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Chugaev reaction provides access to olefins from alcohols without rearrangement through pyrolysis of O-alkyl S-
alkyl dithiocarbonates (xanthates) via cis elimination. Xanthates having no f-hydrogens undergo thione-to-thiol rear-
rangement to give S,S-dialkyl dithiocarbonates (thiolcarbonates) . Based on these backgrounds, we intended to use the
dithiolcarbonates as precursors of thiols. Xanthates could be converted to the corresponding dithiolcarbonates by
Lewis-acid catalysis. Pyridine N-oxides and 4-dimethylaminopyridine also catalyzed the rearrangement reaction. On the
other hand, O-(2-alkenyl) S-alkyl dithiocarbonates undergo [3,3]-sigmatropic rearrangement to give the allylically
rearranged S- (2-alkenyl) S-alkyl dithiocarbonates. The homoallylic xanthates gave the corresponding dithiolcarbonates
on heating with phenols. Pyrolysis of allylic dithiolcarbonates caused retro-ene type reaction to give the allylic sulfides in
which allylic rearrangement also occurs. Coupling of these pericyclic reactions with intramolecular Diels—Alder reaction
affords a one-pot synthetic method for the construction of hydroisobenzothiophenes. The mechanisms of the cascade
and related reactions are demonstrated by location of the transition states using molecular orbital calculation method at
various levels of theory involving density functional theory (DFT).
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Fig. 1. FMO Three System Interaction for Retro-ene Reac-
tion
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Figure 2 1Z1%, O-ethyl S-methyl dithiocarbonate
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Fig. 2. Transition Structures of Chugev and Syi-type Thione-to-thiol Reaction for O-ethyl S-methyl Dithiocarbonate (B3LYP/6-31G

(d)

Relative energies are given in italic.
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E=-1162.7422 E=1162.7485

Fig. 3. TS and IM for Thione-to-thiol Rearrangement of O-
(2-dimethylaminoethyl) S-methyl Dithiocarbonate (B3LYP
/6-31G(d))

Fig. 4. TS for Thione-to-thiol Rearrangement of O-(2-
methylthioethyl) S-methyl Dithiocarbonate (B3LYP/6-31G
@)
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Fig. 5. Correlation with Kamlet-Taft Parameters for the
Rearrangement in Protic Solvents
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Fig. 6. PM3/COSMO Reaction Barrier for the Rearrange-
ment of Some S-methyl Xanthates in Several Solvents
O : O-(2-dimethylaminoethyl), A : O-(2-methylthioethyl), X : O-
allyl.
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bonate 3 1-phenylallyl alcohol 7» 5 [E¥E D HiETH
%9 %I EMNMTES (Chart 5).

Hi &9 % A0 thiol 215 % 1213 allylic S (K
DR IZ D % alcohol D xanthate 70 5 & LT 5.
Alcohol {3 A AR 71 )L IR > O LAH & i+ Grig-
nard R SHIRICERT D5 I ENTE S,

Allylic thiol J3HZI/s ==V REHFL TWD
DT, FEIZHHWIZ < WRERMMEKICTSY /=)L T
SUEEREIEAIETEEINNR DA EHNT
AR PEETH 5. 1

X7z, thiol D FFAEARZIEDBRIT, 2,4-dinitro-
chlorobenzene (2,4-DNB) Z 5 Z &b 573,
thiol % HEEd 2 L EIT/RV. RMAZEEO TS
J =T I TMEAMEL7ZDb5, 2,4-DNB O T
5 ) —)VIRIREMA S ERNETHLZENTES
(Chart 6). 19

O-Allyl S-methyl xanthate D EfSIREEREE (PM3)

Chart 4

% Fig. TI1ZRT. BBIREIEZR— MO HIRET
BMEODODTNILETHD I ENHAL =, RERAL
B, S 7 XU BRARKOS D 1 DTd % Cope
AL E ORI TH VD [3,3]-sigmatropy O il
A%, FMO JED =R AMERIC L D BFFED
INTH DI EMFHATES (Fig. 8).

O-Cinnamyl S-methyl dithiocarbonate IZ3H W TF
F VR DIV OERERTH C3 L2 KB T 5 Kb
2 (PM3) zP/RL 7 (Fig. 9).

Figure 10 iZ PM3, ab initio X DFT OZNZ 1
DEHFEIRIZHBIT S TSHiEZRL. LN)LOmmn
stETIE, C--0, C--S JHT[HfH#EHL PM3 1T\ %
EMIZDEN. 20

RIS DBBIREED TR)LF — CEREERIY 77Tl
EIE TR ZEEOFEERE A THERE,
FAR—IVE—AD b EEITRELUER, 2 Lok
B HEBE 51T K D HRAL I D 355 13 Rt B BE 73 v i A



474 Vol. 125 (2005)

KOH
cs CHyl
Ph~CH=CH-CH,-OH —=2 gu. Ph-CH=CH-CH,; 0-C-S-Na —— 3
in acetone 1
Ph-CH=CH-CH,-0-C-S-CHj Ph—CH-CH=CH, Ph-CHCH=CH,
1

| —
heat $-C-§-CH, S-H

Ph-CH-CH=CH,  —3»  Ph-CHCH=CH, —» Ph-CH=CH-CH,-5-G-S-CH,
O-H O-C-S-CHs o}
S

= | Ph-CH=CH-CH,-S-H

Chart 5
ethanol-
Ph-CH—CH=CH, amine Ph-CH—CH—CH,
_—
s—c\:l —S—CH;4 S-H
0 * OTNH
ethanolamine 0
2,4-DNB NO,
CH2:CH\
CH-S NO,
ph/ Boat (Hf<36.4 kcal/mol)
Chart 6

HOEFEEBIEKTL, Y1HR—ILE—A2 NI
RELIEDZN, HEHEWEZKS O-cinnamyl S-
methyl dithiocarbonate D FIEHMEE HIFEAE
ZE UV, AROSDEHENR E XS HFET DHER
nEs e (Fig. 5).
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5% (Fig. 11). 2
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HARIZED 1.1 kcal/mol (PM3) ZFEALT 5. dithiolcarbonate ~\#z{if 3 %.2» p-Chlorophenol ®
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FMO Three System Interaction for [3,3]-Sigmatropic
Rearrangement of O-allyl S-methyl Dithiocarbonate

Calculated Reaction Pathway
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Fig. 10. B3LYP/6-31G*, RHF/6-31G* and PM3 Optimized Structures of GS and TS
RHF/6-31G* and PM3 calculated values in parentheses [ ] and ( ), respectively.
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JLF VLT % & xanthate 315 51T, RAAKDHE
D CS, &EDKIIC K> THRLT S trithiocar-
bonate Gt PR K O FEXHFRAEL) 7314554 % (Chart
13).3

Dipolar aprotic 5D RNRICK B 1 F > KK DiE
PEALDERAL R DB E IR o TVWEEEZDH T &
MT&E%. ArCH,OH % 1 7@ alcohol IZ i ff A] fE
IRIIETH 5.

6. AEFERIG

Allylic xanthate O #x {7 [ Jix 2 A F B8 TIT A
W, AEFBEICEK > THEEIEERAEZF thiol % &
R CTZ5nBEMNDH D. O-cinnamyl S-methyl xan-
thate 227 05 F 2 Y > (CyD) IZEESH,
il dh e B U 7= A5 R, JEE il 45 % DRI & 15
5ZEMTE (Chart 14). 3

—RIZ7O0FFANY VIEHRHEETH D7
O, AHEOHELTUIHET TIERNWEEZ SN TN
5. T UL DIsn. 2T, HFEHEIC
L5 FHZERAAZ. > 7O0F5F A M) O TEIE
IIREERI N GHEN ER TH 50, BBIRREETHEILT
TRNDT, FREBN ) TEESIREZ1To 2.

075 L AT AE MOPAC200239 2 iy,
Compaq Alpha ES40 (2CPU) & % i3 OCTANE2
V6 (R12000A 2CPU) U —Z X F—3 3 > ET{7o
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7o, 3B, WEAROREEREEERE, Wik T
RERHWTNY O THETARETH 50, LITH
M TR OHIFR s & TRIENZ .

PR FHEEZEOES, SIETFIE (AM],
PM3, PMS5) IZX DRV CBRBOEBEICEST5IE
FEO I T BB O M B2 D, PM3JETIEHR A
r—#7"Z D C-H--H-C HAEMN®R < Hi#E
LIEMZER LUz, PMSIETII A BEROKEEFED
I—FI)IVEFEOMEMEM (Ph-H--0<), Wb
%5 C-H--OBDOKEMEBAD SN, 16CPU D
PC 7 5 2% ZHWnwiuE, HKIKED DFT 5HE1T
ARETH 5. B3LYP/6-31G (d) L ~N\)L® DFT &t
BETOREE, PMS OG22 BT R25

SR
[3,3]
S O
SR
Chart 14
CH3 ‘S

0=61.5°

HZEMTER, 7o)V EEZAELZ&HE XK
FiR BT R 3 D RS 5 I 7 R R B & AT L 72 RS S RRE
DFtEZELFL T3 (Fig. 12, Chart 15).

W N ORI THEF EEICB W TS FF
FIVARZIVEERZ b D 2 kI DK ERE S D
F2H7 2 ZIVEIZENTED, TUIEDO EES
IS K T 2 F A VR DIV O WEN—FH I/
ZEZERLTNDS,

SO MBEE 2 FF 5 &, HFEHME 60% Dk
MEEEDZENTER.Y T2V EEZTIVFIV
BT 2 EAFFERIREI SN E, T5ITY
T DIV EBIL R B AT D E MBI ENK
ENTEMNSE T T DIV EOUENAFTRIEDE 1 &
WThdZENyho/. PMIGHETIE, 7=
JVFEIZ B-CyD @ 2 Sk MM 5 A0, Mk
AMANZ BE 7] 9 B ELJBEE D 5 )Y 6 keal/mol #2 E % E T
Hol.

Xanthate [RO (C=S) S-Me] D {1 VD IZ carba-
mate RO (C=S)NMe, TH[FREDARFHENEZ
50, GRROE CHsl 72 E D 7 )L FILLEI Me,N
(C=S)CINRLETH 5.

INGZEHVWSZERSARTES RO(C=Y)
NHNH, 2/ EH L2, & 23D, ZOREIZEML
HANRENH>Z. FTHESITROKE, TDr b
> HEA K RO (C=S)NHN=CR, % 7 3L {k{k RO
(C=S) NHNH-COMe T3 #x L 5 Jits O fi BE A3 U
ZENTFHRITE (Fig. 13).

TS

Fig. 12. Geometries of the Guest in the Complex
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Chart 15

?z/éw”
28.30 koa/mol N 11.900
2536, p
__P
1.670 CV"?—

1
% 26.13 kacal/mol 2.557
—_—

Fig. 13. Reaction Barriers for the Allyl Carbazate

DN TREt 2RI, MnEEZE
ICEFESE, BURfIXISETD & TE
55N 7= (Chart 16).

157
i

AZHEO B-CyD UL EMOH &,

L, B-CyD
D OFERMN

xanthate

CS, S
\ /H — = /K
lNHNH2
10 S
MS/LKN’NHZ - \/\O)J\N,NHz
H
S S
=~ )J\N/NHAC SN A, .N=CR,
H
Chart 16

(-SMe) TR, REFEDNRIASHITERL
=, D THEEEOKE, RO(C=S)NHN=CR,
DA NH 23, RO (C=S) NHNHCOMe @ &
12 NHCO M/KFZERITHET 2 2 &N TRINL
(Fig. 14).

HIEREOAR S TEBREBICBWTHEZKG
WG LRBWAIARZIV NH 72 E DMk & 2
WK FLR DK FERE G DT A N 53T DL E %
TR ELFELTVWEHDEEZDZENTE
%.

7. AREDRBI

Allylic xanthate 38 [3,3] -sigmatropy 5 ix % ¥l
A U= SERBIR S AR, L o4 B kEE
U%Z &< BIFMITAF] 72 allylic thiol 5% %
BICERTESHTEMO THERENE L, aidl
EMOERKLOERFPEAEL TRHINTY
%). 38,39)

KRN IS % J 9 © FE 15 1 @ allylic alcohol
WAL Z85E, EENICEHENED allyl #5474
NESND. FiEMEOGRICH A N6 %
Chart 17(A) {2787, 404D

Chart 17 (B) @ K& T, allylic #5472 FIH L
thiol ZG LI T 714 RANFELHITH 5.
Allyl ZO —HEEGIIBAEIN AN R Y — A1
FHINTNnS. 9

Z T HIIVIBRACICHIA S 7= il = Chart 18 IZ/R
—d—. 43)

A B FN allylic xanthate @D #5072 F) {3 UL %
TGP o AV T FEFRF SR E AR T 2 Z &AvH]
BETH S (Chart 19).
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|-|| /Me
H _CHz0-C-N—N=C_
\C:C Il Me
/ N
Ph H
= O e
Sl
. A O O()
¥ 0]
bl
e
@2 =04 (S)amer.
T Bmod I,
B-CyD
Fig. 14. Effective Hydrogen Bond between the Guest and Host (HF/3-21G(d))
A

EtO,C_ S-C-S-Me
* O

re

Me”

enantiomeric excess >38%

SiMe3

s
A
LA

+
N

Chart 17

8. Retro-ene [ i

Allylic xanthate D ¥z f7 A Z iR CTHHAT % &
COS 7 Z % Jifttt L T allylic sulfide 2315 5 41 5. 4
Y D R E BRI ERO allylic alcohol DB #4112
RoTWD Z N5 AR ROERIT allyl #RAL25E 2
S TW5Z EAURER I N/= (Chart 20).

D BIZA KGN retro-ene RS TH 5 T & %28
REEFTHEN S SN T S Z ENTE . 4 Figure
15 IZEtRMIEZRT.

Allylic xanthate Z 2/ 9 2 &, WA — RH
D RY BIR KIS % & T one-pot T allylic sulfide 73
/oo, OLNEERNT—5 bMERINTHSD T
EERBTDERNE SN, INEEN 2 DS
BT HEOESLHITRIEL, FOSFEEEZ 3.7 keal
/mol FE KW,

A retro-ene INFIKFIEGHOBNT =/ —)b
HETOD B 707 F A M RS TO
THi#E 3 % . S-(1-phenylallyl) S-methyl dithiocar-
bonate DEBIREER -CyD ICHEIH T, Kib%
DIRTEHNWTEBREF R T2 LT —IVix
BT A7) DHIKRZ)L & B-CyD @ 2 # alcohol
MK EL & O T/KERE GBS 5 (Fig. 16).

A% A ABFFAE F T D EEIR TRIGDE
195, BBREGEOERENS, HIVARZIVIC
AICL 2WEAL U ROREREL TWDH EEZE A D T &N
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7&
n-Bu3SnH, AIBN
benzene reflux

Chart 18

Ph *
\4 B-Cyd Phw/\

S 0] - S o)
SR SR
H OH
- Phw*/&o Ph\"‘/KO
SH SH
Chart 19

TZ% (Chart 21(A)).

B JE AT B FERR/RSOSDMEHE S N5 T &
SN, AT RIS D 2 allylic FAEK A Bk
I BH5REMND S (Chart 21(B)). 47

A4-cholesten-38-ol ® xanthate 2 &pk L, FHl3
% E%Hind % methyl sulfide 723155015, MeS 2D
MARREBEREEEELC B THD, A TH S
dithiolcarbonate {3 19 iz D X F )L & DNARKFED /=
O L MIT retro-ene K% &L L, 3p-methylthio
hKaeH5Z5HDEEZS5NS (Chart 22(A)).

Furfuryl alcohol % 3% @ Jj% T xanthate /L3 %
&, O-furfuryl S-alkyl dithiocarbonate } TNz A7 f&
1B 5 NT, furfuryl alkyl sulfide 235 501 %, &
FOSE R AR & R 7s 12 H RS A O ffi 5 & il
ELTHIHTES (Chart 22(B)).®

X 512, allylic sulfide ¥l —HE S S EE TIC
HENTEAFLONERETH D720, RAEBKOMHE
FHELTHEHATHS (Chart 23),

9. ZEBRRENZRT— KRS

O- (2-alkenyl) S-alkyl dithiocarbonate 8 @ i:l 2
r— RS (ZEMEERISDRHP TR HETIC
Ry b THETTS) 251 %Jﬁé’d‘“(, 1,3-

=~ - =
— SCOSR'
R'S
+

4
SR'
Me: E/Z=71/29. Bz: E/Z=83/17
a a

SCOSR'
Chart 20

37.69 keal/mol &.929
 — b 1716
2380 /

;  pl378.F
; S 2639
1.403

2n ~
P !/\
2c é' él i
— g e S
R RE % R” C//
26 O//

Fig. 15. TS Structure Calculated by B3LYP/6-31G(d) and
Orbital Interaction

alkadienol IZ# H L, & 5T xanthogenate @ 7 JI
F VLA dlenophlle Wy EH RS, BRL =
A~f 1 xanthate D ZERE T X — RIJBICK D&
WEANT OBk &Y TdH 5 hydroisobenzothiophene
HHEWET D0 TGt &2iTo .

I 7xb b, [3,3]-sigmatropy—retro-ene— 7)1 N
Diels—Alder ZJi® 3 @i X ERK IS TH 5. 49

O-Sorbyl S-allyl dithiocarbonate % 12 & % & %
BPEIC BV THBO USRI NEETH D, L7
1 2 OEMEME, WRAXOMERIZKVE 16 1
DHAT — BRISERD N AIEET H % (Chart
24) .50

T DGk FEERTIE, Chart 24 /1, DU TH A
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Fig. 16. TS Structure for the Retro-ene Reaction in S-CyD Complex (PM3)

b SRR T DR TSI T L, R
BRAIRROSRA OFERENHEBR L. ZEEGEHA
A AuTZ O-sorbyl S-progargyl dithiocarbonate % fifiEk
$ % & one-pot TH—EMZEGA /.

3-Butenyl & K% Fl\» T 6 B33 tetrahydrothio-
pyran 2332 U 72 b &M D G Z il A 727y, BRI L
TWwian, BBRENOBITOHIITENDHDHD
L& Z 5N % (Chart 25).

J1 )V > B % dienophile ® —HE S IC LB I
=%a, LUMO O R TS D b7 i #F
T&E5.9 351, WA ABELTAICL ZHW5
ERSITEIR THEIT L, endo BIRMENE X O frans
HEDOHMAERT 5. Figure 17 IZ sulfone 1K D # 5

WiEzERY.

RIS DEGE, EBIREIZBNT, AICL HEL
T5ENIVKRBO IRV iRFED LUMO R
MRELIRD, 2 RYERNRDHRHITH DO &
EAOND, BRISITBT D KB RAER DR E %
THIT IR FREES RS L NV D
ab initio £ T3 M TH > /=. RHF/6-31G(d) L
NIV OFE TIPS HRZEENTHTE
(Chart 26).

2,4-Pentadienol DK —EHiESG D 1 D2 70
ANFt 29 B &, 3B %D dodecahydronaphtho
[2,3-c] thiophene ‘B2 H T 25U NEEN 5
(Chart 27).
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Al Rig cos
Hl/\ A R1m/\/S\R
S. retro ene 2
Y OR:
AlCI, O
O/
E RM, R3X R1 / S\
A LR RS,
ST TS Rs
\-/ Chart 23
AlCl3-Complexed TS (PM3) MeMO\H/S X
& [3,3] j
Me CHj (A)
\(\ (PhP)Pd | PR - (h Me s &2
S SMe -COS /Pd ’,:' ‘SMe F SWS\/\
\g/ T e ® O
/ \retro ene
A
— HSC%] + HGC\(\ éﬁ
SMe SMe Me~-S + Mews
Chart 21
[[4+21 [4+2] [
FUSED FUSED
A) '\\ - ,\'\_ I‘\'\/Ie ..‘Me
Sl G
S S
Me'S{.T’O cis/ trans cis /trans
S MeS{“)-S
o) BRIDGED BRIDGED
B - Me Me
| G
\\ S S
cis /trans cis/ frans
Mes \
e
B) XN -—
S\/\
-C0Ss 4+2
[(}Vo SR ——> [QVSR [[ ]
\g/ BRIDGED FUSED
Chart 22 HQH HgH
Me™ 'S Me
4 isomers 4 isomers

Chart 24



No. 6

485

Furfuryl alcohol @ xanthate |3 R L ER-D, EH
% sulfide 7’75 5 5. S-(2-alkenyl) & % Wi S-
propargyl {k7p 5, HAHG PRk S LU THMRAL
BN E585 (Chart 28).

S- (2-alkenyl) D5 E1 cis-fused & TN trans-fused
A D BFEHE G035 51 %, B3LYP/6-31G
(d) EITK HEHEKEF % Chart 29, Fig. 18 [T/R7.
JF Bl @ allyl sulfide & 737N DA ff itk @ T %)L
F—ZFDTNTHLIEERLTVNS., Z0HEE
H LRV OEWGFHLEERE (AM1) TUE,
K1 8 kcal/mol FEARNLE TH DHERMNESN,
REES NN EERB L, BRIV F—%
FY 2 ROSRITB T 2 LEME DI L NIV D
WEHEIENBETH S, 2B, BBIRE#E KO
IR cis-fused D F A% 6 kcal/mol FEEEF|TH
% (Fig. 18).

S-propargyl & D& 13 allene 12 Bk L /212,

2
\/\S/\O - \- - @S
Y heat N

S A\F H

Chart 25

S FHNDAFMBEZ2bDEEZ 5N,

10. HFHEFEOFR M

i bGP 3d HuE 2 5L DT, FREBRND T
BRI K D HE TRICIIRED S 5 S n T
Ws., LaL, ¥RBND THERE 707 54T
BN A= RERB TR EMARAEICE S LS

COOEt
MOTS\/\\/
—_—
S (3.3]
o =

o
SWS\MOEI _—Cos

H H
—.chl.b
A\l fif A

Me A Me" TN

CO,Et COOEt
trans

Chart 26

Fig. 17.

ORTEP Drawing
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a4
S (0]
S\/
[3,3]
= x
s\n/s\/
(@]
-COS
heat i d
:—/S
H
—_— S
heat YC(I)
Chart 27
A)
/ \ IMDA
o 7\ retro DA 5
A H

COOH endo-FUSED

—_— O 1 S —
Hooci —

B)

[\ S
O_<s_’Q_<so

O
= =

I

T

2

—

R
/

R
— —_— SO
o k0, ?
—

Chart 28

E=-784.2311254

lT AE=1.69 keal/mol

E=-784.2338154

Chart 29

CHEINTVWDSOT, 3d#lEEZEEHALZEES
THENRD DOFRIFIVETH S (d Pz kL
TR BR Y o FE EH % & L C MNDO-d 732 %
INTND)DREYE & OEEHEITIZTNAS WA 7]
A 57, O-cinnamyl S-methyl dithiocarbonate
@ [3,3]-sigmatropy ¥ D K JNfEEE D E, PM3
1% 25.0 kcal/mol, B3LYP/6-31G (d) TIiZ, 25.1
kcal/mol Td U, [ i i3 FE & HY 1T 3K 8 7= F2 I il
(26.2 kcal/mol in n-hexadecane) Z#EIHL /=, L7
U, ROSENZ PM3 T KICEHMEESNTHWDE KD
ThH5 (Fig. 19).

RIZ, EIEMEEFHAEOHKZRBNT L THER
W, 27y PilT —4 X—Z CCDC? 1213,
xanthogenate & BIHIZ ML < HESIN TV BN,
xanthate O X #RfEHTT —F13HE D BFHEINTW
724, S-carboxyethyl #FEKY D F —4% Z 3z, C
=S "HEGOB/BMICHEE TS &, MR TI
1.62—1.63A TH 2%, AMI £ TIE 1.569A TH
0, MV EW, DFT KIZERMEEI DAL KL
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E=-784.1877313 AE=27.2

Fig. 19.

trans-fused

E=-784.1775116 AE=33.64

Fig. 18. Transition States

X-ray
B3LYP/6-31G(d)
PM3

AM1

bond lengths

X-Ray and Calculated Structures

Fig. 20. ORTEP Drawing

BHXN5. MP2/6-31G*DfE (1.635A) 13 FEHIHE
WCIEWHDTH - 7.

S-Allyl S-methyl dithiocarbonate & phencyclone &
D DA A D X $RFEHTS 2175 & exo MK T
& 1, phenyl & & SCOS AL HR=)L & DRIC CH
-0 OMEAERNRBI N, BRIREFEICBNT
b IN/. Xanthate EO I T+ A—3 3 >
WEWHRTHDH, LRI OENWEEIL I N2
L 7= (Fig. 20).

Furfuryl allyl sulfide @ 77 F N DA s 13 -5 1
EMELTESNSDD, T OHEFEIT RS T
EEIREETIEIPHT S Z &3 TE/A W, B3LYP/6-
31G(d) LNV OEENREEETTHITE 2.

DOOFFARNY VIR VRN OEIND B
OMEMEMIZ PM3 & PMS Tidn/ia D ®izs.
PM3 JETIIHED 3,5- D AF > 7O &7
VD 2,3- D70 b 2A PUF OEEETHf L
TWa, ZOHAEMRHNPERICHMS NS /20,
HAEINZNCEVROMENRES>TLED.
AMI1 % PMS5 T3 Z O##EZ 2.5A TH 0, ArH-
O BOMEERBREELMBL THW5D. ERARFE
Wi 2 0B &3 % ab initio 512 & % B EREE 12
WHER 25X 2 DIZ PMS ETH 5.

11. &HYIC

BT E A EFDNI < 72> /= Chugaev K )i
% thion-to-thiol I/ K IE & L THFHT B Z &
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1241, alcohol M 5 thiol A AT DW7E LB
S D i 2 R8N Uiz, ARIZEE, &b E&iEHE
E4 322 B, D EINO allylic thiol %% W/ I fii B
WECHRIRNIC B R T 2N Z2H LR TH S
N, IRV ZHMITIRN0 Z A, m#ig s O
#1272 o /= A A3 F0 xanthate @ [3,3]- 37/ < O
E—igfio L b O 2 KRE FMO G % 55 5 1 &
TERYBRRKSOHBIZADRIETH 5. KWK
ZHE L CFMOmOAE AN ZH 5D Cilid 5 2
EMTE., £z, 3dHENBREITR S 5T
S FHLEEOEAEORIEIC B R 72, I 51T,
1998 12/ — NIV L E 2 R E U 2 & E B EGE
1% ab initio 3k EFRI2 D, /NS WEHEHEE R
TEBREREEZFIHETELILEEKR L. EE
DOFf&T D REAKRFETIE, 3 R E TIIRA BRI
Wy > —ITREHEINE RS — N\RE SN TY
2. EZAN, RFEUEO—EREEL THED sN/-HE
ZDEBEL DO, HwalmEEt >y —ic%kis
N, TOWREIIEHHEREEICRHELE 207D,
ab initio FtH2 ED - DITHAED EMEREHEED L
CHIVINARREIZ IR o 2. BITE, RZFRO IT HE
FIZEHE AL 16 CPUPC 7 7 X% (3 GHz Penti-
um IVO PCZEZFAHE Y N7 THH L, Linda.
T GAUSSIAN98 Wi %l L7z~ ) Zffi>T
ab initio > DFT GtHZ{T> TW5M, 0&EZAD
A== E 21 —FICILET e E FHET 5D
WIXEBNTWD, KRZOIHEIEY — N5 DiH
B TETTZES (0-allyl S-methyl xanthate @ [3,3]-
sigmatropy 5 D B IR BEFHHIC E I 5 i il 1
16CPU @ PC 7 5 X % T#J 20 43, O-cinnamyl S-
methyl xanthate |37 39 7 CThH 5. RENFIHHEME >
F—IlERBEBINTWSEZHP 77 = )Y —/)\NTId
1416 53 2% L 72).

ZOMEDEITHEY —NOFENE L TORENL, (K1
ALY S BITHEDIE, IR &R LENE SITHIE
IZR5I3TTh 5.

HEE AN E, HROEohTEVEENE
M KELZHR HOR=%EDEH (935%)
ZRLUTHETET. HIEICHEI N IUNKREE S
BUE L AR, REAN KA EE0 3 i RS T A 5%
BDAY v T, KREGAE, 54 FE 0K 2 1H
LE9.
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9)
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11)
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