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A Novel Silver(l)-Catalyzed Reaction of Terminal Arylacetylenes with
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Abstract A novel reaction of terminal arylacetylenes with sulfonyl chlorides was performed in the presence of a silver(I)

catalyst. Vinyl sulfones were obtained in 47%~72% yields. A free radical mechanism for the catalytic cycle has been pro-

posed to account for the formation of products and the stereochemical outcome of vinyl sulfones.
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1 ZR5WE

ERSRYR, 20 °C, {IIVYEMNE(THF) S, il
M1 equivRIEA W, 52K L (La) F6 HH 2R At 15 5
Qa)P . R 1. ARSI, AWz
K (1) 55 2R BE S (22) V(K 1, Entry 1), X
ANTT R —BYBOE, X 5 3843 B & W4T ik
B RNE A, WU RN, fEIXRh RN AT,
A A B0 B 2R LR 20 L (3a), 7% 29%(F% 1,
Entry 2). A CAWE, SAAGH S Bl sk F v AL S AL
SUHFE. G, NN = SRR EIENE £ S BRI SR A, 7
KRR 34% F1 40%(F 1, Entries 3 F1 4), B4 SGE.
TR, BRI A A % N (AT 4 e
WEAE RS INFIES, 5N M WA B i, A F 2R FEOR 205
B Ga) kBT . M 1 equiv. AgNOs;,
Ag,CO;, CF3CO,Ag, CF3SO;Ag B CH;CO,Ag I, M%<
FIRALL) 45 (3% 1, Entries 5, 6 1 8~11). £, #itk&
PIIAEAE S LR N B S AT P G, 8 BB 82 fk
G, AgNOs 24 TIREF IS5 . (EASE BN, 751

equiv. CuCl f74E F, BAL S YN NI I NIRRT B
(% 1, Entry 7). {EUbIEOLT, ik # 2 al, WERIR
ZAMME =), ZABVFEH T CuCl AN HIE]R N B
ﬁ[[Sa].

i/ 10 mol% AgNOs, SV 16 h, FEAEAH N 174
3a, PERILT) 56%(FK 1, Entry 12). Kk, ik 5 AgNO;
ELAEY) BT B 1Y) AgNOs BE4F. 75551 & ) AgNO;,
FAEN, KO 1a JUT-S7 BN A3 B BUhnIR (6 A1 B ke
SRR R, W RN AT g g b AR A AT
TEER) THE H, T8 R 0) b R [ s el LA s it 5 380 e 2
TR B, R, T DAHEWT, 7RI R VI FEF AgNO;
SHAL R AgCL AL AgNO; AEA AR AE [ N 3EAT,
FW] AgCl WREA NIXA M. Ak, 258 LR s AR
HEALIX A RN AT RENE. 5 AgNOs RIS AR LE, 7F
S KA T, AgF b AgNO; BEH (% 1, Entry 13),
AgCl FFEFE R NI H](3R 1, Entry 14), AgBr fil Agl
TCAEAT S ¥ ( 1, Entries 15 f1 16). — & FE IR,
VY AW, AgX (X=Br, D)V LAt
K32, N FIBREERICIETE .

HAFVERN A, SN 45 RARMH T BTl 7).
1 equiv. AgNOs, ¥R 2 % — F iF(DME)ER I,
K 1a FI TsCl 2a (1 0 1 S0 & 1 L) 2 (8] JCAT ]
RN, RIS, 768K DMF, DMSO, CH,CL, 8% 1,2- 451
Fperh, i = s, AR 3a, KNV H

R 1 BUEEYRIR L (La) 5 0) FRRE I (2) EFEIE SN O HEAH(3a) A 521

Table 1 Effect of silver compounds on the selective formation of vinyl sulfone 3a using phenylacetylene (1a) and p-tosyl chloride (2a)

as model
Ph—= + TsCl Ag(.l.), wet THIf Ph>:<Ts
additive (1 equiv.) H H
1a 2a 20°C, N,
Entry Ag compound (amount) Additive Reaction time/h Yield/% of 3a (Z . E)*

1 None Et:;N 36 NR?

2¢ Ag,0 (1 equiv.) None 36 29

3¢ Ag,0 (1 equiv.) Et;N 36 34

4° Agy,0 (1 equiv.) Pyridine 36 40

5¢ AgNO; (1 equiv.) None 36 53

6" AgNO; (1 equiv.) EtN 36 57

7 AgNO; (1 equiv.) Et;N/CuCl 36 46

8 Ag,CO; (1 equiv.) EtN 36 40

9° CF;CO,Ag (1 equiv.) Et;N 36 46

10° CF3S0;Ag (1 equiv.) EtN 36 33

11 CH;CO,Ag (1 equiv.) EtN 36 50

12° AgNO; (10 mol%) None 16 56 (2:1)
13° AgF (10 mol%) None 10 692:1)
14 AgCl (10 mol%) None 30 412:1)
15° AgBr (10 mol%) None 40 NR?

16° Agl (10 mol%) None 40 NR?

“Molar ratio of phenylacetylene to TsCl is 1 © 1; ®molar ratio of phenylacetylene to TsCl is 1 © 0.5; “isolated yield; ¢

MHz) of the crude product.
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FERHE LA BEIA B4, BEAh, R0 1,4-Z50NFR. Y
ZIEWKV V=1 DEGET CH;CN AENEHI, ROV
36 h A3 2IAHIF 721 3a, S5~ B2 Alik 24%, 43%, 13%.
IR DU SR IR AR 7R, ROV R B L, 3a [T EE A
53%(%% 1, Entry 5).

ik, PRAb N S htn R &R, T I DY AU
(THEY/WEWF, 20 °C, 10 mol%sALAR. 7 btk s 4
PEF, B SIS S PR I RO, DA
JIT 3 FH (1 il e S RN B 28 10 R AR RN, X L fF 5 1)
gE RN 2.

b A b b 5 R SR N P AR AR SRR 3, PR
A5 28 [ 4736 2, Entries 1~10). VRIS LG 2% ok 4
M 2, TR B R NI [R](FR 2, Entries 11, 12).
e BRI RN, PR 3 B Z TRk, [
IF, AHR ) p-BESOAAE R BRI, 7% 10%~15%.
CSCAR T A g RN 5 TR e 0 R IR, G AN
RO SN P R B, (R, 2 PR3 20
SRR W T st 9 U 1 - R 4- IR BR AR, B R HE
Ko WA, e W ABAN K A2 (% 2, Entries 13~17). X 7]
B A X0 i K R R % I 7 T e R A L 3 o 1) 0 A
JRIEAR K S NG PRI BE PR, i 12K 5E-1-
TR, AN A . — AN SRR L, N
ZARFLR A AT, TP PR AN RE P b LR
(AR, WA R AR AU V(3R 2, Entry 18).

ff FAH PR B EAT — R VI ] 5250, DA X ol
RSIHLER. (DFEFTATEOLR, TEER AL A 5 A ik 5
T P98 S 1) B . 58 A 4l (Scheme 3, A), AT REAE HH
TR T K A I T TR, AR RN HA
FERFEL Q) FEFTA UL T, B-FAFER 477 (Scheme
3, B)AMIHFE M5 HE X 5 (Scheme 3, C)¥AKL M
B X AER, PR RSP IEAR T 52 4
FE SN S 8 Ak A 2 B R T TG A B i
FEPL Yl 2 A 2 A R S, S AR AAS
KAz, TN -5 LB 7 o Hi(Scheme 3, F), #WAR
RAEGRTHR A RIS Y. A BETIRF, ik
AR R A SR RN, HEWTX A S WA T i 1
RSO, « F 3L 51 K24 @) Heab, #EsgtEsziip, K2
I e AN AgNO; AR R 05 2K L) e
(Scheme 3, D). "0 EAJH AT 2K L B IR (A ) m-28¢
AR BHE T PR L TR R RS AR, (5) 2418
1 equiv. CaH, VE A 0 CAE R 25 S W AR 2 R 7K
B, 2R BRI R A O S ) S5 N T Bt FR R IR 2 4
FERUR P R L 30%. XIE B HERW, KAE N R4y
B E M. EVEMRAI DO (V V=51 DI
B RNV, HERAE 1,2- T JRARR R 24 dE
B 6, 7% 66% (Scheme 3, E). X35 4% 1% W] =) 3a
T M SR T K. (O)ENE IR AL 75 i B

R2 o OEARAELS R ITH 1 SREEEE 2 (Y

Table 2  Silver fluoride-catalyzed reactions of a variety of alkynes 1 with sulfonyl chlorides 2

AgF (10 mol%), N, R SO,R"
R——R'+ R'SOCl ——— =
wet THF, 20°C  H H
1 2 3
Entry® Product 3 R R' R" Reaction time/h Yield”/% of 3 (Z : E)€

1 3a Ph H p-CH;CeH, 10 69(2:1)
2 3b p-CH;CeH, H p-CH;CeH, 14 712: 1)
3 3¢ p-t-BuCeH, H p-CH;CeH, 12 69(33: 1)
4 3d m-CH;CgH, H p-CH;CeH, 8 60(2:1)
5 3e p-CH;0CH, H p-CH;CeH, 12 65(1.5: 1)
6 3f Ph H Ph 20 702:1)
7 3g p-CH;CeH, H Ph 6 67(3: 1)
8 3h p-t-BuCeH, H Ph 16 68(1.5: 1)
9 3i m-CH;CgH, H Ph 15 72(1.7: 1)
10 3j p-CH;0CH, H Ph 9 62(1.5: 1)
11 3k Ph H CH; 24 48 (1.5: 1)
12 3l p-CH;CeH, H CH; 24 47(15: 1)
13 3m p-O,NCeH, H p-CH;CeH, 48 NR ¢

14 3n HOOC(CH,), H p-CH;CeH, 48 NR ¢

15 30 CH;(CH,); H p-CH;CeH, 48 NR?

16 3p CH;(CH,); H Ph 48 NR?

17 3q CH;(CH,); H CH; 48 NR?

18 3r Ph Et p-CH;CeH, 48 NR ¢

“Molar ratio between alkyne and TsCl is 1 : 0.5, using 10 mol% of AgF; * isolated yield; ¢ determined by 'H NMR (500 MHz) of the crude product; ¢ no reaction.
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2 >C:CHTs(no reaction) (D)
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Ph Ts
THF/D,0 (V:V=5:1) =" 4|pog I (E)
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66% ¥
TR HIVE R -KIR A4S
10 mol% AgNO3, N, Ph Ts
Ph—=— + TsCI % (no reaction) (F)
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Scheme 3
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(Scheme 3, E). (7)TEARA R NAHE R, AHXSANFRIE N cis-
o R 8 20045 FEAR(Z-3a) AN BE 5 K A R A ) B 1
anti-Xo} I 2RIE IR A5 HEN(E-32) (Eq. 1), £HIXHAF
PSR AR (R R, (8)H 2K L 24 B R
RN, 4y B BIAh 2R ZA e, AR A RS
Fi R 50 IR EE U N, AR R Y 3a, JFH
Z-3a . E-3a [WFEN 201 (Eq. 2). ATRANTSE, Ag(DAMA
(1) 55 o it e 5 s P S 1) 5 7 e ok b AR v i) A 47
(1.

Ph>_<-|-s 10 mol% AgNO3, Ny, r.t.

¥ =

or 10 mol% AgNO3

Z-3a 1 equiv. HCI, Ny, r.t. E-3a
Ny Ph Ts
Ph—==—Ag + TsCl = 2
wet THF, 20 °C, 24 h H H
8 2a 3a
52% yield
Z-3a:E-3a = 2:1

S IX ST s gh 0 A R AISE R Z M E M
FENUR T I g AR A, I HAZ RN ANF T CuCl
PR PR G R g S 7700 S A B A4 HE T BE ) S
RELER, DA FRARRE Z A E W00 3 1R B % R N 1)
SEARIEPENE.

FEARERAFAE R, A 1 TR 810 mak
BT Ag(Il) S Ag(L)H (AR A BA TE B, AR STk
[17]F1%E T Truce A1 Simmsa $2 H I 852 19 =
B U0 ay U, RS 2 P eI &
TS-1 S50 8 fe A, $4kal Jy 2745 il i) Je Xk
AT E 3 E-9. oA FEALN [ B3 E-9 Tl Ak A
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TS-2 MUK FRFE H ST, 7= A2 R A () Hh g 44
10, BlJEWER TR, EEGERD 11, AR5, M
BRI 11 NFALA SRR H I H, C—Ag SR - %
FE R A M FER Z-3 (Scheme 5).
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o e |
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BT BRI LR, BATTHERS tH— N mTRe
A (Scheme 7). AL FE ] BE 46 FH e SEAR 5 it 19 S
KA, B HO 23 F R HCH 5T, R BRI
TR Y WM HE A, M B A A T 46 8 () (e AL AT R
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B2, AR T Q) A D5 b 5 L AU
I, %R N AN FEATAT S IR BT AR 35T, RN A
TERIRFEN 3, Fo i SR a A, BRACHE IR ) SO e 4
ANJA] T SCRRHGE ) Kharasch [ N.(JERE B- =AM FEIR).
SR, BRI N ALEE H AT ATE 4. SV AL A
N ELEE— DR .

3 TBES
3.1 UESIKH

FT A B2 K 1%, Bkl YRT-3 &,
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HRMS 43 54# il Waters ZQ2000 11 Bruker APEX IV £
. AP BR e 2 ) 25 R AR A (REE 60 GF 254, 0.25
nm)EAT 2 SR I RN, TR ZCX-a (300~
400 H )il A il 3 s aliq = .
3.2 SR()-TAR 1 5EEE 2 REZM—RERE

DLZE 204 (1a) 55 0) 2R R G 4 (2a) W 9. 76 0AUR
FAT16 mL UK, # 2K L bR(1a) (1 mmol, 102 mg,
110 LYMAZ] AgF (6 mg, 0.05 mmol) FlXJ FF il 1 58
(2a) (95 mg, 0.5 mmol) VM . 7£ 20 C, IREYIM
P10 ho JSEBEREE S A AL AT, ROV E
YRR 4E. TR V(IR AEE) @ V(A k=1 : 4
VEVE AT 2 M 70 B alidk, i 4k 3al'. 3a J& Z-3a
F E-3a WA Y)(88 mg, F=#% 69%, Z-3a . E-3a=2 . 1).
Z-3a: "H NMR (CDCl;, 500 MHz) §: 7.68 (d, J=8.5 Hz,
2H), 7.54~7.56 (m, 2H), 7.38~7.39 (m, 3H), 7.23 (d, J=
8.0 Hz, 2H), 7.05 (d, J=12.0 Hz, 1H), 6.50 (d, J=12.5
Hz, 1H), 2.38 (s, 3H); C NMR (CDCl;, 125.8 MHz) ¢:
14434, 141.09, 138.12, 132.39, 131.27, 130.17, 129.62,
129.09, 128.06, 127.57, 21.60. E-3a: "H NMR (CDCls, 500
MHz) §: 7.82 (d, J=8.0 Hz, 2H), 7.69 (d, J=15.0 Hz,
1H), 7.45~7.47 (m, 2H), 7.33~7.36 (m, 3H), 7.23 (d, J=
8.0 Hz, 2H), 6.85 (d, J=15.5 Hz, 1H), 2.43 (s, 3H); "*C
NMR (CDCl;, 125.8 MHz) J: 144.45, 141.96, 137.74,
132.44, 131.15, 130.01, 129.71, 128.55, 127.71, 127.64,
21.64. Z-3a and E-3a: IR (KBr) v: 3057, 2924, 1680, 1597,
1575, 1493, 1448, 1401, 1301, 1212, 1144, 1085, 1030,
1018, 974, 922, 857, 812, 747, 692, 664, 634, 615, 604,
558,538 cm .

3b: Z-3b 1 E-3b MR GH)(Z-3b : E-3b=2: 1), /'~
K 71%, o E &M Z3b: 'H NMR (CDCls, 500
MHz) §: 7.72 (d, J=8.0 Hz, 2H), 7.50 (d, J=8.0 Hz, 2H),
7.24 (d, J=8.5 Hz, 2H), 7.14 (d, J=8.5 Hz, 2H), 6.97 (d,
J=12.0 Hz, 1H), 6.41 (d, J=12.0 Hz, 1H), 2.38 (s, 3H),
2.35 (s, 3H); E-3b: '"H NMR (CDCl;, 500 MHz) 6: 7.81 (d,
J=8.0 Hz, 2H), 7.35 (d, J=8.0 Hz, 2H), 7.32 (d, J=8.0
Hz, 2H), 7.18 (d, J=8.0 Hz, 2H), 7.62 (d, J=15.5 Hz,
1H), 6.79 (d, J=15.5 Hz, 1H), 2.41 (s, 3H), 2.38 (s, 3H).
Z-3b and E-3b: IR (KBr) v: 3052, 2922, 2866, 1673, 1652,
1606, 1568, 1510, 1494, 1455, 1411, 1380, 1300, 1181,
1144, 1084, 1039, 1018, 977, 864, 814, 787, 760, 744, 713,
673, 657, 626, 580, 560, 542 cm .

3c: Z-3¢ Fl E-3¢ MIRGY)(Z-3¢ : E-3¢=33 1 1), I~
# 69%, LA Z-3¢: 'TH NMR (CDCls, 500 MHz)
8: 7.70 (d, J=8.0 Hz, 2H), 7.52 (d, J=8.0 Hz, 2H), 7.35
(d, J=8.0 Hz, 2H), 7.22 (d, J=17.5 Hz, 2H), 7.00 (d, J=

Chin. J. Org. Chem. 2012, 32, 1872~1879
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12.0 Hz, 1H), 6.44 (d, J=12.0 Hz, 1H), 2.38 (s, 3H), 1.31
(s, 9H); *C NMR (CDCls, 125.8 MHz) 0: 153.25, 144.15,
140.95, 135.22, 130.30, 129.53, 129.47, 127.57, 125.07,
34.83, 31.18, 21.59. E-3¢: 'H NMR (CDCls, 500 MHz) o:
7.81 (d, J=8.0 Hz, 2H), 7.64 (d, J=15.0 Hz, 1H), 7.41 (d,
J=9.0 Hz, 4H), 7.31 (d, J=8.0 Hz, 2H), 6.80 (d, J=15.5
Hz, 1H), 2.43 (s, 3H), 1.30 (s, 9H). Z-3¢ and E-3¢c: IR
(KBr) v: 3049, 2962, 2868, 1672, 1603, 1559, 1508, 1463,
1407, 1364, 1313, 1301, 1268, 1183, 1145, 1109, 1185,
1018, 975, 906, 840, 813, 762, 744, 713, 696, 651, 628,
571,532 cm ™.

3d: Z-3d il E-3d MIRAYI(Z-3d : E-3d=2: 1), I~
% 60%, AN, Z2-3d: '"H NMR (CDCls, 500 MHz)
d: 7.68 (d, J=8.0 Hz, 2H), 7.36 (d, J=7.5 Hz, 1H), 7.27~
7.29 (m, 2H), 7.23 (d, J=8.0 Hz, 2H), 7.15 (d, J=7.5 Hz,
1H), 7.02 (d, J=12.0 Hz, 1H), 6.49 (d, J=12.0 Hz, 1H),
2.38 (s, 3H), 2.33 (s, 3H). E-3d: '"H NMR (CDCl;, 500
MHz) d: 7.82 (d, J=8.0 Hz, 2H), 7.63 (d, J=15.5 Hz,
1H), 7.33 (d, J=8.0 Hz, 2H), 7.27~7.29 (m, 2H), 7.22~
7.24 (m, 2H), 6.83 (d, J=15.5 Hz, 1H), 2.42 (s, 3H), 2.33
(s, 3H). Z-3d and E-3d: IR (KBr) v: 3048, 2922, 2865,
1683, 1613, 1597, 1485, 1455, 1407, 1379, 1301, 1176,
1146, 1085, 1039, 1018, 974, 916, 883, 842, 812, 776, 746,
714, 690, 664, 634, 613, 557, 543 cm .

3e: Z-3e fil E-3e MR GWI(Z-3e : E-3e=1.5:1), 7=
K 65%, L[EAR Z-3e: '"H NMR (CDCls, 500 MHz)
5: 7.75 (d, J=8.5 Hz, 2H), 7.65 (d, J=8.5 Hz, 2H), 7.25
(d, J=7.5 Hz, 2H), 6.91 (d, J=12.5 Hz, 1H), 6.86 (d, J=
7.5 Hz, 2H), 6.34 (d, J=12.5 Hz, 1H), 3.81 (s, 3H), 2.39
(s, 3H). E-3e:'H NMR (CDCls, 500 MHz) §: 7.81 (d, J=
8.5 Hz, 2H), 7.60 (d, J=15.5 Hz, 1H), 7.41 (d, J=8.5 Hz,
2H), 7.34 (d, J=8.0 Hz, 2H), 6.87 (d, J=8.0 Hz, 2H), 6.70
(d, J=15.5 Hz, 1H), 3.82 (s, 3H), 2.42 (s, 3H). Z-3e and
E-3e: IR (KBr) v: 3057, 3004, 2935, 2839, 1674, 1602,
1572, 1510, 1460, 1445, 1423, 1305, 1260, 1174, 1144,
1084, 1028, 998, 977, 864, 834, 797, 753, 733, 689, 667,
627,597, 581, 560, 532 cm .

3f: Z-36F E-3f MIREW(Z-3F © E-3f=2 1 1), /7%
70%, Jota A3 Z.3f: "TH NMR (CDCls, 500 MHz) 6:
7.79 (d, J=17.5 Hz, 2H), 7.52~7.55 (m, 3H), 7.43 (d, J=
7.5 Hz, 2H), 7.32~7.33 (m, 3H), 7.07 (d, J=12.0 Hz,
1H), 6.52 (d, J=12.0 Hz, 1H). E-3f: '"H NMR (CDCls, 500
MHz) 6: 7.95 (d, J=17.5 Hz, 2H), 7.68 (d, J=15.5 Hz,
1H), 7.46~7.47 (m, 3H), 7.37 (d, J=7.5 Hz, 2H), 7.32~
7.33 (m, 3H), 6.86 (d, J=15.5 Hz, 1H). Z-3f and E-3f: IR
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(KBr) v: 3059, 2926, 1683, 1607, 1575, 1493, 1478, 1446,
1304, 1228, 1146, 1085, 1028, 999, 974, 927, 856, 817,
774,748, 717, 687, 660, 618, 563, 537 cm ™"

3g: Z-3g fl E-3g WREGY)(Z-3g - E-3g=3 1), /"
K 67%, LA, Z-3g: "H NMR (CDCl;, 500 MHz)
8: 7.86 (d, J=17.5 Hz, 2H), 7.52~7.54 (m, 1H), 7.50 (d,
J=8.0 Hz, 2H), 7.44 (d, J=7.5 Hz, 2H), 7.16 (d, J=8.0
Hz, 2H), 7.02 (d, J=12.5 Hz, 1H), 6.44 (d, J=12.5 Hz,
1H), 2.36 (s, 3H). E-3g: '"H NMR (CDCl;, 500 MHz) ¢:
7.95 (d, J=8.0 Hz, 2H), 7.63 (d, J=15.5 Hz, 1H), 7.55~
7.57 (m, 1H), 7.52 (d, J=8.0 Hz, 2H), 7.38 (d, J=8.0 Hz,
2H), 7.19 (d, J=8.0 Hz, 2H), 6.81 (d, J=15.5 Hz, 1H),
2.36 (s, 3H). Z-3g and E-3g: IR (KBr) v: 3062, 2955, 2888,
1678, 1606, 1556, 1511, 1447, 1410, 1366, 1306, 1183,
1147, 1112, 1084, 1069, 1036, 956, 823, 789, 755, 655,
633, 595, 556, 525 cm .

3h: Z-3h 1 E-3h [NIEAY)(Z-3h : E-3h=1.5 1 1),
FEE 68%, LK. Z-3h: 'H NMR (CDCls, 500 MHz)
0: 7.82 (d, J=8.0 Hz, 2H), 7.51~7.54 (m, 3H), 7.43 (d,
J=17.5 Hz, 2H), 7.35 (d, J=8.0 Hz, 2H), 7.03 (d, J=12.0
Hz, 1H), 6.46 (d, J=12.5 Hz, 1H), 1.31 (s, 9H); °C NMR
(CDCLs, 125.8 MHz) d: 153.36, 141.42, 141.21, 133.20,
130.29, 129.43, 128.89, 128.34, 127.58, 126.09, 125.40,
125.09, 34.82, 31.16. E-3h: '"H NMR (CDCl;, 500 MHz) §:
7.95 (d, J=8.0 Hz, 2H), 7.68 (d, J=15.0 Hz, 1H), 7.50~
7.54 (m, 3H), 7.40~7.44 (m, 4H), 6.82 (d, J=15.0 Hz,
1H), 1.31 (s, 9H); “C NMR (CDCl;, 125.8 MHz) ¢:
155.02, 142.50, 141.01, 133.25, 130.03, 129.29, 128.47,
127.51, 126.33, 125.71, 34.99, 31.16. Z-3h and E-3h: IR
(KBr) v: 3057, 2962, 2906, 2868, 1683, 1652, 1606, 1558,
1508, 1477, 1463, 1446, 1409, 1364, 1304, 1270, 1201,
1147, 1085, 1023, 974, 841, 822, 732, 688, 635, 587, 543
ecm'; MS (EI) m/z: 300 (M"), 285, 257, 221, 159, 144,
143 (100), 128, 115, 91, 77, 57, 39; HRMS calcd for
C15H200,S [M*+H] 301.1262, found 301.1265.

3i: Z-3i Ml E-3i MR A(Z-31 L E-3i=1.7 1 1), 7&K
72%, JtafE 4. Z-3i: '"H NMR (CDCls, 500 MHz) 6: 7.80
(d, J=8.0 Hz, 2H), 7.53~7.56 (m, 1H), 7.41~7.44 (m,
2H), 7.35 (d, J=17.5 Hz, 1H), 7.26~7.39 (m, 2H), 7.20~
7.24 (m, 1H), 7.15 (d, J=7.5 Hz,1H), 7.06 (d, J=12.0 Hz,
1H), 6.52 (d, J=12.0 Hz, 1H), 2.35 (s, 3H); C NMR
(CDCLs, 125.8 MHz) d: 141.70, 141.12, 137.64, 133.20,
132.23, 130.61, 130.52, 129.30, 128.84, 127.55, 127.19,
21.26. E-3i: '"H NMR (CDCls, 500 MHz) 6: 7.95 (d, J=7.5
Hz, 2H), 7.66 (d, J=15.0 Hz, 1H), 7.60~7.62 (m, 1H),
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7.53~7.56 (m, 2H), 7.29~7.30 (m, 2H), 7.23~7.26 (m,
2H), 6.84 (d, J=15.5 Hz, 1H), 2.35 (s, 3H); “C NMR
(CDCls, 125.8 MHz) &: 142.70, 140.89, 138.86, 133.30,
132.35, 132.04, 129.65, 129.14, 127.99, 127.63, 127.09,
21.25. Z-3i and E-3i: IR (KBr) v: 3054, 2954, 2925, 1630,
1613, 1583, 1555, 1481, 1365, 1304, 1148, 1084, 1035,
998, 956, 841, 780, 746, 687, 659, 621, 585, 572, 542
ecm '; MS (EI) m/z: 258 (M"), 227, 193, 178, 143, 142,
117, 116 (100), 107, 91, 77, 65, 39; HRMS calcd for
CysH,40,S [M*+H] 259.0793, found 259.0798.

3j: Z-3j K1 E-3j MRAY(Z-3) : E-3j=1.5 1), /=
K 62%, LEAR 2-3j: 'TH NMR (CDCl;, 500 MHz)
5:7.89 (d, J=17.5 Hz, 2H) 7.66 (d, J=8.0 Hz, 2H), 7.57~
7.59 (m, 2H), 6.97 (d, J=12.5 Hz, 1H), 6.88~6.92 (m,
3H), 6.38 (d, J=12.5 Hz, 1H), 3.84 (s, 3H). E-3j: '"H NMR
(CDCls, 500 MHz) 8: 7.96 (d, J=17.5 Hz, 2H), 7.63 (d, J=
15.5 Hz, 1H), 7.56~7.57 (m, 2H), 7.44~7.50 (m, 5H),
6.73 (d, J=15.5 Hz, 1H), 3.86 (s, 3H). Z-3j and E-3j: IR
(KBr) v: 3056, 3004, 2957, 2839, 1670, 1652, 1603, 1570,
1541, 1508, 1458, 1446, 1423, 1304, 1260, 1173, 1143,
1034, 1027, 998, 975, 864, 834, 797, 753, 733, 688, 597,
581,532 cm .

3k: Z-3k Fl E-3k [MIRAY(Z-3k © E-3k=1.5 1),
FRE 48%, oAl 4RI Z-3k: 'TH NMR (CDCls, 500
MHz) 6: 7.68 (d, J=17.5 Hz, 2H), 7.59 (d, J=7.5 Hz, 2H),
7.43~7.46 (m, 3H), 6.98 (d, J=12.5 Hz, 1H), 6.48 (d, J=
12.5 Hz, 1H), 2.87 (s, 3H). E-3k: '"H NMR (CDCl;, 500
MHz) 6: 7.68 (d, J=7.5 Hz, 2H), 7.63 (d, J=15.5 Hz, 1H)
7.41~7.43 (m, 3H), 6.92 (d, J=15.5 Hz, 1H), 3.03 (s,
3H). Z-3k and E-3k: IR (KBr) v: 3063, 2935, 2841, 1770,
1667, 1596, 1511, 1462, 1422, 1320, 1173, 1085, 1028,
995, 894, 813, 733, 658, 633, 571, 538 cm .

31 Z-31F1 E-3V (R A W0(Z-31 & E-31=1.5 1 1), J7
47%, FTOEAE) 231 'TH NMR (CDCl;, 500 MHz)
7.60 (d, J=8.0 Hz, 2H ), 7.22 (d, J=7.5 Hz, 2H), 7.43~
7.46 (m, 3H), 7.08 (d, J=12.5 Hz, 1H), 6.41 (d, J=12.5
Hz, 1H), 2.89 (s, 3H), 2.38 (s, 3H). E-31: '"H NMR (CDCl,,
500 MHz) 0: 7.58 (d, J=15.5 Hz, 1H) 7.41 (d, J=8.0 Hz,
2H), 7.22 (d, J=17.5 Hz, 2H), 6.88 (d, J=15.5 Hz, 1H),
3.13 (s, 3H), 2.37 (s, 3H). Z-31 and E-31: IR (KBr) v: 3028,
2927, 1674, 1606, 1558, 1512, 1456, 1412, 1298, 1223,
1183, 1131, 1039, 1020, 966, 820, 789, 765, 736, 690, 656,
623,550 cm ™.

6: Z-6 fl1 E-6 [MIIREW, 7% 66%, k. E-6:
'H NMR (CDCl;, 500 MHz) §: 7.68 (d, J=8.5 Hz, 2H),
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7.53~7.55 (m, 2H), 7.38~7.40 (m, 3H), 7.23 (d, J=8.0
Hz, 2H), 2.41 (s, 3H); *C NMR (CDCl;, 125.8 MHz) §:
144.34, 141.08, 138.10, 132.39, 131.27, 130.16, 129.61,
129.08, 128.06, 127.58, 21.58. E-6: '"H NMR (CDCl;, 500
MHz) J: 7.82 (d, J=8.0 Hz, 2H), 7.46~7.47 (m, 2H),
7.37~7.39 (m, 3H), 7.23 (d, J=8.0 Hz, 2H), 2.43 (s, 3H);
C NMR (CDCl;, 125.8 MHz) o: 144.45, 141.95, 137.72,
132.44, 131.14, 130.00, 129.71, 129.15, 127.71, 127.64,
21.63. Z-6 and E-6: IR (KBr) v: 3046, 1681, 1594, 1503,
1490, 1449, 1403, 1324, 1300, 1142, 1080, 1013, 818,756,
686, 541, 520 cm ™ '; MS (EI) m/z: 260, 259, 211, 194, 179,
166, 139, 120, 103, 92(100), 77, 65, 51, 39; HRMS caled
for C,5H,D,0,S [M"+H] 261.0918, found 261.0921.
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