CONH-CH,

Fig. 3. Stereospecific recyclization of sulfenic acids
(d) and (f) to sulfoxides (b) and (c), respectively)
by reverse sigmaropic rearrangement.

(©)7} dojAlrt,

Penicillin sulfoxideo] A § %% = sulfenic acid
2] # & (ring closure)o) 21¢] A& NH proton 7
sulfenic acid9] oxygen -2 6~membered hydrogen
bonding & A FAHAAR?, F= (d) 2
Holl slol A9 10-membered hydrogen bonding
= 28 F dodyl Z2A= vk ¢ Aed
T&A%Y 13E FASHGGD, Az 344
£ ©hA] reverse sigmatropic rearrangement® A
743t} s $hell FRdE o)FAFH UAE
£33 7183443 wld & k5 F 2 = A stereospe-
cific recyclization & 317 B o] A F cis-trans |
QA7) Aok Fevhn 47289} (Fig.s).

ze v ARZuh sl A = 9o & A 5HEHA )
go] 753 5o stereospecific recyclization
& Z5A 5l0] ¢is 2 trans sulfoxided ETE

o] Qi Avtz A4, AFFE F2)
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The Dreiding models showed that these confor-
mations {d) and () in figure 2 were favorable

ones without any strain,
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