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Oxidation of Thioether and Mercaptal to Sulfoxide Catalyzed by
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Abstract Hydrogen phosphates have been explored as organocatalysts for the oxidation of a series of aryl alkyl sulfides and

1,3-dithianes derived from aldehydes with aqueous hydrogen peroxide (H,0O,) as the terminal oxidant. The corresponding sul-

foxides are obtained in moderate to excellent yield (up to 99%) with excellent diastereoselectivity (up to>99 : 1 dr).
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(1) MV 1 R — K g (IV) i 4k 1% I BL I, 7= 90 1 U %
60%(FK 1, Entry 4). A4S TR A E AT T 5
R, 2BATE R BEIR KB (V)AL IZ R B, B8
L 80% W 2645 BINEHAIL 54 2a(3K 1, Entry 5), TR
B R0 7] VI~V A Z N5 EL 70% 15%-
20% ISR A3 2 H AR =) 2a(3E 1, Entries 6~8). K,
BEIR — 2R ER(V) N HEAZ S B IR B A AR, 2 T ok 3K
ATE S SR N 0.25 mol/L #2715 0.5 mol/L i, &3
PSR R4 = 31 90%(% 1, Entry 9).
R PEATIRR L
Table 1 Screening different catalysts

@S\

cat. (10 mol%)

S\
©/ H,05 (50%), CHCl,

1a 2a
I I I I
HaCO—PH EtO-PH PirO—pH PhO-PH
OCH3 OEt OPir OPh
| I} 1] \")
PhO*I%*OH th‘l;DH thl%’foH PhJF;’H
OPh OH OH Ph
\' Vi Vil VI
Entry Cat. Time/h Yield®/%
1 I 12 30
2 II 12 20
3 I 12 55
4 v 12 60
5 v 12 80
6 VI 12 70
7 A% 11 12 15
8 VIII 12 20
9 \4 10 90°

¢ Reactions were performed with 1a (0.5 mmol), H,O, (50% in HO, 1.2
equiv.), and catalyst I~VIII (10 mol%) in CHCl; (2.0 mL). ® Isolated yield.
“In 1.0 mL CHCl;.

BT RUABER —HHE V (10 mol%) ks, N
IVRIE 0.5 mol/L, X Jo I I 77 J sk B AL S K I W)
BRI ATIAN, RGERINE 2 Fias. R 2
AT LAE Y, PUERRIR . 1,4- 5N, ZBE N RON AT R
I, A8 LA 55%70%- 50% IR 15 274 (3R 2, Entries
6,7, 11); N UUFR YR CRE. AKIE RTINS, HEE
PL 30%F1 25% 15 2 P2 ¥)(3R 2, Entries 2, 4); TM3E
WA E BT 7 VRV R 2RI IR, BAREAY) 2a BIUR
F WA 65%(3K 2, Entry 5); A TRKIARNEAE BT 111
A& Ol CROEE. AR K =& 5N b
IS, BT REILL 32% RS EIF=Y) 2a ANE 2,
Entry 9), HAWAEFIBELL 80%~90% KW 152 H b5/
¥)(F 2, Entries 1, 3, 8, 12). #EiLL 1,2- =& 5NN

2406 http://sioc-journal.cn/

WA, DL 95%IINCRAF 2724 2a(3K 1, Entry 10).
Uk, JBBL 1,2- & LK E R OB R S A R T R
MIIEAT. T $ R SRR AT 22 i e SR
WA, RATRBE ELEUKBE R =M 1.2 equiv.
HEINE] 1.5+ 2.0 equiv.B, SO RCRIE IR, K NBEER
3 IR E R 93%. 99%(FE 2, Entries 13, 14), H&A M5
F @Y. ik, S A E KA RN EZ 1a 1) 2.0
equiv.Bf, XA FI(F 2, Entry 14).

R2  PIERIMGGEL

Table 2 Screening different solvents

(0]
©/S\ cat. V (10 mol%) g
- > ~
H,0, ( 50%), solvent
1a 2a
Entry Solvent Time/h Yield®/%
1 DCM 10 82
2 EtOH 22 30
3 CH;CN 22 80
4 H,0 22 25
5 Toluene 22 65
6 THF 22 55
7 Dioxane 22 70
8 EtOAc 22 88
9 Acetone 22 32
10 DCE 9 95
11 Et,O 22 50
12 CHCl, 10 90
13 DCE 5 93¢
14 DCE 2.5 99¢

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reactions were performed with 1a (0.5 mmol), H,O, (50% in H,O, 1.2
equiv.), and catalyst V (10 mol%) in solvent (1.0 mL). * Isolated yield. ¢ H,0,
(50% in H,0, 1.5 equiv.). ¢ H,0, (50% in H,0, 2.0 equiv.).

BATCLBERR — K ER(V) (10 mol%) AEALF], SN
WIE 0.5 mol/L, 1,2- & LKefE NI, AL
H,0, TN 2.0 equiv., XF SN RN & T %
22, RNV RWFR 3 s, REFEGIBE 2.5 h, LL99%
USR5 3 HARME A3 3, Entry 1), XFH4FE. XFH
FEOR L LA (1b, 12)1E R R SR 7350l B 1.5+ 3.0
h, AELL 96%. 90%IMIS #4532 HArtb &4 2b F1 2g(3R
3, Entries 2, 7). ZRIEREBGIEE(1e). KIE Z BB (1h)
VN SIEYD, 53 B 3.5. 4.0 h J&, 2351k 94%.
90% 1S %43 21| B Antb &4 2¢ A1 2h(3R 3, Entries 3, 8).
TR AR RE LR 1e A0 1f, 20512 2.5+ 3.0 h,
AELL 93%. 92% M 15 2] H brfb 53K 3, Entries 4,
5). APIRIEIE I IEREE 2.0 h, AELL 99% MRS E] H iR
HEH)(ER 3, Entry 6).

FAHE A EARAGLT (0 | BL 6 AR 52 1,3- i i
3a AT, RIL1,3-48 Bl =) da 1 1,2- & L b
W AR AL, AFITF R IEET, T HEL 2.0 equiv.
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Table 3 Substrates scope in the reaction

NS g2 cat. V(10 mol%) S 2
R'I_‘ —_— R1@/ R
L H,0, ( 50%), DCE T
1 2
Entry R, R? Product Time/h Yield/%
1 R'=H,R*=CH; (1a) 2a 25 99
2 R'=p-OCH;, R*=CH;(1b)  2b 1.5 96
3 R'=H, R’=Bn (1¢) 2¢ 3.5 94
4 R'=p-Br,R*=CH; (1d) 2d 25 93
5 R'=p-Cl, R”*=CH, (1e) 2e 3.0 92
6 R'=o0-Br, R*=CH; (1f) 2f 2.0 99
7 R'=p-CH;, R*=CH; (1g) 2g 3.0 90
8 R'=H, R’>=C,H; (1h) 2h 4.0 90

“ Reactions were performed with 1a~1h (0.5 mmol), H,0, (50% in H,0, 1.2
equiv.), and catalyst V (10 mol%) in DCE (1.0 mL). * Isolated yield.

1 SE A EKIE AT, AR RPN S 2R, 44
A EARKIE R RS 1.2 equiv.i, KB 1 h, BELL
99 © 1 MJAEXT WL BRI B H b4 4a. A TS
SN TS FRAT T S LI VREAT IR, b ah RNk 4
Fin. JRNLAEAN [ 1 s A Ji H 8 R AR s B, 76 1,2-
CTRCKM SR R B 4a IR R 78%-
76%(F 4, Entries 5, 7), 1 LA LR L ER1E AN R BT A5
I, BELL 90% IR H] da, S N IEIHEAS 5 2 A =4
16 LR G P RIS 3E 2 (3K 4, Entry 1), AT FHEE.
PUSRIR . ZJEVE OB AT, BELL 85%~89%MHIUK
L1338 HFrIL &) 4a(F 4, Entries 2, 3, 6), KNAESA
HHRELL 95% IR SRAZT= W) 4a(K 4, Entry 4). K HEFRAT]
RS ARV, S RYIBET I 8.
x4 RBERIEL ¢

Table 4 Screening different solvents

cat. V (10 mol%)

O, +
)
- s
H,0, (50%), solvent d\
10h

4a
Entry Solvent Yield’/%
1 EtOAc 90
2 CH;0H 88
3 THF 85
4 CHCl, 95
5 DCE 78
6 CH;CN 89
7 DCM 78

¢ Reactions were performed with 3a (0.5 mmol), H,O, (50% in H,O, 1.2
equiv.) and catalyst V (10 mol%) in solvent (1.0 mL).  Isolated yield.

PLITR — 2505 V (10 mol%) AL, &4 Va7,
AT H,0, RN 1.2 equiv., XF—FR% 1,3-45 i

Chin. J. Org. Chem. 2015, 35, 2405~2411

JiEERTAEIHAT B AR (R 5). S H BT AR RN
X S NE R AR e AR S i B R . R
3b~3g MRS A N 75 H(F. Cl. Br. CFs.

CN. NO,)if, MMEEE 1.5~2.5h N5EMK, RELL 86%~
97% IR LR KT 99 & 1 RN ik B 15 21 H ARk
&) 4b~4g(£ 5, Entries 2~7); 2475 IR ALAT A A
HLFFE [H1(CHs. i-Pr)ff) 3h A1 3i 1E N BRI, G5
HI LA 93%F1 96% ISR S KT 99 & 1 JEXT Bk P15 21
724 4h F11 4i(3 5, Entries 8, 9); 2475 M I A8AL A7 4 At H
TH[H] OCH; B, L 94% MR 15 2 BN =8 4, 1H2&
PR 45 AR W B P TR ZE 94 ¢ 6(3 5, Entry 10). 24
J5 AN W FIE B (F COI, JBF=4) 4k, 41
HIWL R (81% 1 82%)AEXTBRIEFEIE (92 © 8 FT 89 & 11)
HREH 2 PR (E 13, Entries 11, 12). 2425 3R 1) 7454 it
T~ FE 4] (CH5) 3 L T35 (CL. NOL)ES, 435 BL 90%.

93%. 96%MIUTEIF AT 99 ¢ 1 HIAERT WLk FMES 5] H
Frr=4) 4m~4o0(F 5, Entries 13~15). 2475 R 4507
WER TR CLEF, RBBL 92%MIUCRAS 2 H brr=
W) ap, {HRSLFAEXS Mg B R R 87 1 13(R S,
Entry 16). HIR, 55 R NI B4 U
X BRI, 2 R A 1-Z55E. 2-WEMy LR,

£5 MR-

Table 5 Substrate scope in the reaction

m cat. V (10 mol%) er

SYS H,0, ( 50%), CHCly SYS' ©
R R
3 4
. . d.r.
Entry R Product Time/h Yield’/% . e
(trans : cis)

1 CeHs 4a 1.0 95 >99:1
2 p-FC¢H, 4b 1.5 94 >99 11
3 p-CIC¢Hy 4c 1.5 95 >99 1
4  p-BrCeH, 4d 2.0 92 >99 1
5 p-CFCeH, de 2.0 97  >99:1
6 p-CNCegH,4 4f 2.5 92 >99 1
7 p-NO,C¢H, 4g 1.5 86 >99:1
8 p-CH3C¢H,y 4h 2.5 93 >99 1
9 p-i-PrCH, 4i 2.5 96 >99 11
10 0-OCH;Cg¢Hy 4j 2.5 94 9416
11 0-FC¢Hy 4k 3.5 81 92 18
12 0-CIC¢H, 4] 3.0 82 89 1 11
13 m-CH;C¢Hy 4m 2.0 90 >99 1
14 m-CIC¢Hy 4n 2.0 93 >99 1
15 m-NO,C¢Hy 40 2.5 96 >99 1
16 2,4-Cl,C4H; 4p 2.0 92 87 .13
17 1-Naphthyl 4q 20 93 >99:1
18 2-Thienyl 4r 2.0 93 >99 [ 1

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reactions were performed with 3 (0.5 mmol), H,O, (50% in H,0, 1.2 equiv.)
and catalyst (10 mol%) in solvent (1.0 mL). ® Isolated yield. ¢ Determined by
"HNMR.
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BILL 92%~93% MW KT 99 © 1 IR S ik #1115
3 H¥rtb &4 4q 1 4r(3 S, Entries 17, 18).

MHLER E PR IR — R ) B A B Re AR B B e
#1539 5 it E A 7 LB 5 X, BB o % &
v, RIS T BOL A E S TR AR T, TRk
WK F. T SEAE TR — REsE T &
BB — 71K, e — IMEIEA(E 1).

../Ar

S
PhO. P,,o——H\éﬁ “R

S
PhO O-H Oy

B 1 R RN A BRI A P P RS A Y
Figure 1 Transition state of diphenyl hydrogen phosphate cata-
lyzed oxidation of thioether

2 Zhig

i EREEFRI, EERFT, P EEK
TR, BRTR — KR BE R R AL 7 ik Joe 2 T Tk %
13- Bl AL R, A LA R RT3 AU R A vy
SEAR I BEPEAT BIA B ML E AL S . I SRR
b, A B 1 BRI R A R A . TR
RITHEADG™ e, OB AR A, 110 H B X dskidk
FEEA RS Wk FE R 4T

3 XIS
31 X5

W LR E T A B R A Varian Inova-400 i3
Varian ststem-300 2 Z#EILIR(C, TMS NN R, CDCL; N
WA R R T B B i 4 HE S X (Micromass
GCT-TOF) Wl 72 . £ 56 ik F& H Br FH 11 375 771 A0 3k 771 #48
AR 2, FEEHTRA 200~300 H (A ZHRER, 1,3-4F —
W S 228 SCER T 16 .
32 ERMIEWH—RETE

BRI IR BE 1a~1h B8 1,3-%F 6% 3a~3h
(0.5 mmol), fEE KM V (12.5 mg, 0.05 mmol)i&F T
1,2- 5 2581 mL)EGE (1 mL)H, $t4E 2 min 2 50
AN 50% M EAL EUKIE (57 uL, 2.0 equiv.)Z4k &4 .
TLC K Sz % 45 7R 5, F NaH SO PR 7K 8 30V K SN
FIK (10 mLyI A B R NEF, B 4 CEEEEEL(10
mL X 3), &H AN, Tk NaSO, TH. W46 e F il %
B TLCEFM: MZEFK) @ (FE)=10: 1], 153
FH S F AL A4 2a~2h B 4a~4r.

L ILTHA(2a): M, 755 99%. 'H NMR (400
MHz, CDCLy) §: 7.58 (d, J=8.6 Hz, 2H), 7.36 (t, J=8.6
Hz, 2H), 2.65 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:

2408 http://sioc-journal.cn/
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145.6, 131.1, 129.4, 123.6, 44.0; ESI-MS m/z: 141.0 [M+
H]"; HRMS-ESI caled for C;H,OS [M+H]": 141.0374,
found 141.0370.

4-FA LR B FR L W AR(2b): A, 7% 96%. 'H
NMR (400 MHz, CDCLy) 6: 7.57 (d, J=8.6 Hz, 2H), 7.00
(d, J=8.6 Hz, 2H), 3.83 (s, 3H), 2.67 (s, 3H); *C NMR
(100 MHz, CDCl3) 6: 161.8, 136.4, 125.3, 114.7, 55.4,
43.9; ESI-MS m/z: 171.0 [M+H]"; HRMS-ESI calcd for
CsH,10,S [M+H]" 171.0480, found 171.0483,.

KEEAREE TN (2e): AR, =% 94%. mp.
114~116 ‘C; '"H NMR (400 MHz, CDCl3) d: 7.46~7.36
(m, 5H), 7.28~7.26 (m, 3H), 7.24~6.97 (m, 2H), 4.08~
4.00 (AB, J=12.6 Hz, 2H); >*C NMR (100 MHz, CDCl5)
d: 142.6, 131.1, 130.7,130.3, 129.0, 128.7, 128.5,128.3,
128.1, 124.3, 63.4; ESI-MS m/z 2169 [M+H]";
HRMS-ESI calcd for C3H30S [M—i—H]+ 217.0687, found
217.0688.

4-JRERIE LN 2d): AR, F2E 93%. m.p.
59~60 ‘C; 'H NMR (400 MHz, CDCl;) 6: 7.67 (d, J=8.0
Hz, 2H), 7.53 (d, J=8.4 Hz, 2H), 2.72 (s, 3H); *C NMR
(100 MHz, CDCLy) 6: 144.6, 132.3, 125.2, 124.9, 43.86,
43.83; ESI-MS m/z(%): 218.8 (98) and 220.8 (100) [M+
H]" for ”Br Al *'Br isotopic pattern; HRMS-ESI calcd for
C;Hy”BrO*S [M-+H]" 218.9474 found 218.9474 (98);
HRMS-ESI caled for C;Hg*'BrO*S [M+H]" 220.9459,
found 220.9453 (100).

A-FARIEHF TR (2e): AR, F2F 92%. 'H NMR
(400 MHz, CDCL3) d: 7.59 (d, J=8.4 Hz, 2H), 7.50 (d, J=
8.4 Hz, 2H), 2.72 (s, 3H); *C NMR (100 MHz, CDCL) ¢:
144.0, 137.1, 129.5, 124.8, 43.9; ESI-MS m/z (%): 174.9
(100) and 176.9 (38) [M+H]" for *Cl and *’Cl isotopic
pattern; HRMS-ESI caled for C,Hg”CIO¥S [M+H]"
174.9979, found 174.9977 (100); HRMS-ESI calcd for
C,Hs'ClO*S [M+H]" 176.9950, found 176.9947 (38).

2-JRIARFE LA HA2): WA, F2F 99%. 'H NMR
(400 MHz, CDCLy) d: 7.91 (d, J=8.0 Hz, 1H), 7.56 (d, J=
8.4 Hz, 2H), 7.54~7.35 (m, 1H), 2.79 (s, 3H); °C NMR
(100 MHz, CDCLy) 0: 145.1, 132.8, 132.2, 128.6, 125.5,
118.3,114.4, 41.8; ESI-MS m/z (%): 218.8 (98) and 220.8
(100) [M+ H] " for “Br and *Br isotopic pattern;
HRMS-ESI caled for C;Hg”BrO*’S [M+H]": 218.9474,
found 218.9472 (98); HRMS-ESI caled for C/Hg*'BrO*S
[M+H]" 220.9459, found 220.9450 (100),.

4-H R R I T (Q2g): A BB, 72K 90%.
m.p. 72~73 ‘C; '"H NMR (400 MHz, CDCls) 8: 7.50 (d,

Chin. J. Org. Chem. 2015, 35, 2405~2411
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J=8.0 Hz, 2H), 7.29 (d, J=8.4 Hz, 2H), 2.67 (s, 3H), 2.38
(s, 3H); "C NMR (100 MHz, CDCly) &: 142.3, 141.4,
129.9, 123.4, 43.9, 21.3; ESI-MS m/z: 155.0 [M+H]";
HRMS-ESI calcd for CgH;,0S [M—}—H]+ 155.0531, found
155.0527.

I 2 IEFHA2h): AR, 773K 90%. 'H NMR (400
MHz, CDCls) d: 7.55~7.54 (m, 2H), 7.47~7.44 (m, 3H),
2.87~2.74 (m, 1H), 2.73~2.68 (m, 1H), 1.15~1.11 (m,
3H); *C NMR (100 MHz, CDCl5) §: 143.0, 130.8, 129.0,
124.0, 50.1, 5.7; ESI-MS m/z: 155.0 [M+H]"; HRMS-ESI
caled for CgH,;,0S [M+H]" 155.0531, found 155.0529.

R-2-HE-1,3- - 1- Ak Y (4a): AR, 7E
2 95%, >20: 1 dr. m.p. 136~137 “C; 'H NMR (300
MHz, CDCl;) 6: 7.39~7.32 (m, 5H), 4.54 (s, 1H), 3.53 —
3.49 (m, 1H), 2.86~2.75 (m, 1H), 2.72~2.58 (m, 2H),
2.47~241 (m, 1H), 2.37~2.22 (m, 1H); °C NMR (75
MHz, CDCl3) d: 133.6, 129.5, 129.3, 128.9, 69.8, 55.0,
31.6, 29.7; HRMS (ESI) caled for C,oH;;0S8, [M+H]"
213.0408, found 213.0400.

S-2-(A- 3R IE)-1,3- K- 1- AL (4b): I TE
1, PEE 94%, >20 1 1 dr. m.p. 126~127 “C; '"H NMR
(300 MHz, CDCls) &: 7.42~7.38 (m, 2H), 7.12~7.06 (m,
2H), 4.54 (s, 1H), 3.56 (d, J=18.2 Hz, 1H), 2.88~2.65
(m, 3H), 2.51~2.38 (m, 2H); *C NMR (75 MHz, CDCl,)
5:165.1, 161.8, 130.8, 116.6, 116.3, 69.0, 54.9, 31.7, 29.7;
HRMS (ESI) caled for C,,H,FOS, [M+H]" 231.0314,
found 231.0304.

S 2-(4- AR )-1,3- - 1- 5 AL Y (de): (]
1, PEE 95%, >20 1 1 dr. m.p. 144~146 C; 'H NMR
(300 MHz, CDCly) d: 7.37 (s, 4H), 4.54 (s, 1H), 3.58 (d,
J=16.8 Hz, 1H), 2.89~2.84 (m, 1H), 2.80~2.76 (m, 2H),
2.72~2.67 (m, 1H), 2.67~2.39 (m, 1H); °C NMR (75
MHz, CDCl3) d: 135.6, 132.1, 130.3, 129.6, 69.1, 55.0,
31.6, 29.7; HRMS (ESI) calcd for C;oH,,CIOS, [M+H]"
247.0018, found 247.0010.

2-(A- R HE)-1,3- k- 1- S Ak M (4d): Al
1, PEE 92%, >20 1 1 dr. mp. 163~165 ‘C; 'H NMR
(300 MHz, CDCL3) 8: 7.53 (d, J=7.2 Hz, 2H), 7.29 (d, J=
1 Hz, 2H), 4.52 (s, 1H), 3.55 (d, J=17.2 Hz, 1H), 2.91 —
2.82 (m, 1H), 2.81~2.64 (m, 1H), 2.53~2.48 (m, 1H),
2.40~2.32 (m, 1H); *C NMR (75 MHz, CDCl;) J: 132.6,
132.5, 130.6, 123.8, 69.1, 54.9, 31.6, 29.7; HRMS (ESI)
caled for C,H;,BrOS, [M+H]" 290.9513, 292.468,
found 290.9510, 292.488.

S -2-( = IR L )-1,3- I kE-1-E Ak Y (de):

Chin. J. Org. Chem. 2015, 35, 2405~2411
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tEEk, 2% 97%, >20: 1 dr. mp. 99~100 C; 'H
NMR (300 MHz, CDCly) 6: 7.67 (d, J=8.1 Hz, 2H), 7.55
(d, J=8.1 Hz, 2H), 4.62 (s, 1H), 3.59 (d, J=12.9 Hz, 1H),
2.90~2.68 (m, 3H), 2.52~2.40 (m, 2H); °C NMR (75
MHz, CDCL3) 6: 137.6, 131.8, 131.3 129.5, 126.3, 122.2,
69.3, 55.0, 31.5, 29.7; HRMS (ESI) calcd for C,,H;,F;0S,
[M+H]" 281.0282, found 281.0279;

F-2-(A-E R )-1,3- e k- 1- A AL 4f): At
4R, 2% 93%, >20:1 dr. mp. 137~138 C; 'H
NMR (300 MHz, CDCl;) 6: 7.70 (d, J=8.4 Hz, 2H), 7.54
(d, J=8.4 Hz, 2H), 4.62 (s, 1H), 3.60 (d, J=12.9 Hz, 1H),
2.96~2.70 (m, 3H), 2.58~2.36 (m, 2H); °C NMR (75
MHz, CDCl;) d: 138.9, 133.0, 129.8, 118.4, 113.3, 69.3,
55.0, 31.4, 29.7; HRMS (ESI) calcd for C;;H;,NOS, [M+
H]" 238.0360, found 238.0345.

R -2-(A-TH R R IE)-1,3- k- 1-E Ak M (4g): A
B4R, 72 86%, >20: 1 dr. mp. 162~163 ‘C; 'H
NMR (300 MHz, CDCl;) 6: 8.26 (d, J=8.4 Hz, 2H), 7.60
(d, J=8.7 Hz, 2H), 4.68 (s, 1H), 3.62 (d, J=12.6 Hz, 1H),
2.94~2.72 (m, 3H), 2.55~2.39 (m, 2H); °C NMR (75
MHz, CDCLy) §: 148.5, 140.8, 130.1, 124.4, 69.0, 55.1,
31.5, 29.7; HRMS (ESI) caled for C;oH;,NO,S, [M+H]"
258.0259, found 258.0253.

J-2-(4- PP L 231, 3- e b - 1- A4 (4h): (8
B4R, 72 93%, >20:1 dr. mp. 165~167 ‘C; 'H
NMR (300 MHz, CDCl;) 6: 7.31 (d, J=8.1 Hz, 2H), 7.20
(d, J=8.1 Hz, 2H), 4.52 (s, 1H), 3.54 (d, J=12.9 Hz, 1H),
2.91~2.77 (m, 1H), 2.74~2.63 (m, 2H) 2.53~2.40 (m,
1H), 2.39 (s, 3H); °C NMR (75 MHz, CDCl;) ¢: 139.6,
139.3, 130.5, 130.1, 128.8, 69.7, 54.9, 31.7, 29.8, 21.5;
HRMS (ESI) caled for C;;H;s0S, [M+H]" 227.0564,
found 227.0561.

JR-2-(4- 5 A HE)-1,3- e k- 1-E AL P (4i): BT
A, 72Z 96%, >20:1 dr. mp. 105~107 C; 'H
NMR (400 MHz, CDCls) 6: 7.32 (d, J=8.4 Hz, 2H), 7.23
(d, J=8.0 Hz, 2H), 4.53 (s, 1H), 3.55~3.51 (m, 1H), 2.87
(s, 1H), 2.85 (s, 1H), 2.81~2.76 (m, 1H), 2.69 (m, 1H),
2.6 (m, 1H), 2.65~2.44 (m, 1H), 1.22 (d, J=7.2 Hz, 6H);
C NMR (100 MHz, CDCl;) d: 149.8, 130.3, 128.4, 127.0,
69.2, 54.5, 33.7, 31.2, 29.4, 23.6; HRMS (ESI) calcd for
C13H,00S, [M+H]" 255.0877, found 255.0874.

J-2-(2'- FEAR FE JR ) -1,3- e BE-1-E AL P (4)): (I
EAR, P2%R 94%, 1611 dr. mp. 149~151 C; 'H
NMR (300 MHz, CDCly) 6: 7.41 (d, J=7.8 Hz, 1H),
7.34~7.29 (m, 1H), 7.01 (t, J=7.5 Hz, 1H), 6.92 (d, J=
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8.4Hz, 1H), 5.28 (s, 1H), 3.87 (s, 3H), 3.58~3.54 (m, 1H),
2.96~2.76 (m, 2H), 2.66~2.50 (m, 2H), 2.38~2.34 (m,
1H); “C NMR (75 MHz, CDCLy) 6: 157.9, 130.5, 129.1,
122.0, 121.5, 111.5, 62.0, 56.1, 55.0, 31.9, 30.0; HRMS
(ESI) caled for C;H;s0,S, [M+H]" 243.0513, found
243.0509.

S -2-(2"- AR )-1,3- IR -1-SE A P (4K): A [
i, PEE 81%, 1201 dr. mp. 117~118 C; '"H NMR
(400 MHz, CDCl3) d: 7.45 (t, J=7.2 Hz, 1H), 7.36~7.31
(m, 1H), 7.22~7.19 (m, 1H), 7.14~7.09 (m, 1H), 5.02 (s,
1H), 3.59~3.56 (m, 1H), 2.94~2.79 (m, 1H), 2.78 — 2.64
(m, 1H), 2.54~2.50 (m, 1H), 2.38~2.34 (m, 1H); “C
NMR (75 MHz, CDCL) 6: 162.8, 159.5, 131.1, 129.4,
125.3, 1252, 121.3, 121.1, 116.4, 116.1, 61.9, 55.1, 31.7,
29.9; HRMS (ESI) caled. for (C,0H,FOS,) [M+H]"
231.0314, found 231.0314

J-2-(2-FARIE)-1,3- ERE-1-SA AL 4l): [ i
1, P23 94%, 8.7 1 1 dr. mp. 134~136 C; 'H NMR
(300 MHz, CDCl3) 6: 7.51 (d, J=7.2 Hz, 1H), 7.43 (d, J=
7.5 Hz, 1H), 7.35~7.25 (m, 2H), 5.27 (s, 1H), 3.61~3.57
(m, 1H), 2.98~2.81 (m, 2H), 2.67~2.63 (m, 1H), 2.55~
2.50 (m, 1H), 2.39~2.34 (m, 1H); “C NMR (75 MHz,
CDCly) 6: 135.2, 131.7, 130.4, 129.5 128.1, 65.4, 55.1,
31.9, 30.0; HRMS (ESI) calcd for C;oH,,CIOS, [M+H]"
247.0018, found 247.0013.

J-2-(3'- AL L) -1,3- k- 1- 4L Y (4m): A
WA, P23 90%, >20 1 dr. mp. 143~144 C; 'H
NMR (300 MHz, CDCl;) 6: 7.31~7.16 (m, 4H), 4.52 (s,
1H), 3.55 (d, J=12.9 Hz, 1H), 2.86~2.81 (m, 1H), 2.79~
2.63 (m, 2H), 2.53~2.47 (m, 2H), 2.41~2.15 (m, 4H);
C NMR (75 MHz, CDCl;) d: 139.1, 133.4, 130.4, 129.5,
129.2, 126.0, 69.9, 55.0, 31.7, 31.1, 29.8, 21.6; HRMS
(ESI) caled for C,H;s0S, [M+H]" 227.0564, found
227.0560.

J-2-(3- R HE)-1,3- B 1- A (4m): (R[]
1, PEE93%, >20 1 dr. mp. 118~119 C; '"H NMR
(300 MHz, CDCls) 6: 7.42 (s, 1H)7.34~7.31 (m, 3H),
4.52 (s, 1H), 3.57 (d, J=12.6 Hz, 1H), 2.91~2.66 (m,
3H), 2.54~2.33 (m, 2H); *C NMR (75 MHz, CDCl;) ¢:
135.5, 135.2, 130.6, 129.8, 129.1, 127.3, 69.2, 55.0, 31.6,
29.4; HRMS (ESI) caled for C,oH;,CIOS, [M-l-H]+
247.0018, found 247.0017.

J-2-(3- T L L )-1,3- ME K- 1-E ALY (do): AR
A, P23 96%, >20: 1 dr. mp. 153~155 C; 'H
NMR (300 MHz, CDCLy) 6: 8.23 (d, J=8.1 Hz, 2H), 7.75
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(d, J=8.1 Hz, 2H), 7.58(t, J=8.1 Hz, 1H), 4.67 (s, 1H),
3.60 (d, J=12.9 Hz, 1H), 2.93~2.70 (m, 3H), 2.58~2.53
(m, 1H), 2.42~2.37 (m, 1H); *C NMR (75 MHz, CDCl;)
5: 148.7, 135.8, 135.2, 130.4, 124.5, 124.1, 68.8, 55.0,
31.5,29.7; HRMS (ESI) caled. for C;oH;,NO3;S, [M-+H]
©258.0259, found 258.0254.

S-2-(2' A4 - T RIERE)-1,3- k- 1-SE Ak (4p): B
o Ek, 72 92%, 6.6 11 dr. mp. 177~179 C; 'H
NMR (300 MHz, CDCl3) 0: 7.45~7.42 (m, 2H), 7.32~
7.29 (m, 1H), 5.18 (s, 1H), 3.58 (d, J=12.6 Hz, 1H),
2.97~2.80 (m, 2H), 2.70~2.63 (m, 1H), 2.54~2.497 (m,
1H), 2.493~2.32 (m, 1H); *C NMR (75 MHz, CDCl;) §:
135.9, 135.7, 130.5, 130.3, 130.2, 128.4, 64.8, 55.1, 31.8,
29.9; HRMS (ESI) caled for C;0H;;CL,OS, [M+H]"
280.9628, found 280.9624.

JR-2-(1'-2555)-1,3- e - 1-58 40 M0 (4q): 1 ] 44k,
FEE 93%, >20 1 1 dr. m.p. 182~183 “C;'H NMR (400
MHz, CDCLy) d: 8.28 (d, J=8.4 Hz, 1H), 7.88~7.85 (m,
2H), 7.71 (d, J=6.8 Hz, 1H), 7.60~7.56 (m, 1H), 7.53~
7.48 (m, 2H), 5.40 (s, 1H), 3.63~3.60 (m, 1H), 2.94~
2.83 (m, 2H), 2.65~2.62 (m, 1H), 2.49~2.34 (m, 2H);
C NMR (100 MHz, CDCl5) d: 134.2, 131.9, 130.0, 129.8,
129.4, 129.1, 126.8, 126.3, 125.6, 123.4, 55.5, 32.1, 31.1,
29.9; HRMS (ESI) caled for C;4H;s0S, [M—l—H]+
263.0564, found 263.0555.

J-2-MEWy FE-1,3- T EBE-1-SA AL (4r): LT A,
FEE 93%, >20 1 1 dr. m.p. 125~127 C; "H NMR (300
MHz, CDCl;) 6: 7.34 (d, J=5.1 Hz, 1H), 7.21 (d, J=5.1,
1H), 7.02 (d, J=5.1, 3.6 Hz, 1H), 4.83 (s, 1H), 3.48 (d,
J=12.9 Hz, 1H), 2.86~2.81 (m, 1H), 2.78~2.66 (m, 2H),
2.47~2.33 (m, 1H), 2.28~2.14 (m, 1H); *C NMR (75
MHz, CDCly) d: 1352, 128.4, 127.6, 127.5, 64.7, 54.4,
31.77, 28.8; HRMS (ESI) calcd for CsH,,0S; [M+H]"
218.9972, found 218.9963.

HBhM &L (Supporting Information) {54 2a~2h Fl
4a~dr FJIGE. XEERPRETT DAY 3 AT I (http:/
sioc-journal. cn/) | N #,.
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