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Abstract

The present protocol provides the facile and highly efficient synthesis of various Z-structure N-unprotected

f-sulfonyl enamine compounds in a manner by using inexpensive molecular iodine as catalyst, vinyl azides as free radical
acceptor, and sodium arylsulfinates as free radical sources. In this reaction, ethanol was used as solvent and bistrifluoro-
methanesulfonimide (Tf2NH) was used as additive. The reaction was carried out at 40 C for 4~6 h to obtain S-sulfonyl
enamine compounds with good yields. The method does not need to use metal catalyst, and has the advantages of simple con-

ditions, short reaction time and wide substrate application range.

Keywords iodine catalysis; vinyl azide; free radical addition; sulfonyl enamine
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2014 4F, VLMl R 20 B A AR AR AL 7 5 T
TR AN G Z IR AT S A ARER, S RCT N-RIRH )
BT 4% % (Scheme 1, a). AR B ISHBLE 2017
SETF R T R e TEAEEREAAT TMSN; TEARfE(L
NA B N- ARG ) B-He T F I e (1) 7772 (Scheme 1, b).
[F]4E, ARATTUR RZH B2 IE 1 W L1 I EH A A )
LIFHEBRE L, TR EM NSRRI B- B Reb I
(Scheme 1, ¢). FATHRBHEKIANFLRESHAIE
BRI A B3 R A b, ad i e A AR A D A A
A, CAfHE R EANE N B EE S AR 5 e P RE R B S5 7 )
#E— R N-RORI I BT EAG AL & ¥)(Scheme 1, d).

(a) Cu-catalyzed coupling of oxime acetates with sodium sulfinates

OAc

/

N| + RSONg CU(OAC): (10 mol%) NH,
MNa — — :
R)\ toluene, Ny, 100°C R X-SOR

(b) Ag-catalyzed stereoselective aminosulfonylation of alkynes

AgsPO, (20 mol%) NH,

H,0 (2 equiv.) )\/SOZR'
DMSO, 70 °C

R—== + TMSN; + R'SO,Na

(c) Ag as a catalyst for synthesis of N-unprotected enamines
Ng AgNO, (2 mol%)

A NH,
' H,0 (2 equiv.)
+ R SOZNa _ TP \e BV '
R/\ 1,4-dioxane, 60 °C R)\/ SOzR
3~5h

(d) This work: lodine directly catalyzes the reaction of vinyl azides
and sodium arylsulfinates

I, (10 mol%)

Na NH
\ Tf,NH (0.5 equiv.) 2
R'SO,Na 27" V72 =70 .
R *+ RSONa o RS SOR

B 1 SRR L I & T i

Scheme 1 Synthetic methods of S-sulfonyl enamines
1 HR5E
1.1 REFHMK

XoF 0 i B AN 7 2 S R TR N IS L 1) A A 9% A1
1T TIRIE, HEH o- 285 0 5 28 8 5 00 H 2R RS R BN
9N A AR, S SOBEIRLEL L i B SR BT R
(AR I LA B oS gy i) FH ANV FRIEAT 1 Ak, Skie sl
BRI 1.

B, 1 a- K& L)% B % (1a, 0.2 mmol)FIxT
ARLAEREEH(2a, 0.2 mmol)iEAT M. N AL (10
mol%)VENMEAL T, ZREVE NV, £E 40 'CTF R 4 h
Ja, BT T AERKRRE, RNRESRH K Z B
P24 3aa, PEHN 53% (Entry 1), EKVE ], =565
W SR, FEAR YR B 5RO (AL AT R R, R
N BERPA A B(Entry 2). BT CLE B, R R
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HIAFAEXS 12 N (1) R A 28 DG BB 35 o) I I D s 7 3
17 T ik, fEHARMEER, BARr=9r240F 31% (En-
try 3), AR RFAELE S —FrE =Y. R R TR
18, HEW B AR AR S KR, AKAEE IR T =t
TEAPAE. LIRFHESEUR R H B0 A — & e
AR TF% B (33547 (Entries 4, 5), J5I0 iR BR R 5o B 2K
AR FRAN AN T IX B FP I 7). A H AR VA 7, P22k
40% (Entry 6). {E3: FRMSELIIEH CBERER. AT
PERrEMI =R, 2 RBAE R NS I LA i3 s
MEAT. TERZE I REH ORI, IO 0.5 equiv. 6 5 # R
SR TR, HARYIR A P e, PR SR s
hn— Z5 % 5 WrBR 58 R AVE NI, 3 —5 Xt I
SAEHAT AR, 5 S R AR R (TsOH) B = 41 F e fid iR
(TTOR)YE R IIADIE, F=4r= 264G Frde i, 43 mlbh 69%
H1 66%r= %458 H brtb &%) 3aa (Entries 7, 8), 4fd
ZRACT ZBEE ISR, PR R ORI O, DL
43%[1 77 R A3 2] B AR Y (Entry 9), BT L =54k 0 2. B
HAFITFIXA 2 NAR R IFIEAT.
R LIHIEBER 5 I REFRAN N I 2L

Table 1 Optimization of reaction conditions between vinyl
azide and sodium arylsulfinate

i
S< conditions NH; ICI)/©/
©)LN3 +/©/ one ©)VS\\O

1a 2a 3aa
Z-Enamine
Entry  Catalyst Additive Solvent Yield?/%
1 Iz — EtOH 53
2 — — EtOH N.R.
3 I — H0 31
4 Iz — DCM 16
5 I — MeCN 17
6 I — MeOH 40
7 I TsOH EtOH 69
8 I TfOH EtOH 66
9 I BF;*Et20 EtOH 43
10 12 TH2NH EtOH 81
11 Iz Cu(OTf):2 EtOH 77
12¢ Iz THNH EtOH 38
139 I, THNH EtOH Trace
14¢ Iz THNH EtOH 73
15 I THNH EtOH 79

9 Reaction conditions: a mixture of 1a (0.2 mmol), 2a (0.4 mmol), I, (10
mol%) and additive (0.1 mmol) in designated solvent (2 mL) was heated to
40 °C under air for 4~6 h. ®Isolated yields. © THNH (0.2 mmol). ¢ THNH
(0.4 mmol). ¢ Room temperature. / The reaction was carried out at 70 C.
N.R.=no reaction.

B AE A T W =5 e A I Y A% (THNH) A1 = 3
B R R A (Cu(OTH)AE RIS NG, & B P Fh 4 Joit ]
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DABH 42 mn H AR =i = e, i i =96 FR e sk
TERZ(THENH) L, F=H)r= 28015 %) 81% (Entry 10), 1M
TN = 560 J6¢ B8 182 4 (Cu(OTH)) S 87, S o A g 3
Entry 10, 723K 77% (Entry 11). fR4E R0 ER M N
PRI, 5 2 308 52 X =96 FHBE B 796 YT i (TENH) A
I, B I I R AT TR LSS, 4 AE
H 1 equiv. (X =960 bR 96 7 i (TENH)B, B AR~
(7= R BEARE 38% (Entry 12), [RIA KR HE] =44
B R R = 38 e Bl I i (TENH) T FH =3 m & 2
equiv., RN JLFEA BAR=H 1A S (Entry 13). Hitk
AT DUE H /b I v AR 3 e B kAT, A AT H bR~
P, AER I B IR X — N, BRI &
(IR 225 HAR =4 N-A ORI IR B~k 5 s Foe A 7K o
AL R - BRI TRIEF, SXof S N7 il B AR AT T SEBGAR AT,
RIAE 2R T S B 2247 BT T [ (Entry  14), J
R E R 70 °C, FERINE A HETH(Entry 15).

MR bR S o N 7Y, R A &2 BL 10
mol% I B A A Ak 711, 0.5 equiv. X = %6 PP e it
T (TENH)YE AR ML YD, 00 B 55 77 2 i
TR R 2 b 10 2 Bk, VR NE T,
40 CIV 4~6h. PLi B-TE LS 7 26 f s 81%.
1.2 REEMERM4HRRE

1E FIRRA AR T, O B 2R R R4 5 45 Fh A
PRI 2 M 5 B B S AT IR, WS 7%
HRIE TG 2). S NRERE, ZFRE CIEEE A
HB3E T 1%

M2 HATLLE H, — RIE AT a- 25 L)%
BRSEH RPN, RO ER RIFRF=%. Y
IRIR ) 4-AL A I ORUT B R AR R AR 25 W - S (A,
SR I CL 77%, T9%AI 65% 77 2245 B A0 N 1 77 4
3ab. 3ac fl 3ad. MFHINE) 3-ALIER HIER, Foyr=%R
N 60% (3ae). RINM) 2-ALA1 S-S5 IER— N —
EARE Pt AT 5 S B A8 AT DA 45 20 40 B 161 B A% =9,
H=2N 62% (3af). 1EIRYF 5] NRHTHE, R BKIR
A LUREAT, TERIRE) 4-D0E . AR S X 25
T, ST HILL 57%~61%H) 77 45 5% N =4 3ag-
3ah f1 3ai. MIRIF 3L R IS, R FErE 2
N 58% (3aj), EAEENE, UK 3ADEERIE T
I, PR IR F] 80% (3ak). 4TEIR 4-fIERERI
TRZFA N, RN 57%0 7 R85 H bR =)
(3al). FIF L A-RIE AN 2-G LA R 25 20 BRI IR 1
SNEH ERARAE R T AR B bR, AESRAE 5> B R T
RErR, SRR ARFE p-BCRIL A Y, B&BH
BENFRI B-HEBE IR R, WIXER 236l LE H, &
W oI LI EE B BRI IR B W P IR
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T, SNV DURAIREAT. BT E, T
e [ ) JER P s IS A A P 35 A P e A B 47
K2 o HREOGEBEAEYIRYIHE
Table 2 Scope of a- phenylvinyl azides

I, (10 mol%)
TfZNH (0.5 equiv.)

o 0 o TG

NH, |©/ NH, C?@/
Q&E\ o
6]
3ab 77% 3ac 79%
NH2 ‘ NH, E:[:::r/
(¢} 3ad 65% 3ae 60%
NH, O é\

o:
wz&
NS
S0
X _
3af 62% =

3ag X=F 60%
3ah X=Cl 61%
3ai X=Br 57%
@ﬁk@ @
3aj X=F 58%

3al 57%
3ak X =Br 80% F

© 2022 Chinese Chemical Society & SIOC, CAS

4 Reaction conditions: a mixture of 1a (0.2 mmol), 2a (0.4 mmol), I, (10
mol%) and TH,NH (0.1 mmol) in EtOH (2 mL) was heated to 40 °‘C under air
for 4~6 h. ? Isolated yields.

Xt B AL I 55 SE RS ERANIEAT TR R, S5 3
R 3 Fn. B R R BT S N A5 2 P24 4ab,
F$%7ws%%ﬁ%4ﬂTﬁ 4-FEIL SN T 5
A HCAR R RS FR AW REAT SN, 73 3l BA 75% A1 63% 7=
RIS BN H 5774 4ac A 4ad. ﬁ)ﬂ 2,4,6-=FHIRIT
TR PR AN K — 22 BUAR 5 35 S Tk P o A A JER W3k A7 S NE
JISELL 68% (17 A H A5~ dae. HULAT L, £
o W 1 I AT AR B 75 5 W B R AN AT I BB, S B = 3
RAF. SR)5, KA T 3L it 47 I OBE, 22K
W 4NN SR =F g R 5 R, 1T RIEL 61%,
49%F1 64%[H1 = 243 ZIRI R4 4af. dag FI 4ah. 2,4-
TR PRAN RN R N, TS 3] 60%7 7 1) H AR
V) dai. (FH 4- =5 P AR R FR AN IEAT ORI, 153
HIF=Hr= 35N 68% (4aj). HH AT DL %2 21| W By LY
AR T R A [F) A ] DABLR Js Bz, DA o 25 7= 2R 45 31 7=
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Y. Ser i TR R A LE, SOBvERS 22 — 2. 3%
0 HA 7 PR MERERR BAREAT T A . T 2-WEy
FRANIE NI, L 68%IH ™ RAFEI ™) dak. A ¥)
Mg Z 1, XA RER 11T Z A M RETE B 5
SR, AT B NAR E M2

R3IGHBERAN R o
Table 3 Scope of sodium arylsulfinates

0
g I, (10 mol%)
N3 , R2@/ “oNa  TfNH (0.5 equiv.)
N EtOH
1

4ab 76% d4ac 71%
O
NH, (R NH, 9
©)\/S\\O ©)\/S\\O
4ad 63% 4ae 68%

i:j/ g cl
(:rKJ (:rKviggT

4af X=F 61% 4ai 60%
4ag X = Cl 49%
4ah X = Br 64%

4aj 68% 4ak 68%

¢ Reaction conditions: a mixture of 1a (0.2 mmol), 2a (0.4 mmol), I, (10
mol%) and TH:NH (0.1 mmol) in EtOH (2 mL) was heated to 40 ‘C under air
for 4~6 h. ? Isolated yields.

1.3 PRI

HIF 7 B-RA LI A e AL — 5 26 1 F T ARG AL A
P-TARGAC &, T f-FAPRLEA HLAL b th e — 2K
B EY), BIEA B A 2R 2N T4
JRIER AN ST B AL &1, IR Lk
M CIRHEENG B ZIRE 4- S AL s T
B-FRFEWAEE, P LAWR 51 1K 2 He 24 S & B 7L
A TAFRH Jiang PRABHPTHRIE ) 7 ik, EL A8 AL
£ CHCly 7K At Ab B -kt 5 4 Jie 1 4% - B BASK AT 7
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H N, XF 3aa BT/ EHE] T 49%H) H bR
P 5, B G X6 3ab, 3ah, 4ad 1 dak i 7 AR R b
H, DIrhEE R REFH =215 2] 1 7% 6~9 (Scheme 2).

NH, o)
©)\/ silica gel ©)st
CH20|2 rt, 24 h
549%
i 9 O I
; ;
© (o}
0 Cl
6 71% 7 59%
9 O 1]
i 1] S
~ ©
8 64% 9 45%

B2 NRERI L= etk

Scheme 2 Synthetic transformation of N-unprotected enamines
1.4 TIRERY IR LA ERER T

AR CA SR, S5 & s2imeg, X MALEEAT 1
OF. ZIR N RN H B3 RN, L AR 51 K B B
By tE, AT BRI — R, PR T — Xt s
(R4). B BB A T, S8 ANBE
7. FR RSB IIN 3 equiv. ff H HH JE A 3R )
2,2,6,6-M4 H L IR IE AL ) (TEMPO)HY, Ii;* 4 h JEEA
Rl 2 B b e Ak, Hilid HRMS % K &R,
C16sH26NO3S [M+H] 5 1H 312.16322, = 5
312.1632, WILAfiE AR IZ RN, X R IR RANAE 1
FIHEAAE F R P A e 2 | e 2, 3R T8 TEMPO i3k
REINTAED 100 BEAN, ZIA N-BACT BRI FZ(NIS)

R4 PR

Table 4 Control experiments

ONa Standard condition

@

2a (2 equiv.)
©)\/ E Ts—O0-N ) |
T |
(R i
Reaction conditions Yield/% of 3aa
Standard condition 81
No Iz 0
NIS (3 equiv.) instead of I 73
NIS (4 equiv.) instead of I 68
Under Nz atmosphere 76
Add TEMPO (3 equiv.) Trace

© 2022 Chinese Chemical Society & SIOC, CAS
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AR E 70 TS, 3aa PRI A E =&, &
AR IR AL T B 2 A A R i R R 4. SR T E 14
RMNIREYTRMERZ S S 7T 0GR,
DATE FR AN BS54 N HET 7R, S8R A i =
N HEA BRG], AT DHEWNZ R RS FEAN KA RS
5.

(Rl IR Ee s i S 30 i kAl b, $R HH 71X — S
T BEAEAE R N ALEE, U0 Scheme 3 fiTzn. B 4G, £ L Y
MEACAE TR, 0 BE R Tl e 5 A s 7 7 A Tk P L 47
HR AR TR Nal. B TREBERLL 2 R A R e, R KR
AR BRI L B 2 TR b3, mt e
A G 7S 2B S5, g T OB O e e %o P 2R T it R 4,
SCHL TR PEEACA. AR H RS RS EK
A AR B I B I s e RIS AT Rk B S, S R T
BRI R IR B IS L 825, Wk H i
BB —ANEE HEEROEE AR TV, %0 a)
RAEHAR AR 2 H b4 3a.

2 Zhig

o7 FHY R B 1 O S L HEAR AR, > B R A D S TN
7, LRt S A EURH o- K dE L)E R B R 5 7 2 W
FRANE H R N, RAS T2 PR RIFH) N-RLR
IR B-REIE AR R H AL &), 2076 S CARER
TR, N R IE i I SR AEAL T, A AR T A,
PRI PR A, R E FE

3 SCIGER4y

EE S

R 3 PRA: SR A BRUKER /A @] Mercury-Plus 600
MHz 1 150 MHz FI#Z i 3E4R 1, CDCls 1 A 7, TMS
AR, PR BE A ZAB-HS XU A = 4 HR i AL
BAUE IS AR TAER A PR A F AR = 1) XT-5
EARUE SE N, RERELIE.

TR R 2 ENTAROW B R S T RER T R A R A
A AL ER(200~300 NI H RETH R

3.1

self- coupllng

S \ONa |2

Ts
9(\(\/8% H Ts
/f B o -
N
o n© 1l v
Tol— s [

k. 2R CEES N T, W KT R AR
A7 BURIE LIS 1,2- R HTE, SE. BUE
AR AN X = 5 e Bk Ik 0 e 1 2 B 2545 R i 5 43 bt
afi, {8 AT JC R AL B

3.2 BHEMEBRNERSE

] 10 mL R RN 2022 %(0.2 mmol).
75 B EN(0.4 mmol) I (10 mol%)FHXL = 48 FH e ik
B P R%(0.1 mmol), FEIIA 2 mL ZEEERNET, n#iE
40 C, e 4~6 h. B PBIRR 2 TR A A,
F AL A (200~300 BD)ENT 3 LR L B8/
Bk, V. V=1 :2), WaakrZBEmiR, 15374.

(2)-1-2K F-2- F 2R Pk JL 205 1% (3aa): 1 €00 3] 44
44.28 mg, ;=% 81%. m.p. 112~114 C (lit."8 116.0~
118.0 °C); 'H NMR (400 MHz, CDCl;) &: 7.81 (d, J=8.4
Hz, 2H), 7.44 (d, J=6.8 Hz, 2H), 7.40 (d, J=7.2 Hz, 1H),
736 (d, J=6.4 Hz, 2H), 7.27 (d, J=8.0 Hz, 2H), 6.03
(br's, 2H), 5.05 (s, 1H), 2.39 (s, 3H); '*C NMR (150 MHz,
CDCly) d: 156.2, 143.0, 141.6, 136.9, 130.7, 129.6, 128.9,
126.3, 126.0,91.9, 21.5.

(2)-1-(4-F 2R 58)-2- FE R T o 55 2. ) Jiz (3ab): 24
mmik, 44.26 mg, P7E 77%. mp. 125~127 C (lit.”?
106~108 C); '"H NMR (600 MHz, CDCly) o: 7.82 (d,
J=8.3 Hz, 2H), 7.35 (d, J=8.2 Hz, 2H), 7.28 (d, J=8.0
Hz, 2H), 7.17 (d, J=8.0 Hz, 2H), 5.92 (br s, 2H), 5.08 (s,
1H), 2.41 (s, 3H), 2.35 (s, 3H); 3C NMR (150 MHz,
CDCly) d: 156.0, 142.9, 141.7, 141.1, 134.1, 129.5, 126.1,
126.0,91.8, 21.5, 21.3.

(Z)-1-(4-HU T FEFKIE)-2- F 2R B 5k 2 2,4 1% (3ac):
HEE A, 52.05 mg, % 79%. m.p. 120~122 C
(1it.35) 136~138 °C); 'H NMR (600 MHz, CDCl) 5: 7.81
(d, J=8.4 Hz, 2H), 7.39 (s, 4H), 7.27 (d, J=7.8 Hz,
1H), 5.95 (br s, 2H), 5.08 (s, 1H), 2.40 (s, 3H), 1.29 (s,
9H); '3C NMR (150 MHz, CDCls) 6: 156.0, 154.3, 142.9,
141.7, 133.9,129.5, 126.0, 125.9, 125.8, 91.7, 34.8, 31.1,
21.5; HRMS (ESI) caled for C1oH24NO,S [M+H]"

NH,
1S

3a

BR3 Gl Z-p-aIE LA I (1 P REALEE

Scheme 3 Possible mechanism for the synthesis of Z-f-sulfonyl enamines
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330.15223, found 330.1522.

(Z)-1-(4- A0 B O 0k )-2- R DR il Tk 5 2 445 i (3ad):
Ak, 3944 mg, 7% 65%. mp. 117~119 C
(1it."¥1 115~116 ‘C); 'H NMR (600 MHz, CDCls) 6: 7.82
(d, J=8.3 Hz, 2H), 7.40 (d, J=8.9 Hz, 2H), 7.27 (d, J=
8.0 Hz, 2H), 6.87 (d, J=8.9 Hz, 2H), 5.90 (br s, 2H), 5.05
(s, 1H), 3.80 (s, 3H), 2.40 (s, 3H); '*C NMR (150 MHz,
CDCls) d: 161.6, 155.7, 142.9, 141.8, 129.5, 127.7, 125.9,
114.2,91.3,55.4,21.5.

(Z)-1-(3- F B 2R 55 )-2- FHY R A Tt 5 2 05 ¥ (3ae):
K, 34.49 mg, 7% 60%. m.p. 124~126 C (lit."®
138~139 C); 'H NMR (600 MHz, CDCl3) d: 7.82 (d,
J=8.3 Hz, 2H), 7.28 (d, J=8.4 Hz, 2H), 7.24 (dd, J=8.1,
7.0 Hz, 4H), 5.97 (br s, 2H), 5.07 (s, 1H), 2.40 (s, 3H),
2.34 (s, 3H); 3C NMR (150 MHz, CDCls) 6: 156.3, 143.0,
141.7, 138.8, 136.9, 131.5, 129.5, 128.8, 126.9, 126.0,
123.4,92.0,21.5,21.3.

(2)-1-(2,5- — F 3 2 5 )-2- B 2 s 5 3k 2045 i (3af):
WA E A, 37.37 mg, 5% 62%. m.p. 128~130 C; 'H
NMR (600 MHz, CDCl3) 6: 7.82 (d, J=8.2 Hz, 2H), 7.29
(d, J=8.2 Hz, 2H), 7.05 (d, J=3.3 Hz, 2H), 7.00 (s, 1H),
5.97 (br s, 2H), 4.74 (s, 1H), 2.42 (s, 3H), 2.26 (s, 3H),
2.22 (s, 3H); 3C NMR (150 MHz, CDCls) 6: 156.7, 142.9,
141.8, 137.0, 135.5, 131.8, 130.6, 130.1, 129.5, 128.2,
125.9, 93.2, 21.5, 20.7, 18.7; HRMS (ESI) caled for
C17H20NO,S [M+H]" 302.12093, found 302.1209.

(2)-1-(4-FR 2R JE )-2- R T G 2 2007 1 (3ag): F 1
g, 3496 mg, FE 60%. mp. 122~124 C (lit.”
122~123 ‘C); 'H NMR (600 MHz, CDCls) §: 7.81 (d,
J=8.3 Hz, 2H), 7.44 (d, J=3.6 Hz, 2H), 7.28 (d, J=8.3
Hz, 2H), 7.04 (t, J=8.5 Hz, 2H), 5.95 (br s, 2H), 5.02 (s,
1H), 2.40 (s, 3H); 3C NMR (150 MHz, CDCls) §: 164.9,
163.2, 155.0, 143.2, 141.4, 129.9, 129.6, 128.4, 126.0,
116.1,115.9,92.5,21.5.

(2)-1-(4- AR FE)-2- R i Bk Jk 2,045 [#% (3ah): 1 £
il A, 37.55 mg, F=% 61%. mp. 116~118 C (lit.”
118~119 °C); '"H NMR (600 MHz, CDCl3) 6: 77.82 (d,
J=8.2 Hz, 2H), 7.35 (d, J=7.4 Hz, 1H), 7.31 (d, J=7.5
Hz, 1H), 7.28 (d, J=8.1 Hz, 3H), 7.24 (d, J=7.6 Hz,
1H), 5.97 (br s, 2H), 4.80 (s, 1H), 2.40 (s, 3H); 3C NMR
(150 MHz, CDCls) §: 153.9, 143.1, 141.3, 136.0, 131.6,
130.8, 130.2, 129.7, 129.5, 127.0, 126.2, 94.2, 21.5.

(Z)-1-(4-1R K F)-2- I 2R T e B 20 i (3ai): i
1, 40.01 mg, 7*F 57%. m.p. 125~126 C (lit.'"81 121~
122 °C); 'H NMR (600 MHz, CDCl;) §: 7.80 (d, J=8.3
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Hz, 2H), 7.50 (d, J=8.6 Hz, 2H), 7.32 (d, J=8.6 Hz, 2H),
729 (d, J=8.0 Hz, 2H), 5.93 (br s, 2H), 5.05 (s, 1H),
2.41 (s, 3H); 3C NMR (150 MHz, CDCls) 6: 154.8, 143.2,
141.3,135.9, 132.1, 129.6, 127.9, 126.1, 125.0, 92.9, 21.5.

(2)-1-(3- T A 3 )-2- FH IR T e 2 2065 % (3aj): 1 (1
il 1A, 33.80 mg, F5% 58%. m.p. 133~134 C (lit.'®
132~133 ‘C); '"H NMR (600 MHz, CDCl3) J: 7.80 (d,
J=7.9 Hz, 2H), 7.34~7.31 (m, 1H), 7.28 (d, J=8.0 Hz,
2H), 7.24 (d, J=7.8 Hz, 1H), 7.14 (d, J=9.5 Hz, 1H), 7.10
(t, J=8.3 Hz, 1H), 5.99 (br s, 2H), 5.06 (s, 1H), 2.40 (s,
3H); '3C NMR (150 MHz, CDCls) 6: 163.5, 161.9, 154.6,
143.3, 141.3, 139.1, 130.7, 129.9, 129.6, 128.5, 126.0,
122.1,117.7,117.5, 113.7, 113.5, 93.1, 21.5.

(2)-1-(3- 1R K 55)-2- 2R T ok 5 2 075 B (3ak): 3 (1
[E4A, 56.16 mg, =& 80%. m.p. 130~131 C; 'H NMR
(600 MHz, CDCls) 0: 7.79 (d, J=8.3 Hz, 2H), 7.57 (t, J=
1.8 Hz, 1H), 7.52 (d, J=8.0 Hz, 1H), 7.37 (d, J=7.8 Hz,
1H), 7.28 (d, J=8.0 Hz, 2H), 7.22 (t, J=7.9 Hz, 1H),
5.97 (br s, 2H), 5.02 (s, 1H), 2.40 (s, 3H); 3C NMR (150
MHz, CDCLy) 0: 154.4, 143.3, 141.2, 138.9, 133.6, 130.5,
129.6, 129.4, 126.1, 125.1, 122.9, 93.1, 21.5; HRMS (ESI)
caled for C;sH;sBrNO,S [M+H] " 352.00014, found
352.0001.

(2)-1-(4- =% JE A% 3k )-2- F SR T I 22 2046 % (3al):
B E AR, 3891 mg, P7FE 57%. mp. 108~109 C
(1it.221 108~109 °C). '"H NMR (600 MHz, CDCl;) J: 7.80
(d, J=8.1 Hz, 2H), 7.61 (d, J=8.3 Hz, 2H), 7.57 (d, J=
8.3 Hz, 2H), 7.29 (d, J=8.1 Hz, 2H), 6.04 (br s, 2H), 5.07
(s, 1H), 2.40 (s, 3H); '*C NMR (150 MHz, CDCls) o:
154.4, 143.4, 141.1, 140.4, 129.7, 126.9, 126.1, 125.9,
93.6, 21.5.

(2)-1- 7% 5 2- K T I & 2,0 B (4ab): [ 0 & A,
39.42 mg, FEE 76%. m.p. 104~106 C (lit.2%) 117~
119 “C); '"H NMR (600 MHz, CDCls) d: 7.94 (d, J=7.2
Hz, 2H), 7.53 (d, J=7.4 Hz, 1H), 7.49 (t, J=7.5 Hz, 2H),
7.45 (d, J=17.0 Hz, 2H), 7.42 (d, J=7.4 Hz, 1H), 7.37 (t,
J=7.5 Hz, 2H), 6.03 (br s, 2H), 5.08 (s, 1H), 4.73 (s, 1H);
13C NMR (150 MHz, CDCL3) d: 156.5, 144.4, 136.9, 132.3,
130.8, 129.2, 128.9, 128.5, 126.3, 125.9.

(2)-2-(4-FU T FE BRI )-1- 7K 3 2 0% % (dac): A
Bk, 4479 mg, % 71%. mp. 118~119 C; 'H
NMR (600 MHz, CDCL3) : 7.86 (d, J=8.6 Hz, 2H), 7.49
(d, J=8.6 Hz, 2H), 7.46 (d, J=7.1 Hz, 2H), 7.41 (s, 1H),
7.37 (d, J=17.8 Hz, 2H), 5.99 (br s, 2H), 5.08 (s, 1H), 1.32
(s, 9H); '3C NMR (150 MHz, CDCly) §: 156.1, 141.5,
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137.0, 130.7, 128.9, 126.3, 125.9, 125.8, 92.1, 35.1, 31.1;
HRMS (ESI) caled for Ci1sH2,NO,S [M+H]316.13658,
found 316.1366.

(2)-2-(4- FVR JE B 222 )-1- 3k 25 i (4ad): 1A
ik, 36.46 mg, P7F 63%. mp. 131~134 C (lit.?
121~123 “C); '"H NMR (600 MHz, CDCl3) J: 7.87 (d,
J=8.9 Hz, 2H), 7.45 (d, J=7.0 Hz, 2H), 7.41 (d, J=7.4
Hz, 1H), 7.36 (t, J=7.4 Hz, 2H), 6.95 (d, J=8.9 Hz, 2H),
5.93 (br s, 2H), 5.08 (s, 1H), 3.84 (s, 3H); 3C NMR (150
MHz, CDCl) 0: 162.7, 155.6, 137.0, 136.4, 130.7, 128.9,
128.1, 126.3, 114.1, 92.8, 55.6.

(2)-2-(2,4,6- — F BL IR T L 2L )- 1- R 3 20 iz (d4ae):
B E R, 40.99 mg, FEFE 68%. mp. 131~133 C
(1it.B2 90~92 C); '"H NMR (600 MHz, CDCl3) &: 7.46
(d, J=7.1 Hz, 2H), 7.41 (d, J=7.4 Hz, 1H), 7.36 (t, J=7.4
Hz, 2H), 6.93 (s, 2H), 5.93 (br s, 2H), 5.06 (s, 1H), 2.68 (s,
6H), 2.28 (s, 3H); '3C NMR (150 MHz, CDCls) §: 154.8,
141.8, 139.1, 137.5, 137.4, 131.9, 130.5, 128.9, 126.3,
93.7,22.7,20.9.

(2)-2-(4- TR HE T 0 5 )-1- 2 I 2,05 1 (daf): 25 (00 [
14, 33.80 mg, 7&K 61%. m.p. 146~148 C (1it.’? 62~
63 ‘C); "H NMR (600 MHz, CDCl;) 0: 7.94 (d, J=1.8 Hz,
2H), 7.45 (d, J=8.2 Hz, 2H), 7.42 (d, J=7.4 Hz, 1H), 7.37
(t, J=7.8 Hz, 2H), 7.15 (t, J=8.6 Hz, 2H), 6.07 (br s, 2H),
5.05 (s, 1H); 3C NMR (150 MHz, CDCl3) J: 165.8, 164.1,
156.7, 140.6, 130.9, 129.0, 128.6, 126.3, 116.2, 116.0,
91.5.

(Z)-2-(4- F ORI I 5 )- 1 - IR I 2075 i (dag): 15 E4 [
14, 28.79 mg, F*F 49%. m.p. 127~129 C (lit.B? 128~
130 “C); '"H NMR (600 MHz, CDCl3) §: 7.87 (d, J=8.6
Hz, 2H), 7.47~7.43 (m, 5H), 7.38 (t, J=7.4 Hz, 2H), 6.03
(br s, 2H), 5.05 (s, 1H); 3C NMR (150 MHz, CDCl;) ¢:
156.9, 143.0, 138.7, 136.7, 131.0, 129.2, 129.0, 127.5,
126.3,91.3.

(Z)-2-(4- TR R R I 5k )-1- R Bk 20 Jfz (4ah): €5 4
&, 4329 mg, 7% 64%. mp. 132~134 C (lit.”?
149.5~150.5 ‘C); '"H NMR (400 MHz, CDCl3) &: 7.79 (d,
J=8.6 Hz, 2H), 7.61 (d, J=8.7 Hz, 2H), 7.44 (t, J=7.4
Hz, 3H), 7.38 (d, J=7.1 Hz, 2H), 6.04 (br s, 2H), 5.04 (s,
1H); 3C NMR (150 MHz, CDCl3) 0: 157.0, 143.5, 136.6,
132.2,131.0, 129.0, 127.6, 127.2, 126.3, 91.1.

(2)-2-(2,4- E BRI IL)-1- 5L 207 14 (4ai): T4
[E4A, 39.38 mg, & 60%. m.p. 120~122 C; 'H NMR
(600 MHz, CDCl3) 6: 8.11 (d, J=8.5 Hz, 1H), 7.50 (d, J=
2.0 Hz, 1H), 7.47 (d, J=7.1 Hz, 2H), 7.44 (d, J=7.4 Hz,
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1H), 7.41~7.36 (m, 3H), 5.49 (br s, 2H), 5.10 (s, 1H); 13C
NMR (150 MHz, CDCly) o: 158.4, 139.8, 138.8, 136.8,
133.7, 131.4, 131.0, 130.5, 129.0, 127.2, 126.4, 88.3;
HRMS (ESI) caled for Ci4H;Cl,NO,SNa [M + Na] *
349.97798, found 349.9779.

(2)-2-(4- = 30 T 2 2R M I 228 )-1- K 2L 205 % (4aj):
T E K, 44.52 mg, F% 68%. mp. 116~119 C; 'H
NMR (600 MHz, CDCL3) 6: 8.06 (d, J=8.4 Hz, 2H), 7.75
(d, J=8.2 Hz, 2H), 7.45 (dd, J=8.4, 6.9 Hz, 3H), 7.38 (t,
J=7.5 Hz, 2H), 6.08 (br s, 2H), 5.06 (s, 1H); 3C NMR
(150 MHz, CDCLy) 6: 157.7, 147.9, 136.5, 131.1, 129.0,
126.4, 126.4~126.0 (m), 122.4, 90.3; HRMS (ESI) calcd
for C1sH13FaNO,S [M+H]" 328.06136, found 328.0614.

(Z2)-2-(2- 1 1y Ttf Pt 225 )~ 1- 2K 2 2,0 i (4ak): 3% €00 [
&, 34.32 mg, 7&K 68%. m.p. 96~99 ‘C; 'H NMR (600
MHz, CDCL) d: 7.63 (d, J=2.5 Hz, 1H), 7.53 (d, J=5.0
Hz, 1H), 7.46 (t, J=6.0 Hz, 2H), 7.43 (d, J=7.4 Hz, 1H),
7.38 (t, J=7.4 Hz, 2H), 7.05 (dd, J=4.9, 3.8 Hz, 1H), 5.99
(br s, 2H), 5.18 (s, 1H); 3C NMR (150 MHz, CDCls) &:
156.4, 146.4, 136.6, 131.3, 130.9, 130.5, 129.0, 127.4,
126.4, 92.5; HRMS (ESI) caled for Cj,H;,NO»S, [M+H]"
266.03040, found 266.0301.

3.3 B-FiiH 5~9 A —R B

I N SRR IMNEE A B-f I ) 40,2
mmol), 7EZ% i FIdR. X152 IR & kAT i JEF K
4, SR JE FRERCEEAT FEIR JZ A alifb (A ik OB 1,
Viv=4:1).

2-(4- F SRR R SE )-1- 2K 3 4| (5): & falEl 44, 26.79
mg, 2% 49%. m.p. 102~103 C (lit.?” 102~104 C);
'H NMR (400 MHz, CDCl3) 6: 7.94 (d, J=8.3 Hz, 2H),
7.75 (d, J=8.3 Hz, 2H), 7.61 (t, J=7.4 Hz, 1H), 7.47 (t,
J=17.6 Hz, 2H), 7.32 (d, J=8.3 Hz, 2H), 4.71 (s, 2H), 2.43
(s, 3H); 3C NMR (150 MHz, CDCly) §: 186.5, 145.5,
135.6, 132.2, 130.0, 128.4, 126.0, 116.0, 63.7, 21.7.

2-(4-F 2RI I 32 )- 1-(4- FH L) 2l (6): 1 £ [T 44K
4091 mg, P& 71%. mp. 127~128 C (lit2" 125~
127 “C); 'H NMR (600 MHz, CDCLy) &: 7.84 (d, J=38.4
Hz, 2H), 7.75 (d, J=8.4 Hz, 2H), 7.32 (d, J=7.8 Hz, 2H),
7.27 (d, J=7.8 Hz, 2H), 4.68 (s, 2H), 2.43 (s, 3H), 2.41 (s,
3H); '3C NMR (150 MHz, CDCl;) 6: 187.6, 145.5, 145.2,
135.8, 133.4, 129.8, 129.5, 128.6, 63.5, 21.8, 21.7.

2-(4- F R BB I 2L )-1-(4- SR I8 (7). 1 BT AR,
36.35 mg, °FE 59%. m.p. 136~138 C (lit.2" 118~
119 °C); 'H NMR (600 MHz, CDCl3) d: 8.00~7.98 (m,
2H), 7.74 (d, J=8.4 Hz, 2H), 7.33 (d, J=7.2 Hz, 2H),
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7.16~7.13 (m, 2H), 4.67 (s, 2H), 2.44 (s, 3H); 3C NMR
(150 MHz, CDCls) J: 187.0, 145.5, 141.0, 135.6, 134.1,
130.7,129.9, 129.2, 128.9, 128.5, 63.7, 21.7.

2-(4- PSR R R R IR 228 )-1- K 3 T (8): ¥ (0[] 44k,
37.13 mg, FE 64%. m.p. 102~104 C (1it>7 103~
105 C); '"H NMR (600 MHz, CDCls) d: 7.92~7.90 (m,
2H), 7.79~7.76 (m, 2H), 7.60~7.57 (m, 1H), 7.44 (t, J=
8.7 Hz, 2H), 6.96~6.94 (m, 2H), 4.70 (s, 2H), 3.84 (s,
3H); *C NMR (150 MHz, CDCl3) J: 188.3, 164.1, 135.7,
134.2,130.8, 130.2, 129.2, 128.8, 114.3, 63.7, 55.7.

12K BE-2-(2-MEWy B R 56 ) £ W (9): 1 A i 44, 23.97
mg, %% 45%. mp. 109~110 C (1itP¥ 1325~
133.4 C); '"H NMR (600 MHz, CDCl;) 6: 7.94 (dd, J=
8.4, 1.2 Hz, 2H), 7.73 (dd, J=5.1, 1.2 Hz, 1H), 7.69 (dd,
J=3., 1.2 Hz, 1H), 7.64~7.61 (m, 1H), 7.51~7.46 (m,
2H), 7.13 (dd, J=5.1, 3.9 Hz, 1H), 4.82 (s, 2H); '*C NMR
(150 MHz, CDCl3) 6: 187.8, 135.5, 134.95, 134.4, 129.2,
128.9, 127.9, 64.3.

44 Bh#4 £l (Supporting Information) X547 3~9 1) 'H
NMR, '*C NMR, "°F NMR f1 HRMS . X844kl n] L
G, % MASTI] 9 3 (http://sioc-journal.cn/)_F R %K.
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