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Formal [2+ 1] Annulation of Thiazoles and Stable Sulfur Ylide

Wan, Hongwei Yu, Jian

Yang, Shoushan

Du, Guangfen™ He, Lin

(School of Chemistry and Chemical Engineering, Shihezi University, Shihezi 832000)

Abstract Thiazolones underwent formal [2-+ 1] annulation with stable sulfur ylide to construct cyclopropane-fused
spiro-thiazolone derivatives in 30%~99% yields with good diastereoselectivity.
Keywords thiazolones; sulfur ylide; annulation; spiro-cyclopropane

TEN— SR E R R L BT, WEMAT 2 A7 E T
RIRF=H AR & BA WS A L & 4 rh ) e
N EIPNCIRYRTE i & L S R s b R % SN
F EL NG R B Fevh — R B e 2 L e &
LR, A AR T KRS EIEAE Y It 25
Yoyt REELEYIRIEIL R PR, JURTE. 5T
BFVENERL 53— 5T, AE AR ANRIR IR A b, TR
JTZAAET R BAEYIE R LT MZ5)
oy 7Bl IR ot B I 25 R R EBOR K B 5K 4y, vk
RESIURE, EAHLA HOMIBS 25 10 2 BN T 2. 3RATTRE
AE, R LR MBI IA A o 19 A £ 1) R el T R A
ZEEEk, A EGTIRIAIBEEE I R A, XK
i B - E R YERER. w1 R,
Y a RISk R L SRR DL K e B
A BRI S BT W1 I PLRETE, (e a b 2 —3R000
=, FTVF 2 e EAT A g M AR ) A S ) B 1 v 2
FOCRMHRE A WEY ¢ BB SV b
& AEY d AT T RURR . B sk HA w1
P R GRES,

B T 4 #41f) Simmons-Smith J M4k, i 4 JE 1L
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N~ cHo ZS—P
Ph Bn N
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B 1 R
Figure 1 Thiazolone derivatives
) B UL A AL [BE . Michael TS| R R RIS
A PN T HEA B3R P e A e I A et 5 T S48 1) 34
A 52 L35 P A 80K SFURB R D e 4 A B ). B S A
N—REEREHT, ERBAALE AL b
&P T TR IR T2 R Y, R P S
U e R A e A S LRI ST AR R AL 2014 4R,
Zhou VA HRE, 7 B AR W m] LA R
BRI LA R, DART 20 0 1 BAEXT Bis 438 14 43 21
AP BEATEY), H R BAT BLSOK 1 58 2% A 2E 47
(Scheme la). ilr, Lin /NPT Fan /NN V3 5118057 4
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T8 YK IR S S LA [2 + 1 IR B, B
PRF5 0= 20 d.rAE15 2] 2 PSR N 42 72 ) (Scheme 1b).
Fan 224K 7 PR L IR A B Ak SR, AT B
81%I1 ee (E 15 BN FAEF=H. Xu IR Li /NA
2155 SR8 7 FRARANBEIRER ML 48 5 2,3 BRILE g A7
A I R TR ER TS S AL R B, W MRS ) d.r B 15 31
trans N T HIZIR = 9)(Scheme 1c¢). Li /N it X akiE
| R AT A ) = BRI R S AR E B LA R[22+ 1]

(a) Zhou's work

R/
% R2
~g~ K,CO;
+ k Brm- ——— > PR
R N

(b) Lin and Fan's work

o
+ | -
~g~ - base t-Bu Bu-t
X -
COR,
R TCOR,
(c) Xu and Li's work o
R']
\ 0 N~
base .
COR, 5
CoR?
(d) Li's work
BN (o] 2
+ COR
\S/L . base
k Br
2 N
COR { i
PG
(e) Liu and Feng's work
R'OC
@\/L Chiral N,N'-dioxide
- T .
Mg(OTf),
“NR2
(f) This work
o) S
. \ _//
';‘ . ~g~ base /E EW
el (B T T a2 /q'
EWG
Ar'

B 1 IR R AR 2 B H SLAE R RIA T e A S 7
Scheme 1 Spiro-cyclopropanation of trisubstituted alkenes and
stable sulfur ylides
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IR R, mirege. mis ek a e T — RYVRI A b
P=4)(Scheme 1d). S A B, Liu Al Feng!' 53
EAF &R T N,N-dioxide/Mg(OTH), 4 &4 AL,
J By S TR T M| PR K TR 77 25 40 PR 0 0 5 BROIR TS P ST 4 £
XS FRRUEI Bl B, LAETS I ee H 1S 2IAHBIRIR
F=¥)(Scheme le). MEMEERFTAE (1)) Kt — S H B 43R
AR R, AT 2 Rl AR R[4+ 2] (4431530
RS, 15 BIEE IR AT AU, BT IRAT R I R
£ R S48 5 S FARFF e, BRATIHE, v A7 e T
DL 5 FaE MR I S R A TE SR 2+ 1R R B, F3R
WREA A e IE P P2 ) (Scheme 11).

1 GRS

WR 1 FIR, BB LA AT A 1) )8 1a 55
JE BRI A 2a jjffﬁifﬁ% X} RS A AT T AL
TETK &R F, L Cs,COs AT, &l N v 1
h EPRTEL 99%9’\1#%%11 411 1 drf3EIHUY) 3a
(Entry 1). 7TESLEEAN b, X HAREFIEEAT T ik, 4%

R RPBEIFRRAL

Table 1 Optimization of reaction conditions

o Ph)—s COLE
N base 7\ 2Ft
e - eercon e N
Ph Me Br O Ph
1a 2a 3a
Enter  Base Solvent 7/C  th Yield% drc
1 Cs,CO; DCM r.t. 1 99 4:1
2 Cs,CO; THF r.t. 1 98 5:1
3 (Cs,CO; 1,4-Dioxane r.t. 1 98 33:1
4 Cs,CO; Toluene r.t. 1 99 8:1
5 Cs,CO; CH3CN r.t. 1 98 33:1
6 Cs,CO; DMF r.t. 18 78 201
7 Cs,CO; DMSO r.t. 24 — —
8 (Cs,CO; CH;0H r.t. 18 77 201
9 Cs,CO3;  n-Propanol r.t. 0.2 96 301
10 Cs,CO; H,O r.t. 24 — —
11 Na,CO; Toluene r.t. 24 — —
12 K,CO; Toluene r.t. 24 — —
13 Ki3PO, Toluene r.t. 24 — —
14 NaOH Toluene r.t. 1 98 351
15 KOH Toluene r.t. 1 98 331
16 EN Toluene r.t. 24 — —
17 DIPEA  Toluene r.t. 24 — —
18 DBU Toluene r.t. 24 — —
19 C,HsONa Toluene r.t. 12 80 501
20 Cs,CO; Toluene —15 36 76 911
21 Cs,CO;  Toluene 80 1 96 301

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (0.10mmol), 2a (0.15mmol), solvent 1.0 mL, base
(0.15mmol); * isolated total yield of two diastereomers; © d.r. (syn,antilanti,
anti) was determined by "H NMR analysis of the crude reaction mixture.
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BoR, TEVU AR A SN, N AT R]EAT, BA
PRF5 (7= RN i R P 145 2 B AR =9 (Entries 2, 3).
L0 IR AVEFRIRS, TR L 99% =R 8 & 1 ) d.rfg
Z|Hbrr=¥) 3a (Entry 4). 1ESREEFICTEF, LL98%
P22 3.3 11 1 drf3 3] BARr=Y)(Entry 5). 2R, LA
DMF R¥EFHIRT, RBIF=2F dr38) & T FF(Entry 6);
DL HOERCAE AN, RS2 B brr=Y)(Entry 7). 4%
JSLTE SR VA7 R AT, ATRL 80% MU= 2 1 1
() d.rf3%] 3a (Entry 8). 4 MNIEFINIEAEER, M
FERAM dr ¥ E R (Entry 9). {HE, 4L H,0 NIEFH
I, NAEASEIAI N = Y)(Entry 10). BEJE, DL NV,
TAVERT & FRITCHURANE HLREEAT 752 Hr, 500
PERI AU, T Na,COs. KoCOs. KiPO, ABEME#EIZ

N 3E4T (Entries 11~13); 38 A FCHLHK NaOH 8¢ KOH
AIBRME I R B R A, DARTS B r= 2 N = 1 dore A9 3
IZIR =4 3a (Entries 14, 15). & WA PR, W= 2%,
T RN 1,5- R84 I [5.4.0]1+—/%-5 (DBU)
ANBEATE SN 34T (Entries 16~ 18); safgi: i) Z B4 AT
IR 3 e ST, LA 80%[1I =28 A0 5 1 1 1) d.rnf3 %] 3a
(Entry 19). PLHZAER, Cs,COs B, BRI SN
£—15 CHy, RMNINAFELEKSE 36 h, AJTLL 76%[H)
FERG R BARTEY, dri i UFHEE 80 Cl M
I, d.r[%49 3 © 1 (Entries 20, 21).

TERE T BRI [ B 2% 1 J5 (Table 1, Entry 4), £
RS S N IR E T REAT TR, S RSETER 2 .
5 2a 500, HARFR 2 BB AL A8 2by 2¢ A1 2d AT

K2 RV G

Table 2 Evaluation of substrate scope

0 .
Br
N S
A . Rligmggm S0 IS OOR
AN S 2 toluene, r.t. T
Ar? ‘. R? O| :
1 2 Ar’
3
Entry 1 2 Product Yield”/% d.r.
Ph
. 0 Me S COEt
_S*__CO,Et N v
1 /[/&:\ Me™ > Y 99 8:1
Ph7ST py Br O ph
1a 2a s
a
° Ph
M
N éf CO,Et r:F SVCOZB
2 o= w T 70 71
Ph™ 7S pp Br O ph
1a 2b 3
a
Ph
o)
N I\S(Ie CO,Bu-t IS e
e u- .
3 )= Me™>>~>2 NT[“V 60 3311
Ph S Ph Br 5 S
1a 2c 3b Ph
o Ph
N e Y-S ,CO.Bn
4 /&s — yio S CO2BN va 64 411
Ph Ph Br o :
1a r 3¢ Ph
2d
Ph
O C\ o S COsEt
N JEt N v
; i e ¥ !
Ph S Br 2
Ph O Ph
1a 2e 3
a
Ph
O L oo S COsEt
N HEt N v
; i e ¥ w
Ph™ "S  pp Br O ph
1a 2f s
a
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Entry 1 2 Product Yield”/% d.r.
0 Ph
N @ CO,Et S0
7 M )= ~ NT“V 90 6:1
Ph S Ph Br 5 B
1a 2g 3a Ph
Ph
0
N C\ CO,Bu-t IS comBut
~2 N_ .
8 M= - jv 95 6:1
Ph S Ph Br | =
1a 2h 3b Ph
0 Ph
N C\g/cozsn ,\?/_ S AC0En
9 I )= i T 96 81
Ph” S Ph Br B
1a 2i o 3¢ Ph
EtO,C
o Me 2
= & CO,Et S\A.
10 Ny Me”™ ™ "~ Ph— : 95 6:1
) S cl Br N"Ng cl
Ph 1b 2a 2
EtO,C
“ S*__CO,Et S\A
11 N Me”™™ "2 Ph— = 83 451
yS F Br N
Ph 1 2a o F
c 3e
EtO,C
(0] IYIe 2
Z _S*__CO,Et S\A
12 Ny & Me™" 727 ph—( 98 501
) Br Br N"So Br
Ph 1d 2a
3f
EtO,C
I\llle
_S* _CO,Et S\A
13 Me Erf 2 Ph— /\ ©\ 96 5:1
N
2a (3) CN
g
CO,Et
0 e 2
= S*__CO,Et S\A.
14 Ny d Me ™ ~"727 Ph—( i 98 §:1
>/ Me Br N’\\o
Ph 1f 2a 3h Me
CO,Et
o) e 2
.
S
15 Ny ~ o SACOE (T, 96 55:1
>/S Br- N
OMe 1)
PR 2a OMe
9 3i
CO,Et
o) Ve
= S
16 N g Mg~ S~ CORE! Ph—C I ™ 80 241
>/ Br NTNg
Ph 1h OMe 2a
3j OMe
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gk
Entry 1 2 Product Yield®/% d.r.
EtO,C
0 Cl |\|/|e 2 cl
= _S*__CO,FEt S\A.,
17 Ny Me™ ™72 P—( : 41 501
S Br N/\\o
. 2a
Ph 1i 3K
0 Me CO,Et
|
= _S*__CO,Et S
18 Ny 3 Me \{ 2 Ph—<\ E 87 5:1
>/ Ph Br NI
Ph 1j 2a O Ph
3l
o Ve CO,Et
|
N0 _S*__CO,Et S .
19 Ny W, M™% Ph— : ”\o 98 4511
>/s Br NNy /
Ph 2a
1k 3m
o Ve CO,Et
|
NS _S*__CO,Et S ,
20 N T Me™ =72 Ph— S 97 3311
> Br N, Ly
Ph 1 2a
3n
EtO,C
N-_O I\llle 2
c%@—( _S%__CO.Et S\A
Me” > VAV :
21 Sjg Br al < > <\ :\ Ph 85 6:1
1m Ph 2a N/\O
30
N0 Me EtO,C
|
Me—@—( S*_ CO,Et A
Me” > Sal " .
22 Sjg Br M64©_<\ E\ Ph 89 7 1
1n Ph 2a N/\o
3p
Me Ph
0 11 Y-S ,CONMe,
N Me” %™ Br N v
23 M )= 3N 65 111
Ph” °S Ph 0~ “NMe, O Ph
1a .
2j 3q
Ph
0 Me
. ' ,\?,—SVCN
24 )= Me”+™ Br 3 30 101
Ph” S CN
Ph O Ph
1a 2k
3r
(0] I\llle 0 Ph s ?
N st ! \J\Ph
25 /&ng\ Me Q_J\Ph NT\\" 80 10:1
Ph S Ph Br I H
1a 2 O Ph
3s

“ Reaction conditions: 1 (0.10 mmol), 2 (0.15 mmol), toluene 1.0 mL, Cs,CO; (0.15 mmol); ® isolated total yield of two diastereomers; ©d.r. was determined by 'H
NMR analysis of the crude reaction mixture.

A5 1a ZATEHI2+ 1L, A7 3 A ik AW B I SEAE AT DUISUR Bz, DL AP A0 dore
FEVEAS B IR e 7 ) (Entries 2~4). AGRBEAT 132 H b5/ ¥)(Entries 5~9). BiJ5E, FATLL 2a Jyfiirt 37
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MR

TEFTAR, XTHEMAR IR GEAT 7B 5. GiRRY, MR
TG b T B SR A, S RTR ,
PAARF5 (7= S RN i I 5 2 AF L (R 3A P2 ) (Entries
10~15). M2 5 8 1 [ A7 /& FR AR, AT LA 80%
FH2.4 18 drf33) 3j (Entry 16). 1 2445555 B4R
b BEARE T, PR EN 41%, dry 501 (Entry
17). BERHURAIEMR I AT 5 22 ], BL 87%MH) 7= %
A5 1/ d.r 45531 (Entry 18). R F1EELy 2% IR EUAR )
WA IR 73 )5 2a [ROBE, BT E B AT B A R IRER
PIKEF=Y) 3m #1 3n, d.rsr il 4.5 01 133 11 (Entries
19, 20). SZIGZERIAR I, VEMIGEE 2-17 75 3 HiER i
F - Bl B0 S R R Z R dLr 351G B R s e
(Entries 21, 22). X RAX B IZFIRAR AT A= i
SEZ SRR R BT SR, R 2j SR
(BRI STAB AT IR e A B, BL 65% 7= 215 21 H Ax
PV, BN dr 9 10 152Kk 5 1a BRI R, PR 3r
(7= A 30%, {2 d.r 849 10 1 (Entries 23, 24). o-
TRARK CERATAE (BRI SLAB AT 21 7T 5 1a IR AR 36
PRE RS, B 80% =2 F0 10 & 1 [ d.rfEA53 34
3s (Entry 25).

XS 3a FERAEEAT AR, e T R EIE
SXoF gL S P A R R o A 2R (1] 210,

(16
cis) 2\ ,( )
casf /0(17)
-
\ Aqc(8)
0B
c(11)C(12) N1 COLg /
S A A™
—AN AT cONTTTO N
€19 *cg) c®) s1) Vo
a
0O(2) RO(U
C(19N
“~\C(20)
N2
\

Bl 2 3alf) X HE&SARLH
Figure 2 Single crystal X-ray structure of 3a

FA TRt AT 1 il B ROfT AR A, B, 7o) 3a ]
PAE LiOH 1EH R A 7K IR, A T3%H 77 %
301K drfER RN KRRATAEY) 4a A1 42
(Scheme 2).

R SCHR A1 AR Bt P S A5 9 TR e R A TR e AL
SR, FATHR T 0 R T RE R S Vi E§ 42(Scheme 3). fift
MALAERTAE %65 Cs,COy RNV AR E BRI LR 1,
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LiOH, r.t., 10 min
V(THF): V(MeOH): V(H,0) = 3:2:1

O co,Et
NM
R
s -
3a

73%, dr= 3:1
?  cooH ?  cooH
Y\ SN

4a' minor

AR 2 TN
Scheme 2 Derivatization reaction
1% H [B) A 5 R MR R 3T AF B M 2 A Michael JEHEAN AR
N, F3EE AR T, g —2bimnt 7 R, —
FR L 25 22, T RO ke =4
N
S
Ph)\

4a major

| Br Cs,CO5
-

_S*__CO,Et ~

?"/\COZEt
I

Q) Ph
N Ph Me,S '\?,—S COLEt
Ph)\s N\ )—CO,Et i \//.__

—s” O  Pn

o 3a

B3 SMHLE

Scheme 3 Reaction mechanism
2 g
B ok O e I T A A O U S R e R 2 AT K B
B2+ 1IME B, RIS T WA TR fe e e = 1) . %

SN BAT SR AHEAN, RN, BRI
Ja, JRAIE N B S AL

3 XIERST
31 E5EHA

'HNMR LA TMS A%, CDCLy A7, F Bruker-
DMX 400 B2 ILARACNN; WA S TR, )z
LT SR T GF254 REIGHR, AR 2
H L T 4 74(200~300 H); HAbL 2R 758
SrATal, ST RE TSR A A
3.2 XWHE
321 JRAHEG A A%

B LR FT R 2a~2k 27 SCHR[ 176 B, MEPRERZE
WA 1a~1n 25 CHR[18] A k.
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322 7-AAMKR-2,5-ZF K45 Ze-6- A2 HR[2.4] & -5-
Hii-1-3 B} TS (3a) 89 4 %,

H 10 mL [N RN ZLANF 146 20 min, il H 7
AR WG, 7 AFRE 27 mg (0.1 mmol )M M i i
la. 35 mg (0.15 mmol)fiH A=A 2a. 50 mg (0.15
mmol) Cs,CO; B TZRMEH, FMA 1.0 ml JoKH
K. AEER TR RN, H)E O (TLO)MRER R, SN
S5 5 R B 2V 7, TR s R A R AT o A5 2
34 mg AR 3a [VCAMEE) @ V(4EH=10: 1], JE
o W SRR R P A 99%..

323 4 3a b9 KRME S

H 10 mL 1B RN LA 446 20 min, il H 2
AHBFFRE, £XPEFIMA 3a (0.3 mmol, 105 mg).
# LiOH (0.3 mmol, 25 mg) A 75 IE & %5 7] THF/MeOH/
H,O (V:V:V=3:2:1,03 molL™"), f54iEi)G
GBI ANSONE H, iR N AHE 10 min, TLC B R
MR, MA—EEZMK, FIAZE(S mLX3)AH, &
BKA NN R R pH=1 B 2, ZkSEHEHE 0.5 h i
T TR AL, FTARIR A KIS R Z1E(6 mL X 2)
REL, REA NI TS K NaySO, T4, i ek
553 2R AR, BE/FINMA 0.5 mL ZFR LB
SEATVE R, TROEISIN 0.5 mL A ik, A vk B E ik
71 mg, J=F N 73%.

3.2.4 e R ATEIE

7-58R-2,5- R4 AR -6- R MR [2.4] BR-5- M- 1-
IR CTE(3a): 27.9 mg LA, B— Rk 3a, P2
80%. m.p. 133~134 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
8.16~8.09 (m, 2H), 7.67 (t, J=7.4 Hz, 1H), 7.52 (t, J=
7.8 Hz, 2H), 7.36~7.27 (m, 5H), 4.35~4.28 (m, 2H), 3.73
(d, J=7.8 Hz, 1H), 3.44 (d, J=7.8 Hz, 1H), 1.36 (t, J=7.1
Hz, 3H); "C NMR (100 MHz, CDCl3) §: 194.6, 186.1,
170.1, 134.9, 132.4, 130.7, 129.3, 129.1, 128.4, 128.3,
128.1, 62.3, 48.2, 41.0, 34.6, 14.2; IR (KBr) v: 686, 729,
771, 934, 1000, 1027, 1078, 1096, 1176, 1264, 1367, 1425,
1485, 1513, 1596, 1716, 2980, 3423 c¢cm'; HRMS (ESI)
caled for C,H;gNOsS (M + H) *352.1001, found
352.1004.

7-58AR-2,5- TR -4 A4 -6-F AR MR [2.4] R -5- 45 - 1-
R BUT BE(3b): 30.6 mg B A4, B— A4k 3b, 7=
Z 81%. m.p. 167~168 C; '"H NMR (400 MHz, CDCl,)
J: 8.13 (dd, J=8.4, 1.2 Hz, 2H), 7.66 (t, J=7.5 Hz, 1H),
7.55~7.49 (m, 2H), 7.35~7.28 (m, 5H), 3.68 (d, J=7.9
Hz, 1H), 3.37 (d, J=7.9 Hz, 1H), 1.54 (s, 9H); *C NMR
(100 MHz, CDCls) §: 194.6, 186.3, 169.0, 134.8, 132.5,
130.9, 129.3, 129.1, 128.4, 128.3, 128.0, 83.5, 48.1, 41.0,
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35.5, 28; IR (KBr) v: 686, 730, 770, 935, 1001, 1077,
1150, 1205, 1314, 1393, 1419, 1485, 1514, 1597, 1716,
2931, 2978, 3060, 3420 cm~'. HRMS (ESI) caled for
C»,H»,NO;S (M+H) " 380.1314, found 380.1318.

i, J5z = B -7- A AR -2,5- 2K 4- B A -6- AL 24 12
[2.4]5%-5-J-1-FR B2 TG (3e) AL i - 2 -7- 4% - 2,5-
TR AR -6- B A MR [2.4] BE-5- - 1- BRI R R (3e):
33 mg, A FERIK 3e Al 3¢, 775 80%. 'H NMR (400
MHz, CDCl3) 0: 8.20~8.10 (m, 2.6H), 7.72~7.65 (m,
1.3H), 7.55~7.50 (m, 2.6H), 7.44~7.26 (m, 11.8H),
7.24~7.20 (m, 0.6H), 7.13~7.09 (m, 0.6H), 5.28 (s, 2H),
5.22 (d, J=12.1 Hz, 0.3H), 5.07 (d, J=12.1 Hz, 0.3H),
3.75 (d, J=7.8 Hz, 1H), 3.52 (d, J=11.0 Hz, 0.3H), 3.49
(d, J=7.8 Hz, 1H), 3.24 (d, J=10.3 Hz, 0.3H); °C NMR
(100 MHz, CDCl3) J: 196.8 (3¢'), 194.5 (3¢), 190.7 (3¢'),
186.0 (3¢), 170.0 (3¢), 167.5 (3¢"), 135.1 (3¢"), 135.0 (3¢"),
135.0 (3¢), 134.9 (3¢), 132.4 (3¢), 131.9 (3¢"), 130.6 (3¢),
129.6 (3¢'), 129.3 (3c), 129.1 (3¢'), 129.1 (3c), 128.8 (3¢)),
128.8 (3¢), 128.7 (3¢"), 128.6 (3¢), 128.5 (3¢), 128.4 (3¢'),
128.3 (3c), 128.2 (3¢c), 128.1 (3¢"), 68.0 (3¢), 67.6 (3¢,
48.3 (3c¢), 48.0 (3¢'), 41.2 (3¢), 38.7 (3¢)), 35.2 (3¢'), 34.5
(3¢); IR (KBr) v: 686, 730, 771, 845, 909, 954, 1001, 1076,
1168, 1314, 1422, 1446, 1512, 1596, 1715, 2927, 3032,
3061, 3425 cm '. HRMS (ESI) caled for CasHyNO;S
(M+H)" 414.1158, found 414.1160.

L, 2~ 2.3 -2-(4- AR FE)-7- 58 AR -5- K I -4- B 4% - 6-
BANR[2.4) BE-5-J5- 1-FR R £, T8 (3d) FRIL, i~ 2, 5 -2-(4-
FUREL)-7- AR -5- TR I -4- 10 2% -6- B AR MR [2.4] PE-5- 05 - 1-
RIR CER(3dY): 36 mg, IREGFHIMAK 3d 1 3d', &r=%
95%. 'H NMR (400 MHz, CDCly) J: 8.20~8.13 (m,
2.6H), 7.67~7.63 (m, 1.3H), 7.53~7.48 (m, 2.6H),
7.35~7.27 (m, 6H), 7.18~7.16 (m, 0.5H), 3.81 (d, J=7.7
Hz, 1H), 3.64 (d, J=7.8 Hz, 1H), 3.37 (s, 0.6H), 3.29 (s,
3H), 3.22 (s, 0.9H), 3.09 (s, 3H), 2.98 (s, 0.9H); *C NMR
(100 MHz, CDCl5) §: 198.0 (3d'), 195.7 (3d), 191.9 (3d"),
187.1 (3d), 168.0 (3d), 165.8 (3d"), 134.8 (3d'), 134.7 (3d),
132.8 (3d"), 132.6 (3d), 131.5 (3d), 129.3 (3d), 129.0 (3d"),
129.0 (3d"), 128.6 (3d), 128.5 (3d"), 128.4 (3d), 128.3 (3d),
127.9 (3d), 49.1 (3d'), 48.9 (3d), 41.5 (3d), 40.2 (3d"), 37.6
(3d), 37.5 (3d"), 36.3 (3d), 35.8 (3d"), 35.0 (3d"), 32.9 (3d);
IR (KBr) v: 1000, 1266, 1444, 1482, 1508, 1637, 1707,
3448 cm'. HRMS (ESI) calcd for C,0HsN,0,S (M+H)"
351.1161, found 351.1163.

2-(4-FR AR I )-7- S AR -5- TR FE -4- T = -6- T AR MR [2.4]
BE-5-05-1-FR1E 2.5 (3e): 26 mg FOEA, H—FHk

http://sioc-journal.cn/ 2555



BIKE

3e, M77E 70%. m.p. 139~140 ‘C; '"H NMR (400 MHz,
CDCly) 6: 8.19~8.11 (m, 2H), 7.71~7.64 (m, 1H), 7.53
(t, J=7.8 Hz, 2H), 7.30~7.26 (m, 2H), 7.06~6.98 (m,
2H), 4.36~4.28 (m, 2H), 3.69 (d, J=7.7 Hz, 1H), 3.39 (d,
J=7.8 Hz, 1H), 1.36 (d, J=14.3 Hz, 3H); "°C NMR (100
MHz, CDCl;) 6 194.8, 186.1, 169.9, 162.5 (d, J=247.3
Hz), 135.0, 132.4, 131.0 (d, J=8.3 Hz), 129.1, 128.5,
126.4 (d, J=3.2 Hz), 115.3 (d, J=21.8 Hz), 62.4, 48.1,
402, 34.8, 142; "F NMR (376 MHz, CDCl;) &
—113.60; IR (KBr) v: 687, 743, 772, 962, 1039, 1195,
1285, 1383, 1432, 1486, 1639, 1724, 1805, 1853, 2094,
2873, 2928, 3434, 3694, 3738, 3893 cm . HRMS (ESI)
caled for CyH;;FNO;S (M + H) " 370.0907, found
370.0909.
IR, J52 — 2.3 -2-(4-R IR ) - 7- 58 AR -5- IR 3 -4- T - 6-
RANR[2.4] PE-5-0F-1-FR TR L T8 (36) AL, i - £, 3 -2-(4-
/%zxﬁ) 7-58AR-5- 2K 3 4B 4 -6- B AR [2.4]1 BE-5- Ui - 1-
IR CIR3): 42 mg, TR A3 3E, L7572 98%.
'H NMR (400 MHz, CDCl;) &: 8.19 (dd, J=8.4, 1.2 Hz,
0.2H), 8.16~8.06 (m, 2H), 7.74~7.70 (m, 0.1H), 7.70~
7.65 (m, 1H), 7.56 (d, J=1.7 Hz, 0.2H), 7.55~7.50 (m,
2H), 7.48~7.41 (m, 2.2H), 7.20 (s, 2H), 7.14~7.09 (m,
0.2H), 4.35~4.28 (m, 2H), 4.18 (dd, J=7.1, 5.2 Hz,
0.2H), 3.66 (d, J=7.8 Hz, 1H), 3.43 (d, J=10.3 Hz, 0.1H),
3.38 (d, J=7.8 Hz, 1H), 3.18 (d, J=10.2 Hz, 0.1H), 1.36
(t, J=7.1 Hz, 3H), 1.27 (d, J=7.1 Hz, 0.3H); “C NMR
(100 MHz,CDCly) d: 194.8, 186.1, 169.8, 135.1, 132.3,
131.5, 130.9, 129.8, 129.1, 128.5, 122.2, 62.5, 48.1, 40.2,
34.6, 14.2; IR (KBr) v: 686, 750, 817, 1121, 1159, 1252,
1320, 1425, 1514, 1559, 1636, 2921, 3447, 3676, 3690,
3745, 3752, 3854 cm™~'. HRMS (ESI) calcd for CyoH;;Br-
NO;S (M+H)" 430.0107, found 430.0107.
Jllfﬁ R~ OB 2-(4-FFE IR B )-7- AR -5- TR FE 4Tt A -
He MR [2.4] BE-5- M5 -1-FR TR £, 196 (3g) FH L, i — 2, F -
2-(4-%%2:%)-7-%1&-5-2&%-4 TR A4 -6-Z A IR 2. 4]5%
5-03-1-FRIR ZFR(3g)): 35 mg, JREFHIK 3g F13g!, &
2% 96%. '"H NMR (400 MHz, CDCl3) 6: 8.19 (dd, J=
8.4, 1.2 Hz, 0.2H), 8.14~8.10 (m, 2H), 7.71~7.66 (m,
1.1H), 7.64~7.60 (m, 2.2H), 7.56~7.51 (m, 2.2H), 7.44
(d, J=8.0 Hz, 2H), 7.38 (d, J=9.4 Hz, 0.2H), 4.29~4.36
(m, 2H), 4.22~4.15 (m, 0.2H), 3.73 (d, J=7.8 Hz, 1H),
3.51 (d, J=10.2 Hz, 0.1H), 3.42 (d, J=7.8 Hz, 1H), 3.21
(d, J=10.2 Hz, 0.1H), 1.37 (t, J=7.2 Hz, 3H), 1.26 (s,
0.3H); *C NMR (100MHz, CDCl3) 6: 195.2, 186.0, 169.4,
136.3, 135.3, 132.0, 130.2, 129.2, 128.5, 118.5, 112.0,
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62.6, 48.2, 39.9, 34.5, 14.2; IR (KBr) v: 686, 732, 770,
852, 948, 1000, 1095, 1177, 1260, 1368, 1413, 1484, 1512,
1596, 1641, 1677, 1719, 2249, 2981, 3106, 3426, 3773,
3809, 3846 cm '. HRMS (ESI) caled for CpH;7N,O5S
(M+H)" 377.0954, found 377.0958.

G, 52— 2. 3 -7- 58 AR-5- 2K - 2- (0 R 2K 2 )-4-B. 21%-6-
AR [2.4) FF-5-45-1-FR R £ 16 (3h) AT - 2, 3 -7- 4
R -5-Z F - 2- (O} F A )-4- B 24 -6- B AR [ 2.4 e -5-475-1-
RIR CERG3hY): 35 mg, {REFMIR 3h Fl 3h, B725N
98%. '"H NMR (400 MHz, CDCl5) d: 8.19 (dd, J=8.4, 1.2
Hz, 0.4H), 8.16~8.10 (m, 2H), 7.69 (t, J=1.2 Hz, 0.2H),
7.69~7.63 (m, 1H), 7.55 (s, 0.4H), 7.54~7.49 (m, 2H),
7.20 (d, J=8.0 Hz, 2H), 7.13 (d, J=8.2 Hz, 2.6H), 4.34~
427 (m, 2H), 4.22~4.13 (m, 0.4H), 3.70 (d, J=7.8 Hz,
1H), 3.49 (d, J=10.3 Hz, 0.2H), 3.41 (d, J=7.8 Hz, 1H),
3.18 (d, J=10.3 Hz, 0.2H), 2.33 (s, 0.6H), 2.32 (s, 3H),
1.36 (t, J=7.1 Hz, 3H), 1.26 (t, J=7.1 Hz, 0.6H); "*C
NMR (100 MHz,CDCl3) d: 196.8 (3h"), 194.5 (3h), 190.9
(3h'), 186.2 (3h), 170.1 (3h), 167.7 (3h'), 137.9 (3h), 137.8
(3h'), 135.0 (3h'), 134.8 (3h), 132.5 (3h), 129.4 (3h),
129.1 (3h), 129.1 (3h'), 129.1 (3h), 129.0 (3h'), 128.6
(3h'), 128.4 (3h), 127.6 (3h), 62.3 (3h), 61.8 (3h'), 48.3
(3h), 48.0 (3h'), 41.0 (3h), 38.5 (3h'), 35.4 (3h"), 34.6 (3h),
21.2 (3h), 14.2 (3h), 14.1 (3h"); IR (KBr) v: 685, 732, 771,
1000, 1025, 1094, 1164, 1264, 1306, 1445, 1484, 1508,
1597, 1636, 1654, 1718, 2923, 3447, 3629, 3650, 3670,
3676, 3690 cm~'. HRMS (ESI) caled for C,HyNO;S
(M+H)" 366.1158, found 366.1159.

T, 2 — 2,3 -2-(4- AR i R Ok )- 7- AR AX-5- 2R 4Tt
A -6- T A MR [2.4] PE-5-M5 - 1-FR TR £ 18 (3i) ARG i — 2, & -
2-(4- F AR B SR L )-7- AR -5- 2R -4- i 4% -6- R A4 I [2.4]
BE-5-H5-1-R 12 R (3i"): 37 mg, VG AR 31 A 30!, B
P& 96%. '"H NMR (400 MHz, CDCl;) : 8.19 (dd, J=
8.3, 1.1 Hz, 0.6H), 8.12 (dd, J=8.3, 1.1 Hz, 2H), 7.68~
7.64 (m, 1.3H), 7.55~7.51 (m, 2.6H), 7.24 (d, J=8.5 Hz,
2H), 7.15 (d, J=8.2 Hz, 0.6H), 6.85 (d, J=8.7 Hz, 2.6H),
4.34~427 (m, 2H), 4.22~4.14 (m, 0.6H), 3.79 (s, 3.9H),
3.68 (d, J=7.8 Hz, 1H), 3.46 (d, J=10.3 Hz, 0.3H), 3.40
(d, J=7.8 Hz, 1H), 3.18 (d, J=10.3 Hz, 0.3H), 1.36 (t, J=
7.1 Hz, 3H), 1.28 (d, J=7.1 Hz, 0.9H); *C NMR (100
MHz, CDCl3) §: 196.8 (3i'), 194.5 (3i), 190.9 (3i"), 186.2
(3i), 170.1 (3i), 167.6 (3i), 159.4 (3i), 159.3 (3i"), 135.0
(3i), 134.8 (3i), 132.5 (3i), 130.7 (3i"), 130.4 (3i), 129.1
(3i"), 129.1 (3i), 128.6 (3i"), 128.4 (3i), 124.0 (3i), 122.5
(3i), 113.8 (3i), 113.8 (3i), 62.3 (3i), 61.8 (3i"), 55.3 (3i),
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55.2 (3i), 48.3 (3i), 48.2 (3i"), 40.8 (3i), 38.2 (3i'), 35.4
(3i), 34.7 (3i), 14.2 (3i), 14.2 (3i"); IR (KBr) v: 668, 685,
772, 1027, 1093, 1174, 1252, 1445, 1484, 1514, 1612,
1714, 3446, 3734 cm . HRMS (ESI) calcd for Cy HyN-
0,S (M+H)" 382.1107, found 382.1109.

i, 2 — £, Fk-2-(3- F AR ik 2R 0k )-7- S AR -5- 2R i -4- B
He-6-FIRIR[2.4] PE-5-Ji-1-FR TR 16 (3) AL, 5 — 2, & -
2-(3- FH A IR 3 )-7- S AR -5- TR FE-4- T % -6-F A4 1R [2.4]
BE-5-0-1-3R1R . B6(3j"): 30 mg, VRE FHA 3j F13j, &
=% 80%. '"H NMR (400 MHz, CDCl3) 0: 8.22~8.17 (m,
0.28H), 8.13 (dd, J=8.4, 1.2 Hz, 2H), 7.70~7.63 (m,
1.15H), 7.56~7.50 (m, 2.28H), 7.24 (t, J=8.0 Hz, 1.15H),
6.93~6.88 (m, 1H), 6.83 (dd, J=11.1, 2.2 Hz, 2.26H),
4.34~4.27 (m, 2H), 4.22~4.13 (m, 0.28H), 3.80 (s, 3H),
3.77 (s, 0.42H), 3.70 (d, J=7.8 Hz, 1H), 3.50 (d, J=10.5
Hz, 0.14H), 3.43 (s, 1H), 3.18 (d, J=10.4 Hz, 0.14H), 1.36
(t, J=7.1 Hz, 3H), 1.25 (t, J=7.1 Hz, 0.43H); °C NMR
(100 MHz, CDCl3) §: 194.5, 186.1, 170.0, 159.5, 134.9,
132.4, 132.3, 129.3, 129.1, 128.4, 121.6, 115.1, 113.6,
62.3, 55.3, 48.2, 41.0, 34.7, 14.2; IR (KBr) v: 686, 735,
773, 880, 911, 952, 1000, 1048, 1092, 1176, 1263, 1315,
1367, 1445, 1485, 1512, 1584, 1598, 1716, 2935, 2976,
3421 cm™'. HRMS (ESI) caled for C, HyNO,S (M+H)"
382.1107, found 382.1104.

2-(2- AR HE)-7- A AR-5- TR T -4- Tt Ik -6- EUAR MR [2.4]
Be-5-4-1-FRIR . B8(3K): 12 mg A, B—RHfk
3k, P5F 32%. m.p.145~147 C; '"H NMR (400 MHz,
CDCly) ¢6: 8.12~8.04 (m, 2H), 7.53~7.48 (m, 2H),
7.42~7.38 (m, 1H), 7.36~7.27 (m, 3H), 7.26~7.23 (m,
0.5H), 4.33 (q, J=7.1 Hz, 2H), 3.67 (d, J=7.7 Hz, 1H),
3.36 (d, J=7.7 Hz, 1H), 1.37 (t, J=7.1 Hz, 3H); *C NMR
(100 MHz, CDCl3) §: 193.6, 186.1, 169.6, 141.4, 135.3,
131.0, 130.9, 129.7, 129.6, 129.5, 129.5, 129.3, 126.7,
62.5, 48.4, 39.0, 34.8, 14.2; IR (KBr) v: 689, 745, 850,
906, 931, 971, 1003, 1052, 1093, 1166, 1263, 1312, 1484,
1513, 1547, 1629, 1715, 2245, 2921, 3424 cm™'. HRMS
(ESI) caled for Co0H;7CINO;S (M+H)" 386.0612, found
386.0615.

I, J — 2,55 -2-([ 1, 1B K ] -4-F%)-7- 5 AR -5- R J-4- T
Z-6- B AR MR [2.4] BE-5- M- 1-FR R £ 1R (30) A, i — 2 -
2-([1, 1B -4-F)-7- S AR-5- R T -4- T 2% -6- S AR [ 2.4]
PE-5-4i-1-FR1R LBE(3T): 37 mg, TRA MR 31F1 31, &
% 87%. '"H NMR (400 MHz, CDCl3) 6: 8.21 (dd, J=
8.4, 1.2 Hz, 0.9H), 8.14 (dd, J=8.4, 1.2 Hz, 2H), 7.69~
7.65 (m, 1.45H), 7.59~7.51 (m, 8.7H), 7.45~7.38 (m,
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5H), 7.37~7.29 (m, 2.5H), 4.36~4.30 (m, 2H), 4.24~
4.15 (m, 0.9H), 3.76 (d, J=7.8 Hz, 1H), 3.55 (d, J=10.3
Hz, 0.45H), 3.48 (d, J=7.8 Hz, 1H), 3.23 (d, J=10.3 Hz,
0.45H), 1.37 (t, J=7.1 Hz, 3H), 1.27 (t, J=7.1 Hz, 1.5H);
C NMR (100 MHz, CDCly) d: 194.6, 186.2, 170.1, 141.0,
140.6, 134.9, 132.5, 129.7, 129.7, 129.1, 128.8, 128.5,
127.4, 127.1, 127.0, 62.4, 48.4, 40.9, 34.6, 14.2.; IR (KBr)
v: 686, 766, 845, 934, 1008, 1074, 1122, 1264, 1384, 1446,
1485, 1511, 1597, 1630, 1677, 1719, 2092, 2853, 2958,
3029, 3431, 3681, 3738, 3808, 3855 cm . HRMS (ESI)
caled for CyH,NOsS (M + H) © 428.1314, found
428.1318.

T, 52— 2, 35 -2 (R IR -2- F5)- 7- S8 AR -5 -4 Fk -4- i 44 -6-
B IR[2.4]BE-5-1-1-FR R 2. 166 (3m) A, Il — 2, F-2- (1
W -2-2)-7- 552K B -4- T Ak -6- BB BB [ 2.4]- BE-5- 475 - 1-
IR LBR(Gm'): 33 mg, IRAFAMAK 3m Al 3m', &7
98%. 'H NMR (400 MHz, CDCl;) 0: 8.20~8.10 (m,
3.4H), 7.70 ~7.64 (m, 1.7H), 7.55~7.50 (m, 3.4H),
7.39~7.32 (m, 1.7H), 6.45~6.34 (m, 3.4H), 4.33~4.28
(m, 2H), 4.24~4.17 (m, 1.4H), 3.61 (d, J=7.6 Hz, 1H),
3.39 (d, J=10.7 Hz, 0.7H), 3.36 (d, J=7.6 Hz, 1H), 3.16
(d, J=10.2 Hz, 0.7H), 1.35 (t, J=7.1 Hz, 3H), 1.27 (t, J=
7.1 Hz, 2.1H); *C NMR (100 MHz, CDCl;) d 197.1 (3m'),
194.4 (3m), 189.9 (3m'), 185.5 (3m), 169.4 (3m), 167.0
(3m'), 146.0 3m"), 145.0 (3m), 142.8 (3m), 142.5 (3m"),
135.2 (3m"), 135.0 (3m), 132.4 (3m), 132.3 (3m"), 129.1
(3m'), 129.0 (3m), 128.6 (3m'), 128.5 (3m), 110.8 (3m),
110.6 (3m"), 110.4 (3m), 110.0 (3m’), 62.5 (3m), 62.0
(3m'), 47.4 (3m), 47.3 3m"), 34.5 (3m"), 34.1 (3m), 33.4
(3m), 31.9 3m'), 14.2 (3m), 14.1 3m"); IR (KBr) v: 669,
726, 786, 860, 909, 927, 964, 1001, 1160, 1262, 1318,
1457, 1507, 1559, 1647, 1701, 1735, 2344, 2921, 3441,
3629, 3736, 3751, 3821, 3854 cm™'. HRMS (ESI) calcd
for CigH ¢NO,S (M+H)" 342.0794, found 342.0791.

T, 52— . 3 -7- 58 AR-5- 2K -2 (W Wy -2- 5 )-4- T 24 -6-
RAMR[2.4] F-5-0-1-FR R £ T8 (3m) AL T~ 2, 3 -7- 44
AR-5- T I 2-(WBE ) -2- 35 )-4- Tt 2% -6- 5 I MR [2.4] PE-5- 45 -
1- 2R ZBE(3n'): 34 mg, RE R 3n il 3n', LF=%K
97%. 'H NMR (400 MHz, CDCl;) o: 8.23~8.16 (m,
0.6H), 8.15~8.09 (m, 2H), 7.71~7.64 (m, 1.3H), 7.56~
7.50 (m,2.6 H), 7.26~7.22 (m, 1.2H), 7.12~7.09 (m, 1H),
7.06~7.03 (m, 0.3H), 7.00~6.94 (m, 1.3H), 4.34~4.27
(m, 2H), 4.23~4.16 (m, 0.6H), 3.77 (dd, J=7.6, 0.8 Hz,
1H), 3.53 (dd, J=10.2, 1.0 Hz, 0.3H), 3.42 (d, J=7.6 Hz,
1H), 3.23 (d, J=10.2 Hz, 0.3H), 1.36 (t, J=7.2 Hz, 3H),
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MR

1.27 (t, J=17.1 Hz, 0.9H); *C NMR (100 MHz, CDCl;) ¢:
196.9 (3n'), 194.4 (3n), 190.2 (3n"), 185.5 (3n), 169.6 (3n),
167.1 (3n'), 1352 (3n"), 135.0 (3n), 133.8 (3n"), 132.9
(3n), 132.4 (3n), 132.4 (3n"), 129.1 (3n"), 129.1 (3n), 128.7
(3n), 128.5 (3n), 128.4 (3n"), 126.9 (3n), 126.7 (3n"), 126.0
(3n), 125.9 (3n'), 62.5 (3n), 62.0 (3n'), 48.7 (3n"), 48.6
(3n), 36.1 (3n"), 36.1 (3n), 35.9 (3n), 34.2 (3n"), 14.2 (3n),
14.1 (3n"); IR (KBr) v: 686, 702, 770, 852, 910, 949, 1001,
1070, 1178, 1259, 1315, 1369, 1414, 1485, 1512, 1544,
1596, 1718, 2981, 3067, 3428 cm '. HRMS (ESI) calcd
for C1sH ¢NOsS, (M+H)" 358.0566, found 358.0565.

5-(4-F R B )-7- AR -2- TR FE-4- 1 2% -6- T AL R [2.4]
BR-5-Ji-1-FR1% .85 (30): 28 mg HEO[EE, H—RHE
30, “H 73%. m.p. 96~97 C; 'H NMR (400 MHz,
CDCls) &: 8.11~8.02 (m, 2H), 7.54~7.47 (m, 2H), 7.37~
7.28 (m, 5H), 4.35~4.28 (m, 2H), 3.73 (d, J=7.8 Hz,
1H), 3.44 (d, J=7.8 Hz, 1H), 1.36 (t, J=7.1 Hz, 3H); "°C
NMR (100 MHz, CDCl;) d: 193.2, 185.9, 170.0, 141.4,
130.9, 130.5, 129.6, 129.5, 129.3, 128.3, 128.2, 62.4, 48.4,
412, 34.6, 14.2; IR (KBr) v: 696, 711, 760, 838, 951,
1013, 1262, 1285, 1304, 1367, 1402, 1480, 1512, 1592,
1630, 1678, 1716, 2931, 3060, 3715, 3773, 3810, 3846
cm” . HRMS (ESI) caled for C,H;CINO;S (M+H)"
386.0612, found 386.0615.

T, J52 = 2, F5-7- S8 AR -2- 28 Fk-5- O HE 2R 35 )-4- T -6~
R MR [2.4]PF-5-45- 1-FR R £ 16 3p) FIIL i - 2, 3£ -7- 44
AR-2- PR FE-5-Onf F R I )-4- Tt 7% -6- 25U AR R [2.4] B -5- 475 -
1-FRR L BE(3p): 32 mg, REFIIE 3p Al 3p, HF=%K
89%. 'H NMR (400 MHz, CDCly) o: 8.11~8.07 (m,
0.28H), 8.04~8.00 (m, 2H), 7.34~7.30 (m, 7H), 7.30~
7.26 (m, 0.96H), 4.34~4.28 (m, 2H), 4.15~4.11 (m,
0.26H), 3.71 (d, J=7.8 Hz, 1H), 3.51 (d, J=10.3 Hz
0.13H), 3.43 (s, 1H), 3.18 (d, J=10.3 Hz, 0.14H), 2.46 (s,
0,36H), 2.45 (s, 3H), 1.36 (t, J=7.1 Hz, 3H), 1.29~1.27
(m, 0.36H); *C NMR (100MHz, CDCl;) J: 194.3, 186.2,
170.1, 146.3, 130.8, 129.9, 129.8, 129.3, 128.5, 128.3,
128.0, 62.3, 48.1, 40.9, 34.5, 22.0, 14.2; IR (KBr) v: 695,
727, 776, 793, 821, 911, 955, 1027, 1177, 1265, 1311,
1367, 1407, 1425, 1492, 1571, 1605, 1714, 2247, 2981,
3028, 3425 cm '. HRMS (ESI) caled for CyHyNO;S
(M+H)" 366.1158, found 366.1159.

Jit, 2 ~N,N-— F Bk -7- 5 4R -2,5- 2R Bk -4- T A -6- %L
FUR[2.4] B -5-J- 1- H B A& (3q) AL Isi— N, N-— H - 7-48
fR-2,5- " IR I 4B A4 -6- S 44 R [2.4] PE-5- 0 - 1- Ik i
(3q"): 23 mg, AT 3q 1 3q, S5 F 65%. 'H
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NMR (400 MHz, CDCl3) 6: 8.20~8.12 (m, 1.2 Hz, 2.6H),
7.67~7.63 (m, 1.3H), 7.53~7.48 (m, 2.6H), 7.35~7.27
(m, 6H), 7.18~7.16 (m, 0.5H), 3.81 (d, J=7.7 Hz, 1H),
3.64 (d, J=7.8 Hz, 1H), 3.37 (s, 0.6H), 3.29 (s, 3H), 3.22
(s, 0.9H), 3.09 (s, 3H), 2.98 (s, 0.9H); *C NMR (100
MHz, CDCl3) 6: 198.0 (3q"), 195.7 (3q), 191.9 (3q"), 187.1
(3q), 168.0 (3q), 165.8 (3q'), 134.8 (3q"), 134.7 (3q), 132.8
(3q"), 132.6 (3q), 131.5 (3q), 129.3 (3q), 129.0 3q"), 129.0
(3q'), 128.6 (3q), 128.5 (3q'), 128.4 (3q), 128.3 (3q), 127.9
(3q), 49.1 (3q"), 48.9 (3q), 41.5 (3q), 40.2 (3q'), 37.6 (3q),
37.5 (3q'), 36.3 (3q), 35.8 (3q'), 35.0 (3q"), 32.9 (3q); IR
(KBr) v: 1000, 1266, 1444, 1482, 1508, 1637, 1707, 3448
cm” . HRMS (ESI) caled for C,,H9N,O,S (M—i—H)+
351.1161, found 351.1163.

7-8AK-2,5- IR T AT 4R -6- B AR MR [2.4] PE-5- M -1-
E(3r): 8 mg MA[EE, E—RH 3r, F7F 26%. mp.
99~100 °C; 'H NMR (400 MHz, CDCl3) ¢: 8.16 (dd, J=
8.4, 1.2 Hz, 2H), 7.75~7.70 (m, 1H), 7.58~7.53 (m, 2H),
7.48~7.36 (m, 5H), 3.54 (d, J=9.5 Hz, 1H), 2.99 (d, J=
9.5 Hz, 1H); *C NMR (100 MHz, CDCl;) d: 195.6, 188.9,
135.9, 131.8, 130.9, 129.3, 129.2, 129.1, 129.0, 129.0,
115.0, 48.2, 35.9, 21.1; IR (KBr) v: 770, 1170, 1484, 1508,
1637, 1654, 1685, 1719, 3448, 3629, 3650, 3670, 3676,
3691, 3712, 3736, 3745, 3752, 3854 cm™'. HRMS (ESI)
caled for C;gH;3N,OS (M + H) © 305.0743, found
305.0744.

-2 B R JE-2,5- — R L -4- A7 2% -6- B A4 W [2.4] B -5-
1#5-7-M(3s): 32 mg EEAFEAK, B—FH 3s, 2 82%.
m.p. 144~145 °C; '"H NMR (400 MHz, CDCls) &: 8.14
(d, J=17.7 Hz, 4H), 7.66 (q, J=7.4 Hz, 2H), 7.53 (m, 4H),
7.39~7.30 (m, 5H), 4.45 (d, J=7.7 Hz, 1H), 3.91 (d, J=
7.7 Hz, 1H); *C NMR (100 MHz, CDCl;) §: 195.1, 195.1,
186.5, 136.3, 134.9, 134.4, 132.5, 131.3, 129.3, 129.1,
129.1, 128.6, 128.5, 128.4, 128.1, 50.8, 42.9, 37.6; IR
(KBr) v: 772, 878, 909, 951, 1095, 1179, 1314, 1580,
1713, 3060, 3413 cm . HRMS (ESI) calcd for Cp4H;sN-
0,S (M+H)" 384.1053, found 384.1055.

G, Js = 7-48AK-2,5- A FE-4- B 24 -6- F A MR [2.4] P -
5-95-1-JR 1R (4a) R I~ 75804 -2,5- — Rk -4-B 22 -6- 50
FUR[2.4]5-5-0-1-FR 2 (4a"): 71 mg, JRA STERIK 3q Al
3q', H77Z 73%; '"H NMR (400 MHz, (CD;),CO) §: 7.37
(d, J=4.3 Hz, 3H), 7.32~7.17 (m, 8H), 6.83 (s, 1H), 3.56
(d, J=17.5 Hz, 0.3H), 3.52 (d, J=7.7 Hz, 1H), 3.14 (d, J=
7.7 Hz, 1H), 2.75 (d, J=7.4 Hz, 0.3H); *C NMR (100
MHz, (CD;),CO) 6: 170.2, 169.5, 169.2, 134.2, 129.6,

Chin. J. Org. Chem. 2019, 39, 2549~2559
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129.2, 128.7, 128.2, 128.0, 127.4, 127.1, 39.3, 35.5, 32.0;
IR (KBr) v: 765, 882, 1079, 1219, 1449, 1603, 1699, 2361,
3061 cm .

45 B KL (Supporting Information)

WA 3a 1L

HAE, Fra LAY "H NMR A1 °C NMR i K. ixept
REA] PL G 2 AT P93 (http://sioc-journal.cn/) & T %K.
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