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AR E L E G ferka sultine  4cdtd & 0-QDM ¢ B AR Cg
k

NIy S — P . 2| v . N2 Al 18
EEFE PFED sultine® Cop i 11 1 4eeng ™o

24



43 44

A non-Kekulé fEf o k&7 Coosirte & F o oo frgpyf & Wudl**
fr Luh®™ & 7 #8234 TMM-Cyo 53[3#2]3k. it ¥ & o & Wudl eh1 iF ¢ 2, B gr
UORTRD B ATE P e Coo R IRESET| Y £ 4 45 % 460 fu i A+ 46
R s Ak ’fﬁ ﬂ”ﬁﬁ}f 47 (ketene acetal) 5@ W g 4L LIt RfEF Jd 7 0 ik
S TMM ® PR 287 F iy Ao )L — e

% ODCB
O_ 0
& 70°C

46 (27%)

silica gel
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Luh®® 124 (Pd°) #i[342]% i & & > 424 2 TMM-palladium * &
214k T Co 4 % TMM-Coo 4e % 4 48 > 43t |- = o i 12 %5 PriwiF
g,f l«LL i

Fooo !
B sk £ 5 704 nm o

TMS\)J\/OAC [ _

a5
fo

w

4 'H~ PCNMR ~ Fra# 2 gl &b g e ko voig ki 2

+ TMSOAc

N

PdL,

+

L,Pd

2001 # > Ohno™* % * 5 B % % TME A d & 50 &2 Cgo e & » 12 3 4-

X 3¢ pyrrolo-3-sulfolenes 49 % TME # Sgd~ » 4r;V Bl -+ = #77

CO,Et
_ ODCB
0,S — >
= 150 °C
[ )
49aR=H 50 51a R = H
49¢ R = CH.Ph (BooyO| 210 RZ gﬂgph
49d R = CO,tBu DMAP 51d R = CO,tBu
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AR % F LI AR sultine & F 0 AN RET A 4 non-Kekulé
#pd A TR AR - 4 (0-quinodimethane > 0-QDM) ¢ A Y, 2 g
Al 4 & Diels—Alder B i 2 4 - # @ > thienosultines 33a—d ¥
¥ 1% non-Kekulé g p o0 fenmi spde 50 H 4 & 482 5- g~ (2 o€ 53a—d
Ag T AT ARZ e F CAFBEMT VT A 34 5l ie 7 Friedel-Crafts #
7R E RS FI &P 54a-d > £ 2 Rongalite (sodium formaldehyde
sulfoxylate) % /4.1 w 7 3 4% % TBAB (tetrabutylammonium bromide) 3 i
i (¢ 5 Dittmer 94 = = %) 7 ¥ thienosultine 33a—d > @ 5 ¥ A B~ %

2 wZvr 53c,d hE & QI EE ¥ 4o (Pt F > VT F A RO £

\

Flem @3] hos Bt e 977 ¢

52 53c

2 (©)

o a0\ _9 J Y

©/ O\an 97% s7 =Ph 97% ch/Q\Ph
@ l(a)

Br (b) /\
O ottt o

ZnCl 46% S
53d
1 1
R Rongalite R o
/@\ CICH,OCH, S TBAB s §//
R > R,  sncl,CS, —=\__Cl DMF, rt =_0
R2 R?
1_p2_
SRR 42 4156 a7
=R"= 54b 69% %
53¢ R, R? = CH3, Ph 54c 48% 33c 17%
54d 64% 33d 25%

53d R' = R? = Ph

Method:
(a) nBuLi, THF, 0 °C, 3 h; ZnCl,, THF, rt, 2 h; (b) Pd(PPhs),, THF, 55 °C, 24 h;
(c) nBuLi, THF, 0 °C, 3 h; CH;I, 0 °C—rt, 24 h.

SRt
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gl AP & 2 thienosultines I 87 Cyo i (7 74 1 F i 2 E 3FEF1

£
oA b A K SeiE FORET o

2.1.2 Non-Kekulé g5 & A5 552 & =
FLAPE SR G RS T S SR sultine > B & L inArdo N B4 T

TR
Br (1) nBuLi (2.1 eq.), THF RS (a) 37% HCHO, conc. HCI RS
IS -78°C, 30 min; < rt, 8 h (for 54e) . IS
— (2)RSSR (2.1 eq.), —  (b) CICH,OCHjs, ZnCl, = Cl
BY -78°C, 1 h Re CHClg, 1t, 3 h (for 54f)
55 53]? R_: ChH3 (7%%) 54e R = CH3 (87%)
53f R=Ph (95%) 54f R = Ph
RS
Rongalite, TBAB ~ S//O
» S
DMF, rt, 10-24 h __ o

RS

33e R = CHj; (24%)
33f R=Ph (54f to 33f, 11%)

FELT

H#25-2 eEer 55 B-78 °C T T4 E T A Y ALE B
BB L 53e~53f0 AL T9%ZE 95% o B ¥eEer 34 Bplie s
Friedel-Crafts % ® A it F g > A w1 KRR 2 EARKE 7 77

By Sde> A% 87% & 7 AT AMEF BT B L4 54 L2

’\5\

A > %A 0L Rongalite % bt w = A4e® TBAB 5 iiv & °» 7

EY

-

thienosultine 33f> = ) 3, & & 11%; * &4 33e» ¥ gl F RifF it B

A % 24% -
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2.1.3 Thienosultines 22 Cg 4r = 2_ & #

o Ce » VEFH > 2 1.5 5 & thienosultines 33e,f & #8- % F
(0-dichlorobenzene > ODCB) ¥ i 7 2 -] p# (%) 180 °C) > sultine € %3 = %
itzi4 2 non-Kekulé BFp o 28 Coo F BIEF 1:1 %2 2:1 4 A% 57 %
58 vt kX201 5P 33a—f o Coo flcid F & FE 7 ™ 900 X v £ R 4
a8 PUR R A B A & 180°C S @ R4 b 5758 R X g
37-79% (F i 4251 Ceo3t 2 » A F 5 58-96%) > * H -

k)
¢s
(3%
1
zﬂﬂ

e XA - IR F At bd 2-31 B2 3 3561 e NEL S

1
R o Rl R
S s~ ODCB, 180 °C 3 Ce0
S . > & = S
—
O w/wo MW —
R2 R2 > R

33aR!=R?=CH;,

33b R'=R?=Cl 56a_f 57a~f

33c R, R? = CH,, Ph .
1_p2_

33d R*=R”=Ph bisadducts

33e R' = R?=SCH,

33f R'=R?=5SPh S8a-f

7 B
THE O BOAFITEY LG e N Y RS SAGE S Ry o ok ek

3 ¥ & = (microwave-assisted organic synyhesis ° MAOS)” 7 & w SR
PR (d B FRElfgsrdrrF )RS FRE2 - RBAFEL
=X

Wt o B RILEZE 2 oo [ (B A @A) g o ol &0 1 9

Bon G EATS ARSI e FI AR £ F LB
oI H CoF BENFER (FEHT R 2T E5 Co) > BF AL

B B ARR ML B IUE Cote 3 F Rend * 3 -
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% — ! Thienosultines 33a—f £7 Cg 1% i 2 & su4r$h2 1L R

microwave conventional heating b
yield (%) yield (%)
sultine time monoadduct bisadduct | time  monoadduct  bisadduct
(min) 57 58 (h) 57 58

33a 4 47 (64)° 11 (15)° 2 38 (73)° 12 (23)°
33b 4 — ---° 24 28 (44)° 9 (14)°
33¢ 4 39 (64)° ---° 2 47 (62)° 16 (20)°
33d 4 53 (81)° 9 (14)° 2 52 (65)° 20 (25)°
33e 4 41 (52)° 10 (13)° 2 52 (62)° 27 (32)°
33f 4 51 (76)° 15 (22)° 2 51 (63)° 27 (33)°

aPower 900 W, ODCB, 180°C. ".ODCByreflux. . ° Based on consumed Cgy.
9 Sultine 33b was completely converted to sulfolene without reacting with Ce.
® Trace.

19 Coo be F AP F T TR BT FauR £ A L Rk S % F
AT A4 8 33b hF A S B T LA AP B S56b
HOMO e Coo 57 LUMO 2. [ ciis I £38 % > @ 7 P37kt 4r & 0 = 04
A S8a—f ¢ i e B 2R & A4, Fl A & 1 FAB-MS 2 'H
NMR 3§ #2 o it & 57a—f 7 UV-Vis L FH A7 & 435 nm 1305 -

A3 v fgiE 0 Ao CeoH — 4o ez g iV % ﬁ (dihydrofullerene) °
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@ (b)

o ______’/\AE}‘]SK

308 K

298 K

Bl- :HE- 42352 '"HNMR $¥F95% (500 MHz for 57e, 600 MHz for
57f, CDCI;/CS, = 1:2) (a) 57e, for which ‘Tc 1s 298 K; and (b) 57f, for which Tc
is 298 K.

md %E HNMRE#FHRFR > § 38 25°C(298K) pFo it &4
57e fo ST H» fokbenm e P LAy - 2H L% (B=-) &7
P PR & ¢ iE coalescence § A& (TC) © #T3) €7 coalescence £ & ¥4p =~ R
% boat-to-boat /i & 2 I PR R 0 FlUt F 3 Te PF o Pk ihii A g
BaIY AL e E TR B RY o VRERD{ Xk HE £
m 3 Te B = ﬁ&f#ﬂ,iﬁi&;lﬁg% - B ”iéﬁﬁ_ﬂj B A IR
Bnf; " A4 3 4p48 8 7 BRI AB quartet cha K 0 FlutjEd R %HT

B R R E T RAGT ) B 14.6 £0.2 v 14.0 £ 0.2 keal/mol
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B R A L (FEL i 3%, sm v i 43 13.5 5 14.8 keal/mol 2 B o
B AR 2 P £ 4 59ab BT 3% 1 2.8 keal/mol s dr & = e
/:_E:Li‘/“ °

22 1 H- b2 g H STafE 0 i (AGTH) 2 R P

thienoadduct (substituents) Tc (K) Av (Hz)b JAB (Hz)b AG,” (kcal/mol) reference

57a° (2,5-dimethyl) 291 538  14.0 14.0+0.2 36b
57b° (2,5-dichloro) 286 95.6  14.1 13.5+0.2 36b

200 487 141 14.2+0.2 36a
57¢° (2-methyl-5-phenyl)

200 42,6  14.0 142+0.2 36a
57d° (2,5-diphenyl) 304 5900044 1 14.8+0.2 36a
57¢° (2,5-dimethlthio) 298 5 1209 14.5 14.6+0.2  this work
57f (2,5-diphenylthio) 298% 1523 14.4 14.0+£0.2 this work

245 262 147 12.0£0.2 30b

241 148 139 11.9+0.2 30b

223 51.0 154 10.7+0.2 30b

231 867 154 11.0+0.2 30b

% Various temperature measurements were taken in a 600 MHz NMR (57e in a

500 MHz NMR).

The activation free energies were obtained using equation:

ke = 2.22 (Avag® + 6Ja5)"% AG” = 4.58 Tc (10.32 + log (Tc/ke)) x 107°

kcal/mol.”’

well-separated quartet:

for 57d, —5 °C for 57e, and 0 °C for 57f.

ds-ortho-dichlorobenzene.

32

" Data are reported at the highest temperature that affords
—10 °C for 57a, —15 °C for 57b, 7 °C for 57¢, 20 °C
°In CDCL/CS, = 1:22. “ In



Martin % 4 *® ¥ 12 thieno- ~ pyrazino-0-QDMs % ® B & » 12 it & 4o
5 N Coit A4 4R F i 357 @R H - A A4 > d 1@
|~ R 7k pyrazine #74 F 41a 2. T, (323 K) fvAG.” (15.4 kcal/mol) R
02 phie e IR <0 (carbocyclic) fTA 42 % A BT B BRBed A
# 59ab 2 T ArAGSH @R| % |3 5 » 47 59ab chip A d w w2t 4
ik o Martin IR E KRB RSB < T E > Bt 20 A&k

erijz W 5k 4 (torsional strain) % % 5k 4 (angular strain) 3 2 o

d PM3 8 & g apeRer et & (120.4° o 120.9°) #& pyrazine %

(116.6°) + » ¥ #» R IR4Ea)+ $& pyrazine AR T3 ; it &4 59a 2
torsional angle : C(1)-C(61)-C(62)-S(65) = 148.1° 2 C(6)-C(64)-C(63)-C(67)
% 149.3° > iv £ 3= 41a 2_ torsional angle : C(1)-C(61)-C(62)-N(65) = 131.5°
417> Rubin *t AT 4 5@ 91 Fl2 @ (135%) « Ay 0 PM3 3+ 5
i &4 57a-> ¥ 3]eEerentt & 5 117.7° %2 torsional angle : C(1)-C(61)-C(62)-

S(65) 5 134.9°> &3 5 % & Martin chfidhdn > 4 250 0§ % A R85

33



er1vk & 2 torsional angle A%+ pF > & =~ ﬁ%f?’?/i\i\*“l G 0 BIAG. & 4%
g et £ 3 592 (R AGS 9 % 12.0 keal/mol) 5 F 2. » 4 54 328 (> coh
4 2 torsional angle 4%/ f » & » R IRAEAJART AR T 5 0 PIAG BAX S
doit 2 4 4la (RAGSEH % 154 keal/mol) % it 24 57a (HAG B4 %

14.0 kcal/mol) -

¥ - BLiE B enE_ Martin &% - 5 2 ® M40 Cgo 4r 2 F HAGT
VieTh s 2 B R UL F FRMM % C(62)-C(63)shutE AXE > AG, B
A% B 5 C(62)-C(63) Ut £ 4% » AG, B 4% % o Martin ™ PM3 3+ 5 & % @t
L4 60 gL 5 1348 A AGE 5 11.3+£0.1 kcal/mol > @ 14 & 4 61 et
£ 5 1.4A°AGS® 5 15.2 kcal/mol = 2% 7 14 PM3 2+ & it & 4 57a <5 C(62)-
C(63)4E 5 1439 A> @ d %8 'HNMR £3% % LFPAG E % 14.0 +
0.2 keal/mol « & st £ 82 AGT et o> 1+ & 47 5Ta 308 1 & 4~ 61 4p 5 >
A AR SR R i Coo A7A P 0 IR G RS PAGTE 0 Flpt b
TP BAGTE & FF o
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RO o S - 4

60

36b

~

PHER Cooim2 + 5Ta B F h LT &

61

5P PR AR F R e AR o g A BV £ 4 5Ta 3 C

v B (Csz) » B

Lo
A

frx 7R

€l

>
3 m

CENETIRED T STa F R E (9= X)) Fke G

AW

[ 5 M g R AT RS A HES B & 62563 ()

122 anb b)) A K 50-73% > 4okt &4 5Tb—f % *v 3 § VR EDH -

EET o pE

e

&

=~ i 4 - Lz Y =
CAENREN- N =N o E

EP R 1%- :

2z 15562563 LT EIRE
L& 4 62 L& 63

'HNMR? (8) [4.56 (CH,), 4.45 (CH,), 2.71/4.31 (2CH,), 2.63 (2CH;)
(CH;), 2.53 (CH;)

BCNMR" (8) |197.7 (C=0), 193.0 (C=S—0),[200.6 (C=0), 41.7 (CH,), 29.2
49.1 (CHy), 42.6 (CH,), 30.9(CH;)% £ 214338 (& 21
(CH;), 30.3 (CH;) % + 354231 [49)
5.0 411E 4 (B 4019)

FT-IR (cm™")  [1700 (C=0), 1530 (C=C), 1180|1680 (C=0)
(C=S—0)

FAB-MS®(m/z) (891 (M + H") 859 M + H")

® 600 MHz in CDCl; at 298 K. ® 150 MHz in CDCl; at 298 K. © matrix:
m-nitrobenzylalcohol.
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L&t 628 A3 (M+H) % 8917t £4 57a £ 4 32; FT-IR
ke (F=) 21700401529 cm ' F @ 33085 @ 1 & 4 63 5+ 16851636
2 1617 cm ' § 3L A3 BRE L S STatple (Miz =859); ¥ ¢hd
PCNMR & 7% it & 4 62 h B carbonyl #:197.7 ppm 7 C=0 2 193.0 ppm
$1C=S—0 1 fr Ce 1A P % : 65.8 ppm % 65.5ppm > @ it & 4 63 ¥
k¢ o7 — & carbonyl B % 200.6 ppm fr— B Cgo 84 2 Bopk & 65.3 ppm> 4r

Bl ~ 1 #7571 ©
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%T

%T

100

40 I I I I T I I
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)
100
1457 1420
1357
90 -
!
80 -
13841096\ 798
1685 1021
70 1636 1261
2960 2849 1617 526
60 -
2919
50 -
40 I I I I T I I
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)
B= :i“ &% 622 632 FT-IR k:#
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(b)

Current Data Paraneters
NAME

3
EXPND
PROCNO

unknown-1
1
1

F2 - Acquisition Parameters

Date_
Time
TNSTRUM
PROBHD
PULPROG

0
SOLVENT

SFO1

= CHANNEL f1

31028

spect
S5 mm ONP 1H/1
29

32768

coe)3

16

0
7183 908 Hz
0219235 hz
2.2807028 sec
a1z
63.500 usec
5.50 usec

1.50000000 sec
0.00000000 sec
0.01500000 sec

H
8.80 usec

599 6029990 HHz

F2 - Processing parameters

s:

1D NMR plot parameters
20

[\
F1P
£l
fop
F2
PRMCH
HZEM

32768
53.8000166 MHz
na

i
0.00 M2
[

1.00

0.50000 ppn/cm
299.89999 Hz/cn

uerent Data Parameters

[}
NAME
EXPNO

PROCNO

upknaun-1
2

1

F2 - Acquisition Parameters

Date_

SF02

35029

37878789 Hz
1.155960 Hz
0.4325876 sec
2048
13.200 usec
£.50 usec

5.00000000 sec
0.03000000 sec
0.00000000 sec
0.0§500000 sec

CHANNEL 1

13¢
4.50 usec

150.8372651 MHz

CHANNEL 12

arp
1
92.00 usec
120.00 0B
8.90 oB

509.8029930 Az

F2 - Processing parameters
s1 65535

SF
HOH

1D NMA plot parametecs
ox 2

oy
F1p
F1

Fop

PPMCH
HzTM

)

1508198345 MHz
[t

4
5.00 H;

0
0.50
00 cm
25.00 en

220.000 ppm
33180.36 Hz

11.00000 ppn/cm
1659.01819 Hz/em

171

8 2y el glg
. g g g 3 g8
5 g LE 8 % g8
a ~ o - - < °©
Hi,Hio
Ha H-
X
o i
T 8 g
s 8 L2
& - olo
ppm 9 B 7 6 5 3 e 1 0
. 82 RERLSRESSBERBRSERRR ~8788 3§ 28§
& S5H B859YLYRYITIYITIETSSS8 NN 2 9 388
<7 &
C1,Cio
Cs G
—
62 cyclohexane
"
,
CoC Cs,Cs
1 9%)
Ll [ Al X
T T T T T T T T T
ppm 200 175 150 125 100 75 50 25

£ % 622 NMR % (a) '"HNMR ; (b) C NMR
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(b)

Current Data Parameters

NAME unknown-2

EXPNO 1

PROCNG 1

F2 - Acquisition Parameters

Date_ 2003102;

Time 20.47

INSTRUM spect

PROBHD S mm GNP 1H/1

PULPROG 29

™ 32768

SOLVENT toe13

NS 186

s 0

SHH 7183.908 Hz

FIDRES 0.213235 Hz

A0 2.2807028 sec

A6

i 69.600 usec

0E 5.50 usec

TE 299.4 K

1 1.50000000 sec

MCREST ©.00000000 sec

MCHRK ©.01500000 sec
CHANNEL f1

NUCt 1H

Py 8.80 usec

PLY 0.00 d8

SFO1 5998029990 HHz

F2 - Processing parameters

ST 32768
SF 5398000284 HHz
WO no
558 0
8 0.00 He
68 [
PC 0.10

10 NMR plot parameters
X 20

43 10.00 cm
F1P 9.500 ppn
F1 5698.10 Hz
F2p -0.500 pom
F2 -299.90 Hz
PPUCH 0.80000 ppa/cm
HZCH 299 90002 Hz/cm

current Data Parameters

NAME unknown-2
EXPNO 2
BADCNO t

£2 - Arquisition Parameters
200

Date_
Tine 21.07
INSTRUM spect.
PROBHO 5 am QNP $H/1
PLLPROG zgpg
() 32768
SOLVENT CE06
8160
05 0
SHH 37678.789 Hz
FIDAES 1.1455969 Hz
AQ 04325676 sec
a6 2048
H 13.200 usec
% 6.50 usec
TE 300.4 K
21 5.00000000 sec
11 0.03000000 sec
WCREST 0.00000000 sec
MOWRK 0.01500080 sec
CHANNEL 1
130
4.50 usec

0.00 0B
1508372651 MHZ

sF02 599.8029950 MHZ
F2 - Processing parameters

st 55536

sF 1508198361 MHZ
WD

ss8 4

La 5.00 Hz

a8 0

pC 0.50

10 MR plot parameters

ox 20.00 cn

oy 50.00 cm
F1p 215.000 ppn

& 3242626 Hz

2P -5.000 ppn
2 -754.10 Hz
PPHCH 11.00000 pon/em

HICH 1650.01818 Hz/cm

@ @ @ v« mo
o © 3 - 2&
& @ 3 g ® S8

g & & 3 o oa 33
g ~ < o - - oo
= o = <[ = o
] & e} AR 3
& @ ~ RG] @
g @ & & e <
& o - ol o 5
R e A T e A RAAS an T T T
ppm 9 7 6 5 4 3 2 1

~ MR TR TO T ORN U DON O o moo~w~ P N =
- 38 IROBNBLEEBRANEDIRAR SRREERA g B3I 8
8 g 5982922339999 594 ERRERE T B8R -

& EIIIIZIZIIIIIIIIIT /

. \

| — - Wrrdemdanotos

T v T T T T T T ™ y T ™ y —
ppm 200 150 100 50 0

it &% 63 2 NMR %
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d R ER . A PRI LI EF (0) K& 5Ta deEe
A F J& @A) = endoperoxide 64 > £ BT EREF I A BATAS L AR

H-¢1 sulfine-enone 62 * ¥4 %% <1 endione 63 > 4r3t B+ = #7771 °

62 (19-28%) 63 (31-45%)

i R

B2,5-2 7 AeEed bAp ik B SR E T A 520nm BT T A
¥ (methylene blue) #zi- 24 H f § & 25-2 7 AReding B3R F &
¥ 3| cis-sulfine 66 (56%) Fr trans-diketone (28%) ; % 4 ¥ f% & i3 ® 4 e
Pk i% 2 5 sulfine 66 ¥ #& 1 2 70% - diketone & F R X § 2% ©

Matturro>” F1* M NMR £33 % ¢ & 48 thioozonide 65 i3 & i
LF»~ endEite A 24 sulfine 66 %2 cis-3-hexene-2,5-dione 67 =% i ¥ it i /%
(FUB L) A BT A 2 F (1) RFART () Ee-13-B iR
el 3 (3) 54 @) F-F A B RF LR g4
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(B-scission) ° .75 (2) % carbonyl oxide ¥ FF 48 70 14 = » 2 p3RF
gl %A | sulfine 66 ° 7t&i3 & ¢ F B B B 4 o do?
B4 65 %® f% ¥ B o1 sulfine 66 A 5 chjg = s e Eﬁfiﬁ’ﬁ endione 67 34 = o
AR E - AR (RAE(D) TR B B Al frg i
Hd g%psn "f -Oxathiirane 71 ¢4 = § & d gjs (3) frihic (4) A
AenfEpd Ao 2 d AP EEP sulfine 66 7 % 1 b0 H 6 B s D
£ % 8 > sulfine 66 » 4 %] & : carbonyl O-sulfide 68 > 9 kcal/mol ; = #

oxathiirane 71 » 20 kcal/mol ; B 3 ;3\ oxathiirane 69 > 33 kcal/mol (H A 2
= e £ £ %)) F]t %77 oxathiirane 71 ¥ B & 4 = (a) sulfine 66 2 (b)

carbonyl O-sulfide 68 > @ 68 it p % "3 £ + 4 = % T endione 67 °

0O
-0 70 _ s 67
F g %7 A
o0—oO -S
3 65
( )'/ \ 4) _s
S —_—
Oe O Q5 Oe9
\ (33 kcal/mol)
(—> @ — (b) ﬂ
N \
+s O 50 *00
-S
0 46 O 7 68
(20 kcal/mol) (9 kcal/mol)
R A

BEALOTHE P Coptrai» ST E > F 57 2 2 kfe? » Tk

7
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FHEET PR BATPATE 1A BV AR T (1) & 5Tb—f Siaip

£
Tason 2) Higs 5 A4 e 57bo

Pl AL HEF o AT &
RFETAAF BT AT BFE B 2,53 BB A Cote 2

L
LR AR B BT S - #2527 AvEer A H 8 CghiTA
o (et &4 57d) AT 0 B F Y 2 OOW HME S ET o BRI EE
FRFEF CF R TRP AI RN Co it PaR? MEALHEEST -
drdow 2 35 35 %2 WA 25-FB- gy (83af) 2 77 5 H L F
v # Ceo (1.5 mol%) thy -% Pk > e §F N § § 7 RE 60 W th
B0 42 s Bk rd et s FRABBRAASENSE L F R
Moo MEEHCFERGE L 12,527 AuEe> 53a (37%) 0 2,5-2 Fu P AeEer
53¢ (26%) » 2-7 f-5-F A vEed 53¢ (£6%)0, 7 B @ Br eked(53b,d,f) &0

FRRD R THER AR SR TR R

sl

X //
© cone wd
FE o 8§83 o0 o adwos A2 22393 o Coddom®y Q ° S
a9 b s g8 8 80 49 sToadN & S RRCRT) S NDBOOHdmM®MO I 1]
o2 g & 2% 3 32 8 3258 ¢ 3888 88 52230888 3 8
R A ER & R52%8 : : eRZIBI8B & 8
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Fow 125N ES S3afHELF LR E R RS

R R R R
3
Sen, hv (60W tungsten-lam @) 0]
S v ( g p) | s s | o o
= 0,* CDCls o) o) o O
R R R R R

*air-saturated or oxygen-bubbled

I 1 11| v
entry thiophene sen 0O, time, product (%)
source  h I II I I
1 53a,R=CH; Cso air 42 23 0 4 10
(61)° (11" (28
2 53a,R=CH; Cq O 4 8 0 1.8 06
(77)° (17" (6)
3 53a,R=CH; 57d air 42 54 0 16 3
(74)° 22)° @)
4 53b,R=Cl Ceo air 42 no reaction
5 53¢, R=CHj, Céso air 42 complex mixture (< 6%)
Ph
6 53d,R=Ph Cso air 42 no reaction
7  53e, R=SCHj; Ceo air 42 complex mixture (< 26%)
8 53f,R=SPh Coo air 42 no reaction

% 2,5-Disubstituted-thiophenes 53a—f (40 mM in CDCl;) were prepared in
separate NMR tubes each containing a catalytic amount of triplet sensitizer and
was irradiated with 60 W tungsten-lamp at room temperature. Samples were
either pre-saturated with air and then irradiated or bubbled with oxygen during
photolysis. ® The concentration of Cg was ca. 1.5 mol% and that of 57d was
about 2.5 mol%. ° The yields were based on recovered thiophene (53a—f)
determined by 300 MHz NMR.
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mAR T Y o A g 2 5B i ek sultine (33e,f) 0 I 22 Ceo
F s 397 (8 3]4e Coo thte & A 4 > @ gt s 5] ey sultine (33a—f) 1
Bk NS VAR E o ©AF B oA fE g G B E e

L od Py R T v

1~ A FE R > oEe sultine Vi iibe Bfoficd e 3o g md - F
L Frs + 4 = non-Kekulé » 48 56 > &2 Cyo ¥ ¥ FIH - 40 &
57T 8- e AL S8 @ B F T WS RS BFR S 4 4
G B R - S X A S 023 12 T 3561

2~ 4 %E 'HNMRF %28 4 Cole A1 57ef = B i) 23k eh
B R AGT % 43 13.5 2148 keal/mol 2 FF > 3 4 £ % 57a (h PM3

W EREERP T A B Rt b R SRR R g T o

3 RBFitE&4 STackgF s 4 F ko & H D sulfine-enone 62 fr
endione 63 > & B4 5 i £ CeiRl § Ragit BEREE 4 H

-

it ¥ % thioozonide * FFHE e 27 & Priffem 1§ o
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F o300 SRS G ATE 27 3 (benzosultines 2. 4 F P T 1L 4e % F )
221 =5 % %
22.1.1 HSpR= % (0-QDM) 2 ff 4

1957 & > Cava ¥ * 7 A& N A= F (0-quinodimethane > 0-QDM 72)
BAL S M " AF (o-xylylene) & ¥ iv i ek ¢ FAE - G BE AR
LN SR PR SIEQUE S € S

X

72
i H LG ahn R E B e 7 Diels-Alder & @ fRig >

Al bR GRS P R AR L B i T (steroids) # H @
e

R B fnB g Doagl B R AF B % it & (fullerene

M = Ni, Zn, Fe ?( §2882
X =CH,, O
SR
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(1) Benzocyclobutene e74r 44 & & (2 /£ A) : benzocyclobutene 5 4v #%
BIk4 = 0-QDM e 2 § i * EAE % e HiF47 4> conrotatory 7 + B
BFBeoFFEAANE AR > € WMo d 2k 58 0-QDM > T = MR
Bl g T E A S P BN E M E B IR R R A% § AP L 110
°C» Y= A B~ 5 140 °C » & P~ X env benzocyclobutene P E 200 °C o

(2)1,4-) 2 B4 REB) 3 2e g5y d vt R A
) S W ) M

CCly
a5 - QX
—
CHs

Me
nBulLi

l

SiMej F
*NMEj;

o
T e AN
e

t
&

N
o)

(3) £ % Diels—Alder £ Ji5 (275 C~D): il ¥ T fdc 4 & PRk 15 2

T

“f— F AR ¥ = E% i 0-QDM » 4r diazene wd g (R R
£ );isochromanone "2 = % * & (4v#);sultine (4v #4 2 B& &) {r sulfolene
(Pc#) %3 = % i i) 2-indanone 4 - 3 B (BRE) o

(4) % f5 - (photoenolisation) {3 & ¥ (photorearrangement) (i& /3
E): -2 A F 7 pE(fk)¥ 7 »x4 2025 35-0-QDM » G RRE w1 nat s
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CH,
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&k o degh (NDY - 48 (PHM o4 (Fe)''® - 2003 & » Mishiyama ¥
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7 N\

Y MBI &R (La) agBatg 7 3 254 0-QDM- & 2 45 & 4 41

2.2.1.2 & 5 p Diels—Alder R it 4c =8 F B2 4 &
Diels—Alder & it e = g & =~ AR L% 0k o £ 2 &
HARY B FROBREWE-BTREFRESTTEREFES S
BEALE e
0-QDM ¥ 4R E E{ehe B4R 7 & & S A F > 4ol B (steroids)
ths & F % A3 P Diels—Alder it 4e 2 F poa #3F-H 4 dw
b et S e S ok IR B i AR
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T — Gl
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L 73 i
hv
76 _ So
Rl I
CHs
77
ANt
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OtBu OtBu

Oppolzer*™*® 2 Nicolaou**,#14ils* . benzosulfolene 75 #74 # % 0-QDM

mﬁﬁﬁ:ﬁ” ’ g % % B = ?J'Q,ffw s&r;\]]’g]: Li- or g

® Oppolzer
| ok |
o] ' l O?l
o) | )
o ], SO0 -
2 [ - >
NC | -SO; |NC NC
e Nicolaou _ 3
0 a7 0
o )
A = ".
SO, "o, “
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Benzocyclobutene 74 2 benzosulfolene 75 #7 % ek J& i & 5 % 180—250
°C > @ isochromanone 76 » 3 # * k43¢ 4 + p Diels—Alder ¥ J& > 2 7 {
B R (300 °C) 1 7md -5 itp ¥4 0-QDM o ApfR 2 T
benzosultine 1 ¥ 2 80 °C & 4 254 nm £ R g 5+ > T+ 4 & 0-QDM (72) *

w

AL > 3 8 <33k i 2 30T % 20 R 5 41F  do B

Z =T e
O 300 °C =
o) - CO, SN
76
s©  8o°Corhy . S0,
| SOZ
o - S0, X
1 72 80
R =

1974 & > Durst® B =X = 7 & = benzosultine 1> ¥ fL{s & RPN S
SRR SRR AET R AR O S 2 e s A A R
&4 81 & 12 SO,CL & NCS # i~ 2 & - 1991 & - Dittmer’ % & 11 ¥ - # 2
& = benzosultine 1 > §]* Rongalite (sodium formaldehyde sulfoxylate) %
TBAB (tetrabutylammonium bromide) & fLi & » < tg f§ iv & =9 3 > 4ozt
Bl-+tw o
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e Durst

O
_ SO,CI _0
5 (L) BuS -DMF Sty 272 ©C'S/
(3) MCPBA
o 81 1
hv, SOz (1) NaBH4 IS//O
benzene (2) HCI @)
1

e Dittmer
X HOCH,SO,Na, TBAB s°
> |
X o
DMF .
X = Cl, Br
s |l 5

Fpbos A E 24 Durst 2 Dittmer 597 % £ =0 benzosultine » H 4
+ PR AR 4 T2 (7 4 < ) Diels—Alder & J& > 4 C-4 B~ ik init
&1 82 &% C-1 P~ it enit £ 4 83 H M 49 Fx A7 P& Durst 17 2 > 12 SO,Cly
& NCS it =2 L AR it &4 » @ 4 = benzosultine #74 4= » H ¢ & 2 E B~
mAZ A TR G eha (v > Forlndgd 01 £ 81 AR Aok
Feng >RV ARG 84 gt FAEAY A mA O RTE-HE
= it &~ 85 el ¥ b 12 Dittmer = j2 & = ¢hbenzosultine £ * Grignard
FAIL 7 - B A AR R ET AT &5 81 i A gigEd &
S P ERE A HE R fbig;mﬁvﬁe? » #5107 g 4. Durst &
3729 &% mMCPBA @ ¥ % it 2 & #~—--FR(sulfone)> F|p 28 % - B ¥

TRRE AR
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Il 4 3
StBu || $/O
OH 02
84 S0,Cl, 1 80 °C or hv P
< or —_— or 82 —_— “
o or NCS - S0,
“StBu 430
3 73
| 0,
o OH \_ 1
78

222 MR % (0-QDM) % Spir 2bw
4-Alkenyl-3,4-dihydro-1H-2,3)A*:benzoxathiin-3=one & =

AP EE E S benzosultine B omd B 3R AR £ B dEs S+ 86 H

L& AR Bl LT o

<jCBr Rongalite, TBAB @CS//O tBuMgCl, THF‘
> I -
Br  DMF, rt, 24 h; 75% o} 0°C, 1 h: 90%

1
Qgpy (1) 25 eq. LDA, THF, ~78 °C, 30 min; N
(2) 1.5 eq. 5-bromo-1-pentene, rt, 2 h; 77% (I?
> StBu
or OH
OH (1) 2.5 eq. CHsLi, THF, 0 °C, 30 min;
.5 eq. 5-bromo-1-pentene, 1, 2 h; b
two isomer ratio:
AN 86a:86b(anti:syn)
cal:7
NCS, CH,Cl, S//O
—_ > T
It; 28% O
87
FTW- -t

52



™ Dittmer 77 ;2 P~ {8 benzosultine 1 > 4c » Grignard ;&&= B £ ¥ |+
e sultine & 0 4 = f?ﬂﬁ}f f#& (inversion) =g FL AR Y & F 810 & F 90% »
% BAL 5 Anderson F fi %' e ¥ REY § PR LR AR E A AT
AFREERPIAE o 2 FHEFEOES T TSI feiin
= 4407 AR sulfurane » & 55d SN2 /Em H - HY 3R fizagd @F

d S AR o e SN2 AR AT = JE#E“,/TT s o VBl L Aol

A-E 2 O . .
O, % mechanism inversion o A
BN ——————> Nu=S-LG —
RLG R R™™"Nu
_ sulfurane _
+ Nu +1G
\ I
Sn2 20
mechanism o
Nu--IS"LG
R
R

B2 Bk U L5 Bl TR B2 T B PG AR
miA > EH M OE A B2 R 4 (diastereomers) 86a 22 86b > - ] )
1:7> ~uEF ¥ (anti-) 2 i (syn-) R A p > H2flien § 442

PO R - TR AR R B > B 44 ¢ 'HNMR o] = #77 -

53



86a (anti-form)

ac¢tone

]

86b (syn-form)

ppm

10

D 2B 4~ 86 2 'H NMR 3 3# (a)86a; (b)86b

E].:
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28% > d

B3

Yo B N Fror

Currenl Data Parameters

NAME ch 1022302
EXPNO 1
PROCND 1

F2 - Acquisition Parameters

Date_ 20040223
Time 15.46
INSTRUM spect
PROBHD 5 mm SET Z-
FULPAROG 2930

0 32768
SOLVENT coc13

NS 16

0s 0

SHH 7812.500 Hz
FIORES 0.238419 Hz
AQ 2.0972023 sec
RG 456.1

Dk 64.000 usec
v3 4.50 uset
TE 300.0 K
[}] 1.00000000 sec

P1 9.40 usec
PLL -4.00 ¢B
SFO1 300. 1321122 MHz

F2 - Processing parameters

St 32768

SF 300.1300058 MHz
LI EM

S5B Q

L8 0.30 Hz
GB 0

FC 1.00

1D NMA plot parameters

Cx 20.00 cm
FiF 10.000 pom
F1 3001.30 Hz
Fap -0.500 pom
F2 -180.07 Hz
FOMCM 0.52500 ppn/cn
HZCH 157.56825 Hz/cm
S
Hean LI+ |
a. 3.-.'94
I
i
|
e L
v | 340 2



BOF SR TR F (1) %27 A% (benzyl) A% chpk b
g oo AR g o gt V() gASRPES 5
1997 & > Durst % 4 & & % T4 % o sultine™™ > ¥ 2 4 & Ay FAr S

Frgs A 91> 3G 2 = sultine89 > A& 2 ¢ oxo-sulfoxonium 88 *

[Eo s A A AR BT AP B RS G RIS 0 2 S B E
m B Es AP I piz TR S bhF BMET &2 4 2 sultine o

B ¥ - $& & Durst § 3@ #4p 4 o,a’-= %= 7 F 92 14 Dittmer 97 2

Cl
a a
OH (Cl SO,R
b

NCS or 802C|£ o )n

] oT E | 90

SOR  CH,Cl, B
)n n &
88 b %
R = Bn, PMB, tBu > Sso

n=tz c )n

89

OSOR cl

)I’I )n

Br 91

Rongalite _0
H > oo ?
Br e} Se
DMF O
)n )n )n
92
Eal: e



1-Alkenyl-3,4-dihydro-1H-2,3A*-benzoxathiin-3-one & =
FilF o C-4 37 A& 5 diastereotopic + 'H NMR ¥ ¢ % 3 AB
quartet % » FEF R LT AL 0 TS M AF SRS B0 AR ET
SRl TR ERACL R (TF RS amt) &AL
& & sultine % SR S A TR & 47 KA B E ©(A) HLRFAES
Grignard E#ete s F 5 &8 B) @04 x 25 > £ F IV AR o

benzosultine & = ;i A2 H 4oV Bl = -+ N Ao o

~'StBu
4 O\\StBu CHO
P (A)
3 :> :>
| or
@;\O 5 OH (B)
1 StBu
R R
OH
R
Bl

R B A4 TAREERAT 64 93 241 PCC F§ i CEf1E > A

% 75-85% > @ i £ 4 96 P F Qm;ﬁﬁmb * o FAR2LY e H

Fl* %= 7 Rpppeidg g > Bl A X Z A F2 55 94 5 98% o

L& - 37 A4 (DIBAL-H) Au2 > v B R ¥ A @ P|EEAE L &4 95

A 5 83% o B8 71 7 e e A7 Grignard (2H]F de 2 @ F 3] - 5 S e
BpE 96 0 T H R B BTN A FRALM T = (M"—OH) -
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DIBAL-H, CH,Cl,

~StBu ~'StBu
PCC, CH,Cl,
OH rt, 1 h; 75-85 % CHO
81 93
Br StBu
tBuSH, 40% NaOH(aq)
CN EtOH, rt, 30 min; 98 % CN
94
StBu StBu
CH,=CH(CH,),MgX
> OH
CHO THF,0°C, 1 h
=
95 X=Br,n= 0, 2-6 ( n
X=Cl,n=1
n =0, 96a (91%)
n=1, 96b (91%)
n='2,96c (56%)
n =3, 96d (74%)
n=14, 96e (63%)
n =5,"96f- (67%)
n=6,96g:(57%)
Fal e )
Ossiay
(A)
—_—
CHO —
Addition O\\StBu
93 NCS
OH CH,Cl,
StBu rt, 1 h
Z
B
®) (S
O ————= 97
. a—g
< _ Oxidation | (n =0-6)
n
96a—g
(n =0-6)
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O\\StBu

\''Ha
Hb
OH

( P
n
97 and 97'

27 CARGERF TV EFKI LR B2 eV K

major isomer (97) minor isomer (97°)
entry H, H, I’ H, H, N
1 n=0 3.77 4.18 12.3 3.48 4.67 12.0
2 n=1 3.71 4.13 12.6 3.67 4.66 12.0
3 n=2 3.67 4.14 12.6 3.68 4.65 11.9
4 n=73 3.70 414 12.5 3.65 4.72 12.0
5 n=4 3.71 4.14 12.5 3.66 4.70 11.9
6 n=>5 3.70 4.14 12.5 3.66 4.67 11.9
7 n==6 3.70 4.13 12.5 3.66 4.70 11.9

% Estimated accuracy for coupling constants is ca. £0.2 Hz. All measurements
were done in CDCl; in a 300 MHz NMR spectrometer.

ARz Lt s ALRCLF 9T E G A B v d TH
NMR ¥ L2 3| A e 2t B G B 5 L R A LTRMAME N 7 A3 > 35
oA EEBRATRAS (HT ) MERE (A) #FF- (AL 97
A% 80-98% > FEH & B+ HET it A4 & (cheletropic) *iE 0 &7
P53 B 24 R # M (diastereoselectivity) % #%& 1) Grignard 3 #| s 4a £
R CWEFOMAE R - ) BREET A WE S b
H12:13 571 7 el i X7 5 MMM %o 4ot 2 2. 3 -
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52729 4r 14 § ARABARE B = MER AEF o vk oy-mEA (B A) &
AR & 40t & fas g e i s ang rrp g

(@]
Nu
e —\ H
(@) |
H H :
H Nu
Pl R

Voo T (B) A#s s AAER T B RpRANF T 30T 953
A F LR &4 97 (>80%) > B el 615 1.7-1: 1 & & P & 5ug
H o B4pd 97 0 TLC AR £ Higiddalon &2 P ir ko g 2
L4 81932 97 k5eny TARZBEF i AEF > FEZR Y - e

"

A D e e A b R B R AT - B R R AR i &
FO9Tf-NCSEFERF B> MNP FIZLE 2R ’%JL 1 sultine 98 > H
2 B “]%_;ﬁ' I A L 7

OsstBu Ossipy OssiBy
_0
$
OH
OH CHO ©
(S (Y~
n n
81 93 97a-g 98a—g
(n = 0-6) (n = 0-6)
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Os
Addition StBu
CHO >

93 StBu OH
(8) (Y~

OH ——> :

96a—g Oxidation (r?zao_?G)

(n:0—6)< n

%2 A TR EFH 97 2 sultine 98 2. & =

entry reactant method® 97 dr®  Yield‘% 98 dr®  Yield,® %

1 93 A 97a  77:23 88 98a  ---° -
2 96a B 97a  50:50 82 98a  ---¢ S
3 93 A 97b, 115446 84 98b 78:22 64
4 96b B 97b [ 53:47 98 98b 88:12 80
5 93 A 97¢  62:38 92 98¢ 85:15 82
6 96¢ B 97¢ " 50:50 96 98¢ 85:15 73
7 93 A 97d  74:26 97 98d 87:13 81
8 96d B 97d  63:37 98 98d 85:15 74
9 93 A 97e 72:28 98 98¢ 85:15 66
10 96e B 97e  60:40 96 98¢ 85:15 63
11 93 A 97f  66:34 80 98f 87:13 74
12 96f B 97f  64:36 91 98f 81:19 76
13 93 A 97g  85:15 87 98g 85:15 77
14 96g B 97g  56:44 91 98g  84:16 83

% Method A: CH,=CH(CH,),MgX (X = Br forn = 0, 2-6; X = Cl for n = 1),
THEF, 0 °C, 1 h; method B: NalO,, MeOH-H,O, rt, 30 min. ® The diastereomeric
ratio was evaluated by '"H NMR analysis. © Isolated yield. 9 Not obtained.
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* o HA XL 63-83%°d 42 Fw EFREFETAFERH P -
A (F325 851 15) pEwma T 0 NCS it Bk ik a3
Wiz A st 3 4 2 oxo-sulfoxonium ¥ FF 4§ 99 # p = % % tBuCl 4
FORRE L) Y SRR R R RS R A f,ﬁi—:}?rﬂﬁ_
Pzt b W2 AZ A% (diastereomeric excess) 0 FTI4 TR L B % g b

pe i By BE 4 Aosultine L B A ek R frH B T

&
)

ARF B ks EFiE- HEH

.__—»

%o B Cl (QI
O\ ': O\ :\ O\\ 3
~S—tBu S S—tBu +S_tBu
NCS >
OH OH OH
R R R
o
_ _0
s S tBU cl S
—_— = |
o — tBuCl O
R R
99 _ 98

Pl

BRI T AL R W R g H AR " (racemization)
Herbrandson §r Dickerson™ 4 % 4 TR 7 f . ®As 2 4 3875 5 &7
¢ A2 =~ I A fie% (sulfinyl chloride) » i = £ = & $£ 1 (epimerization) > 4r 3"
Bl= L= tosultine %8 4 ¢ > 2 F B F|Z BT a0 g 0 4ol Bl L

Vi

62



0 o)
Ar—S—OR' + HCl + CI Ar—IISI + ROH + CI

Cl
QI
Ar—ﬁ—OR' + HCI + CI” Ar—ﬁ + ROH + CI”
o O
Pl R

I
o
=

|l

M
-

: ('5 H
R
98 A A
A
Cl”
_HO( R HO, R
| [ —— :A'/
CI\-s S H 05 A
0 cl
CI”

b
f
N

e
|

X

98’ B B’

P Rl

d Vogel eh1 17 ¥ 4 S=0 % #ho APJE A, (p. 12) £ 58 R

P g B AR ASTORT R R R R LA S
R FIA S TR AT L I T - AR S 98
TaFeBe B’E’fﬁ#q? AP AR e At AP FL L Bl

kSt BT gl RivE ek Vi 54 98-
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M IR fafia e kA F 0 A S F B A RfEF & (hydrolysis)
g

LI Y=

W AR g aE 0 Aot AT e LHEARY R
§ T L BAE A 2 A F o Okuyama® &0 iy (3 fR) e
S-sultine (= f k) > L2 sk -RART » 34

N-E: E AN ELE S0
T E M T LT 23 0(1) yosultine AF R ZEZ Sk K f@*j‘gﬁ L §-sultine

5 (2) AT > 3 nE R E RE SR Ey-sultine &k (VB =

,L_;_r)o

W RS(**0)OH + R'OH

(O
184 1801 VV
|
/g\ * HO R—S-OR
ROOR OH %\ . 18
S W=
£ k3lenit £ 4 987 7

Pl £ 2 et g 7 98

MenA ey > 4oit EF 98d > B R A4 - NP HBY s TEEE &

|
100 & LA &4 101 B4 560 'HNMR %37 » 527 e

A (¥81.35 ppm) > S=0 -8 TP A HAHH STz £

AB quartet (6 4.70 ppm, J =12 Hz) » i7i%3 S=0 ¥ M > H FHE4

437 97d F #E 0 ehA B 1 7.54-7.51 (1H, m) % 7.40-7.25 BH, m) > @ £ v

Os Cl N H
g O\S e

OH OH

100 101
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Current Data Paraneters

chi01160%
(a) 23‘;’3%333%%3339::?*':3:::s££§£9wm.asgesgmgﬁsxﬁgagzz 1
& ISR N NN S P RE S LRSS SR N8R RIRTEEE5848 !
= N I, . § T . i - - O
r:hf‘:r‘r"'\-r"-"‘rr‘hr‘l-uhhhlnlﬁlyl"L‘ﬂDm\.‘\f'VT'lmf\J ? cquisition Parpseters
. L) J L A 20050115
——?—#H:xé ‘\‘ /’J" {* N%/;/ 2.4
Tl | INSTRLM spect
4 ma B30
Ox Cl PULPROG 2930
\S/ / T 32768
SOLVENT cocl3
! NS 16
7 | 0s [
| SHH 7812.500 Kz
{ FIDRES 0.238419 Kz
H3 / AG 2.0072021 sec
OH H / S 6451
6 i { o 64.000 usec
H H4 { ce 4.50 vaec
1 1 | TE 300.0 K
5 = - D1 1.00000000 sec
4 3 > H6 HS; . * CHANNEL f1 ===
| MUC! 1
100 | Pl 910 usec
| ALt 4.00 dB
{ sFO1 300.1321122 WHz
F2 - Processing paraseters
| 51 32768
H 'd f SF 3001300058 Mz
2 'I\ | WO EM
)| 558 ¢
11 1 LB 0.30 bz
: | | :
| ; 1.00
ok M FY THA
I " ‘ 10 WA plot parameters
I (IR Y —— X 20.00 o
F 10.000 ppn
I 1 | [ ) F1 3001.30 W2
\ / { \ N \ FaP 0.500 ppm
= I ol el g @ © F2 -150.07 H2
'y 3 ] o| (@ < - Ee] 0 52500 ppa/cn
= o - | |= ru| - HILM 157 %6825 Hz/fcm
= | | i b
T y . L e B e o RS R Rana sy s ]
8 3 4 2 0
ML @O T M N o oo o wm fie]
= @) Cl Sici=lal-lals ¥EE5R ZR=lome
=} S~ TS M MmN > 10 ™ ) © 0 Current Data Parameters
a S MO T o ~WLT NN M o~m N NAME chi011605
T MMM - L ¥ mm o
Iad8aqExC EXPNO 2
PROCND 1
7 WA / 1] o e
Date_ 20050118
Tine 23.07
OH INSTRUN spect
PROBHD 5 nm B8O
6 PULPROG z9pg30
1 ™ 32788
5 = SOLVENT coc13
3 NS 8881
4 2 0s 2
S 25641.025 Hz
FIDRES 0.782502 Hz
aQ 0.5390260 sec
RG 32768
OW 19.500 usec
DE 4.50 usec
1€ 300.0 K
01 1.50000000 sec
D11 0.03000000 sec
012 0.00002000 sec
CHANNEL 1
13¢
8.50 usec
0.00 08

75.4775298 MHz

CHANNEL 2 ========

CPOPRG2 waltzib

NUC2 1H

PLPD2 98.00 usec

PL2 -4.00 dB

PL12 18.00 d8

PL13 120.00 9B

SFO02 300. 1312005 MHz

F2 - Processing parameters

SI 32768

SF 75.4677482 MHz

WOW EM

SSB 0

LB 3.00 Hz

GB 0

PC 1.40

10 NMR plot parameters

cx 20.0C cm

Fi1P 220.000 ppm

F1 16602.90 Hz

FapP -5.000 ppm
——— — T T T F2 -377.3¢ He

PPMEM 11.25000 pem/cm

T I 1T T
ppm 200 175 150 125 100 75

HZCM B43.01221 Hz/cm

3% (a) '"H NMR; (b) °C NMR

.
—_

L &£ 4 100 22 NMR 3%
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L4 98d HF RV G P AL R 17.42-7.28 (1IH,m) % 7.25-7.20 (3H,
m) B 750 p.247) ;@ BCNMR %37 mas| 134388 (B ¥ - &5
B2 61 s 2143) #it &4 98d AR e o 7 & chE A
WE A SR FREIRE L L5 98dAp e o 1 £ 4 100 @ < E[M —HCI] >
AR & 101 £M — Hy0] - » 3%it & L2 Fpt bt £ A T Rl
LR R T P HAY F REEEDLT RS L ES 1000 @ 23 RS

7 A i i L5 101 wy A g s H 3

T L‘—"—- 'p—] I;“ ‘k}— o
BV HET B Esultine 2 2 hFlF > FRAERZ L o
Ox Ox
~S—OH ~S—OH
OH OH
O R =
_/ R R
g/ﬁ/
o H H,0 || —Hz0 H50 (| —H20
Osstay \
NCS 20 -0 O H
OH CH.Cl, o) o) o= R
R %8 R\ J R
O\\StBu
o)
_0 R
S” féf
- |
R R
O, H —H20 (H0 -H,0 | H20
Y?QY
. R oN
O ~S—OH ~S—OH
OH OH
R R
RS
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223 A3 P Diels—Alder & 1 40 & F fp2 £

it © 333 i > benzosultine 1 % ¥ ehie j B (5 80°C) T ¢ % % =
Figs 044 0-QDM ¥ B4 B £ B B S8 B F W& (7 Diels—
Alder T 1t 4 & F i fRAL 3 4 (o Byt S & & - kS AT £ pAAR- 8 A
e benzosultine 98 » # ¥ Ftpisa L BE K BRaOM B > & 3L F P

Diels—Alder . it 4 % 2 # @ 25 F fernt # ~ sultine &2 # @ 0-QDM 70 58

Eﬁ?‘}i 0-QDM ¥ 48 102 ¥ & 7 ehk R 3 = 44 - Type I---4 3+ p
Diels—Alder 3 f* 4v & » ¥ 4 & = 24 & 4 103 ; Type II---[1,5]-& ## »
B @5 % e % 5 1045 Typeilll-—4 £ 4 % £ i > 2 & sultine 98 2

£ 41 4 3 sulfolene 105 <4z BI= B2 £ = #77 ¢

(CHZ)n
Typel )
intramolecular
Diels—Alder reaction
— - 103b—g
(0]
G =
S + SO,
o) A X Type II @i/\Mﬂ
(Y 80°C (K 1,5-H shift -
n
98b—g 102b-g 104b—g
(n =1-6) . (n=1-6)
Type 111
yp SOZ
cheletropic addition
P Y
(h
105b—g
N
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- 0C-1 i § 5% Rpaean S ehsultine 98 2 # - £ R °

product, %"

Typel Typell Typelll

entry sultine condition®  time (103) (104) (105)
1 98b n=1 A 48 h ---° ---C 54
2 98b  n=1 C’ 10min ~ ---° - 100
3 98¢ n=2 A 24 h ¢ ---° 67
4 98d n=3 A 24 h 15 trace 64
5 98e n=4 A 12 h 27 trace 54
6 98e n=4 B 24 h 6 trace 73
7 98e n=4 C 5 min 4 trace 71

8 98f n=>5 A 48 h — 38 53
9 98g n=>6 B 24 h - 13 46

% Condition A: PhH, reflux (0.1 M); condition B: PhH, sealed tube, 100 £ 2 °C
(0.1 M); condition C: CH;CN, MW, 600-W-(0.F M). ° Isolated yield. © Not
obtained. ¢ Neat condition, MW, 300-W.

BEFR 2 45 Pt sultine 98a @& 2 MEAIBE o @ A /]?% > 2445 11 benzeno-
cyclobutene 106 # =2 0-QDM - A v F R FH A S 12-2 4 %
1075 F 5 F FX-2-f %P2 mBRde 108 » F8{73R 5 - @ Hopt B
B 109 Al 5 A [1L7]-8 EHF o TG i A nd Lo dos B2

/\ :
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. =
250—309, « || ——

108
—~
= N
O — J—
AN AN
109

1) Cni

[ fo 7 Y B~ % e benzosultine 98b,e 5 F G R A ik SR F A
0-QDM ¥ P g8 > ¥Er1i8 (7 A4 F N Diels—Alder ¥ x4 2 3 %% 4 2 L &£
103b 2 103c > {7 5] £ 1 2 4 sulfolene 105b 2 105¢ - % )]% P it s g
103b ¥ 55d 13-BiIk itk B> A4 2 B g it & kit BEAHVE
W F F AT e L a8 X g I 54 (carbene) it {7 e[1+2]

AL TR R

selNeel

103b 103c
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CH=NNHTs NaH “CHN,"
I .
/ /

Zn—Cu
*  CH,l -
22 Et,0

103b

ARz

[ % B~ % 1 benosultine 98b H & 4 i+ & =+ sulfolene 105b > R F { & &
AR S F AR 1Y 2 4 105b m@aRges AfRiE =T (380°C) ) ip vt
424547 ¢t > & & 2. benzocyclobutene -2 47110 £ r& - & 4~ 2T BE
BF & (450°C) P> #u[1,5]-6 BB A 104b 2 3 o § 5 ec s T AP
M. G ES ALY S rE- (T ostilbene)  FLRIALTF] S R T G I E 52 L

BRI S F b piA 2 e 0-QDM > e  Ble Lo Lo

N X
380 °C =
SO, ——> —_— @
AN

105b 102b 110
(E-form)
T 450 °C

ac™ e
D
X\ H
104b (Z-form)

S Ee L
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Fobo BEY genR Y B 102b § @ T g p o R 22T
TRAE h ez B 1M1 e Pt > AP @A AR AR C R F REBY BT 4

#(G00 % > F g 10 ~ 48) > ‘fﬁ SGUAR N 158 A - - S A s R E
KA WY o BEFMEHEL AT 105b SrE- Ad 0 A LR
AEB-RMAEXFRA AFATETHERA B EFL > wF B

BB e

102b + 102b - 111

I R®RES AR BRATE & VA OF D R T
Fhisee L5 575 B % % o Oppolzer™ ~ Nicolaou*™ z

Durst’”°

Fouk A A ZRBE BEHE S ERRFYL S B RO WERP Y
MEGN(trans-) s A om T R RRIARER G CHEGRE P 0N
3:1)0 @ it &4 105d,e oA RN 0 R F o A g 10dde S[1,5]-§

& u] & = benzosulfolene 105d,e # benzocyclobutene 112 &3 £ *

ﬁ}

BHEEE2 Ao Bl - -
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® Oppolzer, Nicolaou

( n X H > n
S0, A H SRS
+
105d n=1

: 103d n = 104dn=1

105e n =2 10 nz3 10de n =2
Oppolzer n=1 240°C 103d (85%) 104d (10%)

n=2 300°C 103e (89%) 104e ( 8%)
Nicolaou n=1 210°C 103d (65%; 3:1) 104d (trace)
300 °C 103d (80%; 3:1) 104d (trace)
n=2 210°C 103e (42%; 11:1) 104e (trace)
300 °C 103e (65%; 11:1) 104e (trace)

@ Durst
o VUn
( Z 250 °C
n _ 7 H
Cyclohexane
112n=1,2 103d n = 1 (74%)
103e n = 2 (77%)
W=

F =9 AgpE LA é*ﬁr“;ﬁ Fee %fﬁﬁ’»ili ei3benzosultine 98d,e © #& = &
74 VEEHENGEE o VL5 98de F S AH TN 4 AT B TR
2ZZ2%AP13dERBHEF 91 A5 15%: 7 = | k2 = kA 4~ 103e
MAF S E-AF A5 27T% 293> E0i @B &5
104d,e > 2 3 & 4~ (5 £ B 414 & F sulfolene 105d,e > %2 5 1) 80% 1 &
RFIEAG LR F I o 3 PR Tl s
#2858 A 594 3] Diels-Alder A4 » 114§ 2 0T ehit &
98¢ > sulfolene 105e & & F @ £ 57%#H 2 3 73% > b PR A $0 = %A
A A WP ARIE BIFEET o 2 F VAL X EDF BESFES
AR A R IR o S T B R s R LI

3B T ¢ o K RARF ¢ s B F A F AR R T A STk o
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=3 899 » B A {rF % B % o benzosultine 98f,g e #1 A H
A3t LA S R BT A4 sulfolene 105f,g 0 & 5 46-53% ¢ # = £[1,5]-
FHEM LS 104f 2 104g > A F A W 5 38%% 13% 0 ¥ @ H a4 3 p
Titded g 4 o

A% fd HH-COSY # H,C-COSY = # NMR 7 % » % ¥&[1,5]-
&AL P 104F fo 104g chd ~BERE Tho 0t 1 £ 4 104f 5 B> 4 H,H-COSY

kv e (RL):C8ehd Rk C-7Teng A3 E% v dmy (B

8

P2 - Agisitioe Farsssters
2

T l ® F:: > Ul4 -
—JAJJII_._.“ J_L_J-“ . JJ"J'L_F, . ; :

Dete,
il Tise "
L it
4 I L] 3 -
—— " i e
| ] 0
3 5 ] { A svnT i3
- 2
—— j L "
3\““1. _J ; 2 = ssme
‘_'-‘—3 1 FIDeg 1 324300 =2
= by | ] AT e
EVER - 0.2
: } o 6 400 ane
15 ! ; oo
L " e 5K
r o0 9 00600300 sac
L o0 150600000 Ba%
o | ,_3 o 2 DOCATEA0 wec
S o A Pa—
ey "
| # 5 2 wiec
L 600 et
ey 300100700 Wi
—_— F1 - Aemanitiee seresetes
T 4 oo '
™ "
oo 001000 Wy
¥ 1 % sarse
I - - e
| I Fi-Proceming petemens
1 e L) am
300 130005
= (=% ;
]
[ 060w
I s
10
Procriaing sarssete
/ L %
E

oo k2
. & .
-,
_I
1
(-
133398 ecgEeRt  Aseyuy
1
]
O

ppr

B+ : i &4 104f 22 HH-COSY = &k 3#

73



6.57);C-7 i % 7 &£ C-8 & 48 ¢ ~ £ C-6 5h& ~ 4| & doublet of triplets
TAEEC-7 9 (56.08)2 C-6 thd (52.15-2.02); C-2 & A 57 &uif foeh
5% (§55.75-5.90) 2 Aulg C-1 2 C3ehi 484 8 =% Fp 7 2
Boipd C3 W@ Car 2 d C-6 @4 C-50 forry £4lt chi 2 BB (40
FE T o

¢ HH-COSY %37 sv 20+ & chi= ¥ » £ € _H,C-COSY %3 T ¥
@orptham RS (R - )0 %1 C2i Smenig s 2 P - 3w
B0 120 B hF TRk 2 K4 07 r Jopd g B fR4T L C-8 hid

(8 6.57) 4 2 B 185 127.7 > C-7 ¢4 (8 6.08) % e 2 A 2.6 132.3 » C-1 &0

13 3
11 = 1 e
7 5 P
10 e 8 6 —
104f =

2
— ]
LS ]
e (N
| 1
= —_—
—— Lh
geags2 ¥
L B
ﬁgr

4 )
355 | l
6"-\-:_-_-;! - ‘ 2 &
15 \ | |

—

FETE
—
|
|
I
Bl

Sgges

ESgaeas

= I H e
2 (41}
Ar — ! e
1 )
| ‘ l rno
| pp e
o
e o o o -
ppm 120 1C0 80 (4] 40 il
ol
e

B-Lt- &4 104f 2 H,C-COSY = k3
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(05.08 49 H pt 251143 > Hepw £ F 1 gl o 2303 BH -
A B L C-3(533.6)~ C-6 (533.1)~ C-5 (5 28.9)  C-4 (5 28.4) % C-15
(519.8) o

d — % 7| benzosultine 98b—g i #: it B F % % % » 7097 & 24 70-QDM
PR 102 - 3 PR THE R F Bom FR 1‘#1“ A % benzosulfolene
105 5 2 & 24 > & F s 5 p Diels—Alder 24 103 3 37 7 » h F]E &4~
THARDGRE > X3 A RGFOREGE o F Dy PEEREGAT R

2% mEE 0% A F ks F ) Diels—Alder & $ -

”
224 .

it

AP 0 NPT s = A benzosultine (0 C-1 F o I A FL
Find Rrom > £ 2Bl B fHA e ERVEF Ko

dor T R R A

1 ~ Benzosultine 98b—g % ¥ ci ;g & (80 °C) 2+ Bﬁ",ért: F g
&+ 2= 0-QDM ¢ B 4 g = B Alens B3 A Type
I---4 3 Diels—Alder & it 4v & £ & ; Type II---[1,5]-% #&# F & ;
Type III---= ¥ i Freidy & e = & i - 7 £ 4 1* ¥ benzosulfolene -

2~ FEREEOIRE O HEREET ETF ATl
() p~7 FABRpE 57 5] Type Il 08 451 & 4~ o
(2) e AP pEEs ) Type Il ch® 41 244 5 2>~ F ) Diels—
Alder o Typel A4 # % » @ Typell shi B A4 545" £ -
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() A~ R APREE s v Type Il énE - A4 532 H = &
Type Il chd &4 A % > & & (T 5] Typel A 3+ R R it 42 F i o

(CHZ)n
Typel )
intramolecular
Diels—Alder reaction
_ _ 103b-g
O
G =
S + SO,
o) A N Type Il M
(Y 80°C (K 1,5-H shift -
n
98b—g 102b—-g 104b-g
(n =1-6) . (h=1-6)
Type 111
yp Y SOZ
cheletropic addition
P J
(R
105b—g

3~ d FiEXE % ¥ v benzosultinel £ 0-QDM ' & 4F e SR 0 e F AL
L 98 A3 Pkt b A E BEA L | RE 0% FRES D
103b,c % = Iﬁifﬁm 103f,g v 414 5 ¥.7 M 4 =% > sultine # +
PAEL PR TR R R A B ES 3 ) Diels-Alder F gt (7

A F] 0 g AR R e A 105 5 4
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% = 36> 1 H 23k sultine 2. & 27 3
23.1 & #gi- & $ ---Thienosultine ¢4 =
- BN RAFEHRFTEF LS 25 =8 LG B~ enthienosultine 117 - £

Berson #7 7 1 thienodiazene 19 4 + ot o fFF E A it F kit Fir it T

4 2dinon-Kekulé fEp d Ao F B R+ 25 -
X AR Bl L Z fron
cl cl
S ~ Cl HZO S NS OH Hz, 10% Pd-C S NS OH
_— »
= Cl  reflux, 26 h = OH KOH, MeOH = OH
96% reflux, 24 h
cl Cl 13 58% 114
PPhsBr, S B Rongalite, TBAB &S §//O
CH,Cl, = Br DMF, rt =~_0
rt,3h A7%
70% 115 ’ 116
Rz L=

&4 113~ 114 0 s 2 2 0 & @;I;Hp.a? o34 7 AP 2 R
FokiEa BB AF2ZMAATA P 130 A F 96% 5 B F i Pd-C it i
WMIEETE A A F 2O mLAA T fé FREAZ S EY 1140 A 5
58% ; M-EEAEIC &4 114 ;3302 & " % » 2 PPhBr, & 7 (381 & 4
115 & F 70% ; &4 > 2 Dittmer 9> j£ £ & sultine » #-it £ 3 115 &7
|

I
e

Rongalite 2 TBAB § #p & # it & > 2 DMF L4 % > 28 T LT
P 116 0 & 5 47% o

£ 12 dimethyl fumarate & L5 48 £ sultine 116 & 180 °C T &7 § &
HE T ASER S AT PR 16> A FHH N e d A 117 (24%)E

£ it A F sulfolene 118 (3%) °
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@ CO,Me
Cco,Me \/EO/
S —
J/ “CO,Me

»< 4 117 (24%)

S Feg
S — S
= o toluene =
~
116 16 s@i/\soz
N\

118 (3%)

2002 & > Braverman % #£ 33 #f 02 ¢77 thienosultine i & 4~ B s 2T
2 fﬁft # 4= sulfolene’ 4r3" Bl -+ = - 1 & § 1 bis-allenyl thiosulfonate 119
{7 A 3 P [3,3]-sigmatropic £ # F B > ¥ {8 | sulfene F it & (C=S0,) =

\\ ’/ (‘\
W heat S— - SOZ ; ;
/{ [3 3-c] 2 42_%7
120

I ¥ - % :
_ /SA> Sy 0,S S\ /g‘) EN S
OK' o'f \ /
77N\ 7 N\ 7 /N . .
@) l[230] (b) l [1,3-0] l
5 5 N s
\ \ \ \ /)
0-S 50 Sa
o o o O 123
\ Q / 0, 0
S—0 R4
S S
sultine sulfolene
121 122
S etz
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PR 1200 ¢ PR S C R A VAL R AR AR R S s E
M oI ig s (a) 9[2,3]-sigmatropic £ # ¥ 4 = sultine 121 5 & 122 & (b) 0
[1,3]-sigmatropic & £ ¥ # = sulfolene 122 ; 7 A&BHE_» » 2 & 7 7 ¢ fopk
BEEGE R T o 1230 A N p D AR BBAI o M AE AT R

E k4 7 cnon-Kekulé B p 4 Al (G2 (o) -

232 FES2ZALIPELF R
S BRAR kePig FIpR R A ERFEM A oh o @ 7 RO
T d 5 o deit &5 124 > E > szt g% (antiandrogen) uE A%

i > ¥ T 3|]B;j‘{i€}% g 59,

Macco & 50 b LA ¥ 7 %ﬁizﬁz PR W s e B
KEEE 0 o g EAched 125 FE D EEL EE M 97% e TR A $ 126a %
126b -

CHj
126a 126b
two isomeric ratio two isomeric ratio
97:3 97:3
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Chou % % &> % quinoline®'®~ isoquinoline®'® % 3¢ 7 & e sulfolene »
FLFiExETv{TLF N Diels—Alder it 4= F > HF BP FAEE
0-QDM (7' Ble +»):

1. base - S0,
| ’so, > | s0, | ————
2. /\_/\I A
/ 9
— (G e
A

FRlete

1993 # > Takayama = # & gu=ul Fifl Foc % hk F X R

euryfuran®® » H £ R 4% 4] 17 T %0 & &P iF o0 Takayama #73% 4

26abf

furan & pyrrole-sulfolene®®® sk ik 42 (p. 20) > 3% 5 M SRR

%A 3217 Diels—Alder ¥ & > %2 - % v £ 217 % - =t Diels—Alder
FRR»EBismd - &3 il ﬁ%“' (retro Diels—Alder & &) H ¥ I 72 %

-~

non-Kekulé g p d Zheng 4 > @ A3 p gkt F RV ieis 26@"41:«;“ B

'J‘ir"'T

=
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EtO,C | :\ tozc
~
Q| 8O0, o oM o
toluene
180 °C
euryfuran
X
120-210 °C .
0] _ SO, i > _ _
[ )
| < <
E — E E
- Y0 (o1 ]
150 °C E E E
64% 30%
E
E E / E
~I
L~ (@]
—
120 °C E E

E = CO,Me endo 39% 25%

exo 23%

NEe LT

PR R E A 7 % & {opddch thienosultine » # ¥ 14 non-Kekulé # p

dAY FREFEA T PATREM S NE B B8N Ble L2 AT o

81



HsC HsC HsC

< ~. 1,3,5-trioxane < ~ cl Rongalite, TBAB =~ S//O
[E— . |
= conc. HCl = Cl DMF, 1t, 5 h = o}

HsC reflux, 12 h HsC 23% HaC
52% 127 33a
< Os
HsC Os StBu HsC StBu
tBuMgCl . PCC ] —
' S L.
THF,0°C, 1 h = OH CHZCIZ,Ort, 1h = NCHO
72% HaC 60% HaC
128 129
Ox
HsC StBu HsC
CH2:CH(CH2)mMgBr g = NCS - < S S//O
L O I
— —
THF, 0 OC, 1h - OH CH2C|2, rt ; O
- HsC z H.C E
m=3,4 3 = 3 P
th R
130a n.= 1 (75%) 13lan=1
130b.n =2 (45%) 131bn=2
S Ee AR

|

© thienosultine33a 5 /72 "% B &3 2 kP %3 A

Sk U R R Z R4

e S, wg e A s 127 2 B R
T e gna (F %, F & 500, g

(1,3,5-trioxane) % 2,5-= 7 fheEer Bk BpL
AF P AT AmZE e F VR E RY FApSES o B % sultine 33a 1¢
Grignard FH[EJ2 » ¥ 4 F ¥ A TR £ 1280 &2 F % 70%; =45 1
RFERATA P 128 2 2 R A PCC 55 LA A I A K 60%:; B 14
YL R e Pk e Grignard ARG FER Y £ 4 129 5 5 2 =021 (Rs, Sc)
AL ESF 130 2 A A 0 AF 5 75% (130a) 2 45% (130b) > #
BEHT L £ 130b 2 H S X B MES R E A T AoBl 2 o T2 &

12 NCS #& it & = sultine 131 > I & ;2 g B~1F » 1 & § wjzdednde o
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WL = o 550130b 2 X sk ¥EEtk 3 F

2.3.3 Thieno[3,4-b]pyrazinosultine 71 & =

BRGSO BB A+ 3 F L B (energy bandgap) hiF: o -
H

B HE AT LG5 HAFRHRAN35eVod 3o R+ 2D
AkaFE O BETRYGAI0 S/m T o EB AP A ET AL

CHR A FHEF L FEARRR A BHE M G 1.0-35eV2IF &

7

FEEMB RO R S EWBRRER RS TR ALY

H ¢ FoEes (poly(thiophene)) figip i aF B il » jEIL 4 EEL -
Eer e S L FETE A S A2t o (nondegenerated) Ak FF R A T;Hig?l

S

ot ¥ - 2§ 0 AR apse (doping) & BiepFag R



B TS REE G EHHE TR L Elagr e

Poly(2,3-R,R-thieno[3,4-b]pyrazine) 132 & FEroat ¥ - AL o B 4

_;_ 62C,d

Y- TR Z 4 (FeCly) MHMRE A W3] o d BT R
SRF R A AP L6 R EEBEPE S NATHE 070 eV

v poly(benzo[c]thiophene) 133 5570.80 eV % ; A 'z LB~ (A ¥ A — &5

F
i3 A A R R B R R

/ \
S n
132 133
Rasmussen % 4 & & - &7 |avthieno[3,4-b]pyrazine » 12 3 it & A 45

TREASFEAY M iR s 2 e By 0 FEF AV iy
Fls > 233 pd ABHT >Rl s T AR R ESFALF L L 5L -
ey 0§ 1T 040 @ pyrazine 84 07 @R R 12 pKa 58§ B

I];;Ao\ E‘J’J"' _@Err} o

R R
N N -le N +1e” N@N
R/
S s
R =H, CHj, CgHg, CgH17, C1oH21, C1oHys, Ph

Bpt oo NP E Y & & 7 22Tk e thieno[3,4-b]pyrazinosultine 134 > 3434 ¥
—sAlee R A AP PR I35 3 A7 udh e M £ 13420 & 2
BAc N Ble L = orT
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T3

o _ _
A\
S—0
[ ] [
</ \) _so, N/ \ ¢ \ ¢
7\ 7\
N N —_— > N N <<«—> oN Ne -« N\ /N
}ﬁ }ﬁ }ﬁ AN,
S S S S
134 135
fuming H,SO, O.N NO
; 2 HoN NH
/@\ fuming HNO; /Z_\j\ 2 (1) sn, HCI; 2 - 2
Br™™g” "Br  onc. H,S0, Br— N~ “Br  (2)4 N NaOH ZS_/<
0°C-rt, 3h 31%
56% 136 137
0 benzene N
Br reflux, 1-h e N~ r
o 81% N
138
Rongalite
DMF
0°C,3h
S I + S
—_— — O — —
N N~ “CHs
134 139
| hydrogen abstraction T
S0, '
FWE L

v &5 136 H 07 2,5-Z SeEer B UE AR FUEARKREFTH Y F B

P A K 56% @ ¥ L E AR PUERN P §EME - AR
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B BB 13T ARk BEASL T R RBRA A 4RI R
AR R ¢ W RIE T s 488 (1372H)) Ak 0 £ 01 E F ek
BRE S wE @RI LS 1370 AF 31% - Bit & 137 2 14-
dibromobutane-2,3-dione %% ¥ Dean-Stark (7% % T 4o #iw si— [ pE S w
Fip e Ay 138 npE R HH 0 A5 81% ¢

Thieno[3,4-b]pyrazinosultine 134 7 & = i» §_F P& Dittmer 773 2 » B~ it
£ 4 138 £ Rongalite 7# F fi » 42 & 4+ ¢ 'H NMR %37 @ A5 o1
sultine 4 = > AP A A 24 7 oW *“’Wﬁ‘n %= AB quartet :
5.57, 5.20 (2H, ABq, J = 15.6 Hz, CH,S(O)OCH,)r 4.55, 4.03 (2H, ABq, J =
16.0 Hz, CH,S(O)OCH,) > ¥ - 2 & A% 5 M hnfF? A2 4 139> L 2 %
#1934 2.1 % quinoxalino-2g3ssultine 141 1 & = 4p 12 '*¢5 1 & 4
P ETATMEY 141 AeBlet p AT s iE A 134 2 e A U R
114 Y e 47 0 sultine 134 A T —‘F.'TSA} 25 g i r b £ osultine 0 1
AAERER N A fEm H 2 0 4 ABSRYUAS R dA 5 'HNMR 445 5 1t &
139 (Bl -+ =) &% % % » fr quinoxalino-2,3-sultine 134 % i & 2 % 4f

S EE0 O Ao Ble 4 Aor

RKDIN\]CBr Rongalite, DMF ]@i ]C /O ]@i I
R N >BT ooc 7h

R = H, Me, Cl 25-30% 56-67%
140 141 142

R
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8.023
8.008
7.995
7.264
4.006
2.630
1.586
=-0.000

—4.059

P
_\:-77!3
[ ]
g2
=
?\ /E
O—(Q\
o

N
134
. N _CHy
L X
N CH3 ° HZO
139
. . X
° °
A / y 1
- ..) e l - e JLAW‘ »
1 s 8 7 6 s a 3 R <o ppm

0.35 1.10 1.07

Bl-- = : Thieno[3,4-b]pyrazinosultine.134 &2 # 4 2 2 $ 2. '"H NMR s 3

CO,R'
KI = Me, Et
“/CO,R'

144

COR’ R AN
J|/ no quencher | _
/ R N

R'O,C
R N .0 200°C
]@I ji:? toluene ]@i :(
R N Sk —502
R = H, Me, Cl \
CO,Me

141 |‘| _ MeOH, iPrSH
CO,Me @ ]C[ I
COzMe

SEe L4

146
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Thieno[3,4-b]pyrazinosultine 134 74 =& H 2 &) > i+ £ 3 138 {v
140 £ Rongalite ;3% F & '¢ ¥ 2 = sultine 134 2 141> 12 § - 7 £ 3
A4 139 4= 142> 2 @ quinoxalino-2,3-sultine 141 7,4 7| ¢ > S 4 & 38
e F R gmd - it 3 2 2 quinoxalino-0-QDM 143 £ £ 3 g Tﬁ%ﬁ
BEEVEINBAIDLIIIE 4o 2 1445 @ 22 DMAD (dimethyl acetyl-
enedicarboxylate) - 4 1 ¢ M I 3 g A+ m A A4 L A4 145 F
FAerERES o NHpRERTCEH R g FNRT ALY 146
Fobo T KA 142 Bl ES AT A L4-The S 4 %
I L

b 3‘&5 % sultine 134 {r 141 sjp & 4p B > 7 14 Eﬁf

A

H»
haay
P
e
-
e
ik
w1

(1) 3£ Rongalite # J&@ & o sultine g 4 = ¥ - 1
1392 142:(2) £ 134 w3 BT 2220 A 141 w32 BT % 25 (3)
P A 134 e 14l 3R gnd - F PR FIE S I TR ET A

He 134 v A= fEp d A7 BA 1350 a0 141 R4 = AspR o ¢ B

143 -
hydrogen

/O - source = N\

J — d — = L
— ~

N

135 139

R N _0 hydrogen N

T

7 O pZ

R N N

R =H, Me, CI

141
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1994 # > Attardo 2B R IEE T W 4 LBk A 4 & gultine® o A e ¥
#F IR Rean 2 & = thieno[3,4-b]pyrazinosultine 134 > #-it & 4= 138 /3 *¢

ﬁ!’

DMF » e » &845 ~ @ 1V 4h 2 2 f = §F V5 (10 °C T d §F 45

@y d wfch FlE R Lo s FB R A 2 AR Ao BT L e

Fu

=

® Attardo R o
X Zn, Nal s”
+ S0, — 5 Cl)
X DMF
R R

R = OMe, OAc, H

= N\ Br Zn, + + 1e
S + Nal @ e
= N/ Br SO, - X X

138

X =Brorl
decomposmon

R T L

Thieno[3,4-b]pyrazinosultine 134 % 87 % % “T gl B A A A

FARE R Tl AR R R L B R 3T

2.3.4 Pyridinosultine th& 2 H £ & 5
IRBEPERFERFL T ESF NP R LRTEEL T T F
B A A S et iR AR R AT S o Y A SR 5 T X
(neuronal nicotinic receptor » f§ i nAChR) » & %4+ & X R0RE PN $H4 LA
o EtEdkAC p RE 0 @ B E A A D o Crooks & & O & Awleg it Hoo

CHE MR RMEA SPBA T T XM g s o
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0
e / 7,
= |\ N | H
~ CH3z X
N N
¥ U
BH,CN BH,CN BH,CN

1982 & > Tto % 4 & X1t &4 147 2 148> ;gu 7 % pyridino-0-QDM

A F B s 3 p Diels—Alder T it 4e 2 F B > 4oV BT L - o7 -
—/\
= N'MesBr  CsF =N Z =
N 3 CHCN | SNT Y | 65-76% N
147 Z=CN, CO,CHs

CsF Z "4 =

g H
CH;CN \N A 88% \N .
reflux H\\
trans cis
148 53
SRI -

1998 # > Chou % + °'° & & 5 § 27k ¢ isoquinolino-3-sulfolene i* & %
149 2 151 ¥ #5244 3 P Diels—Alder B it 4e & F 5 (BT L =) C-3
Sl 2 2 4 B i 2 sulfolene 149a ~ 149b & 210 CREHE T g’iﬁi"*
ZF i*Fil 3 0 4 2 0-QDM P A8 5 T iE {7 A 3 P Diels—Alder & 1 4o =

F LENBASF e R E2Z L 150a 2 150b o A C-1
2 2 WPk 2 sulfolene 151a ~ 151b > R F] 5 = #FRat > T & { 3
GE R R (3240 °C) 0 A Fp S F itER@ 4+ 0-QDM £ T T @ 3|4
=+ p Diels—Alder & i* 4v = & 4 152a~152b> 7 € 3 -z ## A& ¥ 153a,b
g4 > FRFRERELF I 270°C BT K/ B & F ) Diels—Alder 7 i 4c
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X AP o TS R[S ESPIE RF L o

210°C, 6 h
_ = |

Jn

150a (91%; 1:1.17, two isomers)
150b (85%; 1:6.8, two isomers)

Jn
A
R | +
NS
N

15lan=1 240°C, 6 h 152a (43%; 1:5.5, two isomers) 153a (27%)
151b n=2 240 °C, 6 h,#11152b (22%) 153b (48%)
270°C, 6.h _r152b'(45%) 153b (25%)

STtz

AFEHZE 3 &4 Dittmer = /2 & & pyridinosultine » #7¥ 5 f&
Bir BAEd 154 5 155 iz o @2 7 45 d = % NMR 9% 3§ 3£ HMBC

(3% % 1 B long range H,C-COSY) @ 2z o

o)
= z i
~ | S ratio
N 0]
Rongalite N154 5.5
= | NBS,AIBN = | Br TBAB )
SN ccl, SN Br DMF +
reflux, 6 h rt, 4 h
44% 68% = | 0 1
SN Ss
N ~0
155
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¥ #-pyridinosultine 154 {155 c7R & 4 L2135 B AL g A 410
FI w8 11 Hit 4o 24 4oV BT -+ = #75 o Pyridinosultine 154
o155 ¢ %4 = § “gs F 0 4 2 pyridino-0-QDM ¥ % %8 156 > { 22 3
%4812 {7 Diels—Alder & g2 it 4 X A o H P 0 P @F| S i 4

it & 4= pyridinosulfolene 157 > 2@ sulfolene 7 ¥ 12 &_2 43 0-QDM im0 g

o R E ERUL B HFE REAE (200 °C) #- pyridinosulfolene 157 £7 3§

GA (b NPM) £ B HEF BT %> S5 T2 TR AL E
Fooom X wAzde P o B 2K pyridinosulfolene 157 & # 4 = ¥ it gre 3 4
pyridino-0-QDM ¥ it & & { B G R IE 2 o

= S//O = 0o

M S

N N n 0
= 154

| ~
N vy | N—Ph
N CN 0
_ 30, ['150°¢C N
76% 21 toluene 86% O

+
suh;(g)(!ene FN NPM sulfglene
%
(0 3%
"
\N
y N \
= | )fCOZMe o coate
- 200 °c quencher ~ "
N N "CO,Me

CN

62% regioisomers 88%
;+ call = +
sulfolene | SO, sulfolene
15% \N 2%

157 (96%)

FRI L=
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[EILLIEIEAN TFB«N’# L e 2

O 1550 BERA ARG R0 T ARG 22 2 AV EE S bl

)2
i sultine » E#HiETA S B A AT P AR F 0 WEE T PR R

i &£ 155 & 4oV BT L v Ao
B P~ ethyl 2-methylnicotinate & {7 ¥ K 81t & J %, 4]* NBS z

AIBN @t T2t w & (L g v i 5o 3 5] NBS i 42 2 > 554 B a7 4 F 4

TE LT H 2 T AR T @R b 1580 @ A 5 7 E T0% -

BEVI4ECERRISAm S 159 2 BR A F L O A A TR
L &% 160 »

-

“HETEIBAF o m 12 NCS B i {7 3 sultine 155 &0k
i 71

-~

& B R

Iy
T
fast
aF
=
g

% e R R AT R A 46% o

_~_-COzEt (1) NBS, AIBN, CCly, reflux,5 h (IC/OzEt LAH, THF
ENI (2) tBuSH, 20% NaOH(agq) SN StBu  rt, 30 min; 96%

EtOH, rt,-30 min; 70%

158
OH
Na|O4, MeOH—Hzo NCS, CH2C|2
~ stgy ' 1 h; 95% ~ | gtBu reflux, 1 h; 46% X Ss
N N N o)
159 160 155
FWI S

7 * 4& o g4 pyridinosultine 164 2. & = { v% &2 benzosultine 4p R

LRI AN BT LT AT oA &R & 159 12 F 14 A PCC AJE
THEMBEAZY 16103 F 5 2 5.4 30-40%; :c* B R h- § L4 Y (MnO,)
s VPAREAARS 1610 AFTRF D T6% £ 4 r WHAFH NG L G

2 Grignard ;2% » 7 B & F e @2 A dahs w2 R 5 162ab



163a,b > 42 2 59 80% A4 % 53 BEe BHEF > 6195 201 &
f5 U NCSEFHRILE B 7 AW &4 164a 2 164b > & 5 5 60% >
BREHHHIZ 90T

OH
PCC, CH,Cl,
= | rt, 1 h; 30-40% (E;CHO CH,=CH(CH,),MgBr
—_— > ?
SN StBu or SN SBU  THE 0°C,1h
MnOz, CH2C|2
i, 15 h; 76% StBu
159 161 162a n = 3 (75%)

162b n = 4 (34%)

(>
Na|O4, MeOH—HZO NCS, CH2C|2 = | (@)
- - |
- T Ss
rt, 1 h reflux, 1 h N ~0
O//StBU

163a n = 3 (79%; 2:1, two isomers) 164a n = 3 (64%; 9:1, two isomers)
163b n = 4 (82%;j-2:1, two isomers) 164b n = 4 (63%; 9:1, two isomers)

SR T

H-r%0 Br R 2 pyridinosultine 164a 12 B ’f?i}% R g VR R
B F LA A 150°C T AT )R Bikd Rokkg ¢ R
d o KE Ay @543 ) Diels-Alder it 4 = K 2 A 4 166a >
AF20% » = RESHEHEESF 11 2 240 & F sulfolene 167a -
A X 53% d AT HEM P T 165a i o H#-2 TF?» % 2_ sultine 164b
BNl ek RIEE 0 R N sﬁ%: F itgise 3 o 42 0-QDM ¥ Y
165b > & {7 4 + N Diels-Alder Zr it e = F Ji5» 7 @ 5 ;N B 44 5 2 it

L 166b > A% 16% 2 = § “#5& 0-QDM ¥ B4 L2 B A 4
167b » A % 34% (N BT + =)
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.
=
| H
N
Sl 150 °C ( n 166a n = 1 (20%; 1:1, two isomers)
toluene = %: i i i
= o A | 166b n =2 (16%; trans isomer is major)
S -0 S A |
N ~o 2 N
1l64dan=1 165an= 1
164bn=2 165b n =
\167a n=1(53%)
167b n =2 (34%)
PRI

HeY A% 166b 5 ¢ it £ 4 21982 # > Claudi 1 & i iE 2R R
benzo[f]quinoline™ » ¥ 12 {8 3| Auledgsi 2 B R A4 > @ 12 i%F pyridine T
1% {2 v & F 166b A4 o

(1) Hp, PtO5
CFSCOOH
(2) Ac,0

coc:H3

168 (31%) 169 (19%) 166b (47%)

AR T P s A4 = Pyridinosultine 164a,b ¥ 4t H i (7 & i 44 3
g ?’Jﬁ"f: F I rig o 4= 0-QDM ¢ B #8 165a,b > ¥ {7 4 5 p
Diels—Alder Bp L 4v 2 F B % = ¥ i\ prge %’T’F g L F o A u 2 TRt
= = 166a,b % sultine 77§ 4{#“’ %+ sulfolene 167a,b > % & & & W] 5 73%
2 50% > iy HAn|[1,5]-a &4 2 &5 170



¥ ¢t > sulfolene #74 3= #_ 7 {%4F 11 0-QDM % S 4~ » 4r Chou & A

Ay GYBI L= op.91) B F R & W sultine § 3F 5 0 Fpt o B

CEFIOT R F R EF oo T LS TR AR £ 4 167a
BT BLIE hi F &Y (bp 130 °C) Fguz.:c‘]’?ﬁf?- » %+ 200 °C

TE RS v fcdsded 1670710 D B F RE AT 230°C 27 F o
AT R A4 0 %7 Diels-Alder & i 4v % ch= A 4+ 166a > 2 5 93%
T2 F [1,5]-& @52 A4 1702 2 S ofp ke & Jiif 2T e % B~ % sulfolene
167b > % > &4 ® 2 = Diels-Alder % i* 4 % ¢1= 7 & # 166b -

e H/,, )I"I
Z
| H
NS
N
( n 230°C,10h ( n 166a n =1 (95%; 1:1 two
= x. Chlorobenzene| == & | isomers)
| S0, - —>< 166b n = 2 (95%; one
N - S0 ]S i
N 2 N isomer)
167an=1 165an= 1 = X X
167bn=2 165b n= | n
NS
N
- 170a n = 1 (not obtained)
170b n = 2 (not obtained)
FRI -

d F JEttm %5 o sulfolene 167 7 & #i sultine 164 3 <78 & 1 it Bn,“ér‘_
F VA 42 0-QDM 165 & & F p IR it F A rE— FLJT > @ sultine 164
PIE G A3 p IRt & % sulfolene B #2105 i s o d A 4 166 = 48
FEHEMF IR D K p sultine 164a 3 sulfolene 167a #72 = 3166a > ‘& £_iF 3|
flilehzfgE 44 ;@ KA sultine 164b 2 sulfolene 167b #74 = i
166b » &7 F - BRSPS T 0 2 BHES B%R F 5 (trans) #7)
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ey WER AT

EDEE L 1642 E NI L hE Rk
Bi-A23166a > 2 F 5 74% > 22 164a % >+ 150°C *© F B oi A F 4piT o
TNBT AP Tkt 4o A P 166a (20%) 2 167a (53%)° H # sulfolene
167a ¢ 230 °C pF# 11 5 x4 = 0-QDM ¥ A 48 165a> T & (7 it 4o = {7
3 166a (X B I - ~) o 3 ptdasrsultine 164a fe4e F24 = 165a i 3% 5 1)
2 70-80% °» EF B8 B % 150 °C @ 4> sulfolene 167a ¥ F & 05 &
v B35 30%93R 1 A4 166a 3 5 70% 13 fﬁﬂ # ¥ sulfolene 167a;
T F RE R E 230 °C pFT0% R 1 it & 4 sulfolene 167a ¥ i7" = > chid

HEa Ik A4 166a o

~ _ _
230°C, 10 h H,,
= chlorobenzene| = =~ =
| Q " | + S0y |———> | H
SN %0 -S0 N SN
164a L 165a . 166a (74%; 1:1 two

isomers)
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$z% 2

I

Amv A B I UAFES 2 L2754 (B2) B2 S-sultine i &4 ¢

() &*ipaenEdic? A4 (f&) Ri72 P+ 0 5 Rongalite 323 L
(=) & it LR & 4 0 5 NCS AJZ» 4 2 oxosulfonium ion * B & 4 »

¥ #3>4 (32) &2 O-sultine °

R GE (=) fos 2,5-8F B~ (N eEes sultine 33e,f> T 22 Coo v F1 F
A1l Ae G a2 A 0 @ 3 2k F e sultine 33a—f 221 Sl
e LI R 2 LAeR g2 b (B7:58) vd 2-3: 1% 2% 3.5-6¢
Lo Febs Bt &4 STach g F o 252 7 AEerinip e 8
i85 ('0)) 2 = thioozonide ¥ FF48.1Bik A7 & % 62 (sulfine-enone) %
63 (endione) °

2R (Z) f o 7 A AR e A 2 & BAE benzosultine 98b—g 0 I B {7
#IEF o HY 98d,e ¥ 274+ p DielscAlder F it 4 2 & & > 98d-g
TEI[5]E EH AL D 2 k2t v BT & 3 benzosulfolene
105 5 2 0w 123 2 7 i & = pyridinosultine 155 - 164a,b » 7 7
foifagz N s e FB- 2 v £ 16dab 5 F B HE (150 °C) v E A
FRFEAAeR2Z =KADY 166ab 2 Riri- A 167ab > H 34L& T 0 W
73%% 50%- ¥ ¢t > 24 12 pyridinosulfolene 167a,b & { & 8 & F & (230
C)» PEFIEAF2ZAIPNEM4c2 AP 166ab 0 @ 40k F 5 2

(w

pyridinosultine 164a &+ & 3| 4& 3+ M IR it 4c 22 166a 5vE— A > 2 g F
#r @ ;% 4o pyridinosulfolene 167a 4piT » #712 e r 2 i 5a 3 0 FRR
% B R 4 i F R0 pyridinosulfolene & #2F 13t & S e ?,T} -]
& @ % » pyridinosultine # pyridinosulfolene 3¥ % (150 °C vs. 230 °C) -
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3
N
s
m
A

41 - ikt

l. Ea s s s Rz Pl %@ * Varian Unity 300 MHz
312 Bruker DRX300 MHz 3|t & JR L3 ik o #7i8 * 23 ® 5§ -4 O
(CDClL3) » * B = f 02 724 ppm & 1w 7 = (tetramethyl silane >
WA TMS) O ppm 5 p 8 o L HFHE =5 ppm> & & ¥ #H =3
Hz- & %% drk3 1 s & H*% (singlet)>d % = £ (doublet) >t % =
=% (triplet) > q % = £ (quartet)> m % % £ (multiplet) > br % § %
(broad peak) o B % £ 4& £ 3% (BB-decoupling) 12 2 DEPT (90) v
DEPT (135) i * 75.45 MHz2CHg % — %% » CH, % = %% » CH 4 =

B Cq 4w BB o

2. Ceo b7 itz 'THNMR £3§ 5 PCNMR %3 %8 * FfL ¢ 370 F &¥ o

Bruker DMX600 MHz 2 Varian AS500 MHz % 2 £ & & 2§ | %_-

3. MR e < & TRIO-2000 Alipl % > B f# e @z @
AAEFEREY 0 IMST00 A AR BAFEFERES
Finnigan/Thermo Quest MAT 3| -

4, ~% & 5%k 2@ * Heraeus CHN-0 Rapid 7] -

5. Mgk de#F Rk * CEM Microwave Technology Ltd. #t 2 &
MARS-X %] F Jis & o
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6. “3BLP|E (2@ * Yanaco MP-500 %3 LBl 2k > BB ASRLE

7. BRIk 5 % i * Biichi Rotavapor R-100 %] % & & g & o

8. ¢ K ~» 7% (a) & & » 47 (TLC) % # * Merck Art. 13973
PSC-Fertigplatten Kieselgel # %} % - (b) £ 4 3% g4 d B » 45 faig *
Merck Art. 9358 Kieselgel 60 (230~400 Mesh ASTM) % Merck Art. 7734

Kieselgel 60 (60~230 Mesh ASTM) A # ¥} & e ' o

9. % & 5. % Merck ~ Aldrich ~ TCI ~ Lancaster % 2> & 1) 5.2 :RE 2 & 5. o

10.7* 3% #| (eluent) ~ & B | (developing solvent) -3 B~ * 2 2 #) ' X p

9

SR AT AR Y
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4.2 ?55?945'??1 o 7R

% - %> : Non-Kekulé gFp d A 5724 $# 2. 7 % (thienosultines &2 Cg 2.
%K R)

Thienosultines 33e—f 2_ & =&

2,5-Bis(methylthio)thiophene (53e¢)

gy
H3CS™ N\g~ ~SCHjg

% %wgk” S o B2 5. heEed (5.005 0 207%F £ B) AT
(100F ) > =78 °CT &jF 4 » I 7 A4 Q5MZ I e *=37% > 434F &
B 304 0 LiRFAe 0 2 T A gRit S (428504558 5 ) b
2 B (20F A1) A > —78 CCRAEMHEI] | PEis > w T BRI 4o x kb e
Fivdekan (SO0F L) Mo F s Bt 2 kA 0 kAR e (3 x
30F ) HPz = 0 e R R MERETTRE > BT IENET B
Sz ke AT e R h P RRE (T B4R 1T 0 B £ 53e(2.89%) 0 A
%H79% o

Colorless oil; R = 0.68 (hexane); 'H NMR (CDCls, 300 MHz,) § 6.90 (2H,
s), 2.48 (6H, s); °C NMR (CDCl;, 75.4 MHz,) § 139.1 (Cq), 131.0 (CH), 21.9
(CHs); MS (EI) m/z 178/177/176 (M", 9/5/95), 161 (M" — CH3, 100), 114 (M" —
CH; — SCH;, 42), 69 (42); HRMS m/z caled for C¢HgS; 175.9789, found
175.9788.

2,5-Bis(phenylthio)thiophene (53f)

PhS/@\SPh

S
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Gl
il

|
o

S5 (£ $53ez £ 29 3 o Br2,5- heRer (5005 0 20.7
e (100F ) 0 »0=78 °CT & jF4r » 0 7 A48 (2.5 M2 i+ & "3 7% >

A34%F 3 B) > 3044818 > R BFAer - FA IS (9485 0 434

-

ERR) e 20 H) Bk 78 CTHEEWEL )L IR
door kbR frg A kiR SOFE ) B R o A BT KE o kAR
o 3x30F L) FEz o e WA o UEERETCR > BiRT Ik
By WA TR RAPF UL R RIFEFEAAAT 0 F £ 553
(5.795.) » & F93% -

Colorless solid; mp 42—43 °C (hexane); R; = 0.33 (hexane); 'H NMR
(CDCls, 300 MHz) & 7.30—7.18 (10H, m), 7.16 (2H, s); °C NMR (CDCl;, 75.4
MHz) & 137.4 (Cq), 136.9 (Cq), 135:5:(CHy;,129.1 (CH), 128.1 (CH), 126.7
(CH); MS (EI) m/z 303/302/301/300 (M, 3/16/24£100), 299 (M" — 1, 23), 190
(78); HRMS m/z calcd for CisH5S; 300.0103, found 300.0096; Anal. Calcd for
Ci6H12S5: C, 63.96; H, 4.03. Found: C, 63.73; H, 4.17.

3.,4-Bis(chloromethyl)-2,5-bis(methylthio)thiophene (54e)

HsCS

S 2 0L 2k o PR R (12 M) 208 2) 4o 0 £ $53e (2,00
B 13T X 3) 237%" mokidie (1705 > 567F ¥ 0) 2 R ERRY
TR FERE R A E 2 kY B0 L) 7% (3
x20F4) FBz o b R AT ok 2x30F ) ko =
FREAR TR 1S IR TR AT B 1 & 5 54e (2715) 42 B F87% (&
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CEFRZEFREE A fR)

A colorless solid after recrystallization from hexane; mp 75.5-77 °C
(hexane) (lit"' 78—78.5 °C); Ry = 0.75 (hexane:EtOAc = 4:1); '"H NMR (CDCls,
300 MHz) & 4.77 (4H, s), 2.47 (6H, s); °C NMR (CDCl;, 75.4 MHz) & 139.2
(Cq), 138.9 (Cq), 37.2 (CH,), 21.7 (CHs); MS (EI) m/z 276/275/274/273 (M,
7/6/30/15), 272 (M" — 1, 61), 239 (30), 237 (M" — C1, 100), 186 (38), 69 (57);
HRMS m/z caled for CsH ;¢ >Cl,S; 271.9324, found 271.9318.

5,7-Bis(methylthio)-1,4-dihydro-1 H-3\"-thieno[3,4-d][2,3]oxathiin-3-oxide,

Sultine (33e)
H3CS
S5 S//O
S 1
—=\_0
HsCS

B it £ $54e (2.865. »10.5% % B )~ Rongalite (3.335% °209% 5 8) %
TBAB (1.715. > 524% 5 8) L 4pgg 4 i &> . DMF (50% ) % 73 A&l -
R4 B e 0 A gk (A0FA) R F 7% (3x50% )
FB-Z oo PRl (s 0 BRTEST A > T A L e
et fig =615 HRREFFRAIT FI L 433e(0.685) & F24% -

A white solid after recrystallization from a solvent of CH,Cl, and hexane:
mp 71-73 °C (CH,Cly/hexane); R = 0.45 (hexane:EtOAc = 4:1); '"H NMR
(CDCl;, 300 MHz) § 5.19, 5.10 (2H, ABq, J = 14.7 Hz), 3.91, 3.81 (2H, A’B’q,
J=15.9 Hz), 2.44 (3H, s), 2.42 (3H, s); °C NMR (CDCls, 75.4 MHz) & 137.1
(Cq), 132.8 (Cq), 132.0 (Cq), 126.8 (Cq), 58.8 (CH,), 51.1 (CH,), 21.3 (CH3),
21.3 (CH3); MS (EI) m/z 268/267/266 (M", 3/5/13), 265 (M" — 1, 22), 202 (M"
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— S0O,, 32), 201 (40), 187 (100); HRMS m/z calcd for CsH;¢0,S4 265.9565,
found 265.9577; Anal. Calcd for CgH;00,S4: C, 36.07; H, 3.78. Found: C, 36.42;

H, 4.20.

3.,4-Bis(chloromethyl)-2,5-bis(phenylthio)thiophene (541) and
5,7-Bis(phenylthio)-1,4-dihydro-1 H-3)\"-thieno[3,4-d][2,3]oxathiin-3-oxide,

Sultine (33f)
PhS PhS
_0
g 7 ¢ S
L _cl _l_ o
PhS PhS
54f 33f

S 2 a0k o Bt 53020005 1 6.66% ) frf 4 (14
BRE T QOEH) Y L FE T EF A &7 AT AR (1.6
FPRERARE LRSS o F g T HEEEY ) BF R
L r 2 I kY Q0F ) Z 4 rZ % T2 (40T ) HRIL104 48
AHF KR R Sk Q0F ) e A MERRRETCR S

42 & $ % DMF (50% <) # 4 » Rongalite (5.155 > 33.5% ¥ ) 2 TBAB
(1.085.°3.45% 3 B) ZApdE# i H> 3 R I10-] Prode » 2 35 -k (40
T R & TR 3x20EH) FEZ o MR EpT
RAET WA TR AT R o ey = 100 1P RBEFE
HA 4T B L 433F(0.295) 0 A A F11% o

Data of 54f. Colorless liquid; Ry = 0.3 (hexane); '"H NMR (CDCls, 300
MHz) & 7.32—7.20 (10H, m), 4.85 (4H, s); °C NMR (CDCls, 75.4 MHz) &
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141.5 (Cq), 136.6 (Cq), 135.7 (Cq), 129.3 (CH), 128.9 (CH), 127.3 (CH), 37.1
(CH,); MS (EI) m/z 398/399/400 (M", 87/76/13), 396 (M" — 1, 100), 348 (37),
231 (51), 216 (69), 215 (81), 203 (61), 184 (43), 171 (40), 51 (50), 50 (74), 38
(55); HRMS m/z calcd for CigH4 CL S5 395.9637, found 395.9625.

Data of 33f. A white solid after recrystallization from a solvent of CH,Cl,
and hexane; mp 71-72 °C (CH,Cly/hexane); Ry = 0.65 (hexane:EtOAc = 4:1);
'H NMR (CDCl;, 300 MHz) & 7.30-7.18 (10H, m), 5.17, 5.10 (2H, ABq, J =
15.0 Hz), 3.87, 3.81 (2H, A’B’q, J = 16.4 Hz); °C NMR (CDCls, 75.4 MHz) &
136.0 (Cq), 135.7 (Cq), 135.5 (Cq), 134.2 (Cq), 130.6 (2Cq), 129.5 (CH), 129.4
(CH), 128.0 (CH), 127.7 (CH), 127.0 (CH), 126.9 (CH), 58.6 (CH,), 51.0 (CHy);
MS (EI) m/z 390/391 (M", 2/14)4,3264(M. — SO,, 80), 325 (M" — 1 — SO,, 100),
216 (38), 215 (41), 184 (67), 77 (40),.51°(71); HRMS m/z for C;sH 40,5,
389.9878, found 389.9885; Anal. Calcd for C,3H;,0,S4: C, 55.36; H, 3.61.
Found: C, 55.19; H, 3.73.

Thienosultines 33a—f 27 Cg 2.4 = F &
- ﬂ,f:ﬁa? :

B~Cq (50% 5. > 0.069% 5 B) £thienosultine (1.5 § & 2.33a-f) ;3>
B EF (Q0F D) 3§ F T in & AR BB BT (900 0 <180°C) > F b

2

.
a
=

IR

Brd iR URBGARH S HEL AP IR R T F =40

SRR EE R F RIFERE AR A - o

1’,3’-Bis(methylthio)-4°,5°,6’,7’-tetrahydrobenzo[c]thieno-[5’,6°:1,2][60]-

fullerene (57e)
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A brown solid; mp > 495 °C; Ry = 0.45 (cyclohexane); '"H NMR (25 °C,
500 MHz, 1:2 CDCILy/CS,) & 4.62 (4H, br s), 2.46 (6H, s): "H NMR (-25 °C,
500 MHz, 1:2 CDCI5/CS,) & 4.74, 4.49 (4H, ABq, J = 14.5 Hz), 2.46 (6H, s);
BC NMR (70 °C, 150 MHz, 0-C¢D4Cl,) 6 157.3, 148.5, 147.3, 147.0, 146.5,
146.2, 146.2, 146.0, 145.5, 143.9, 143.4, 142.9, 142.4, 141.1, 136.2, 135.8,
135.0, 66.5 (sp° C of Cg), 41.8 (CH,), 23.2 (CH;); FAB-MS (MNB) m/z 923
(M + H, 3), 614 (32), 462 (100), 444 (26)3:UV (CHCls) hma, nm (log €) 435
(3.67), 310 (4.80), 256 (5.31); HRMSH{FAB%) caled for CesH,0S; 921.9946,
found 922.0023.

Adduct (58e)

A brown solid; Rs = 0.41 (cyclohexane: toluene = 9:1); FAB-MS (MNB)
m/z 1124 (M + H', 3), 1123 (M", 3) 720 (18), 442 (25), 308 (100); HRMS
(FAB+) calcd for C;¢HpS¢ 1123.9892, found 1123.9897.
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1’,3’-Bis(phenylthio)-4’,5°,6’,7’-tetrahydrobenzo|c]thieno-[5°,6’:1,2][60]-
fullerene (57f)

A brown solid; mp > 495 °C; R; = 0.35 (cyclohexane); 'H NMR (40 °C,
600 MHz, 1:2 CDCI5/CS;) & 7.32-7.30 (4H, m), 7.17-7.15 (4H, m), 7.10-7.09
(2H, m), 4.66 (4H, br s); 'H NMR (=30 °C, 600 MHz, 1:2 CDCIL/CS,) &
7.28—7.24 (4H, m), 7.19-7.16 (4H, m), 7.11-7.10 (2H, m), 4.78, 4.52 (4H, ABq,
J = 14.4 Hz); °C NMR (40 °Gy1150-MHz, 1:2 CDCL/CS,) & 156.0, 147.5,
146.3, 146.1, 145.6, 145.4;145.3,144.9, 144.5, 144.4, 143.0, 142.4, 141.9,
141.9, 141.4, 140.1, 136.8:135.2, 131.2, 129:0 (CH), 128.3 (CH), 126.7 (CH),
65.0 (sp’ C of Cg), 40.7 (CHy); FAB-MS(MNB) m/z 1047 (M + H', 5), 1046
(M", 5), 766 (5), 720 (20), 613 (40), 460 (100); UV (CHCl3) Amax, nm (log €)
435 (3.67), 310 (4.80), 256 (5.31); HRMS (FAB+) caled for CisH4S;
1046.0259, found 1046.0404.

Adduct (58f)

A brown solid; Rf = 0.28 (cyclohexane:toluene = 9:1); FAB-MS (MNB)
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m/z 1373 (M + H', 5), 1372 (M, 5), 721 (32), 442 (37), 308 (100); HRMS
(FAB+) caled for CogH,sS¢ 1372.0518, found 1372.0522.

WE - &4 (62) = (63)

62 63
Bt L4572 (25F 50 0.029F X B) Ao gt gt (158 2) 32

efrz F THUEPCERS > T UTLCHE B DlAdeP 2 F B (H= %)
BERAD TR A R S g3 125 R T 3T

N

BiLEp62(73F ) A 528% B - E463(11.6% 5.) & F45% -

Data of (62). A brown solid, mp > 495 °C; Rg= 0.3 (cyclohexane: CHCls;
= 1:1); FT-IR (KBr, cm ) 1700 (C=0). 1529 (C=C); '"H NMR (25 °C, 600 MHz,
CDCly) 8 4.56 (2H, br s), 4.45 (2H, br s), 2.71 (3H, s), 2.53 (3H, s); °C NMR
(25 °C, 150 MHz, CDCl5) 8 197.7 (C=0), 193.0 (C=S—0), 155.5, 155.4, 147.7
(2C), 146.6 (2C), 146.3 (2C), 145.8, 145.6 (3C), 145.5 (2C), 145.2, 144.7 (20),
143.2, 142.7, 142.6, 142.3, 142.2, 142.1 (2C), 141.7 (2C), 140.2 (2C), 137.9,
135.8, 135.7, 65.8 (sp> C of Cg), 65.5 (sp° C of Cg), 49.1 (CH,), 42.6 (CH,),
30.9 (CH;), 30.3 (CH;); FAB-MS (MNB) m/z 891 (M + H", 2), 890 (M", 3),
889 (M™ — 1, 2), 721 (100); HRMS (FAB+) calcd for CesHi00,S 890.0402,
found 890.0382.

Data of (63). A brown solid; mp > 495 °C; Ry = 0.25 (cyclohexane:CHCls;
= 2:3); FT-IR (KBr, cm') 1685 (C=0); 'H NMR (25 °C, 600 MHz, CDCl;) &
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4.31 (4H, s), 2.63 (6H, s); °C NMR (25 °C, 150 MHz, CDCl;) § 200.6 (C=0),
155.2, 147.5, 146.6, 146.4, 145.7, 145.7, 145.6, 145.2, 1449, 144.7, 143.2,
142.7, 142.3, 142.1, 141.7, 140.3, 135.7, 65.3 (sp° C of Cg), 41.7 (CH,), 29.2
(CH3); FAB-MS (NMB) 859 (M + H', 2), 858 (M, 2), 720 (100); HRMS

(FAB+) calcd for CgsH; 9O, 858.0681, found 858.0712.

2,5-f5 B HE B X F RALL I HI R 5
@ hit S 4R R BhoT
53a: 2,5-dimethylthiophene
UV(CH;CN) Amax, nm (log €) 236 (3.81)
53b: 2,5-dichlorothiophene
UV(CH;CN) Amax, nni (log €)-251 (3.82)
53c¢: 2-methyl-5-phenylthiophene
UV(CH;CN) Amax, nm'(log €) 292 (4.21)
53d: 2,5-diphenylthiophene
UV(CH;CN) Amax, nm (log €) 325 (3.38)
S53e: 2,5-bis(methylthio)thiophene
UV(CH;CN) Amax, nm (log €) 294 (4.04)
53f: 2,5-bis(phenylthio)thiophene
UV(CH;CN) Amax, nm (log €) 301 (3.98), 247 (4.42)
Ceo: [60]fullerene
57d: 2,5-diphenylthieno[60]fullerene
LR O60W 4 3FE o
F 5% - NMR 2 ¢ (2 /2 0.5cm) -
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FAAFL R T 19545452 bubble = ;i » K OBFLY 0 F ORI S E A
Lk
Rk E

(1) 27 B 4mL & &35~ 9% » 0.04 mmol 71t & 3 53a—f >t 5% 1-6
FLP oo TELFLRAI A~ 0.04 mmol * £ 53a %2 1 mg it &4 57d (9
2.5%) A% 1 mLCDCly;» ¥ “t2~3mgC¢ % 7mLCDCl; & » 20 mL
RAFLY > AZFRRT > FE > A BB ImL K Hipre r
B 16 A AP S DS A A0lE o A B4~ S 17 HNMR 34 ¢

BcTR B T L 60W 45 SHBITEEMERR 5t 0 7 e PERF 2 NMR i B o

2)  pedAe(l)eshih 1 g > L bubble 58 ~ § 0 BRI T

60W 4 50 % T FEE B 4 > & e EERPIANMR i i % dod o 907

200 AR G ATE $ 2 7 30 (benzosultines 2. 4 5 P T i 4e & F )

2-[(tert-Butylsulﬁnyl)methyl]phenylmethanol4c (81)

Boft L1 (4.06% > 241 £ 8) A3t aoke & oked (1005 2) 5 30k
i T #-GrignardzE A (29F L B) iEiF e r o RIS ok V4
RBRBEF B N F Tk B x50FH) B30k F oA 0
FdEic (s > WiRT RN WA > TE LA S R IAR =32
SRR EE R T 581 (491%) 0 A F90% e

Clear crystal after recrystallization from a solvent of CH,Cl, and hexane;
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m.p. 9698 °C (CH,Cly/hexane); Ry = 0.2 (hexane:acetone = 3:2); '"H NMR
(CDCl;, 300 MHz) 6 7.44-7.32 (4H, m), 4.72, 4.46 (2H, ABq, J = 12.0 Hz),
4.07,3.78 (2H, A’B’q, J = 12.6 Hz), 1.40 (9H, s); °C NMR (CDCls, 75.4 MHz)
6 141.8 (Cq), 131.2 (CH), 131.1 (CH), 129.9 (Cq), 128.8 (2CH), 62.5 (CH,),
54.2 (Cq), 48.6 (CH,), 23.0 (CH3); MS (EI) m/z 227 (M" + 1, 0.1), 170 (M" +
1 —tBuy, 11), 152 (M" + 1 — tBu — OH, 58), 91 (59), 77 (64), 57 (100); HRMS
m/z calcd for C,H,30,S 226.1028, found 226.1042; Anal. Calcd for C;,H;30,S:
C, 63.68; H, 8.02. Found: C, 63.47; H, 7.85.

2-[(AR)-1-(tert-Butylsulfinyl)-5-hexenyl]phenylmethanol (86a) and
2-[(1S)-1-(tert-Butylsulfinyl)-5-hexenyl]phenylmethanol (86b)
@CStBU StBu
OH OH

86a 86b
>z (1)

Pit £4781 (0505 0221 F 3 B) 33 & Ke & vkrm (20% 2 )5 3078
CTiZjF4c ~LDA (5.53% 5 8)» #3304 4818 > £ 4e » 5-i8-1-4 # (0.50
0 332X R) T R W2 Ak fod VAR RE LR R
M= F TR 3 x20FH) XB3 o e 8k AR ITER > Bk
a )E‘fﬁ"ﬁ WA TRz ASP TSR =4 15 RRESTEAR
¥5 0 181 £ 3 86a (66%F 5.) {-86b (462% 3.) » & FT77% -
ik (2):

Beit £ 481 (05050221 F 5 B) A3t @ ke g vk (20 2)-300°C

EF Ae > 221 MenCH3Li (2.5 2 > 555 ) 304 4818 0 £ 4o >
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S-ifa-1-A 4 (0505 > 3.32F ¥ B) i w R IE A PRI 0 A foF Ak
RpREF I N F % 3 x20F8 ) B30 ek F BE o
Fedf g (o > BRI IRGET B T RAP NI S R AR = 40

S RREFTHA Y 0 T L 4$86a (66F i) fo86b (478F i) A F
80% -

Data of 86a. Light yellow oil; Ry = 0.38 (hexane:acetone = 3:2); 'H
NMR (CDCls, 300 MHz) & 7.54-7.51 (1H, m), 7.42—7.26 (3H, m), 5.73-5.63
(1H, m), 5.01-4.98 (2H, m), 4.77, 4.43 (2H, ABq, J = 11.7 Hz), 4.45 (1H, 1),
3.42 (1H, br. s), 2.13—1.93 (4H, m), 1.39 (9H, s), 1.39-1.23 (2H, m); °C NMR
(CDCls, 75.4 MHz) & 141.7 (Cq), 137.6 (CH), 133.5 (Cq), 130.7 (CH), 129.0
(CH), 128.3 (CH), 127.7 (CH), 115.5 (€Hy);:62.7 (CH,), 58.7 (CH), 55.9 (Cq),
33.0 (CH,), 29.2 (CH,), 26.0 (CH,)! 24.4 (CH;);-MS (EI) m/z 295 (M" + 1,
0.23), 220( M" — tBu — OH, 0:79), 189 (M" — SOtBu, 15), 171 M" - 1 —
SOtBu — OH, 69), 129 (100).

Data of 86b. Light yellow oil; Ry = 0.33 (hexane:acetone = 3:2); 'H
NMR (CDCls, 300 MHz) & 7.47-7.27 (4H, m), 5.77-5.63 (1H, m), 5.00—4.88
(2H, m), 4.79, 4.72 (2H, ABq, J = 12.6 Hz), 4.22 (1H, br. s), 2.33—1.82 (4H, m),
1.45-1.23 (2H, m), 1.14 (9H, s); °C NMR (CDCl,, 75.4 MHz) & 138.6 (Cq),
137.9 (CH), 136.2 (Cq), 128.9 (CH), 128.3 (CH), 127.9 (CH), 127.5 (CH),
114.8 (CH,), 62.3 (CH,), 58.8 (Cq), 55.6 (CH), 33.5 (CH,), 31.3 (CH,), 25.2
(CH,), 23.6 (CH;); MS (EI) m/z 295 (M™ + 1, 0.21), 220( M" — tBu — OH, 0.34),
189 (M" — SOtBu, 6), 171 (M" — 1 — SOtBu — OH, 53), 129 (100); HRMS m/z
calcd for C7H,c0,S 294.1653, found 294.1654.
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4-(4-Pentenyl)-3,4-dihydro-1H-2,3)A*-benzoxathiin-3-one (87)

Briv £ 4786b (200% 5. 0 0.65F £ B) 33 & P (10E2) 28T
4e ~NCS (95%F 3> 0.71% 3 ) #31-| pFis > 5] » 5% NaySOs(aq) & 1+ F
Jeo MZ F U CREE B A O ARETTRE  EiRTIERT A
sz e g e IAR = 10 1A RReFE A B EF
87 (43F 5.)» A F28% o (H =it & Kid7)

Color- less oil; Ry = 0.4 (hexane:acetone = 4:1); '"H NMR (CDCl;, 300
MHz) & 7.59-7.56 (1H, m), 7.40=7:29:(3H, m), 5.85-5.71 (1H, m), 5.34 (1H,
dd, J = 8.6, 6.0 Hz), 5.07-4.93 (2H, m), 4.81, 4.76 (2H, ABq, J = 12.5 Hz),
2.30-2.95 (4H, m), 2.95-1:40 (2H, m); "C NMR (CDCl;, 75.4 MHz) & 140.4
(Cq), 138.1 (CH), 128.9 (CH), 128.8 (CH); 128.3 (CH), 127.8 (Cq), 127.2 (CH),
115.1 (CH,), 63.2 (CH,), 58.8 (CH), 38.5 (CH,), 33.1 (CH,), 26.4 (CH,); (MS
(EI) m/z 236 (M, 5), 172 (M — SO,, 10), 171 (M" — 1 — SO,, 54), 128 (86), 91
(100); HRMS m/z caled for C;3H;60,S 236.0871, found 236.0869.

2-[(tert-Butylsulfinyl)methyl]benzaldehyde (93)

O\\StBu

CHO

Boit £481 (4915 P 217F X)) B3 EKZ F 7% (50F2) 3]

T4 APCC (75 > 32.6F 5 0) fop &2 (Th) 0 311 pris > ik B

113



FORBAGR O HELpEASF IR R IAM =325 P RIREEF A
¥5 0 BL L5493 (4.125.) 0 & F85% o

Light yellow solid; m.p. 91-92 °C (CH,Cly/hexane); Ry = 0.38
(hexane:acetone = 3:2); '"H NMR (CDCls;, 300 MHz) § 10.11 (1H, s), 7.86—7.84
(1H, m), 7.63—7.55 (2H, m), 7.50—7.48 (1H, m), 4.97, 3.59 (2H, ABq, J = 11.7
Hz), 1.41 (9H, s); °C NMR (CDCls;, 75.4 MHz) & 193.6 (CH), 135.8 (CH),
133.8 (CH), 133.8 (2Cq), 133.7 (CH), 54.3 (Cq), 50.2 (CH,), 23.1 (CH;); MS
(EI) m/z 225 (M" + 1, 0.6), 224 (M", 0.4), 168 (M" + 1 — tBu, 22), 150 (M +
1 — tBu— OH, 27), 91 (51), 57 (100); HRMS m/z calcd for C;,H,40,S 224.0871,
found 224.0871.

2-[(tert-Butylsulfanyl)methyl]benzonitrile (94)

StBu

CN

B-g? ¥ B 153FFR) A (S0FH) s FIET 4
e 27 AR (155 0 168F £ B) T ik jF 4 »40%& 3 L4 -RiB R >
304415 0 ]~ 100F 2 2 g5 kR e fhe i 3x50%F ) F B3
Hoofe B WA EEAETCR S 0 WIRT kAT A o TIF LA P
RREAE L2594 (3.085) & F98% o

Colorless liquid; b.p. 106 °C at 110 mtorr; Rf = 0.35 (hexane:EtOAc =
10:1); '"H NMR (CDCls, 300 MHz) & 7.62 (1H, d, J = 7.8 Hz), 7.57-7.50 (2H,
m), 7.35-7.30 (1H, m), 3.96 (2H, s), 1.39 (9H, s); °C NMR (CDCls, 75.4 MHz)
8 142.5 (Cq), 132.9 (CH), 132.8 (CH), 130.3 (CH), 127.3 (CH), 117.6 (Cq),
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112.5 (Cq), 43.6 (Cq), 31.4 (CH,), 30.8 (CH;); MS (EI) m/z 207/206/205 (M",
2/7/40), 190 (M" — CH3, 100), 150 (82), 117 (M" + 1 — StBu, 84), 116 M —
StBu, 64), 115 (83), 90 (M" — StBu — CN, 26), 88 (40), 56 (95); HRMS m/z
calcd for C,HsNS 205.0925, found 205.0925.

2-[(tert-Butylsulfanyl)methyl]benzaldehyde (95)

StBu

CHO

Bt £4°94 (3.865. 0 188F 3 B) A3 aE- k- F 7% B0 2) 2 f

T iEF 4 ~ 1.0 M DIBAL-Hz_ ik@idzin % (21% =) » 304 4818 0 kg
Tl A 2 30F A GBNBRCRA RS B 0 G154 41 0 ARk
25k o KRR 39 % (2x20% ) B2 o e A 0 s
FRdESc R 15 0 BT R R o L g AP R R G E 5 495

(3.275.) » & F83% -

Colorless liquid; b.p. 114 °C at 130 mtorr; R = 0.4 (hexane:EtOAc = 10:1);

'H NMR (CDCls, 300 MHz) & 10.34 (1H, s), 7.86—7.83 (1H, m), 7.55-7.49
(1H, m), 7.45-7.38 (2H, m), 4.18 (2H, s), 1.40 (9H, s); °C NMR (CDCl,, 75.4
MHz) 6 191.1 (CH), 140.5 (2Cq), 133.8 (CH), 131.4 (2CH), 127.6 (CH), 43.6
(Cq), 30.7 (CH3), 29.6 (CH,); MS (EI) m/z 208 (M, 6), 190 (11), 151 (96), 118
(M+ — 1 — StBu, 100); HRMS m/z caled for C;;H;sOS 208.0922, found

208.0921.
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1-2-[(tert-Butylsulfanyl)methyl]phenyl-2-propen-1-ol (96a)

StBu

OH
AN

Boit £4295(208F 5.0 1EF X ) a3t Eoke £ vk (SF ) ks
T K-Grignard:E R QF X R ) BF e r o WL BFELE > Ao L ARR
BB F o M EEe iy 3 x 10FA) FB3% 0l Bk o A
FOH 0 ERTRNET WA T AP U R e iy =200 1
AR AE AT B 55962 (197F 5) 0 A F91% o

Colorless oil; Ry = 0.3 (hexane:EtOA¢=:10:1); '"H NMR (CDCls, 300 MHz)
§ 7.45-7.40 (1H, m), 7.34-7.20 (3H, m), 6:18—6:06 (1H, m), 5.65-5.58 (1H,
m), 5.45 (1H, d, J=17.0 Hz), 5.27 (1H, d;J = 10.6 Hz), 3.88 (2H, s); °C NMR
(CDCls, 75.4 MHz) § 141.1 (Cq),~139.4 (CH), 135.0 (Cq), 130.8 (CH), 128.0
(CH), 127.8 (CH), 127.7 (CH), 114.8 (CH,), 71.2 (CH), 43.5 (Cq), 30.7 (CHs3),
25.6 (CH,); MS (EI) m/z 219 (M" — OH, 3), 146 (61), 145 (100), 131 (52);
HRMS m/z calcd for C4H,0SO 236.1235, found (3% i8] # ).

1-2-[(tert-Butylsulfanyl)methyl]phenyl-3-buten-1-o0l (96b)

StBu

OH

Beit £495(208% s 1E R R) B Ak & ek (5F ) ok
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T R-Grignard: @R Q2T X R) B jF S r o WL S > A frg L 4RIB
e E o e e By B3 x 10F ) EFB3 0 e B A 0 UEERAE
FoRiS 0 BT REET A o T AL et e fhe g = 101 1
S RREFE AT BT £496b (229 5) 0 A F91% -

Colorless liquid; Ry = 0.48 (hexane:EtOAc = 4:1); "H NMR (CDCls, 300
MHz) § 7.52—7.49 (1H, m), 7.31-7.18 (3H, m), 5.96-5.82 (1H, m), 5.23-5.09
(3H, m), 3.84, 3.81 (2H, ABq, J = 11.1 Hz), 2.26-2.58 (2H, m), 2.40 (1H, br. s),
1.40 (9H, s); °C NMR (CDCls;, 75.4 MHz) § 142.3 (Cq), 135.1 (CH), 134.3
(Cq), 130.6 (CH), 127.8 (CH), 127.6 (CH), 126.3 (CH), 117.9 (CH,), 69.3 (CH),
43.3 (Cq), 42.5 (CH,), 30.6 (CH3), 30.6 (CH3); MS (EI) m/z 249 M" — 1, 7),
233 (M" — OH, 2), 232 (M" — 1,=20H;.5), 175 (M" — 1 — OH — tBu, 45), 161
(M" — StBu, 36), 143 (M" =1 = OH — StBu, 88), 128 (65), 119 (100); HRMS
m/z calcd for C;5sH»,OS 250.1391, found (3% 8] © ).

1-2-[(tert-Butylsulfanyl)methyl]phenyl-4-penten-1-ol (96¢)
StBu

OH

B~it £495 (400% 5. 0 1.92T 5 B) A3 @Eoke 3 vk (102 2) 0 3
sRig T B 47 cnGrignard @A (3.84F £ R ) iR jF e~ o WAL FELS 0 Y
frgd M4 RpREEF B e e fig 3 x 10EH) X B3 0 qed g
%%’Uﬁﬁ&%ﬁ%’@&j%ﬁﬁﬁﬁ’%@iﬁé%Uﬁéﬁib
fae fig =100 15 WRREFF AT T &4 96¢ (284%F 50)0 & 556% °

Colorless liquid; Ry = 0.23 (hexane:EtOAc = 10:1); 'H NMR (CDCl;, 300
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MHz) & 7.53—7.46 (1H, m), 7.34-7.17 (3H, m), 5.96-5.81 (1H, m), 5.15-4.95
(3H, m), 3.85, 3.78 (2H, ABq, J = 10.9 Hz), 2.35-2.10 (2H, m), 2.10—1.80 (2H,
m), 1.40 (9H, s); °C NMR (CDCl;, 75.4 MHz) & 143.0 (Cq), 138.3 (CH), 134.3
(Cq), 130.6 (CH), 127.9 (CH), 127.6 (CH), 127.3 (CH), 115.0 (CH,), 69.2 (CH),
43.4 (Cq), 36.5 (CH,), 30.7 (CH3), 30.6 (CH,), 30.5 (CH,); MS (EI) m/z 248
(M" + 1 — OH, 5.5), 247 (M" — OH, 38), 191 (M" + 1 — OH — tBu, 78), 174
(M™ = 1 — StBu, 50), 119 (100); HRMS m/z caled for C;H,,0S 264.1548,
found 264.1557.

1-2-[(tert-Butylsulfanyl)methyl]phenyl-5-hexen-1-0l (96d)
StBu

Boit £4:95(0.5% 0 2.4F 3 B) AT A K & vk (10F ) 3 kiE
T -8 # 45 ehGrignardiE A (4.8F X)) EF 4 0 I B 0 e
FOUAEKRRRLEF o e e Ay BXx10F2) B3 jchF A
VRIS BT RN B TR A U e Rl e Bl fig =
20 15" Hpetm g4k 0 @ £496d (494% 50) > & 5 T74% o
Colorless liquid; Ry = 0.25 (hexane:EtOAc = 10:1); 'H NMR (CDCl;, 300
MHz) & 7.47-7.44 (1H, m), 7.29-7.16 (3H, m), 5.88—5.74 (1H, m), 5.05-4.93
(3H, m), 3.82, 3.77 (2H, ABq, J = 11.0 Hz), 2.46 (1H, br. s), 2.15-2.07 (2H, m),
1.92-1.74 (2H, m), 1.66—-1.60 (1H, m), 1.49-1.42 (1H, m), 1.39 (9H, s); °C
NMR (CDCl;, 75.4 MHz) § 143.1 (Cq), 138.6 (CH), 134.2 (Cq), 130.5 (CH),
127.7 (CH), 127.5 (CH), 126.2 (CH), 114.6 (CH,), 69.8 (CH), 43.2 (Cq), 37.0
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(CH,), 33.6 (CH,), 30.6 (CHs), 30.5 (CH,), 25.5 (CH,); MS (EI) m/z 261 (M" —
OH, 2), 205 (M" + 1 — OH — tBu, 5), 188 (M" — 1 — StBu, 46), 134 (39), 119
(100); HRMS m/z caled for C;7H,sS (M™ — OH) 261.1678, found 261.1677.

1-2-[(tert-Butylsulfanyl)methyl]phenyl-6-hepten-1-ol (96¢)
StBu

OH

Pt 5495055 024 £ B) A3t aEqke & vk (10%F )0 30k
TR 4F enGrignard:E#) (4.8F 3 R) RF A~ o WAL e
Fll4eRBR¥LF o e faufig (3102 2) B3ty 8k
VIERRRAE TR 1S IR T RHE T PR TR e A e i L fig =
20 15 Heorie 7 E A 4T 0 B £ P 96e (439% ) 0 A F63% e

Colorless liquid; R = 0:23 (hexane:EtOAc = 10:1); '"H NMR (CDCls, 300
MHz) & 7.49-7.47 (1H, m), 7.31-7.17 (3H, m), 5.88-5.74 (1H, m), 5.07—4.91
(3H, m), 3.85, 3.79 (2H, ABq, J=11.0 Hz), 2.11-2.04 (2H, m), 1.93—1.73 (3H,
m), 1.64-1.43 (3H, m), 1.40 (9H, s); °C NMR (CDCls, 75.4 MHz) & 143.2
(Cq), 138.9 (CH), 134.3 (Cq), 130.6 (CH), 127.8 (CH), 127.5 (CH), 126.3 (CH),
114.3 (CH,), 69.9 (CH), 43.3 (Cq), 37.4 (CH,), 33.7 (CH,), 30.6 (CH3;), 30.6
(CH,), 28.8 (CH,), 25.8 (CH,); MS (EI) m/z 275 (M" —OH, 1), 219 M" + 1 —
OH —tBu, 3), 202 (M" — 1 — StBu, 26), 187 (M" + 1 — OH — StBu, 6), 134 (27),
119 (100); HRMS m/z calcd for C 3sH,,S (M" — OH) 275.1835, found 275.1834.
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1-2-[(tert-Butylsulfanyl)methyl]phenyl-7-octen-1-o0l (96f)

StBu

OH

Beit £ 395 (287% 5.0 1.38F £ B) v @oke & vk (5% ) bk
i TR 47 enGrignard@E A 2.7F 3R ) iR jF Ao~ o EEL) LS 0 AR
fok M4 RBRRLF o T Ty 3 x 10F ) B35 0 e b g
B o MERRRAETCR S 0 BT R WA TE LA NI e Rl o R
o fig =20 12k E ki @i £496f(285% 5L) 0 A F67% °

Colorless liquid; Ry = 0.25 (hexane:EtOAc = 10:1); 'H NMR (CDCl;, 300
MHz) § 7.48 (1H, d, J = 7.3 Hz), 7:30=7:17 (3H, m), 5.87-5.73 (1H, m),
5.06-4.91 (3H, m), 3.85, 3.79 (2H, ABq, J.="11.0 Hz), 2.30 (1H, br. s),
2.05-2.01 (2H, m), 1.94-1.72 (2H, m), 1.61—1.38 (6H, m), 1.40 (9H, s); °C
NMR (CDCl;, 75.4 MHz) § 143.2.(Cq), 139.1(€H), 134.3 (Cq), 130.5 (CH),
127.8 (CH), 127.5 (CH), 126.3 (CH), 114.2 (CH,), 69.9 (CH), 43.3 (Cq), 37.5
(CH,), 33.7 (CH,), 30.7 (CHs), 30.6 (CH,), 29.0 (CH,), 28.8 (CH,), 26.2 (CH,);
MS (EI) m/z 289 (M" — OH, 0.01), 216 (M" — 1 — StBu, 20), 119 (100); HRMS
m/z calcd for C;oH,9S (MJr — OH) 289.1191, found 289.1992.

1-2-[(tert-Butylsulfanyl)methyl|phenyl-8-nonen-1-o0l (96g)
StBu

OH

AN

Beit £ 4795 (260% 50 125F X B) Bt Eoke & vkra (5F ) 3tk
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i T - % 47 nGrignardE A (2.5F X B) EjF Ao~ o ED] LS 0 Uk
frd M4EkARE L F o e e iy 3 x 10E2) FE3=5 0t hF o
B RRRRAETCR S > BRI R WA o T AL L R o B’
2 fig =10 15 peFmgkir @i E596g(227F 5) > A F57% -

Colorless liquid; Rs = 0.25 (hexane:EtOAc = 10:1); '"H NMR (CDCls, 300
MHz) & 7.48—7.45 (1H, m), 7.30—7.16 (3H, m), 5.87-5.73 (1H, m), 5.05-4.90
(3H, m), 3.84, 3.78 (2H, ABq, J = 11.0 Hz), 2.35 (1H, br. 5), 2.06—2.00 (2H, m),
1.93-1.712 (2H, m), 1.57-1.33 (8H, m), 1.40 (9H, s); °C NMR (CDCl;, 75.4
MHz) & 143.3 (Cq), 139.1 (CH), 134.3 (Cq), 130.5 (CH), 127.8 (CH), 127.5
(CH), 126.2 (CH), 114.1 (CH,), 69.9 (CH), 43.3 (Cq), 37.6 (CH,), 33.7 (CH,),
30.6 (CH3), 30.6 (CH,), 29.4 (CH);:29.0 (CH,), 28.8 (CH,), 26.3 (CH,); MS
(EI) m/z 303 (M — OH, 0.19), 245 (M" + 1 = tBu, 3), 230 (M" — 1 — StBu, 18),
134 (36), 119 (100); HRMS m/z ealed for CygH3 S (M — OH) 303.2148, found
303.2147.

1-2-[(tert-Butylsulfinyl)methyl]phenyl-2-propen-1-ol (97a)

O\\StBu

OH
A
3 E (A):
Boit £ 4793 (200% 5.0 0.89F 5 B) Bt a-kw & vk (5F ) Atk
i T #Grignardz# A (1.78F 378 ) B jF v » 43D BRI > e frg 1t 4%
kB EF B N 7% 3 x 10F4) FB3% 0 bk o U

Fadkic k(S Wip TR A - TE LA I T e R AR =4 ]
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PR ET AT B £ 45972 (198% 5 > B T77023) 0 A
88% o
S (B):

it £496a (178% 5. > 0.82F 5 8) 2307 i (5 2) 4od 3 -k
CEH)> 23 E T4~ FRES (1932500093 B) F2H K4 2
FEWHE30 480 4 2208 2 4 g5 kAR M- F TR B3x10EH) =y
B3 o e b A MARRATTEL > EiRT }E‘{ﬁ’ﬁ Wk o> riE2Z A
e IAf =4 lirRRESFSEREET B EF9TD (170F S o
£ 440450 1 50) 0 A 5 82% e

White solid; mp 61-63 °C (CH,Cly/hexane); Rf = 0.4 (hexane:acetone =
3:2); major isomer: 'H NMR (CDGl1:300 MHz) §7.49-7.30 (4H, m),
6.16-6.00 (1H, m), 5.55 (1H, dt;J = 17:4, 1.8 Hz), 5.40-5.31 (2H, m), 4.18,
3.77 (2H, ABq, J = 12.3 Hz), 1.97 (1H, br. s), 1.42 (9H, s); °C NMR (CDCls,
75.4 MHz) 6 143.5 (Cq), 138.4 (CH), 131.1 (CH), 129.4 (Cq), 128.6 (CH),
128.5 (CH), 128.3 (CH), 115.1 (CHp), 69.1 (CH), 54.1 (Cq), 48.1 (CH,), 23.0
(CH;); minor isomer: '"H NMR (CDCl;, 300 MHz) & 7.49-7.30 (4H, m),
6.16-6.00 (1H, m), 5.40-5.31 (2H, m), 5.16 (1H, dt, J = 10.5, 2.1 Hz), 4.67,
3.48 (2H, ABq, J = 12.0 Hz), 1.97 (1H, br. s), 1.40 (9H, s); °C NMR (CDCl,
75.4 MHz) 6 143.4 (Cq), 141.3 (CH), 132.2 (CH), 129.9 (CH), 129.5 (Cq),
128.4 (CH), 128.3 (CH), 113.7 (CH,), 75.4 (CH), 54.2 (Cq), 47.4 (CH,), 23.1
(CHs); MS (EI) m/z 252/253 (M", 0.4/0.7), 235 (M" — OH, 12), 178 (M" — OH —
tBu, 41), 130 (M — OH — SOtBu, 30), 129 (100), 117 (67); HRMS m/z calcd
for C14H»00,S 252.1184, found (3% /2] ¥ ); Anal. Calcd for C4H,,0,S: C, 66.63;
H, 7.99. Found: C, 66.47; H, 7.88.
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1-2-[(tert-Butylsulfinyl)methyl]phenyl-3-buten-1-ol (97b)

O\\StBu

OH

=

S E (A):
it £493(200% 50 0.89F £ B) A3 E ke & vk (5% A )0 3k

% T #-Grignard:E A (1.78%F £ B) iR jF 4e » > W] PS> MA&Erd (4%

RBZR¥BLF M F % B x10EH) B3 e 5 8k >

Fadfic ks > BT RN WA - TEZ AP UL LR I AR = 4!

BRI KT 0 T AdE9Tb (199F 5 0 BS540 46) 0 A K

84% o

> (B):

B~it £496b (225% 502 09% 3 By a3t P i (5FH) fod Bk (S
EA) N F R T Ao~ iR Q4T 10T R) FE KRS I
FHAE304 480 4o ~20% 2 3 g KA 2D F 7% X102 F
3= e F WA RERARICR TS > BRI RS BA o TR A P

IR =4l RREFEHAET > B ESFITD (235 5 0 B
et v 53 1 47) 0 & 5 98% o

Colorless oil; Ry = 0.46 (hexane:acetone = 3:2); major isomer: "H NMR
(CDCl;, 300 MHz) & 7.58-5.54 (1H, m), 7.41-7.24 (3H, m), 5.88-5.73 (1H, m),
5.17-5.01 (2H, m), 4.83 (1H, t, J= 7.0 Hz), 4.13, 3.71 (2H, ABq, J = 12.6 Hz),
2.68-2.56 (1H, m), 2.52-2.46 (1H, m), 1.39 (9H, m); minor isomer: 'H NMR
(CDCl;, 300 MHz) & 7.58-5.54 (1H, m), 7.41-7.24 (3H, m), 5.88-5.73 (1H, m),
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5.17-5.01 (2H, m), 4.94 (1H, t, J = 6.4 Hz), 4.66, 3.67 (2H, ABq, J = 12.0 Hz),
2.82-2.74 (1H, m), 2.52-2.46 (1H, m), 1.36 (9H, s); mixture of two isomers:
C NMR (CDCls, 75.4 MHz) & 144.4 (Cq), 144.0 (Cq), 135.2 (CH), 134.8
(CH), 132.2 (CH), 131.1 (CH), 129.3 (Cq), 128.8 (CH), 128.7 (Cq), 128.5 (CH),
128.1 (2CH), 127.7 (CH), 126.9 (CH), 117.5 (CH,), 117.2 (CH,), 74.3 (CH),
68.1 (CH), 54.1 (2Cq), 48.2 (CH,), 47.8 (CH,), 44.2 (CH,), 39.9 (CH,), 23.2
(CH3), 23.0 (CH3); MS (EI) m/z 268 (M + 2, 2.33), 267 (M" + 1, 16), 249
(M — OH, 25), 161 (M" — SOtBu, 40), 143 (M" — OH — SOtBu 100), 128 (67),
119 (56), 91 (66); HRMS m/z calcd for C;sH»0,S (M™ + H) 267.1420, found
267.1430.

1-2-[(tert-Butylsulfinyl)methyl|phenyl:4-penten-1-ol (97¢)

O\\StBu

OH

>E (A):

Boit £ 493 (200% 70 0.89F ¥ R) A3t fokw & vk (5F ) stk
i T R 47 enGrignard @A (1.78F 3 R ) iR 4o > o WAL BFR > 4P
frd L4 kBR¥EEF K> M- F 7% 3 x10E2) FB3% 0 g
Ko R ITR BRI RN B o rE LA UL S R IA M =
4015 PR EF A @1 £597c (280F A 0 B 41180 ¢ 20) »
A 592% -
52 (B):

Bt £496c 244F 5 0 0.92F E B) AP @ (5F) fod Ik

124



M

QEFA)> 2 FE Theor BAEA QAT L 10TELD) FEIHRA S

\

¥

FHEE30- 480 4 2102 2 4 g5 kAR & 7% 3x10EH) X
B3k o e b R ARG BT /il?ﬂ’ﬁ”ﬁ Wh iR E A
MEeR AR =415 RIREF AN B E£59Tc (247F 5 o
£ HF1450 1 50) 0 & F96% °

Colorless oil; Ry = 0.5 (hexane:acetone = 3:2); major isomer: 'H NMR
(CDCl;, 300 MHz) & 7.58-7.53 (1H, m), 7.40-7.22 (3H, m), 5.92-5.76 (1H, m),
5.06-4.92 (3H, m), 4.79 (1H, t, J= 6.2 Hz), 4.14, 3.67 (2H, ABq, J = 12.6 Hz),
2.22-2.04 (3H, m), 1.80-1.68 (1H, m), 1.36 (9H, s); minor isomer: 'H NMR
(CDCl;, 300 MHz) & 7.58-7.53 (1H, m), 7.40-7.22 (3H, m), 5.92-5.76 (1H, m),
5.064.92 (3H, m), 4.86 (1H, ddy2d'=:7.4, 5.8 Hz), 4.65, 3.68 (2H, ABq, J =
11.9 Hz), 2.22-2.04 (3H, m), 1.96-1.83 (I'H; m), 1.38 (9H, s); mixture of two
isomers: °C NMR (CDCls; 75.4 MHz) & 145:1 (Cq), 144.7 (Cq), 138.4 (2CH),
132.3 (CH); 131.0 (CH), 129.1 (Cq), 1289 (CH), 128.5 (CH), 128.5 (Cq),
128.1 (CH), 128.0 (CH), 127.7 (CH), 126.9 (CH), 114.8 (CH,), 114.7 (CH,),
74.2 (CH), 67.4 (CH), 54.1 (2Cq), 48.0 (CH,), 47.5 (CH,), 38.9 (CH,), 34.4
(CH,), 30.5 (CH,), 30.1 (CH,), 23.2 (CHs), 23.0 (CH;); MS (EI) m/z 280 (M,
0.02), 263 (M" — OH, 0.19), 175 (M" — SOtBu, 22), 157 (M — 1 — OH — SOtBu,
91), 129 (100), 119 (38), 91 (47), 57 (71); HRMS m/z caled for C;sH,50,S (M"
+ H) 281.1576, found 281.1501.

1-2-[(tert-Butylsulfinyl)methyl]phenyl-5-hexen-1-0l (97d)

O\\StBu

OH
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ik (A):

Bt £ 4293 (400% 5. > 1.78F X B) B3 &R & vk (5F ) 3tk
i T R-EL 47 enGrignard@E A (3.56F B R ) iR Ao o~ o WAL BER > 4P
frd P4 kB R¥EEF K> N F 7% 3 x10E2) FB3% 0 g
o MERRRARTCR TS BRI RNE B TR AP T R AR =
415 RipeF g T T £497d (S08% 5o > R #4174 1 26)
A F97% e
> (B):

it £4296d (524% 5. 0 1.88F £ B) 337 fR (10 ) fod g3 K
GEA)> W F R T Ao BRAS 443F 500207 E ) FEHHKA S
T304 480 40 »20F 2 2 g5 kAR - F 7% 3x10EH) =
B3k oz B A MR TR iR J&‘{ﬁ*p W > T2 A
ME eI AR =4 1arREFEEREE T B E597d (542%F s o
B HF 63 :37) 0 &2 F98% °

Colorless oil; Ry = 0.43 (hexane:acetone = 3:2); major isomer: 'H NMR
(CDCl;, 300 MHz) & 7.56-7.52 (1H, m), 7.40-7.21 (3H, m), 5.85-5.73 (1H, m),
5.05-4.91 (3H, m), 4.77 (1H, t, J = 6.8 Hz), 3.70, 4.14 (2H, ABq, J = 12.5 Hz),
2.53 (1H, br s), 2.14-2.00 (3H, m), 1.88-1.46 (3H, m), 1.39 (9H, s); °C NMR
(CDCl;, 75.4 MHz) 6 144.8 (Cq), 138.7 (CH), 131.1 (CH), 129.1 (Cq), 128.9
(CH), 128.0 (CH), 126.8 (CH), 114.5 (CH,), 68.2 (CH), 54.1 (Cq), 48.2 (CH,),
34.8 (CH,), 33.7 (CH,), 25.7 (CH,), 23.0 (CH;); minor isomer: 'H NMR
(CDCl;, 300 MHz) & 7.56-7.52 (1H, m), 7.40-7.21 (3H, m), 5.85-5.73 (1H, m),
5.01-4.89 (3H, m), 4.85 (1H, dd, J = 7.2, 4.8 Hz), 4.72, 3.65 (2H, ABq, J =
12.0 Hz), 2.53 (1H, br s), 2.14-2.00 (3H, m), 1.88-1.46 (3H, m), 1.37 (9H, s);
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C NMR (CDCl;, 75.4 MHz) & 145.4 (Cq), 138.7 (CH), 132.3 (CH), 128.6
(CH), 128.5 (Cq), 128.1 (CH), 127.6 (CH), 114.6 (CH,), 75.0 (CH), 54.1 (Cq),
47.5 (CH,), 39.4 (CH,), 33.6 (CH,), 25.2 (CH,), 23.2 (CH;); MS (EI) m/z 295
M +1,5),278 M +1—-OH, 38),277 (M" — OH, 51),221 (M" +1 - OH —
tBu, 49), 203 (58), 189 (M" — SOtBu, 16), 171 (M" — 1 — OH — SOtBu, 49), 129
(100), 91 (76), 57 (68); HRMS m/z calcd for C;7H,50,S 294.1653, found
294.1635.

1-2-[(tert-Butylsulfinyl)methyl]phenyl-6-hepten-1-ol (97¢)

O\\StBu

OH

42 (A):

Beit £493(300% 5.0 1.34% £ B) B3 EKe & vk (5F A0 3tk
5T BB % 4 enGrignardiF A (2.68F 3B ) iR jF Ao~ o I PE{S > U4
Trd MARBREEPER > N F 7% 3 x10FH) FB3% 0 kg 8
B MERRRAERCR S WX RS B o T LA UL e R IAM =
415t iF gAY BV £497e (405% 5 > Bt T72 0 28)
A 5 98% o
% (B):

Beit £496e (374F 5.0 128 £ B) 33 /@ (108 2) fod g3 -k
(10F 2 ) > B T 40 » e e G02F A  141F XD, FEHRk4 2

P304 40 4 2203 2 2 g RFHE S S F 7% 3x15E ) ¥
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B3 o e g WA UEERARICR (S > IR T RMET BA o TR A
MEetr AR =4 s RREFE AT F I £ 97e (378%F 5 o
£ #4160 ° 40) 96% o

Colorless oil; Ry = 0.5 (hexane:acetone = 3:2); major isomer: 'H NMR
(CDCl;, 300 MHz) 6 7.57-7.52 (1H, m), 7.40-7.21 (3H, m), 5.87-5.71 (1H,
m), 5.02—4.88 (2H, m), 4.76 (1H, t, J = 7.0 Hz), 4.14, 3.71 (2H, ABq, J =12.5
Hz), 2.10-1.95 (3H, m), 1.71-1.55 (1H, m), 1.50—1.20 (4H, m), 1.39 (9H, s);
C NMR (CDCls, 75.4 MHz) & 144.8 (Cq), 138.9 (CH), 131.1 (CH), 129.2
(Cq), 128.9 (CH), 128.0 (CH), 126.8 (CH),114.3 (CH,), 68.3 (CH), 54.1 (Cq),
48.2 (CH,), 35.2 (CH,), 33.7 (CH,), 28.9 (CH,), 25.9 (CH,), 23.0 (CH3;); minor
isomer: 'H NMR (CDCls, 300 MHz) 8:7:57--7.52 (1H, m), 7.40-7.21 (3H, m),
5.87-5.71 (1H, m), 5.01-4.88 (2H, m), 4.84 (1H, t; J = 6.0 Hz), 4.70, 3.66 (2H,
ABq, J=11.9 Hz), 2.10-1.95 (3H, m), 1.90—1.73 ¢1H, m), 1.50—1.20 (4H, m),
1.37 (9H, s); °C NMR (CDCls, 75:4 MHz) 5.145.5 (Cq), 138.9 (CH), 132.2
(CH), 128.6 (CH), 128.5 (Cq), 128.1 (CH), 127.6 (CH),114.3 (CH,), 75.0 (CH),
54.1 (Cq), 47.5 (CHy), 39.8 (CH,), 33.7 (CH,), 28.9 (CH,), 25.5 (CH,), 23.2
(CH3); MS (EI) m/z 307 (M" — 1, 0.01), 291 (M" — OH, 0.21), 217 (42), 185
(M" — OH — SOtBu, 55), 143 (78), 129 (99), 119 (75), 117 (98), 104 (48), 91
(66), 57 (100); HRMS m/z calcd for C;sH,30,S 308.1810, found 308.1813.

1-2-[(tert-Butylsulfinyl)methyl]phenyl-7-octen-1-ol (97f)
OsstBu

OH
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> (A):

Beit 54293 (310 5o 0 138F X B) B3 @ Re & vk (5F ) 30k
5 T H-E 47 enGrignard @A (275F £ R) iRGF 4o~ o WAL FELE 0 A
Trd MARBREPFER > N-F 7% 3 x10FH) FB3% 0 kg 8
Ko MRS R 1 0 BUp T RAE T A TE L RASF U L R IAR =
4rlamRopeF gt B 971 356% 5 > EHEF1166 1 34)
2 F80% o
*2 (B):

Pt £ 496f (280F 5. > 091 F £ B) 37 f (10 ) fod 33 K
(10 2) > >+ 8 T4 »iFalfedp Q4T 500 1.0 52 FEFH K4 2
FHIEE304 480 4 ~20%F 2 Lgps kAR D& 7% 3x15FEH) X<y
B3 o e B WA MRS ITE S L Eip T )&‘fﬁ”ﬁ W T2 A
MEeR AR =4l RREFT AT T ESFIT(267F 5 o
£ 4164 136) 0 &2 F91%

Colorless oil; Ry = 0.5 (hexane:acetone = 3:2); major isomer: 'H NMR
(CDCl;, 300 MHz) 6 7.55-7.52 (1H, m), 7.40—7.21 (3H, m), 5.86—5.74 (1H,
m), 5.01-4.90 (2H, m), 4.76 (1H, t, J = 6.8 Hz), 4.14, 3.70 (2H, ABq, J =12.5
Hz), 2.04-1.20 (10H, m), 1.39 (9H, s); °C NMR (CDCls, 75.4 MHz) & 144.9
(Cq), 139.1 (CH), 131.0 (CH), 129.2 (Cq), 128.9 (CH), 127.9 (CH), 126.8
(CH),114.2 (CH,), 68.3 (CH), 54.1 (Cq), 48.2 (CH,), 35.5 (CH,), 33.7 (CH,),
29.1 (CH,), 28.8 (CH,), 26.3 (CH,), 23.0 (CH;); minor isomer: 'H NMR
(CDCl;, 300 MHz) 6 7.55-7.52 (1H, m), 7.40-7.21 (3H, m), 5.86—5.73 (1H,
m), 5.01-4.90 (2H, m), 4.84 (1H, t, J = 6.2 Hz), 4.69, 3.66 (2H, ABq, J =11.9
Hz), 2.04-1.20 (10H, m), 1.37 (9H, s); °C NMR (CDCls, 75.4 MHz) & 145.5
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(Cq), 139.1 (CH), 132.2 (CH), 128.5 (Cq), 128.6 (CH), 128.0 (CH), 127.6
(CH),114.2 (CH,), 75.0 (CH), 54.1 (Cq), 47.5 (CH,), 39.9 (CH,), 33.7 (CH,),
29.1 (CH,), 28.8 (CHa), 25.8 (CH,), 23.2 (CHs); MS (EI) m/z 303 (M" — OH,
0.19), 245 (M* + 1 — tBu, 3), 230 (M' — 1 — StBu, 18), 134 (36), 119 (100);
HRMS m/z caled for CioH3 0,8 (M + H) 323.2046, found 323.2043.

1-2-[(tert-Butylsulfinyl)methyl]phenyl-8-nonen-1-ol (97g)

O\\StBu

OH

T (A

Bt £ 4793 (280% 50 125 £ A) AT Ekw § ook (5F ) Ak
i T B K 45 enGrignardi@ A (252 X I ) B S~ o I PELS > b
fof Ak RBEEF o N F 7% 3 x 105 2) ¥B35 s fch s
B I ERpRAE TR BRI IR B o rE LA UL R IAM =
41z RipeF AT T £ 597g B68% 5o B 14851 15)
A 587% -
> (B):

Boit £4296g (195%F 5 > 0.61F X 8) 37 f (5% ) frd 423 -k
(BEA) > 3R T A r B (143500 0.67F X R)> F2 FHpkd =
PAIEEI00 4 4 2205 AL I kAR - F 7% 3x15F ) §
B3 o e p WA RERARICR S > IR TR B TR RAY
e i AEE =40 15 RREF Y B EF9Tg (187F o
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BHF 561 44) 0 A F91% -

Colorless oil; Rf = 0.5 (hexane:acetone = 3:2); major isomer: '"H NMR
(CDCl3, 300 MHz) & 7.55-7.52 (1H, m), 7.39-7.22 (3H, m), 5.86-5.72 (1H, m),
5.02-4.90 (2H, m), 4.76 (1H, t, J = 6.8 Hz), 4.13, 3.70 (2H, ABq, J = 12.5 Hz),
2.31 (1H, br s), 2.04-1.94 (3H, m), 1.87—1.75 (1H, m), 1.52—1.20 (8H, m), 1.39
(9H, s); °C NMR (CDCls, 75.4 MHz) & 144.9 (Cq), 139.2 (CH), 131.0 (CH),
129.1 (Cq), 128.9 (CH), 127.9 (CH), 126.8 (CH),114.1 (CH,), 68.3 (CH), 54.1
(Cq), 48.2 (CH,), 35.3 (CH,), 33.8 (CH,), 29.5 (CH,), 29.0 (CH,), 28.8 (CH,),
26.4 (CH,), 23.0 (CH;); minor isomer: 'H NMR (CDCl;, 300 MHz) &
7.55-7.52 (1H, m), 7.39-7.22 (3H, m), 5.86-5.72 (1H, m), 5.02-4.90 (2H, m),
4.81 (1H, t, J = 6.8 Hz), 4.70, 3:1661(2H, ABq, J = 11.9 Hz), 2.31 (1H, br s),
2.04-1.94 (3H, m), 1.70-1:57 ((1H, m),1.52—1.20 (8H, m), 1.37 (9H, s); °C
NMR (CDCl;, 75.4 MHz)$ 145.5 (€q), 1392 (CH), 131.0 (CH), 128.6 (CH),
128.6 (Cq), 128.0 (CH), 127.6 (CH),114.1-(CH,), 75.0 (CH), 54.1 (Cq), 47.5
(CH,), 40.0 (CH,), 33.8 (CH,), 29.4 (CH,), 29.0 (CH,), 28.8 (CH,), 25.9 (CH,),
23.2 (CH3); MS (E) m/z 337 (M +1,3.7),319 (M — OH, 15), 245 (28), 131
(78),117 (100); HRMS m/z caled for C,0H;3;0,S (M + H) 337.2202, found
337.2203.

1-Alkenyl-3,4-dihydro-1H-2,3A*-benzoxathiin-3-one (98b—g) & =
T

AEBRp 2 E (A) 2 (B) dUR £ BHESFITO-gR S & T % (K
RG02M)» 8 4e ~ 114 £ NCS » {421 ] B 1 5] ~ 5% Na,SOs(aq)
B F o 0D F TRET o bR MR TR > BT kA
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T A I o e fig = 100 15 P HRREFE L
o @£ 98b—g o AFE RS E Aok 2 o kAT LR B
Foid e

1-Allyl-3,4-dihydro-1 H-2,3A*-benzoxathiin-3-one (98b)

-0
S/

@)
=

Major isomer: colorless oil; Ry = 0.28 (hexane:EtOAc = 4:1); '"H NMR
(CDCl;, 300 MHz) 6 7.41-7.31 (3H, m), 7.24-7.21 (1H, m), 5.98-5.85 (1H,
m), 5.33 (1H, dd, J = 7.3, 4.8 Hz), 5.30=5:16+(2H, m), 4.42, 3.56 (2H, ABq, J =
15.1 Hz), 3.02-2.93 (1H, m), 2.87=277(1H, m); °C NMR (CDCls, 75.4 MHz)
6 136.7 (Cq), 132.6 (CH), 129.9 (CH), 128.3 (CH), 127.9 (CH), 126.5 (Cq),
124.5 (CH), 118.7 (CH,), 72.4 (CH), 57.4 (CH,),-37.5 (CH,); MS (EI) m/z 209
(M"+1,3), 144 (M" — S0O,, 51), 143 (M" — SO, — 1, 48), 129 (100), 128 (68);
HRMS m/z calcd for C;;H;,0,S 208.0558, found 208.0555.

1-(3-Butenyl)-3,4-dihydro-1H-2,3A*-benzoxathiin-3-one (98c)

Major isomer: colorless oil; Ry = 0.38 (hexane:EtOAc = 4:1); '"H NMR
(CDCl;, 300 MHz) 6 7.42-7.29 (3H, m), 7.25-7.21 (1H, m), 5.97-5.82 (1H,
m), 5.25 (1H, dd, J = 8.9, 3.1 Hz), 5.19-5.03 (2H, m), 4.45, 3.54 (2H, ABq, J =
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15.1 Hz), 2.45-2.23 (3H, m), 2.19-2.05 (1H, m); °C NMR (CDCls, 75.4 MHz)
§137.4 (Cq), 137.1 (CH), 129.8 (CH), 128.3 (CH), 127.9 (CH), 126.7 (Cq),
124.2 (CH), 115.8 (CH,), 72.4 (CH), 57.7 (CH,), 32.1 (CH,), 29.2 (CH,); minor
isomer: colorless oil; Ry = 0.38 (hexane:EtOAc = 4:1); '"H NMR (CDCls, 300
MHz) & 7.43-7.21 (4H, m), 5.96-5.81 (1H, m), 5.25 (1H, dd, J = 8.9, 3.1 Hz),
5.18-5.00 (2H, m), 3.99, 3.96 (2H, ABq, J = 14.4 Hz), 2.50-2.21 (3H, m),
2.20-2.04 (1H, m); °C NMR (CDCls, 75.4 MHz) & 137.2 (CH), 135.8 (CH),
130.9 (CH), 128.5 (CH), 128.3 (CH), 125.0 (Cq), 124.8 (CH),115.7 (CH,), 79.4
(CH), 55.9 (CH,), 33.9 (CH,), 29.4 (CH,); MS (EI) m/z 223 (M" + 1, 1), 158
(M" = S0,, 56), 143 (99), 129 (97), 117 (98), 115 (100); HRMS m/z calcd for
C12H 14058 222.0715, found 222.0722.

1-(4-Pentenyl)-3,4-dihydre-1H-2,3X*-benzoxathiin-3-one (98d)

Major isomer: colorless oil; Ry = 0.33 (hexane:EtOAc = 4:1); '"H NMR
(CDCl;, 300 MHz) & 7.42-7.28 (3H, m), 7.25-7.20 (1H, m), 5.90-5.76 (1H,
m), 5.24 (1H, dd, J = 8.7, 3.8 Hz), 5.13—4.98 (2H, m), 4.45, 3.54 (2H, ABq, J =
15.2 Hz), 2.30-2.14 (3H, m), 2.09-1.96 (1H, m), 1.85-1.62 (2H, m); °C NMR
(CDCls, 75.4 MHz) 6 138.1 (CH), 137.5 (Cq), 129.8 (CH), 128.2 (CH), 127.9
(CH), 126.7 (Cq), 124.2 (CH),115.2 (CH,), 72.9 (CH), 57.7 (CH,), 33.3 (CH,),
32.2 (CH,), 24.2 (CH,); MS (EI) m/z 237 (M" + 1, 2.5), 171 (M" — 1 — SO,, 59),
130 (46), 128 (63), 120 (100), 118 (81), 91 (73); HRMS m/z calcd for
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Ci3H,60,S 236.0871, found 236.0872.

1-(5-Hexenyl)-3,4-dihydro-1H-2,3)\"*-benzoxathiin-3-one (98¢)

Major isomer: colorless oil; Ry = 0.33 (hexane:EtOAc = 4:1); '"H NMR
(CDCl;, 300 MHz) 6 7.42-7.29 (3H, m), 7.25-7.21 (1H, m), 5.90-5.75 (1H,
m), 5.22 (1H, dd, J = 8.7, 3.8 Hz), 5.08—4.94 (2H, m), 4.46, 3.53 (2H, ABq, J =
15.1 Hz), 2.25-1.95 (4H, m), 1.76—1.42 (4H, m); °C NMR (CDCls, 75.4 MHz)
0 138.6 (CH), 137.7 (Cq), 129.7 (CH);1128:2, (CH), 127.9 (CH), 126.8 (Cq),
124.2 (CH),114.6 (CH,), 73.1 (CH),57.8 (CH»), 33.5 (CH,), 32.7 (CH,), 28.6
(CH,), 24.6 (CH,); MS (EI) m/z251 (M #+ 1, 5), 233 (5), 186 (M" — SO,, 35),
185 (M — 1 — SO», 31), 143 (53);2129 (100), 117 (36), 115 (46), 104 (68), 91
(53); HRMS m/z calcd for C;4H;30,S 250.1028, found 250.1028.

1-(6-Heptenyl)-3,4-dihydro-1 H-2,3)\"-benzoxathiin-3-one (98f1)

.0

Major isomer: colorless oil; Ry = 0.33 (hexane:EtOAc = 4:1); '"H NMR
(CDCl;, 300 MHz) ¢ 7.42-7.29 (3H, m), 7.25-7.20 (1H, m), 5.89-5.74 (1H,
m), 5.22 (1H, dd, J = 8.7, 3.8 Hz), 5.06—-4.91 (2H, m), 4.46, 3.53 (2H, ABq, J =
15.1 Hz), 2.26-1.95 (4H, m), 1.70—1.35 (6H, m);">’C NMR (CDCls, 75.4 MHz)
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§138.9 (CH), 137.7 (Cq), 129.7 (CH), 128.2 (CH), 127.9 (CH), 126.8 (Cq),
124.2 (CH),114.4 (CH,), 73.1 (CH), 57.8 (CH,), 33.6 (CH.), 32.8 (CH,), 28.8
(CH,), 28.7 (CH,), 25.0 (CH,); MS (EI) m/z 200 (M" — SO, 69), 142 (100), 129
(93), 118 (77), 103 (59), 91 (43); HRMS m/z caled for CisHa0,S 264.1184,
found 264.1183.

1-(7-Octenyl)-3,4-dihydro-1H-2,3\*-benzoxathiin-3-one (98g)

5

o

N
Major isomer: colorless oil;/Ri=0.38 (hexane:EtOAc = 4:1); '"H NMR

(CDCl;, 300 MHz) 6 7.42=7.29 (3H, m), 7.25-7.21 (1H, m), 5.88-5.75 (1H,
m), 5.22 (1H, dd, J = 8.6, 3.9 Hz), 5.:06-4.91 (2H, m), 4.45, 3.53 (2H, ABq, J =
15.1 Hz), 2.28-1.94 (4H, m); 1.80—1.31 (8H, m); °C NMR (CDCls, 75.4 MHz)
6 139.0 (CH), 137.8 (Cq), 129.7 (CH), 128.2 (CH), 127.9 (CH), 126.8 (Cq),
124.2 (CH),114.3 (CH,), 73.1 (CH), 57.8 (CH,), 33.7 (CH,), 32.8 (CH,), 29.2
(CH,), 28.9 (CH,), 28.8 (CH,), 25.1 (CH,); MS (EI) m/z 279 (M" + 1, 6), 214
(M" = SO,, 100), 142 (96), 129 (90), 118 (79), 103 (77), 91 (42); HRMS m/z
calcd for C;4H»,0,S 278.1341, found 278.1335.

1-Alkenyl-3,4-dihydro-1H-2,3)*-benzoxathiin-3-one (98b—g) # it £ 5
1-Allyl-2,3-dihydro-1H-2A%-benzo[c]thiophene-2,2-dione (105b)

SO,

=
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Beit £498b (41F 5. 0020 3 B) 33 F Q) AcFar 2] B
o Hgga A AREF R AT o U e IR = 10 e g
£4$105b (2% 5.) > A F54% o

Colorless oil; Ry = 0.23 (hexane:acetone = 4:1); '"H NMR (CDCls, 300
MHz) 6 7.29-7.27 (4H, m), 6.00—5.85 (1H, m), 5.30—5.19 (2H, m), 4.29 (2H, d,
J = 2.5 Hz), 4.35-4.24 (1H, m), 2.99-2.88 (1H, m), 2.77-2.66 (1H, m); °C
NMR (CDCls, 75.4 MHz) 6 135.6 (Cq), 132.3 (CH), 130.2 (Cq), 128.7 (2CH),
125.9 (CH), 125.6 (CH), 119.3 (CH,), 64.9 (CH), 55.5 (CH,), 33.8 (CH,); MS
(EI) m/z 208 (M", 6), 144 (M" — SO,, 49), 129 (100), 128 (62), 115 (40);
HRMS m/z calcd for C;1H;,0,S 208.0558, found (3% B ¥ ).

1-(3-Butenyl)-2,3-dihydro-1H-2A%-benzo[c]thiophene-2,2-dione (105c)

SO,

Boit £4798¢ (96F 5. 0 043F £ 8) A3 F (45F 2 fofim in24)
Bl Migpdle i@ gkits  nT = Am = 100 1440
L £ 4$105c (64% 5.) > A F67% o

Colorless oil; Ry = 0.28 (hexane:acetone = 4:1); 'H NMR (CDCl;, 300
MHz) & 7.40-7.28 (4H, m), 5.93-5.79 (1H, m), 5.20-5.08 (2H, m), 4.31 (2H,
s), 4.23 (1H, dd, J = 8.3, 5.6 Hz), 2.51-2.36 (2H, m), 2.36-2.21 (1H, m),
2.10-1.97 (1H, m); “C NMR (CDCls, 75.4 MHz) & 136.4 (CH), 136.1 (Cq),
130.1 (Cq), 128.7 (CH), 128.6 (CH), 125.9 (CH), 125.3 (CH), 116.6 (CH,),
64.4 (CH), 55.4 (CH,), 30.3 (CH,), 28.8 (CH,); MS (EI) m/z 222 (M, 2), 158
(M" = S0O,, 32), 157 (100), 143 (80), 129 (78), 115 (68); HRMS m/z calcd for
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C12H14OQS 2220715, found (Ef /F'J v )

Cis- and Trans- 2,3,3a,4,5,9b-hexahydro-1H-cyclopenta[a]-naphthalene**
(103d)

H
H

it £498d (110% 50 > 047 £ 8) 33 F (5 2) o sefhiaw ii240)
S AR AR E A AT e R AP RRA RN 2
#103d (12F 7 > BB E RSO D) AF1S% 2 P2 £ 4
104d- £ ez fr =100 14330 £4105d (70% 5.) > A& F64% o

Colorless oil; Ry = 0.6 (hexane);mixture of two isomers: 'H NMR (CDCl,
300 MHz) 6 7.18-7.06 (4H, m),- 3.11-2.92 (2H, m), 2.71-2.64 (1H, m),
2.40—1.25 (9H, m); two isomers mixture: "C NMR (CDCl;, 75.4 MHz) & 141.5
(Cq), 140.9 (Cq), 137.2 (Cq); 136.9 (Cq), 129.1 (CH), 128.5 (CH), 128.4 (CH),
126.0 (CH), 125.7 (CH), 125.5 (CH), 125.3 (CH), 125.0 (CH), 47.5 (CH), 43.9
(CH), 42.6 (CH), 37.3 (CH), 35.1 (CH,), 32.5 (CH,), 30.7 (CH,), 30.1 (CH,),
29.3 (CHp), 28.6 (CH,), 28.2 (CH,), 27.5 (CH,), 24.5 (CH,), 22.6 (CH,); MS
(EI) m/z 172 (M", 100), 144 (74), 143 (56), 129 (92), 127 (56), 115 (36);
HRMS m/z calcd for C;3H;¢ 172.1252, found 172.1250.

1-(4-Pentenyl)-2,3-dihydro-1H-2A’-benzo[c|thiophene-2,2-dione** (105d)

Colorless oil; Ry = 0.25 (hexane:EtOAc = 4:1); '"H NMR (CDCls, 300 MHz)
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8 7.41-7.25 (4H, m), 5.88—5.74 (1H, m), 5.09-4.99 (2H, m), 4.31 (2H, s), 4.20
(1H, dd, J = 8.4, 5.7 Hz), 2.23-2.08 (3H, m), 2.06—1.92 (1H, m), 1.88—1.65
(2H, m); °C NMR (CDCls, 75.4 MHz) & 137.6 (CH), 136.1 (Cq), 130.1 (Cq),
128.7 (CH), 128.6 (CH), 125.9 (CH), 125.3 (CH), 115.4 (CH,), 65.3 (CH), 55.4
(CH,), 33.4 (CH,), 29.0 (CH,), 25.6 (CH,); MS (EI) m/z 236 (M", 2.66), 172
(M" = S0,, 10), 171 (26), 129 (100), 115 (48); HRMS m/z calcd for C;3H;40-S
206.0871, found 206.0876.

Trans-1,2,3,4,4a,9,10,10a-octahydrophenanthrene44c (103e)

Bt £ 498e (110% 5 » 044F E 8) B0 F (4.5F <) Sedim 12
JRER o MEr AR A R EEA AT o AT e R LR R A
£4103e 0F 5 > M F S BHEP L) AF2T% 0 2 SR £ F104e o
Auredz AR =10 128 &£ 5105 (59% 3.) > A F54% -

Colorless oil; R; = 0.6 (hexane); 'H NMR (CDCls, 300 MHz) & 7.34—7.27
(1H, m), 7.20-7.02 (3H, m), 2.96-2.74 (2H, m), 2.45 (1H, br dd, J = 13.0, 3.1
Hz), 2.35-2.22 (1H, m), 2.04—1.15 (10H, m); °C NMR (CDCls, 75.4 MHz)
8 140.6 (Cq), 137.1 (Cq), 129.0 (CH), 125.5 (CH), 125.4 (2CH), 43.8 (CH),
40.6 (CH), 34.4 (CH,), 31.0 (CH,), 30.6 (CH,), 29.9 (CH,), 27.0 (CH,), 26.3
(CH,); MS (EI) m/z 186 (M" , 100), 158 (25), 143 (43), 129 (30), 128 (38);
HRMS m/z caled for C,4H;5 186.1409, found 186.1411.
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1-(5-Hexenyl)-2,3-dihydro-1H-2A%-benzo[c|thiophene-2,2-dione** (105¢)

SO, A

Colorless oil; Ry = 0.33 (hexane:EtOAc = 4:1); '"H NMR (CDCls, 300 MHz)
8 7.41-7.25 (4H, m), 5.88—5.74 (1H, m), 5.08—4.93 (2H, m), 4.30 (2H, s), 4.18
(1H, dd, J = 8.3, 5.9 Hz), 2.23-2.06 (3H, m), 2.04—1.90 (1H, m), 1.75-1.47
(4H, m); °C NMR (CDCl;, 75.4 MHz) & 138.3 (CH), 136.2 (Cq), 130.1 (Cq),
128.7 (CH), 128.5 (CH), 125.9 (CH), 125.3 (CH), 114.7 (CH,), 65.4 (CH), 55.4
(CH,), 33.3 (CH,), 29.5 (CH,), 28.7 (CH,), 26.0 (CH,); MS (EI) m/z 251 (M" +
1,0.65),250 (M", 1.15), 186 (Mii2280,,,45), 185 (M — 1 — SO,, 41), 143 (70),
129 (100), 128 (71), 117:(66),1 1157 (89); 91 (50); HRMS m/z calcd for
C14H,50,S 250.1028, found 250.1018.

(1E)-1-(2-Methylphenyl)-1,7-octadiene (104f)

LS

Beit £4798f (187% 5u > 0.71F 5 B) 330 % (T 2)» 4o fhin /ind8 ]
Pris s a2z e g m g4 o A e PRGBSI E
F104f (54F 7)) A F38% - L ez e ey =10 143N &4
105£(99% 5.) » & F53% -

Colorless oil; R; = 0.58 (hexane); '"H NMR (CDCls;, 300 MHz) & 7.44—7.38
(1H, m), 7.19-7.09 (3H, m), 6.57 (1H, d, J = 15.7 Hz), 6.08 (1H, dt, J = 15.7,
6.9 Hz), 5.90-5.75 (1H, m), 5.08—-4.91 (2H, m), 2.33 (3H, s), 2.25-2.18 (2H,

139



m), 2.15-2.02 (2H, m), 1.55-1.40 (4H, m); "C NMR (CDCl;, 75.4 MHz)
§139.0 (CH), 137.0 (Cq), 134.9 (Cq), 132.3 (CH), 130.1 (CH), 127.7 (CH),
126.7 (CH), 126.0 (CH), 125.4 (CH), 114.3 (CH,), 33.6 (CH,), 33.1 (CH,), 28.9
(CH,), 28.4 (CH,), 19.8 (CH3); MS (EI) m/z 200 (M, 66), 143 (52), 131 (100),
118 (81), 115 (50), 105 (58), 91 (53); HRMS m/z caled for C;sH,o 200.1565,
found 200.1570.

1-(6-Heptenyl)-2,3-dihydro-1 H-Z?f—benzo[C]thiophene-2,2-di0ne (1051)

SO,

Colorless oil; Ry = 0.33 (hexane:EtQOAe=4:1); '"H NMR (CDCls, 300 MHz)
8 7.41-7.27 (4H, m), 5.88—5.73 (1H,[m), 5.08+4.90 (2H, m), 4.30 (2H, s), 4.18
(1H, dd, J = 8.3, 5.9 Hz), 2.23=1.82 (4H, m), 1.82—-1.60 (2H, m), 1.53—1.37
(4H, m); °C NMR (CDCls, 75.4 MHz) & 138.8 (CH), 136.2 (Cq), 130.1 (Cq),
128.7 (CH), 128.6 (CH), 125.9 (CH), 125.3 (CH), 114.5 (CH,), 65.5 (CH), 55.4
(CH,), 33.6 (CH,), 29.6 (CH,), 28.9 (CH,), 28.5 (CH,), 26.4 (CH,); MS (EI)
m/z 266 (M + 2, 2.2), 264 (M", 1.8), 200 (M — SO,, 37), 144 (58), 130 (69),
117 (100), 115 (59); HRMS m/z caled for C;sH;y0,S 264.1184, found
264.1177.

(1E)-1-(2-Methylphenyl)-1,8-nonadiene (104g)

GOV
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Beit £ 498g (109% 2 » 039F 5 8) 33t ¥ 4T L) &7 B4

FE Y100 °CT K 2400 o dhggp Al AR R R LA AT 0 A

i

FERLRRAEI N ESH104g (11F5) A F13% - R ez e
fee fig =10 143t £4105g(51% 5) » & F47% o

Colorless oil; R; = 0.5 (hexane); 'H NMR (CDCls, 300 MHz) & 7.44—7.38
(1H, m), 7.18=7.09 (3H, m), 6.56 (1H, d, J = 15.6 Hz), 6.08 (1H, dt, J = 15.6,
6.9 Hz), 5.89-5.75 (1H, m), 5.06—4.91 (2H, m), 2.33 (3H, s), 2.28-2.17 (2H,
m), 2.12-2.01 (2H, m), 1.55-1.35 (6H, m); °C NMR (CDCl;, 75.4 MHz)
6 139.1 (CH), 137.0 (Cq), 134.8 (Cq), 132.4 (CH), 130.1 (CH), 127.6 (CH),
126.7 (CH), 126.0 (CH), 125.4 (CH), 114.2 (CH,), 33.7 (CH,), 33.2 (CH,), 29.3
(CHy,), 28.8 (CH,), 28.6 (CH,), 19:8(CH;); MS (EI) m/z 214 (M", 50), 143 (50),
131 (100), 128 (55), 118 (83), 115 (34),105-(40); HRMS m/z calcd for C¢Hp,

214.1721, found 214.1725.

1-(7-Octenyl)-2,3-dihydro-1H-2’-benzo[c]thiophene-2,2-dione (105g)

S0,

™

Colorless oil; Ry = 0.33 (hexane:EtOAc = 4:1); '"H NMR (CDCls, 300 MHz)
8 7.41-7.25 (4H, m), 5.88—5.73 (1H, m), 5.05—4.91 (2H, m), 4.30 (2H, s), 4.18
(1H, dd, J = 8.3, 5.9 Hz), 2.22-1.88 (4H, m), 1.75-1.53 (2H, m), 1.49-1.29
(6H, m); °C NMR (CDCls, 75.4 MHz) & 139.0 (CH), 136.3 (Cq), 130.1 (Cq),
128.7 (CH), 128.5 (CH), 125.9 (CH), 125.3 (CH), 114.3 (CH,), 65.5 (CH), 55.4
(CH,), 33.7 (CH,), 29.6 (CH,), 29.3 (CH,), 28.7 (2CH,), 26.5 (CH,); MS (EI)
miz 279 (M™ + 1, 2.2), 215 (M" + 1 — SO,, 29), 144 (44), 129 (100), 115 (33),
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103 (36); HRMS m/z calcd for C;sH»,0,S 278.1341, found 278.1347.

=30 P A @ etk sultine 2. & S FF Y

[4-(Hydroxymethyl)-3-thienyljmethanol (114)
—_OH
SRS ST
'H NMR (CDCl;, 300 MHz) § 7.22 (2H, s), 4.63 (4H, s), 2.82 (2H, s); °C

NMR (CDCl;, 75.4 MHz) § 140.4 (Cq), 125.0 (CH), 59.4 (CH,); MS (EI) m/z
144 (M", 11), 127 (M"— OH, 14), 126 (60), 125 (100), 110 (M"—20H, 4).

3,4-Di(bromomethyl)thiophene (115)
s

Bt L4114 (400% 5 > 2.77F 5 B) B33 5 7% 20 2) 0 38
T e ~PPh;Bry (2.935 0 6.93F £ B) > R3] pELS 0 5] 2 20%F 2 e fopl iE
AR BRRLEF o Mo F TR B x10EH) FB3L 0 sk
VUERFEAETCR 1 IR RS B TR RASF NI L BRI PRRE
FEREAT @ EFII5(526F 5) 0 A FT0% °

White solid; mp 139 °C (CH;0H) (lit.”” mp 83 °C); R; = 0.45 (hexane);
'H NMR (CDCl;, 300 MHz) & 7.35 (2H, s), 4.63 (4H, s); °C NMR (CDCl;,
75.4 MHz) § 136.4 (Cq), 127.1 (CH), 25.5 (CH,); MS (EI) m/z 272/270 (M",

5/9), 191/189 (M — Br, 86/87), 110 (M’ — 2Br, 100); HRMS m/z calcd for
CsH"Br,S 267.8557, found 267.8551.
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3,4-Dihydro-1 H-3)\*-thieno [3,4-d][1,2]oxathiin-3-one (116)

Bit £ 4115 (260% 5 > 0.96% 3 B ) Rongalite (590 % # > 3.84% ¥ 1)
2 TBAB (155% 5. » 0.48% £ B) L 4pdg# it & > . DMF 0% =) 3§
B BRI P e 2 2 gk 20F ) AR & 7% (3x20
F) FE o AR BIRTIERT B o rE LA S

vy

PEA R B 5116 (T8F ) 0 A F47%

Colorless oil; Ry = 0.53 (CH,CL,); '"H NMR (CDCls, 300 MHz) & 7.19 (1H,
d,J=2.8 Hz), 7.15 (1H, d, J = 2.8 Hz), 5.38, 5.08 (2H, ABq, J = 14.0 Hz), 4.15,
3.78 (2H, ABq, J = 15.5 Hz); "GNMR:(CDCls, 75.4 MHz) & 130.2 (Cq), 124.3
(CH), 123.8 (Cq), 119.5 (CH),;59.6 (CH,),"52.7 (CH,); MS (EI) m/z 174/175
(M, 12/3), 110/111/1125(M" = -S0,, 60/100/98); HRMS m/z calcd for
CeH05S, 173.9809, found (3Z:p]¥ ).

Dimethyl (5R,6R)-4,5,6,7-tetrahydr0benzo[C]thiophene-5,6-dicarboxylate22g
(117)
SCO/COZMG
“CO,Me
Beit £ 4116 (35% 5. » 0.2% 5 B) 2% dimethylfumarate (86 % 5. » 0.6 %
FR)p®TF QEH) BFHCFHEF B 2180 °CT F K12
o fhgga Mo e IAmM =10 15 RIREF A TS
FUNT2F ) A524% > 3 L £H118(1.1F ) A F3% o

Light yellow soild; mp 87-91 °C; R; = 0.3 (hexane:acetone = 4:1); 'H
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NMR (CDCls, 300 MHz) & 6.93 (2H, s), 3.73 (6H, s), 3.25-3.14 (2H, m),
3.10-2.98 (2H, m), 2.85-2.74 (2H, m); °C NMR (CDCl;, 75.4 MHz) & 174.8
(Cq), 134.8 (Cq), 119.8 (CH), 52.1 (CH3), 42.8 (CH), 28.4 (CH2); MS (EI) m/z
254/255/256 (M, 52/6/3), 223 (26), 194 (48), 135 (100); HRMS m/z calcd for
C1oH404S 254.0613, found (% i8] @ ).

2,3-Dihydro-1 H-2)%-thieno|[3,4-C] thiophene-2,2-dione (118)

~I
S SO,
—

Colorless solid; mp 163-164.5 °C (hexane/acetone); Ry = 0.18
(hexane:acetone = 4:1); 'H NMR (CDEl4;300,MHz) & 7.27 (2H, s), 4.27 (4H,
s); °C NMR (CDCls, 75.4 MHz) 8 130.6 (Cq),+120.8 (CH), 54.7 (CH,); MS (EI)
m/z 174/175 (M", 48/6), 110 (M® — SQ,,-100); HRMS m/z calcd for C¢Hs0,S,
173.9809, found (ixip|® ).

4-[(tert-Butylsulfinyl)methyl]-2,5-dimethyl-3-thienylmethanol (128)

HsC O\\StBu
=
S
= OH
H3C

Bt £ 127 (370F 50 183 F B A E-kw 4 ekea (10F2)» w0
skig T B-GrignardZ@E A (2.75F £ B) FjF Ao o W] BFRS  uke oz T
Bk L E B N F T 3 x 10F2) FB3% 0 ol A o

FRPLARRCHR 1S 0 BRI RMET A o TE A I I AM =401
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S RREFE R B EF128C41E L) A FT2%

Light yellow solid; mp 122.5-125 °C (CH,Cly/hexane); Ry = 0.38
(hexane:acetone = 3:2); '"H NMR (CDCls, 300 MHz) & 4.46, 4.32 (2H, ABq, J =
12.6 Hz), 3.77, 3.68 (2H, ABq, J = 13.2 Hz), 2.42 (3H, s), 2.36 (3H, s), 1.37
(9H, s); °C NMR (CDCls, 75.4 MHz) & 137.8 (Cq), 134.0 (Cq), 133.8 (Cq),
125.8 (Cq), 55.3 (CHp), 53.7 (Cq), 43.0 (CH,), 22.7 (CHj3), 13.2 (CH;), 12.8
(CHs); MS (EI) m/z 260/261/262 (M', 0.82/1.05/0.23), 243 (M' — OH, 2),
154/155 (M" — OH — StBu, 67/100); HRMS m/z calcd for C;,H,00,S, 260.0905,
found (ix g7 ).

4-[(tert-Butylsulfinyl)methyl]-2,5-dimethyl-3-thiophenecarbaldehyde (129)
HaC Osstay
s

el CHO

Beit £ 47128 (600% 5. > 23 5 8) B3 aE k- % 9= (158 2) 3%
B T4 »PCC(755F 5 > 35 5 2) fop &t (0.85%) W1 | P iE
RAMTRGFEAG R TE LA UL e R IAE =415 P RIRER
Bl kAT @i £ 129 (3555%) 0 A F60% -

Clear cyrsital after recrystallization from a solvent of CH,Cl, and hexane;
mp 159-161 °C (CH,Cly/hexane); R; = 0.4 (hexane:acetone = 3:2); 'H NMR
(CDCl;, 300 MHz) & 10.07 (1H, s), 4.49, 3.63 (2H, ABq, J = 12.3 Hz), 2.72
(3H, s), 2.43 (3H, s), 1.39 (9H, s); °C NMR (CDCl;, 75.4 MHz) & 185.1 (CH),
152.4 (Cq), 137.0 (Cq), 134.0 (Cq), 127.2 (Cq), 53.8 (Cq), 44.6 (CH,), 23.1

(CH3), 13.1 (2CH3); MS (EI) m/z 258 (M", 1), (M + 1 — tBu, 19), 153 (M" —
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SOtBu, 100); HRMS m/z caled for C;,H30,S, 258.0748, found (i%ip|¥ );

Anal. Calcd for C,H;30,S,: C, 55.78; H, 7.02. Found: C, 55.58; H, 7.01.

(Rs*, S*)-1-4-[(tert-Butylsulfinyl)methyl]-2,5-dimethyl-3-thienyl-5-hexen-1-
ol (130a)

HsC O\\StBu

S

~
—\_OH

HyC W

it £42129 200F 5o > 0.77F X B) B AEKe & vk (5F 2 ) 30
PR T B8 3 43 enGrignardi@F A (15430808 ) iR F Se » o FEL] LS 0
rfogd V4R RBREEF o D F B (3 X 10 H) X B30 0 de g
%%’Umﬁﬁﬁﬁﬁ’@ﬁjkﬁﬁﬁﬁ’%@iﬁé#UﬁE%:ﬁ
fr =415 dpEE kit B & 32130a (190% 50) 0 & F75% o

Light yellow solid; mp 82-86 °C (CH,Cly/hexane); Ry = 0.48
(hexane:acetone = 3:2); '"H NMR (CDCl;, 300 MHz) & 5.87-5.73 (1H, m),
5.03-4.92 (2H, m), 4.68 (1H, dd, J = 8.1, 6.3 Hz), 3.78 (2H, s), 2.42 (3H, s),
2.36 (3H, s), 2.15-1.89 (3H, m), 1.82-1.70 (1H, m), 1.63-1.39 (2H, m), 1.35
(9H, s); °C NMR (CDCls, 75.4 MHz) & 139.6 (Cq), 138.7 (CH), 134.3 (Cq),
131.8 (Cq), 126.3 (Cq), 114.6 (CH,), 69.0 (CH), 53.7 (Cq), 43.4 (CH,), 35.5
(CH»), 33.6 (CH,), 25.8 (CHy), 23.0 (CH3), 14.2 (CH3;), 13.5 (CH;); MS (EI)
m/z 308 (M", 0.02), 223 (M" — SOtBu, 98), 205 (M' — 1 — SOtBu, 100); HRMS
m/z calcd for C;7H»30,S, 328.1687, found (% iB| ® ).
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(Rs*, S*)-1-4-[(tert-Butylsulfinyl)methyl]|-2,5-dimethyl-3-thienyl-6-hepten-

1-0l (130b)

HsC O\\StBu

S

S
— OH

HoC £
M

B~it £4129 (200% 5o 0 0772 5 B) A3 g ke 3 vk (5T 2 )0 30
PRis T B8 B 43 enGrignardi@F A (1.54% 3 B) B jF de x o FEL] LS 0
fed M4 RBREEF R N F 7% 3 x 10EH) B30 qedk g
B o AL ICR B WIRTIRNET B TR LR A L S R
At =41 15 iR ie 7 L Adeedf it & 130b (120F 5) - & 545% -

Clear cyrsital after recrystallization from a solvent of CH,Cl, and hexane;
mp 77-79 °C (CH,Cly/hexane); Re'= 0.5 (hexane:acetone = 3:2); 'H NMR
(CDCl;, 300 MHz) 6 5.86-5'73 (1H, m), 5.01-4.90 (2H, m), 4.67 (1H, dd, J =
8.3, 6.5 Hz), 3.78 (2H, s), 2.41 (3H, s), 2.36 (3H, s), 2.20-1.23 (8H, m), 1.35
(9H, s); °C NMR (CDCls, 75.4 MHz) & 139.6 (Cq), 138.9 (CH), 134.3 (Cq),
131.7 (Cq), 126.3 (Cq), 114.3 (CH,), 69.0 (CH), 53.7 (Cq), 43.4 (CH,), 35.9
(CH,), 33.7 (CH,), 28.8 (CH>), 26.0 (CH,), 23.0 (CH3;), 14.2 (CHj3), 13.5 (CH3);
MS (i# B ® ); HRMS m/z calcd for Ci3H300,S, 342.1687, found (i% iB] ¥ ).

3,4-Thiophenediamine (137)

HoN NH»

ol —

2 RO s A2k o
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'H NMR (CDCl;, 300 MHz) & 6.17 (2H, s), 3.45 (4H, br. s).

2,3-Di(bromomethyl)thieno[3,4-b]pyrazine (138)

N
LIS

Beit £ 3137 (285% 5.0°2.5% ¥ B) % ] 4-dibromobutane-2,3-dione (610
F025F 5 ) 33 F (15% 2) 5 tDean-StarkeE B 7 4o e i ]| pF
(6> PEAH > TEZRAP USRI CELH =10 15 PHRREF
Fh ko Fi£4138(650F %) 0 A F81% e

Yellow solid; mp 123-126 °C; Rs = 0.48 (hexane:ethylacetate = 4:1); 'H
NMR (CDCls, 300 MHz) & 8.02 (2H,s),14:83 (4H, s); °C NMR (CDCls, 75.4
MHz) & 150.0 (Cq), 141.4 (Cq), 118.5 (CH), 31.1(CH,); MS (EI) m/z 324/322
(M, 30/52), 243 (M" — "Br, 100), 241 (M" — *'Br, 93), 162/161 (26/43), 82
(68); HRMS m/z calcd for CsHg "BmN,S 319.8618, found (% i # ).

3,4-Dihydro-1 H-3K4-[1,2]oxathiino[4,5-b]thieno[3,4-e]pyrazin-3-0ne (134)

Ny o)
s
— s O
N
P~it £ $ 138 (500% 5. - 1.55% % B )~ Rongalite (0.965. » 6.2% % 8) »
2 DMF (10F =) & A& » *Sokis THEI P > 4o~ 2383k 20 2)
o o &7 3 x S0F)FP2 S ARk IcR 1 0 BRIk
Wh - TE AP T R iy =4 15 R E AT
d I AH I3 BF R RSB REZERD (L 551395 B Az
A )
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2,3-Dimethylthieno[3,4-b]pyrazine (139)
N
Colorless solid; mp 143-145 °C (CH,Cl,) (lit.”? 143 °C); '"H NMR (CDCl,
300 MHz) & 7.79 (2H, s), 2.63 (6H, s); °C NMR (CDCls, 75.4 MHz) & 153.1
(Cq), 141.7 (Cq), 115.9 (CH), 23.6 (CH;); MS (EI) m/z 166/164 (M", 9/100),
123 (41); HRMS m/z caled for CgHgN,S 164.0408, found (i%:* ); Anal.

Calcd for CgHgN,S: N, 17.06; C, 58.51; H, 4.91. Found: N, 17.16; C, 58.42;
H, 5.13.

Ethyl 2-[(tert-butylsulfanyl)methyl]nicotinate (158)
_~_COEt
ENI/StBu

P~ethyl 2-methylnicotinate (5.05. » 30.3% % 2) > NBS (545 > 30.3% &
2)s AIBN (50F 5. > 03F 5 8) ja>tw & it p (120 2) > 4c i jn5)
o (F LTS i g T ,}a‘fﬁ v B2 e A FAt e iR (B30F ) 4 xR =
TOAEEE 2750 303F £ R) R R TIRF A ~40%3 3 i 4akiBR (3
TA) o WA304 48108 0 B~ 100F A 2 B KRR o £ U3 M:HCLP e i
pH¥7 = F 7 3x20F ) Z B3 e 5 A WA %S
@dﬁl«}%‘fﬁ”ﬁ Wh orilEzZ At el e e g =100 15 PR
wEF kT B EF158(53T5) 0 A FT0% °

Light yellow liquid; R; = 0.23 (hexane:ethyl acetate = 10:1); 'H NMR

(CDCls, 300 MHz) & 8.63 (1H, dd, J = 4.8, 1.7 Hz), 8.20 (1H, dd, J = 7.8, 1.7
Hz), 7.25 (1H, dd, J = 7.8, 4.8 Hz), 4.41 (2H, q, J = 7.1 Hz), 4.37 (2H, s), 1.42
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(3H, t, J = 7.1 Hz), 1.34 (9H, s); °C NMR (CDCl;, 75.4 MHz) & 166.2 (Cq),
160.5 (Cq), 151.3 (CH), 139.0 (CH), 126.1 (Cq), 121.7 (CH), 61.4 (CH,), 43.0
(Cq), 34.3 (CH,), 30.9 (CH3), 14.2 (CH3); MS (EI) m/z 254 (M" + 1, 3), 253
(M’, 18), 238 (M" — CHs, 3), 197 (M" — tBu, 100), 151 (34), 125 (34); HRMS
m/z calcd for C3H;oNO,S 253.1136, found 253.1132.

2-[(tert-Butylsulfanyl)methyl]-3-pyridylmethanol (159)
OH

7

StBu
Beit £ 4158 (500% 5. 0 1972 3 B) A3t w 3 wkvm (102 2)> 23R
Toheor 4RV 4R (150%F R 0 3.94% BANe F BI04 48 0 b 22T A T
fRie 0t F O 0 - B RS B2 “ffﬁiiﬁ RN PSR - I U
159 (406 % 5.) > & F96% -

Light yellow solid; mp 95-97°C (CH,Cl,); Rs= 0.38 (hexane:ethyl acetate
=1:1); '"H NMR (CDCl;, 300 MHz) & 8.45 (1H, d, J=4.8 Hz), 7.75 (1H, d, J =
7.6 Hz), 7.22 (1H, dd, J = 7.5, 4.9 Hz), 4.78 (2H, s), 4.06 (2H, s), 2.95 (1H, br
s), 1.38 (9H, s); °C NMR (CDCl;, 75.4 MHz) § 156.1 (Cq), 148.2 (CH), 137.4
(CH), 135.1 (Cq), 122.8 (CH), 62.3 (CH,), 43.8 (Cq), 33.3 (CH,), 30.7 (CH3);
MS (EI) m/z 211 (M", 3), 154 (M" —tBu, 14), 122 (M" — StBu, 66), 121 (M' —
1 — StBu, 100), 93 (43); HRMS m/z calcd for C;;H7;NOS 211.1031, found (¥
Ble).

2-[(tert-Butylsulfinyl)methyl]-3-pyridylmethanol (160)

OH
7 | o)
I
N StBu

N
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Bt £ 4159 (400% 5 0 1.89F £ B) 230 A (10% ) fod 33 -k
(10F =) 2> 38 T 40 » B R (445 50208 X 0)s F2 s &
P04 0 4 220 A 2 I R - F 7% 3x 158 ¥
B3z o d WA RRRANTTR G > ERT BT B 0 B £ 5160
(410% 5.) » & F95% °

Light yellow solid; mp 99.5-101 °C (CH,CL); Ri= 0.08 (cthyl acetate); 'H
NMR (CDCls, 300 MHz) & 8.61 (1H, d, J = 4.5 Hz), 7.76 (1H, d, J = 7.5 Hz),
7.31 (1H, dd, J = 7.6, 4.8 Hz), 4.73, 449 (2H, ABq, J = 12.4 Hz), 4.26, 4.05
(2H, ABq, J = 11.9 Hz), 1.42 (9H, s); °C NMR (CDCls, 75.4 MHz) & 150.7
(Cq), 149.3 (CH), 139.2 (CH), 138.0 (Cq), 123.6 (CH), 62.0 (CH,), 54.5 (Cq),
51.0 (CH,), 23.0 (CH3); MS (ED)m/z:228 (M" + 1, 2), 171 (M' — tBu, 47), 123
(M+ — SOtBu, 100); HRMS:m/z caled for Cy;H7NO,S 227.0980, found (% i8]
7).

7,8-Dihydro-5H-7A*[1,2]oxathiino[4,5-b]pyridin-7-one®’ (155)

Beit £ 42160 (150% 5.00.66F 5 B) 3= § 7= (5% 2)> 4 »NCS
(97% 5.0 0.73F X ) » 4c i il PFs » )~ 10% < 5% NaySOs(aq) 1
FRe M= %79% Bx10F2) ¥B3=% oyl 4 A VAR
Wi R WA TR AP e gL iR LT P
L 155 (51F 5) 0 A H46% o

Light yellow oil; Rf = 0.38 (EtOAc); 'H NMR (CDCls, 300 MHz) & 8.59
(1H, d, J = 4.4 Hz), 7.53 (1H, d, J = 7.7 Hz), 7.30 (1H, dd, J = 7.8, 4.9 Hz),
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5.41, 5.03 (2H, ABq, J = 14.4 Hz), 4.48, 3.81 (2H, ABq, J = 16.2 Hz); °C
NMR (CDCl;, 75.4 MHz) & 149.6 (CH), 145.6 (Cq), 133.1 (CH), 128.5 (Cq),
122.9 (CH), 60.9 (CH,), 57.4 (CH,).

2-[(tert-Butylsulfanyl)methyl]nicotinaldehyde (161)

= | CHO
N StBu
N

= (1)

Bl £ 4159 (425F 50 1.92F X D) 3 Ak F 7% (1082) 3
BT 4 ~PCC (828% 5 0 3.84F £ 8) fr@ 2 (0.65) 841 P¥is > i
PR RGEA TR o T A kiR R L L R iy =40 15 R
T E T @ L4161 (145F %) A3 36%
> (2)¢
Beit £ 42159 (1583 » 748B 37 0) Aasf k= § 7% (502
BT A~ 23 i (1350 0155 B) > WIS pFE - - BF RSP

HiBpHM ¥z F°

fos

a\’x

zik 2~k ﬁﬁ§§g1§ AP AL T R
L phe fig =415 RIREFFAIT @ L4161 (1.195) 0 & F76% -

Light yellow crystal; mp 58-61 oC (acetone/hexane); Ry = 0.35
(hexane:EtOAc = 4:1); '"H NMR (CDCls, 300 MHz) & 10.39 (1H, s), 8.70 (1H,
dd, J=4.8, 1.8 Hz), 8.16 (1H, dd, J = 7.8, 1.8 Hz), 7.38 (1H, dd, J = 7.7, 4.8
Hz), 432 (2H, s), 1.39 (9H, s); °C NMR (CDCl;, 75.4 MHz) & 190.4 (CH),
160.6 (Cq), 153.1 (CH), 138.1 (CH), 129.5 (Cq), 122.8 (CH), 43.9 (Cq), 32.7
(CH,), 30.7 (CHs); MS (EI) m/z 210 (M" + 1, 53), 152 (M" — tBu, 100), 124
(M" + 1 — tBu — CHO, 40), 120 (M" — StBu, 29); HRMS m/z calcd for
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C1H;sNOS 209.0874, found (% 8] ® ).
1-2-[(tert-Butylsulfanyl)methyl]-3-pyridyl-5-hexen-1-ol (162a)

f | oH
N
StBu

Beit L4161 (256F 5. 0 1.22F X B) At jm-ke & vk (5F ) 30
skip T BB E 4 enGrignardiER 2.4F £ R) B jF Ao~ o L] PEE 0
433 oR¥E L F B £ M3MAHCI? fripHY7 M= F 7% 3x10% 2)
FB3 o e bR RS IR > BRI RS BE o TEL e
Utz AR =10 15 R FE Y 0 B £ 162a (256%
W) & FT5% e

Light yellow oil; Ry =:0.3 (hexane:EtOAc = 4:1);'H NMR (CDCls, 300
MHz) & 8.43 (1H, dd, J = 4.8, 1.6 Hz), 7.82 (IH, dd, J = 7.8, 1.5 Hz), 7.22 (1H,
dd, J = 7.8, 4.8 Hz), 5.88-574 (1H, m), 5.08-4.94 (3H, m), 4.01 (2H, s), 2.64
(1H, br s), 2.13 (2H, q, J = 7.1 Hz), 2.09-1.40 (4H, m), 1.38 (9H, s); °C NMR
(CDCls, 75.4 MHz) & 154.7 (Cq), 147.9 (CH), 138.9 (Cq), 138.4 (CH), 134.7
(CH), 122.8 (CH), 114.9 (CH,), 69.3 (CH), 43.6 (Cq), 36.7 (CH,), 33.5 (CH,),
33.1 (CH,), 30.7 (CH3), 25.3 (CH,); MS (EI) m/z 280 (M* + 1, 3.2), 279 (M", 6),
222 (M —tBu, 29), 190 (M — StBu, 38), 148 (61), 120 (100); HRMS m/z calcd
for C16H,sNOS 279.1657, found (¥ i8] ® ).

1-2-[(tert-Butylsulfanyl)methyl]-3-pyridyl-6-hepten-1-ol (162b)

7

StBu
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Bt £ 47161 (500% 5. 239%F £ B) A3 @ Re & vkvm (10F ) 3¢
PRip T B H 4 enGrignardi@F A (4.8F X B) iRF Ao » o I PEFELE >
2 IR F o £ N3MAHCIY o3 pHYT7 1= F 7% 3x10F2)
FB3X ek A ARG ICER  ERT /}E‘fﬁ”ﬁ W > riE 2 e A
ez iamp =10 15 P RREFEHRAE 0 B £5162b (240%
o) & F34% -

Light yellow oil; Rs = 0.18 (hexane:acetone = 4:1); "H NMR (CDCl;, 300
MHz) ¢ 8.43 (1H, dd, J=4.8, 1.9 Hz), 7.82 (1H, dd, J = 7.8, 1.6 Hz), 7.23 (1H,
dd, J =7.8, 4.8 Hz), 5.87-5.73 (1H, m), 5.05-4.91 (3H, m), 4.02 (2H, s), 2.56
(1H, br s), 2.11-2.03 (2H, m), 1.90-1,73:(3H;m), 1.61-1.33 (3H, m), 1.38 (9H,
s); °C NMR (CDCls, 75.4 MHz)3$ 154:7 (Cq), 147.9 (CH), 138.9 (Cq), 138.7
(CH), 134.8 (CH), 122.8 (CH), H4.5(CH,), 69.4 (CH), 43.6 (Cq), 37.2 (CH,),
33.6 (CH,), 33.1 (CH,), 30.7 (CHj3),28.7 (CH,),25.6 (CH,); MS (EI) m/z 293
(M", 3), 236 (M" — tBu, 11), 204 (M — StBu, 33), 160 (56), 120 (100); HRMS
m/z calcd for C;7H,;NOS 293.1813, found (i% B ¥ ).

1-2-[(tert-Butylsulfinyl)methyl]-3-pyridyl-5-hexen-1-ol (163a)

/| oH

N

o° StBu

Brit £4162a 318F 5 > 1L14F £ B) A3t 7 g (5% ) fod 3 K
GEA) 3BT 4 »BAES Q67F > 125F L 0) F2HKA

BAWEELL P 402052 2 g5 kAR N F 7% 3 x 10F) ¥
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B3t o T B oA R IR > Bip T /fs‘vfﬁ’ﬁ W > T2 A
163a (267% 5. > R4y X921 1) AFT9% > AKWH VT EREFT -
FRE

Light yellow oil; R; = 0.37(hexane:acetone = 3:2);major isomer: 'H NMR
(CDCl;, 300 MHz) 6 8.58 (1H, dd, J = 4.8, 1.6 Hz), 7.87 (1H, dd, J = 8.0, 1.6
Hz), 7.32 (1H, dd, J = 7.9, 4.7 Hz), 5.85-5.72 (1H, m), 5.04—4.92 (2H, m),
4.85-4.76 (1H, m), 4.33, 3.94 (2H, ABq, J = 11.9 Hz), 2.15-1.54 (6H, m), 1.41
(9H, s); minor isomer: "H NMR (CDCls, 300 MHz) 6 8.55 (1H, dd, J=4.8, 1.5
Hz), 7.52 (1H, dd, J = 7.8, 1.5 Hz), 7.23 (1H, dd, J = 7.8, 4.7 Hz), 5.85-5.72
(1H, m), 5.04-4.92 (2H, m), 4.85-4.76 (2H, m), 3.89 (1H, d, J = 11.2 Hz),
2.15-1.54 (6H, m), 1.37 (9H, s);tworisomers mixture: °C NMR (CDCls, 75.4
MHz) 6 149.7 (Cq), 149.24(Cq), 148.9 (CH), 148.5 (CH), 141.9 (Cq), 141.1
(Cq), 138.4 (2CH), 136.8 {CH), 135.0 (CH); 123.7 (CH), 122.6 (CH), 114.8
(CH,), 114.7 (CH,), 73.8 (CH),.67.9 (CH), 54.3 (2Cq), 50.5 (CH,), 50.1 (CH,),
39.1 (CH,), 34.4 (CH,), 33.6 (CH,), 33.5 (CH,), 25.5 (CH,), 24.9 (CH,), 23.2
(CH3), 23.0 (CH3); MS (EI) m/z 296 (M + 1, 15), 240 (69), 239 (86), 123 (95),
41 (100); HRMS m/z calcd for C;sH,sNO,S 295.1606, found (:% iB] @ ).

1-2-[(tert-Butylsulfinyl)methyl]-3-pyridyl-6-hepten-1-ol (163b)

o StBu

Beit £ 4+162b (240% % 5 0.82F X B) 39 i (SEA) fod g ok

(5F L) 2 F R T4~ RS (1935 009F 5 0) F2H K44
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FFEL)pF o 42208 2 3 5 kAo Mo P 3 x10EH) k=Y
B3k o e B F A MERERAICER BRI /}E‘fﬁ”ﬁ Wh oo rif2L At
163b (209% 5. » B4 921 1) 0 A F82% > AGHIF EHREFT - H
FRE

Light yellow oil; R; = 0.43 (hexane:acetone = 2:3); major isomer: 'H NMR
(CDCl;, 300 MHz) 6 8.58-8.54 (1H, m), 7.87 (1H, d, J = 7.4 Hz), 7.31 (1H, dd,
J =179, 4.7 Hz), 5.86-5.70 (1H, m), 5.04-4.88 (2H, m), 4.84-4.71 (1H, m),
4.33, 3.95 (2H, ABq, J = 11.9 Hz), 2.10-1.32 (8H, m), 1.41 (9H, s); minor
isomer: '"H NMR (CDCls, 300 MHz) & 8.58-8.54 (1H, m), 7.52 (1H, d, J = 7.7
Hz), 7.22 (1H, dd, J = 7.7, 4.8 Hz), 5.86-5.70 (1H, m), 5.04-4.88 (2H, m),
4.84-4.71 (2H, m), 3.90 (1H, d, J = 11:5'Hz),.2.10-1.32 (8H, m), 1.37 (9H, s);
two isomers mixture: °C NMR (€DCls; 75.4 MHz) & 149.8 (Cq), 149.3 (Cq),
148.8 (CH), 148.4 (CH), 142.04(Cq), 141.1 (Cq),: 138.7 (2CH), 136.7 (CH),
135.0 (CH), 123.7 (CH), 122.6 (CH), 114.4 (2CH>»), 73.8 (CH), 68.0 (CH), 54.3
(2Cq), 50.6 (CH,), 50.1 (CH,), 39.5 (CH,), 34.8 (CH,), 33.6 (2CH,), 28.9
(CH,), 28.8 (CHy), 25.7 (CHp), 25.3 (CH,), 23.2 (CH,), 23.0 (CH,); MS (EI)
m/z310 (M + 1, 11), 253 (M" + 1 —tBu, 62), 204 (M" — SOtBu, 19), 190 (38),
123 (100); HRMS m/z calcd for C;7;H,7NO,S 309.1762, found (% iB] @ ).

5-(4-Pentenyl)-7,8-dihydro-5 H-7k4-[1,2] oxathiino[4,5-b]pyridin-7-one

(164a)
S S\\
N @]

Bt £ 41632 (265% 5.00.9F 3B ) 33 § 7 % (5% 2)s 4 » NCS
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(134% 5. > 1.0F & B) > Sefiw il FF{S > 1]~ 10E 2 5% Na,SO;(aq) ¥ 1k
FRe > M= F %% B3x10F2) B3 fc b3 8k » Mafedpicikis
Wi kAT WA - TEL AP NI R AR =515 RRERE
k4 0 @1 L4 164a (136% 50) 0 & 564% (R4 9: 1 d 'H NMR
A A TA %) -

Major and less polar isomer (164a): light yellow oil; Ry = 0.45
(hexane:acetone = 2:3);'H NMR (CDCls, 300 MHz) & 8.57 (1H, d, J = 4.8 Hz),
7.58 (1H,d, J=7.5Hz), 7.31 (1H, dd, J=7.8, 4.8 Hz), 5.88-5.74 (1H, m), 5.36
(1H, dd, J= 8.5, 3.5 Hz), 5.10-4.98 (2H, m), 4.52, 3.78 (2H, ABq, J = 15.8 Hz),
2.25-2.10 (3H, m), 2.07-1.94 (1H, m), 1.74-1.60 (2H, m); °C NMR (CDCl;,
75.4 MHz) 6 149.7 (CH), 145.4:(Cq);.138.0 (CH), 132.6 (CH), 131.4 (Cq),
123.2 (CH), 115.3 (CH,), 79.3 (CH), 58.1 (CH,), 34.5 (CH,), 32.2 (CH,), 24.5
(CH,); MS (EI) m/z 238 (M + 1, 1.4), 173 (M" — SO,, 44), 144 (66), 130 (100),
117 (61); HRMS m/z calcd for C;;H;sNO;S 237.0823, found (% /# * ); minor
and more polar isomer (164’a): light yellow oil; Ry = 0.4 (hexane:acetone =
2:3);'"H NMR (CDCls, 300 MHz) & 8.62 (1H, d, J = 4.9 Hz), 7.58 (1H, d, J =
7.6 Hz), 7.35 (1H, dd, J=7.8, 4.9 Hz), 5.90-5.76 (1H, m), 5.13 (1H, dd, J = 8.8,
4.4 Hz), 5.11-4.98 (2H, m), 4.19 (2H, s), 2.29-2.05 (3H, m), 1.90-1.60 (3H, m);
C NMR (CDCl;, 75.4 MHz) & 149.2 (CH), 146.3 (Cq), 137.8 (CH), 132.5
(Cq), 132.0 (CH), 122.9 (CH), 115.3 (CH;), 71.6 (CH), 58.5 (CH,), 33.1 (CH,),
32.5 (CH,), 23.8 (CH,); MS (EI) m/z 238 (M" + 1, 5), 173 (M" — SO,, 72), 144
(86), 130 (100), 117 (60); HRMS m/z caled for C;7H;sNO,S 237.0823, found

GERP).
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5-(5-Hexenyl)-7,8-dihydr0-5H-7k4-[1,2]oxathiino[4,5-b]pyridin-7-0ne
(164b)

Beit £4163b (226% 5. > 0.73F 5 8) 3= % "% (5% H) o 4 »
NCS (107% 5. > 0.8% 3 B ) 4 i 1] i > 3 » 10% 2 5% Na,SOs(aq)
B F oMz F %% 3 x10EH) B30 yo b3 A 0 MR
Fi6 o BRI RN WA TE AP UL R IAM =515 R
I E ALK AT 1 £ 4164 (116% su) @i 63% (£ #4749 1>d 'HNMR
A AtTm K)o

Major and less polar isemer (164b): light yellow oil; Ry = 0.5
(hexane:acetone = 2:3); '"H NMR (CDCl;, 300 MHz) & 8.57 (1H, d, J = 4.7 Hz),
7.58 (1H,d,J=7.7Hz), 7.31 (1H, dd, J="7.7, 4.9 Hz), 5.87-5.74 (1H, m), 5.35
(1H, dd, J = 8.3, 3.4 Hz), 5.94-4.94 (2H, m), 4.53, 3.77 (2H, ABq, J = 15.8 Hz),
2.25-1.94 (4H, m), 1.69-1.40 (4H, m); °C NMR (CDCl;, 75.4 MHz) & 149.2
(CH), 146.4 (Cq), 138.4 (CH), 132.6 (Cq), 132.0 (CH), 122.9 (CH), 114.7
(CH,), 71.7 (CH), 58.7 (CH,), 33.5 (CH,), 33.1 (CH,), 28.5 (CH,), 24.2 (CH,);
MS (EI) m/z 252 (M" + 1, 0.15), 187 (M" — SO,, 52), 186 (M" — 1 — SO,, 100),
158 (66), 144 (78), 130 (78), 41 (92); minor and more polar isomer (164’°b):
orange oil; Ry = 0.45 (hexane:acetone = 2:3); 'H NMR (CDCls, 300 MHz) &
8.61 (1H,d,J=4.8 Hz), 7.58 (1H, d, J = 7.8 Hz), 7.34 (1H, dd, J = 7.8, 4.8 Hz),
5.89-5.75 (1H, m), 5.11 (1H, dd, J = 8.6, 4.5 Hz), 5.07—4.93 (2H, m), 4.18 (2H,
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s), 2.21-2.00 (4H, m), 1.68-1.45 (4H, m); °C NMR (CDCl;, 75.4 MHz) §
149.7 (CH), 145.5 (Cq), 138.5 (CH), 132.6 (CH), 131.6 (Cq), 123.2 (CH),
114.7 (CH,), 79.5 (CH), 58.2 (CH,), 35.1 (CH,), 33.5 (CH,), 28.5 (CH,), 24.9
(CH,); MS (EI) m/z 252 (M" + 1, 0.56), 187 (M — SO», 62), 186 (M — 1 — SO,
100), 158 (47), 144 (50), 130 (78), 41 (63); HRMS m/z calcd for C;3H;;NO,S
251.0980, found (ix B # ).

Cis- and Trans-6,6a,7,8,9,9a-hexahydro-5H-cyclopenta[f|quinoline (166a)

H,

=

5 A
N

SNOE

Boit & 164a (13585050572 5 8) 37 F Q) a0
FHEF > w150°CT FRST i iz dl > e i ff =5
AR E AT @ £ 166a (20F Lo B S 11) A F20%
Z i £ 4167a(72F %) 0 A F53% o
5% (2):

ot £ 41672 (48F 5. > 0.20F X B) 335 ¥ G g g
#HEF 0 2230°CT F B10) PFis > Facia A o Mk e A =50
A RREEE A @ &4 166a(33E 5L BHF b 11)0 & F95%
=% (3):

Pt £ 41642 (50 5. > 021F £ B) A>3 ¥ B d) w7 fit &
HEF o ©230°CT F B0 PFEs - fogzia A > Mt e % A =50
R RREE R T L1662 (27F o B S 11]) A FT74%

159



Yellow oil; Ry = 0.63 (hexane:acetone = 2:3); mixture of two isomers: 'H
NMR (CDCl;, 300 MHz) 6 8.36-8.31 (2H, m), 7.47 (1H, d, J = 7.5 Hz), 7.41
(1H,d, J=7.6 Hz), 7.10-7.03 (2H, m), 3.13-2.80 (6H, m), 2.50-1.25 (18H, m);
mixture of two isomers: "C NMR (CDCls, 75.4 MHz) & 157.6 (Cq), 157.2 (Cq),
146.2 (CH), 145.9 (CH), 137.0 (CH), 136.6 (Cq), 135.9 (Cq), 133.8 (CH),
121.3 (CH), 120.7 (CH), 47.0 (CH), 43.6 (CH), 42.1 (CH), 36.9 (CH), 34.7
(CH»), 32.9 (CH,), 32.0 (CH,), 31.8 (CH,), 30.4 (CH,), 28.2 (CH,), 27.5 (CH,),
26.9 (CHy), 24.4 (CH,), 22.9 (CH,); MS (EI) m/z 173 (M", 16), 172 M - 1,
20), 144 (28), 130 (100); HRMS m/z calcd for C,H;sN 173.1204, found (i /8|
= ).

5-(4-Pentenyl)-6,7-dihydro-5H-6’-thieno[3,4-b]pyridine-6,6-dione (167a)

SO,

7

Yellow oil; Rs = 0.5 (hexane:acetone = 2:3); '"H NMR (CDCls, 300 MHz) &
8.57 (1H, d, J=4.5Hz), 7.60 (1H, d, J = 7.7 Hz), 7.34 (1H, dd, J = 7.0, 4.5 Hz),
5.89-5.73 (1H, m), 5.11-4.95 (2H, m), 4.45 (2H, s), 4.30 (1H, dd, J = 8.5, 4.7
Hz), 2.26-2.11 (3H, m), 2.05-1.91 (1H, m), 1.90-1.62 (3H, m); °C NMR
(CDCls, 75.4 MHz) § 150.9 (Cq), 150.0 (CH), 137.3 (CH), 133.2 (CH), 131.8
(Cq), 123.7 (CH), 115.7 (CH,), 65.8 (CH), 56.8 (CH,), 33.3 (CH,), 28.7 (CH,),
25.7 (CH,); MS (EI) m/z 173 (M" — SO,, 26), 172 (55), 158 (53), 144 (81), 130
(100), 117 (99), 39 (58); HRMS m/z calcd for C,;H;sNO,S 237.0823, found (¥
Ble ).
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Trans-5,6,6a,7,8,9,10,10a-octahydrobenzo|[f|quinoline’* (166b)

5% (1)

Boit £ 4164b (128F 5. - 051 F 5 B) 37 ¥ BF ) w7
B3EF > &150°CT F RS Riso wica®o M= A =5
P FREF R AT B E166b 0% 5 0 7 P EESN RS
A X16% 2 (L £4167b (43%F ) > & 534% o
% (2):

Beit £4167b (34%F 5014 A A5 F QFL) w7 ALF
#HEF o 2230°CT FRIOP R RigaH > ure ki Am =5
AR EE Y B E 166D (25 L o p 7 0BRSS RS
A %95% o

Light yellow oil; R = 0.65 (hexane:acetone = 2:3); 'H NMR (CDCl;, 300
MHz) § 8.36 (1H, d, J = 4.4 Hz), 7.64 (1H, d, ] = 8.0 Hz), 7.12 (1H, dd, ] = 7.7,
4.9 Hz), 3.20-2.95 (2H, m), 2.42-1.10 (12H, m); °C NMR (CDCl;, 75.4 MHz)
8 157.2 (Cq), 146.3 (CH), 135.8 (Cq), 133.4 (CH), 120.9 (CH), 42.9 (CH), 39.9
(CH), 33.9 (CH,), 32.8 (CH,), 30.5 (CH,), 30.3 (CH,), 26.6 (CH,), 26.1 (CH,);
MS (EI) m/z 187 (M", 100), 144 (33), 130 (31); HRMS m/z calcd for C;3H;;N
187.1361, found (i% 7] ® ).

5-(5-Hexenyl)-6,7-dihydro-5H-6)’-thieno[3,4-b]pyridine-6,6-dione (167b)

=
[ so, ™
N\
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Light yellow oil; Rs = 0.45 (hexane:acetone = 2:3); "H NMR (CDCl3, 300
MHz) § 8.57 (1H, d, J = 4.2 Hz), 7.59 (1H, d, J = 7.9 Hz), 7.33 (1H, dd, J = 7.8,
5.0 Hz), 5.88-5.73 (1H, m), 5.06-4.95 (2H, m), 4.44 (2H, s), 4.29 (1H, dd, J =
8.2, 5.9 Hz), 2.26-2.08 (3H, m), 2.05-1.90 (1H, m), 1.74-1.43 (4H, m); °C
NMR (CDCl;, 75.4 MHz) & 150.9 (Cq), 150.0 (CH), 138.2 (CH), 133.2 (CH),
131.8 (Cq), 123.7 (CH), 114.9 (CH,), 65.9 (CH), 56.7 (CH,), 33.3 (CH,), 29.3
(CH,), 28.6 (CH,), 26.1 (CH,); MS (EI) m/z 187 (M' — SO,, 11), 186 (33), 158
(43), 144 (79), 130 (100), 118 (89); HRMS m/z calcd for C5H;7NO,S 251.0980,
found (3% | ¥ ).
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