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1,8-Z— @A I +—Fx-7-1%(DBU) LI IEIF L AR
2 R IR - 2- (B3 ) Bl 17T S 40

BRA RET & B

F RS HEC EFEE

( WK SHIZEEE RO S WAL E AR HE 443002)

CEWREME ST 30 BE 443002)

WE L LS-ZEE -7 OBU AL, LS &M T, PS5 R (S R )3T
RIS L, AT — ZR 50 2 B BIRE M b -2- () BRAT A, RN 75%~95%. ZX N2 5-exo-dig IR,
1 FE ARG B A5 B Z-30% T B =4, W e ek e 1) 1 B2 A 1 1T S pROd R T V2

SRR VPRI 2-(BR ) 1,8- R I BT ST

1,8-Diazabicyclo[5.4.0Jundec-7-ene (DBU)-Promoted Stere-
oselective Synthesis of Oxazolidin-2-(thi)one Derivatives

Yang, Quanli” Song, Yuye* Yu, Ping” Wang, Long”

Liu, Mingguo®  Huang, Nianyu™*
(“ Hubei Key Laboratory of Natural Products Research and Development, College of Biological and Pharmaceutical Sciences,
China Three Gorges University, Yichang 443002)
(* College of Materials and Chemical Engineering, China Three Gorges University, Yichang 443002)

Abstract A series of multi-substituted oxazolidin-2-(thi)one derivatives were prepared via 1,8-diazabicyclo[5.4.0Jundec-7-
ene (DBU) promoted nucleophilic addition/cyclization from alkynyl alcohol and isocynate or thiocynate in high yields of
75%~95%. This concise and efficient approach provides a facial access to a library of biological (Z)-arylmethylene substitut-
ed oxazolidin-2-(thi)one derivatives with high stereo-selectivities.

Keywords oxazolidin-2-(thi)one; 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU); stereo-selectivity
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Tedizolid™ 341 & 4 iZ 45 W 0, ALEFRMEAE R T 5
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1 ZER51He
SR 3 W M AR - 2 - (R B AT 2E D O B A sk 1, A
TAF GBI 2 2 ba)fl 3- /B (2a)H %15 T bl
PR 3a, KA R NEY S 4-HEERIERE
PR TG (da)HEAT S5 SE08 (Bq. 1), PATRE &1 AL 7). 78
RN S S35 P B T) (3 1).
HN/©/

HO catalyst O/go
l | * solvent *
N
~c o Il
3a 4a

carbamate ester

R1 BB R
Table 1 Optimization of reaction conditions for the model reac-
tion

. Temp./ Time/ Yield’/%
Entry - Catalyst”  Solvent C h  Carbamate ester 5a
1 AgNO; Toluene 30 24 0 0
2 PdCl, CH;CN 30 24 0 0
3 Cul CH;CN 30 24 0 0
4 1, Toluene 30 24 0 0
5 DMAP DMF 50 24 80 0
6 DBU CH,Cl, 30 12 70 30
7 DBU CH,Cl, 30 24 5 85
8 DBU Toluene 30 24 0 0
9 DBU CHCl, 30 24 90 0
10 DBU Et,O 30 24 0 0
11 DBU EtOAc 30 24 0 0
12 DBU CH;0H 30 24 0 0
13 DBU CH;CN 30 12 0 90
14 K,COs CH;CN 30 24 0 40
15 Morpholine CH3;CN 30 24 0 0
16 Et;N CH;CN 30 24 0 30
17 NaOH CH;CN 30 24 0 0
18 DBU® CH;CN 30 24 0 60
19 DBUY CH;CN 30 12 0 90
20 DBU® CH;CN 30 12 0 80
21 DBU CH;CN 40 8 0 90
22 DBU CH;CN 50 8 0 60
23 DBU CH;CN 20 24 40 60

“General conditions: catalyst (20 mol%) was added into the mixture of 3a (95
mg, 0.5 mmol) and 4a (67 mg, 0.5 mmol) in corresponding solvent (2.0 mL).
? Isolated yield. 10 mol% of DBU was used. “30 mol% of DBU was used.
“40 mol% of DBU was used.
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T AEH 8 T SCER AR IE I AL I AgNOS!T
PACL!, Cul ™5 Ab 2 5, {H4: 24 h OB e 3% W
R B FE IR P (B AR B (FK 1, Entries 1~4). 24{f
HI 4- = F 2R 5 B 0k i (DMAP) I 120 4 36 B2 n v 22
50 C R B IE R G b () 44 2% M — [ 7= ) (Entry  5).
A SCHRM2NRIE DBU AT LA e P A0 2 5 S SRR B 71
ARG T RN, SUESZRNAE 30 'CF
AIHEAT, (HRBE 12 h JEAUARE] 30% 3R 46724)) Sa (En-
try 6); JIEKHFAIZE 24 h JE K== 0] LA )
85% (Entry 7); KA H K. &lhi. LB L8R BREH
BRI, 2R N AIASBEIEAT (Entries 8~12); 1 4%
FIRCIERS, 12 h J5 A= 22 0T IA 2] 90% (Entry 13). LA
IR, KoCOs F EGN PR R ZE, HEH
HUERTEWUBR 2SIt % [ I8 3% A5 1AL A ] (Entries 14~17).
YT, DBU B N f &8 B, 2 R RBATH
HART TiiE. /b DBU I ARET] 10 mol%)h, X
N 24 h J& 5a RN 60% (Entry 18); 30 mol% DBU
FIME AL R 5 20 mol% F &I 4 [F] (Entries 13, 19); 340
£ 40 mol% H &I =) W B 2 80% (Entry 20);
It 20 mol% DBU #fif & A HE &, @i X e S
FIFe R, UTHEIREE 40 CHRPYIRES 30 C
AP, (ER NIRRT 12 h 46%6% 8 h (Entries 13,
21); BB TFE ORI 2 50 °C I P B B PR
(Entry 20), AIfeRmER RN T RIZUTEG O 5
20 °C B, 24 h JEUVARZ RIRMRAEAE, RIBANTEA:
(Entry 23). 2 FRTIR, 128 S5 1) f A 2% 1 o
1AL DBU HIHEAN 20 mol%, i H ZR51EH, 1
40 C T 8 h.

STk, AR ISR SN ) B AR A A 4% T 25
AN(Z)-4-75 N0 F I BRAR () Mg k-2 - (Bt ) B A7 4= 40 (Scheme
1), I HiZR MR B AAREFEVEA S fe R
PE(FR 2). FrA R H bk & #E i L IR(NMR)
2L AN 18 (IR) A 23 #E R 1% (HR-ESI-MS) 1. £ 'H
NMR S, 5i Al 55 (1 REmRIR-2-FR B 22 i3 4 00Uk
R TAE S0 BALT 6 4.36 F14.24, THALEMIH)

2
(1) n-BuLi, THF, -78 °C R
RI— Rl— OH
1 (2) R2C(O)R® (2), THF, r.t. R3
X 3
R*—N=C=X (4) OJJ\N/R“
DBU, CH,CN
3 Rgﬁ’R1
R2
5

B 1 WEMEIR-2-(FR)BRATEY) 5 1) & BBk £
Scheme 1 Synthetic routes for the oxazolidin-2-(thi)one deriva-
tives §
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IAMEILIR TALE 6 5.53~5.69 AL LG, 78 C NMR
o, LSRRI -2-F Sa~5q PIERIERAL FEAIREAE O
153.9~157.2 &b, TiREmemk-2-fili Sr~5t [FERIERRLE o
187.6~188.9 ARG 5, HA{LEY) 5s L
T X S ATH it AT 1t — 2B EiE(CCDC %
i 1545013), Habfhgitg WA 1. fEL5M6iEH, B
PR G W A Bk S ) 5 2 A R 2 T 1745~1777
cm ' 4b. 7E HRMS i, Fra AL G EreT LU g 2
(M~+H) Bi(M~+Na) {5 &Y s i,

B BERRIR-2-BRER Ss iR LR
Figure 1 Crystal structure of the oxazolidin-2-thione S5s

Rt — D AL A P RS AL, i
— R R R R R IR A B (31) 72 DBU [ ALAE
T 5 4-5 3 5 FERER(41) [ M (Scheme 2), R fEliZE=

R e S OR AP B8 S5 20 B R NP2, 2 58 5 PR ook
I PR IR -2- 1 42, MG *C NMIR i b % 5 W 82 31| 42
6-endo-dig B3 E 175 TG P21 (55" I RFIEAS 5 U,
MAEALA Y 5j 1) DEPT-135 Y645 21 K v 5 5 145 HE 5
5 6 84.0, HSQC #E 7 Hr 3R 1 1% 73l 5 6 4.25 (d, J=3.0
Hz, 1H)A1 4.23 (d, J=3.0 Hz, IH)AZLFI R -FAE2C. Rkn]
CLIEBHIE &9 51 A S B R mae b -2 i 1) 1 42 347 36 ik
5-exo-dig LML 3,

ZCHRIAR, DBU kB A% i /3R 4k S F) T
AEMLEELLN Scheme 3 Fizn. w46, B AEFA)E 3 &
DBU £ FHAREENE T A, FRZEIUTR
AT 4 15 22 25 R G T (A& B; SR )5 2 L H IR NG B
) N fENET 05 DBU WG Nk, &
5-exo-dig MEHLHI#5 2 DBU B &4 C; ), DBU &%
3B L B ARl B P ik -2- (5B T 2E 4 5.

2 i

& BRI 264, Wi DBU {2z
ST RIREESEZ I/ 5-exo-dig AMEE R T — RI(2)-4-75
P FR AR PR W -2 - (B0 B A7 A2 4, 12 B v B
SIARIEERTE . RN AEPEIRAN ., JE Ab R B K R R AR

F 2 EM-D-(BOBATEN 5 AT
Table 2 Oxazolidin-2-(thi)one derivatives 5

Entry Product R R Substitution R X Isolated yield/%
1 5a CeHs Me Et p-MeCgHy o 91
2 5b CeHs Et Et p-MeCgHy o 90
3 5¢ C¢Hs Me i-Pr p-MeC¢H, (0] 86
4 5d C¢Hs Me i-Bu p-MeC¢H, (0) 85
5 Se CeHs Me Cyclopropyl p-MeCgHy o 80
6 5f p-MeCgH,y Cyclopentyl p-MeCgH, o 78
7 5¢g CeHs Me i-Bu p-FCeHy o 87
8 5h CeHs Me Cyclopropyl p-FC¢Hy o 86
9 5i ™S Et Cg¢Hs p-FCeHy o 75
10 5j H Et Cg¢Hs p-FCeHy o 91
11 5k CeHs Et Et Naphthyl (¢} 85
12 51 CeHs Et Et i-Pr o 87
13 S5m CeHs Me i-Bu i-Pr o 86
14 Sn CeHs Me Cyclopropyl i-Pr o 87
15 S0 CeHs Cyclopentyl i-Pr o 88
16 S5p CeHs Et Et Et (0] 86
17 5q CeHs Me Cyclopropyl Et (0] 84
18 5r CeHs Et Et CeHs S 83
19 5s CeHs Et Et Et S 87

20 5t CeHs Me i-Bu CeHs S 80
21 Su p-FC¢Hy Me Et p-MeCHy o 90
22 Sv p-MeOC¢H, Me Et p-MeCHy o 80
23 Sw p-CNC¢H,4 Et Et p-MeCgHy o 91
24 5x n-Bu Et Et p-MeCHy o 65
25 Sy Cyclopropyl Et Et p-MeCcH, O 62
Chin. J. Org. Chem. 2017, 37, 3177~3185 © 2017 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 3179
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LT Loy
5-ex0-di
. rexodg ., Q N ) CF5COOH (0.5 equiv.) o N
N\—si— o N\
OH DBU (0.2 equiv.) < CHeClz 0°C. 0.5h
5i :
. CH4CN, 40 °C, 8 h 5 i
K Faf £ 5
. CF3COOH (0.5 equiv
S o )LN 3 (0.5 equiv.) oo N

E 2

4 6-endo-dig
i TR > = -

__________________ 4
CH,Cly, 0°C, 0.5 h <C::>yzf\¢,J

5i' 5j'

SR FEVERT TE

Scheme 2 Planned synthesis for selectivity study

R2
R—40O R*—N=C=X
: R® 4
A
deprotonation DBUH
A
4
OH x AR
2 3 -
R R >—N
d(
~
Il RE—===—R'
R® pBUH*
1 DBUH
R B/
3
DBU [5-exo-dig]
)XL cyclization
4
X o N/R‘/
OJ\N/R“ R3ﬁR1
3 DBUH*
R ) \ R']
R Cc
5

B3 FIREM R NI
Scheme 3 Possible reaction mechanism
M, EE T UOE AV I T AEYE TR L.
THICEIRYET, 2 NN AT 2 AR VA 2544k 27 1) Ry
FEANE R, ARG MR IR S K A i b ) 2 A
AR S = R T

3 SIS
3.1 UESHFA

i LR 3% (NMR) ] Bruker AVANCE 11T 400 MHz
Plus NMR JEHESGIIR, (/4 TMS IHFR, CDCly A
#. i (MS){# F§ MALDI TOF/TOF 5800 il . 2L41&
S EIE(R)FE PE-983 ZL4M it Fad sk, Wi N
em A A H X4 B BoR SMOE S E A E, R
TFRIIE. WEZE KGRI EYELA SB-1100 ek 75
KAXAE 50 C FitAT.

A RFI A ral, ZHE. & F M LR 20
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H CaCl, THEIFZ& RS A, USRI 98 22 TR
BAGNABEA.
3.2 XWHE
3.2.1 JEABE 3 894k

E—78 C LA AMFKMET, ¥IET 4820
molsL ™", n-C¢H4, 3.0 mL)ZZ M I 34(5.0 mmol)) -
K TYE I (THF) (20.0 mL)# . 30 min J5, AR
il 2 (5.0 mmol), KR EWRAEERE, k2 h X
MSERE, TIANMEF NaHCO; /K K N, 3 2
% CEEAEHCE WA, A 1A P I K B,
F 7K NapSO, T I B9 s, B At alifh, 133
TR 3.

1-(FR 3 2B 38 BR 1 e 3 - 1- 55 (3a)"*): T €8 i IR,
7 # 90%. 'H NMR (CDCls, 400 MHz) d: 7.43~7.41 (m,
2H), 7.31~7.28 (m, 3H), 2.08~2.02 (m, 4H), 1.95 (s,
1H), 1.89~1.80 (m, 2H), 1.79~1.63 (m, 2H); *C NMR
(CDCLs, 100 MHz) d: 131.6, 128.3, 128.2, 122.9, 92.9,
83.1,74.9,42.5,23.5.

3- 12K JE - 1-He-3- I (3b) ) R, 72
# 92%. 'H NMR (CDCls, 400 MHz) 6: 7.44~7.41 (m,
2H), 7.31~7.29 (m, 3H), 2.04 (s, 1H), 1.82~1.71 (m,
4H), 1.16 (t, J=7.4 Hz, 6H); °*C NMR (CDCl;, 100 MHz)
0:131.7,128.3, 128.2, 122.9,91.7, 84.5, 72.6, 34.5, 8.7.

2-IR A 3 -4- R 3B -2- T RE 30) ' B IR,
2% 91%. 'H NMR (CDCls, 400 MHz) d: 7.41~7.37 (m,
2H), 7.30~7.28 (m, 3H), 2.23 (s, 1H), 1.67 (s, 3H), 1.24~
1.21 (m, 1H), 0.56~0.53 (m, 4H); *C NMR (CDCls, 100
MHz) §: 131.7, 128.3, 128.2, 122.5, 89.9, 83.8, 70.5, 29.8,
22.1,2.6,1.7.

3,4- F S-SRI 13- IR EE(3d): At A, 7R
K 90%. m.p. 42~43 COCEkE!"Y: 42~43 C); 'H
NMR (CDCls, 400 MHz) d: 7.43~7.41 (m, 2H), 7.30~
7.29 (m, 3H), 2.05 (s, 1H), 1.93~1.87 (m, 1H), 1.54 (s,

Chin. J. Org. Chem. 2017, 37, 3177~3185
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3H), 1.11~1.06 (m, 6H); *C NMR (CDCl;, 100 MHz) ¢:
131.7, 128.3, 128.2, 122.9, 92.0, 84.0, 72.1, 39.1, 27.2,
18.0, 17.5.

3-F - 1- 2R FE- 13- S B (Be): LR, 7=
94%. b.p. 151~153 CCCEME™: 151~154 C); 'H
NMR (CDCls, 400 MHz) d: 7.43~7.41 (m, 2H), 7.30~
7.29 (m, 3H), 2.07 (s, 1H), 1.82~1.76 (m, 2H), 1.57 (s,
3H), 1.11 (t, J=7.4 Hz, 3H); *C NMR (CDCl;, 100 MHz)
5: 131.6, 128.3, 128.2, 122.8, 92.6, 83.4, 69.1, 36.6, 29.3,
9.1.

3,5- CHIBE LR 1B 3- U EEGHL BNk,
P22 93%. 'H NMR (CDCls, 400 MHz) ¢: 7.42~7.40 (m,
2H), 7.31~7.29 (m, 3H), 2.05~1.97 (m, 2H), 1.70 (s,
1H), 1.68 (s, 1H), 1.58 (s, 3H), 1.07~1.05 (m, 6H); "°C
NMR (CDCLs, 100 MHz) §: 131.5, 128.3, 128.2, 122.9,
93.3, 83.5, 68.5, 51.9, 30.9, 25.2, 24.3, 24.1.

3R HE-1- = R - 13- TR BE(3g) ' e
AR, 7F2Z 84%. 'H NMR (CDCls, 400 MHz) J: 7.62~7.60
(m, 2H), 7.37~7.34 (m, 2H), 7.30~7.28 (m, 1H), 2.37 (s,
1H), 1.97~1.88 (m, 2H), 0.94 (t, J=7.4 Hz, 3H), 0.22 (s,
9H); *C NMR (CDCl;, 100 MHz) ¢: 144.2, 128.1, 127.6,
125.5, 107.6, 90.7, 74.2, 38.3, 9.1, 0.0.

1-(4- F R ORIk 2B ) B0 T e - 1- 2 (3h): £ ]
&, 2% 95%. m.p. 55~57 COCEME": 55~57 C);
'H NMR (CDCl;, 400 MHz) d: 7.32~7.30 (m, 2H),
7.11~7.09 (m, 2H), 2.34 (s, 3H), 2.07~2.01 (m, 4H),
1.92 (s, 1H), 1.89~1.76 (m, 4H); >*C NMR (CDCl;, 100
MHz) §: 138.2, 131.5, 129.0, 119.8, 92.1, 83.2, 74.9, 42.5,
23.5,21.4.

1-(4-3 K I )-3- F JE-1-f-3- IR B (31): Tk, 7=
#* 90%. 'H NMR (CDCls, 400 MHz) §: 7.41~7.37 (m,
2H), 7.01~6.97 (m, 2H), 2.15 (s, 1H), 1.79~1.77 (m,
2H), 1.56 (s, 3H), 1.10 (t, J=7.4 Hz, 3H); "C NMR
(CDCls, 100 MHz) &: 163.7, 161.2, 133.6, 133.5, 118.9,
118.8, 115.6, 155.4, 92.3, 82.3, 69.1, 36.6, 29.3, 9.1; IR
(KBr) v: 3406, 2973, 2366, 1603, 1509, 1463, 1369, 1232,
1152, 832 cm™'; HRMS (ESI) calced for Cj,H;3FONa [M+
Na]* 215.0848, found 215.0849.

3- L FE-1-(4- TR IR I )- 13- TR BE(3)): T thiiiiR,
% 90%. 'H NMR (CDCls, 400 MHz) 6: 7.61~7.59 (m,
2H), 7.51~7.49 (m, 2H), 2.01 (s, 1H), 1.80~1.75 (m,
4H), 1.10 (t, J=7.4 Hz, 6H); *C NMR (CDCl;, 100 MHz)
5:132.2,132.0, 127.8, 118.4, 111.6, 96.3, 82.9, 72.6, 34.3,
8.6; IR (KBr) v: 3446, 2986, 2373, 2280, 1606, 1496,
1456, 1409, 1279, 1142, 836 cm'; HRMS (ESI) calcd for
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C4;H,;sNONa [M+Na]* 236.1051, found 236.1044.

4-(4-F AR FE R )-2- F -3 -2- T BE(3K): A ]
&, PP 94%. mp. 175~176 C(CCHERAE Y 175~
176 C); '"H NMR (CDCl;, 400 MHz) §: 7.36~7.33 (m,
2H), 6.84~6.81(m, 2H), 3.79 (s, 3H), 2.23 (s, 1H), 1.79~
1.76 (m, 2H), 1.55 (s, 3H), 1.10 (t, J=7.4 Hz, 3H); °C
NMR (CDCL;, 100 MHz) d: 159.5, 133.1, 114.9, 113.8,
91.2,83.2,69.2,55.3, 36.7,29.4,9.1.

3-ZFE-4-H3-EEEED!E: LR, FEER 87%.
'H NMR (CDCl;, 400 MHz) d: 2.22~2.19 (m, 2H),
1.68~1.60 (m, 4H), 1.58~1.38 (m, 4H), 1.01 (t, J=6.8
Hz, 6H), 0.91 (t, J=7.2 Hz, 3H); *C NMR (CDCl;, 100
MHz) J: 84.8, 82.5,72.2, 34.6, 30.9, 21.9, 18.3, 13.6, 8.6.

1-R TN HE-3- 2 B - 1-B-3- TR BE(3m): ok, 7=
% 86%. 'H NMR (CDCl;, 400 MHz) &: 1.81 (s, 1H),
1.65~1.59 (m, 4H), 1.26~1.23 (m, 1H), 1.01 (t, J=7.4
Hz, 6H), 0.98~0.74 (m, 2H), 0.67~0.64 (m, 2H); "*C
NMR (CDCls, 100 MHz) ¢: 88.0, 77.7, 72.1, 34.5, 8.5, 8.3,
0.6; IR (KBr) v: 3453, 2920, 1739, 1549, 1509, 1463,
1082, 809, 669 cm '; HRMS (ESI) calcd for C,,H;7;O
[M+H]" 153.1279, found 153.1272.

3.2.2 WEedk R ERAT A4S 5 49 E AR

RS T, W5 AR T m R 4
(1.0 mmol) JI AFIFAEE 3 (1.0 mmol) AT /K 2 (5.0
mL)VE A&, 2R N DBU (30.5 pL, 0.2 mmol),
fE 30 CREEHE 24 h SAJFHRIK(15.0 mL)EEX,
EtOAc (10.0 mLX3)ZHL, #-&HMAHLEH ShoKEkEE,
FI Na,SO, TH. BrEWAIE, FRAYIEN "H NMR 447
E/Z M. A okt — b At (B e/
EtOAc, V1 V=50 : 1), 15 ZIHH S (FIREREIRER 744 S.

(2)-4-75 0. F 3 -5- 2, -5 FF 3O PR 4 356 ) e e
Whk-2-fi (Sa): E AR, 2% 91%. m.p. 101~103 C;
'H NMR (CDCl;, 400 MHz) J: 6.90~6.82 (m, 7H),
6.67~6.65 (m, 2H), 5.53 (s, 1H), 2.19 (s, 3H), 2.07~1.98
(m, 1H), 1.95~1.85 (m, 1H), 1.68 (s, 3H), 1.08 (t, J=7.2
Hz, 3H); “C NMR (CDCl;, 100 MHz) &: 155.7, 141.2,
136.9, 133.4, 132.4, 128.7, 128.4, 126.9, 125.7, 125.5,
99.4, 85.4, 34.2, 26.9, 20.8, 7.5; IR (KBr) v: 3413, 2927,
1777, 1661, 1511, 1319, 1229, 1130, 809, 701 cm ';
HRMS (ESI) caled for C,H;NO,Na [M + Na] *
330.1473, found 330.1470.

(2)-4-75 Y0 F 35,5~ — 2, 3 -3-(Ohf 2 3k ) e e g -2
fi(5b): AEE, P23 90%. mp. 71~73 C; '"H NMR
(CDCls, 400 MHz) 0: 6.92~6.81 (m, 7H.), 6.68~6.65 (m,
2H), 5.50 (s, 1H), 2.19 (s, 3H), 2.09~2.00 (m, 2H), 1.88~

http://sioc-journal.cn/ 3181
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1.80 (m, 2H), 1.09 (t, J=7.2 Hz, 6H); *C NMR (CDCl;,
100 MHz) §: 156.2, 139.4, 137.0, 133.5, 132.4, 128.7,
128.4, 126.9, 125.8, 125.4, 99.3, 88.3, 33.1, 20.8, 7.2; IR
(KBr) v: 3436, 2965, 1754, 1665, 1344, 1232, 1123, 950,
701, 624 cmfl; HRMS (ESI) calcd for C,;H,4NO, [M+
H]" 322.1807, found 322.1810.

(Z)-4-75 0. P -5 5 TR 2 -5 H -3 (0 Y R 5 ) e
Wk-2-F(5¢): AR A, 725 86%. m.p. 93~95 C; 'H
NMR (CDCl;, 400 MHz) d: 6.90~6.81 (m, 7H), 6.67~
6.64 (m, 2H), 5.55 (s, 1H), 2.18 (s, 3H), 2.10~2.03 (m,
1H), 1.85~1.79 (m, 1H), 1.68 (s, 3H), 1.16 (d, J=6.8 Hz,
3H), 1.12 (d, J=6.8 Hz, 3H); *C NMR (CDCl;, 100 MHz)
5: 156.0, 141.6, 136.9, 133.5, 132.3, 128.7, 128.4, 126.9,
125.6, 125.4, 99.5, 87.3, 38.0, 25.2, 20.8, 16.5, 16.4; IR
(KBr) v: 3445, 2971, 1761, 1665, 1514, 1399, 1251, 1136,
1030, 816, 704 cm ™ '; HRMS (ESI) calcd for C,;H,3NO,Na
[M-+Na]" 344.1626, found 344.1623.

(2)-4-75 W0 F 25 5 T 25— B -3 O R R 8 e
WR-2-FR(5d): A EFEA, 725 85%. mp. 97~99 C; 'H
NMR (CDCl;, 400 MHz) J: 6.90~6.82 (m, 7H), 6.66~
6.64 (m, 2H), 5.53 (s, 1H), 2.19 (s, 3H), 2.04~1.90 (m,
2H), 1.85~1.81 (m, 1H), 1.68 (s, 3H), 1.06 (d, J=6.4 Hz,
3H), 1.04 (d, J=6.4 Hz, 3H); *C NMR (CDCls, 100 MHz)
5: 155.6, 141.9, 136.9, 133.4, 132.3, 128.7, 128.3, 126.9,
125.7, 125.4, 99.5, 85.4, 49.2, 28.1, 24.4, 24.1, 20.9; IR
(KBr) v: 3439, 2962, 1754, 1677, 1514, 1412, 1309, 1219,
1130, 819, 707 cm™'; HRMS (ESI) caled for C,H,sNO,Na
[M+Na]" 358.1783, found 358.1781.

(Z)-4-75 0. P 53 T -5 H -3 (0 FEY R 5 ) e
Whk-2-f (Se): M ELE AR, =% 80%. m.p. 133~135 C;
'H NMR (CDCl;, 400 MHz) J: 6.92~6.82 (m, 7H),
6.69~6.66 (m, 2H), 5.63 (s, 1H), 2.18 (s, 3H), 1.59 (s,
3H), 1.39~1.32 (m, 1H), 0.66~0.56 (m, 4H); *C NMR
(CDCls, 100 MHz) 0: 155.6, 141.4, 136.8, 133.3, 132.3,
128.7, 128.4, 126.9, 125.5, 125.5, 100.4, 84.0, 25.7, 20.8,
20.6, 1.4, 0.7; IR (KBr) v: 3449, 3019, 1767, 1671, 1508,
1399, 1255, 1123, 816, 707 cm™'; HRMS (ESI) calcd for
CHp,NO, [M+H]" 320.1651, found 320.1647.

(Z)-4-(4-H 75 T 8 )-3-(0f H 2R 38 )-1- 4 44 -3-
FIR[4.4]F-2-B(50): HEREE, 722 78%. mp. 112~
114 “C; '"H NMR (CDCl;, 400 MHz) 6: 6.89~6.83 (m,
4H), 6.67~6.64 (m, 2H), 6.54~6.51 (m, 2H), 5.58 (s,
1H), 2.35~2.30 (m, 2H), 2.20 (s, 3H), 2.15 (s, 3H), 2.08~
191 (m, 6H); “C NMR (CDCl;, 100 MHz) &: 155.7,
140.5, 136.7, 135.2, 132.4, 130.4, 128.6, 128.2, 127.6,
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125.8,99.3, 93.1, 41.4, 24.4, 20.9, 20.8; IR (KBr) v: 3413,
2965, 1764, 1665, 1514, 1344, 1255, 1101, 982, 835 cm ™ ';
HRMS (ESI) caled for C,Hp;NO,Na [M + Nal *
356.1626, found 356.1627.

(2)-4-75 M. 1 5 -3-(4- G R Jik )-5- ¢ Tk -5- F B
Wk-2-Ff(5g): GBI, 723 87%. mp. 59~61 C; 'H
NMR (CDCls, 400 MHz) 0: 6.97~6.87 (m, 5H), 6.75~
6.69 (m, 2H), 6.67~6.64 (m, 2H), 5.58 (s, 1H), 2.05~
1.91 (m, 2H), 1.86~1.79 (m, 1H), 1.69 (s, 3H), 1.06 (d,
J=64 Hz, 3H), 1.04 (d, J=6.4 Hz 3H); “C NMR
(CDCls, 100 MHz) §: 162.3, 159.9, 155.4, 141.8, 133.2,
131.7, 130.9, 130.9, 128.3, 128.0, 127.7, 127.6, 127.2,
125.9, 115.1, 114.9, 99.8, 85.6, 49.2, 28.1, 24.4, 24.1; IR
(KBr) v: 3429, 2955, 1777, 1668, 1501, 1309, 1232, 1130,
829, 707 cmfl; HRMS (ESI) caled for C,Hp»pFNO,Na
[M+Na]" 362.1532, found 362.1533.

(2)-4-75 W H JE - 5- 34 7 i -3 (4- L AR 35 ) - 5- R L I
Wk-2-FF(5h): A EE A, 7% 86%. mp. 80~82 C; 'H
NMR (CDCls, 400 MHz) J: 6.98~6.88 (m, 5H), 6.75~
6.67 (m, 4H), 5.68 (s, 1H), 1.71 (s, 3H), 1.40~1.32 (m,
1H), 0.66~0.60 (m, 4H); *C NMR (CDCls, 100 MHz) ¢:
162.3, 169.9, 155.3, 141.5, 133.2, 131.0, 128.4, 127.6,
127.5, 127.2, 126.0, 115.1, 114.9, 100.6, 84.2, 25.7, 20.7,
1.4, 0.8; IR (KBr) v: 3442, 3019, 1770, 1668, 1511, 1399,
1258, 1130, 1034, 835, 701 cm™'; HRMS (ESI) calcd for
C,oHsFNO,Na [M+Na]" 346.1219, found 346.1220.

(2)-5- 2.3 -3-(4- T IR 3L )-5- 8 I -4-(( = 5 R A e
) V. P L ) P I b - 2- i (5): E DR, PR 86%. 'H
NMR (CDCls, 400 MHz) 0: 7.54~7.51 (m, 2H), 7.42~
7.40 (m, 3H), 7.16~7.14 (m, 2H), 7.13~7.11 (m, 2H),
435 (s, 1H), 2.36~2.31 (m, 1H), 2.23~2.17 (m, 1H),
1.06 (t, J=8.0 Hz, 3H), —0.30 (s, 9H); >C NMR (CDCl;,
100 MHz) J: 163.5, 161.1, 155.8, 153.0, 140.8, 130.0,
128.7, 128.3, 124.9, 116.7, 116.5, 96.4, 89.3, 33.1, 7.8, 0.3;
IR (KBr) v: 3442, 2968, 1777, 1636, 1514, 1514, 1226,
1136, 835, 752, 697 c¢cm '; HRMS (ESI) calcd for
C,H,sFNO,Si [M+H]" 370.1639, found 370.1781.

(2)-5- . F-3-(4-F R FL )-4- . FF JE-5- 2R FE e npR-2-
il (5§): TR, P2 F 91%. '"H NMR (CDCls, 400
MHz) 6: 7.57~7.54 (m, 2H), 7.44~7.37 (m, 3H), 7.31~
7.27 (m, 2H), 7.18~7.13 (m, 2H), 4.25 (d, J=3.0 Hz,
1H), 4.23 (d, J=3.0 Hz, 1H), 2.38~2.29 (m, 1H), 2.25~
2.16 (m, 1H), 1.07 (t, J=7.3 Hz, 3H); *C NMR (CDCl,,
100 MHz) d: 163.3, 160.9, 154.7, 149.2, 140.6, 129.8,
129.2, 129.1, 128.7, 128.4, 124.7, 116.7, 116.5, 87.8, 84.0,
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33.6, 7.7; IR (KBr) v: 3436, 2978, 1681, 1463, 1383, 1277,
1136, 1079, 1027, 749, 701 cm'; HRMS (ESI) calcd for
CisH;FNO, [M+H]" 298.1243, found 298.1241.
(2)-4-75 0 FH 3-5,5- = 2, B -3-(Z5-1- 368 W s -2 - i
(5k): AMEAE, P75 85%. m.p. 123~125 C; '"H NMR
(CDCls, 400 MHz) ¢: 7.80 (d, J=8.4 Hz, 1H), 7.72 (d, J=
8.1 Hz, 1H), 7.58~7.51 (m, 2H), 7.47~7.43 (m, 1H),
7.08~7.01 (m, 2H), 6.64 (t, J=7.4 Hz, 1H), 6.47 (t, J=
7.7 Hz, 2H), 6.39 (d, J=7.4 Hz, 2H), 5.52 (s, 1H), 2.19~
2.10 (m, 2H), 1.98~1.89 (m, 2H), 1.29 (t, J=7.3 Hz, 3H),
1.22 (t, J=7.3 Hz, 3H); °C NMR (CDCl;, 100 MHz) ¢:
156.1, 134.0, 133.0, 128.8, 128.1, 127.9, 126.9, 126.4,
126.1, 125.7, 125.5, 124.7, 122.4, 99.4, 88.8, 33.4, 33.3,
7.7, 7.3; IR (KBr) v: 3420, 2959, 1761, 1684, 1565, 1405,
1239, 1143, 777, 954 cm~'; HRMS (ESI) caled for
C,4sH23sNO,Na [M+Na]" 380.1626, found 380.1631.
(2)-4-75 W0 F1 3 -5,5- — 2, FE -3- 57 A e e mpf - 2- il
B)): AfEE, PR 87%. mp. 69~71 ‘C; 'H NMR
(CDCls, 400 MHz) : 7.35~7.30 (m, 2H), 7.27~7.18 (m,
3H), 5.32 (s, 1H), 3.74~3.68 (m, 1H), 1.92~1.87 (m,
2H), 1.70~1.62 (m, 2H), 1.25 (d, J=6.8 Hz, 6H), 0.98 (t,
J=17.2 Hz, 6H); °C NMR (CDCl;, 100 MHz) &: 156.1,
140.7, 135.4, 128.8, 128.1, 126.7, 97.0, 87.3, 47.1, 33.1,
18.8, 7.1. IR (KBr) v: 3436, 2968, 1758, 1671, 1456, 1408,
1328, 1280, 1030, 758 cm™'; HRMS (ESI) caled for
C17H»3sNO,Na [M+Na]" 296.1626, found 296.1625.
(Z)-4- 75 0 H JE -5 5 T -3 T R -5 R e
Wk-2-BA (5m): TR, 743 87%. 'H NMR (CDCls,
400 MHz) 6: 7.45~7.42 (m, 2H), 7.29~7.28 (m, 3H),
4.45 (s, 1H), 3.81 (d, J=6.1 Hz, 1H), 2.05~2.00 (m, 2H),
1.80 (s, 3H), 1.67 (s, 1H), 1.15 (d, J=6.5 Hz, 6H.), 1.04
(d, J=6.3 Hz, 6H); °C NMR (CDCl;, 100 MHz) ¢:
153.98, 131.75, 128.14, 128.10, 122.93, 90.58, 84.53,
77.20, 75.54, 49.67, 42.72, 27.87, 24.99, 24.16, 23.89,
23.03; IR (KBr) v: 3327, 2962, 1687, 1527, 1463, 1248,
1139, 1066, 765 cm ~ '; HRMS (ESI) caled for
Ci3H,sNO,Na [M+Na]" 310.1783, found 310.1777.
(Z)-4-75 0. F JE -5 -3 TR -3 - 37 A 35k - 5- FF Sk I e I -
2-W(Sn): A E g, 2% 87%. mp. 95~97 C; 'H
NMR (CDCls, 400 MHz) d: 7.35~7.30 (m, 2H), 7.26~
7.19 (m, 3H), 5.47 (s, 1H), 3.69~3.61 (m, 1H), 1.54 (s,
3H), 1.27~1.15 (m, 7H, CH), 0.56~0.40 (m, 4H); "*C
NMR (CDCls, 100 MHz) 0: 155.7, 143.5, 135.3, 128.8,
128.1, 126.7, 98.2, 82.8, 47.2, 25.8, 20.6, 18.8, 18.6, 1.2,
0.5; IR (KBr) v: 3442, 2975, 1745, 1668, 1450, 1376,
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1293, 1024, 694 cm ~'; HRMS (ESI) caled for
C,7H,;NO,Na [M+Na]" 294.1470, found 294.1464.

(2)-4-75 W7 B -3 5 P - 1- SR A -3- AR M8 [4.4] I-
2-ff(50): AR, 23 88%. m.p. 119~121 C; 'H
NMR (CDCls, 400 MHz) 0: 7.34~7.30 (m, 2H), 7.26~
7.18 (m, 3H), 5.44 (s, 1H), 3.74~3.67 (m, 1H), 2.18~
2.17 (m, 2H), 1.92~1.84 (m, 6H), 1.27 (d, J=6.8 Hz,
6H); °C NMR (CDCls, 100 MHz) o: 155.7, 143.0, 135.2,
128.8, 128.1, 126.7, 97.3, 92.2, 47.3, 41.4, 24.4, 18.8. IR
(KBr) v: 3423, 2971, 1751, 1674, 1408, 1290, 1107, 1030,
701, 646 cmfl; HRMS (ESI) calcd for C;H,NO,Na [M—+
Na]" 294.1470, found 294.1472.

(2)-4-75 W H 3£-3 5, 5- = Z FEBEME R -2- i (5p): 7
[k, 723 86%. m.p. 76~78 ‘C; '"H NMR (CDCl;, 400
MHz) 6: 7.34~7.31 (m, 2H), 7.27~7.23 (m, 1H), 7.21~
7.19 (m, 2H), 5.42 (s, 1H), 3.39 (q, J=7.1 Hz, 2H), 1.98~
1.88 (m, 2H), 1.77~1.66 (m, 2H), 0.91 (t, J=7.4 Hz,
6H), 0.74 (t, J=7.0 Hz, 3H); *C NMR (CDCl;, 100 MHz)
0: 157.2, 139.4, 134.9, 131.6, 129.5, 128.2, 128.1, 127.9,
126.8, 97.7, 87.6, 38.0, 33.0, 12.3, 7.1; IR (KBr) v: 3481,
2975, 1748, 1674, 1456, 1360, 1264, 1197, 1050, 950, 713
cm '; HRMS (ESI) caled for C;¢H»NO, [M+H]"
260.1651, found 260.1649.

(2)-4-75 . F 3 -5- 34 7 3 -3- £, 3k -5- F L I e - 2-
il(5q): FEE, 775% 84%. m.p. 74~76 C; 'H NMR
(CDCls, 400 MHz) §: 7.34~7.30 (m, 3H), 7.25~7.19 (m,
2H), 5.56 (s, 1H), 3.42~3.29 (m, 2H), 1.57 (s, 3H), 1.32~
1.00 (m, 2H), 0.74 (t, J=7.1 Hz, 3H), 0.63~0.48 (m, 4H);
C NMR (CDCls, 100 MHz) d: 156.71, 142.05, 134.89,
130.10, 129.47, 128.07, 127.95, 126.90, 99.65, 83.28,
38.03, 25.94, 20.61, 12.38, 1.37, 0.64; IR (KBr) v: 3439,
2975, 1745, 1674, 1674, 1364, 1059, 720, 633 cm ';
HRMS (ESI) caled for C;gH;oNO,Na [M + Na] *
280.1313, found 280.1314.

(2)-4-75 0 H 35,5 2, 35 -3 2 Fo W e I -2- 75t
(5r): A, P75 83%. mp. 127~129 ‘C; 'H NMR
(CDCls, 400 MHz) §: 7.09~7.00 (m, 5H), 6.90~6.84 (m,
3H), 6.82~6.63 (m, 2H), 5.56 (s, 1H), 2.18~2.09 (m,
2H), 1.89~1.82 (m, 2H), 1.13 (t, J=7.3 Hz, 6H); "°C
NMR (CDCls, 100 MHz) o: 188.9, 140.2, 136.7, 132.6,
128.4,128.3,128.1, 127.1, 125.8, 101.1, 94.3, 33.5, 7.4; IR
(KBr) v: 3455, 2971, 2360, 1658, 1591, 1463, 1341, 1117,
970, 688 cm'; HRMS (ESI) caled for C,0H,,NOS [M+
H]" 324.1422, found 324.1072.

(2)-4-75 0 F 3-3,5,5- = 2 FERE Mk -2- 6 i (5s): 1
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O E AR, 773 87%. m.p. 109~111 C; 'H NMR (CDCl;,
400 MHz) 6: 7.37~7.27 (m, 3H), 7.23~7.20 (m, 2H),
5.53 (s, 1H), 3.77 (q, J=7.0 Hz, 2H), 2.04~1.96 (m, 2H),
1.77~1.69 (m, 2H), 0.97 (t, J=7.3 Hz, 6H), 0.80 (t, J=
7.0 Hz, 3H); *C NMR (CDCl;, 100 MHz) J: 188.4, 139.2,
134.1, 129.4, 128.0, 127.3, 100.3, 93.0, 77.6, 41.6, 33.4,
11.4,7.2; IR (KBr) v: 3445, 2971, 1674, 1456, 1389, 1277,
1136, 915, 701 cm™'; HRMS (ESI) caled for C;sH»,NOS
[M-+H]" 276.1422, found 276.0996.

(2)-4-75 T 2 -3- 2, 3 -5- 57 T 2 -5 i 5 g e -2
Bl (5t): TR, 80%.'H NMR (CDCls, 400 MHz) o:
7.37~7.28 (m, 3H), 7.21~7.18 (m, 2H), 5.55 (s, 1H,),
3.76 (q, J=7.0 Hz, 2H), 1.91~1.84 (m, 2H), 1.72~1.69
(m, 1H), 1.58 (s, 3H), 1.00 (t, J=6.7 Hz, 6H), 0.81 (t, J=
7.0 Hz, 3H); *C NMR (CDCl;, 100 MHz) J: 187.6, 141.9,
134.0, 129.3, 128.0, 127.3, 100.4, 89.7, 49.3, 41.5, 28.3,
24.3,24.2,23.8, 11.3; IR (KBr) v: 3442, 2955, 1677, 1463,
1389, 1277, 1223, 1136, 745, 701 cm '; HRMS (ESI)
caled for C;;HyuNOS [M + H] ©  290.1579, found
290.1571.

(2)-5- . F-4-(4- 5 AT Y 35 )-5- HH -3 (O L)
WERE bR -2 (Su): A AR, 723 90%. m.p. 81~83 C;
'H NMR (CDCl;, 400 MHz) J: 6.86~6.85 (m, 4H),
6.62~6.53 (m, 4H), 5.48 (s, 1H), 2.22 (s, 3H), 2.05~1.86
(m, 2H), 1.68 (s, 3H), 1.08 (t, J=7.6 Hz, 3H); °C NMR
(CDCls, 100 MHz) 0: 162.1, 159.7, 155.7, 141.5, 137.3,
132.2, 130.0, 129.9, 128.9, 125.9, 113.9, 113.7, 98.2, 85.5,
34.2,27.0, 20.9, 7.6; IR (KBr) v: 2960, 1756, 1676, 1513,
1406, 1326, 1232, 1139, 1066, 812, 626 cm™'; HRMS
(ESI) caled for C,,H, FNO, [M—|—H]+ 326.1556, found
326.1554.

(2)-5- 2. F-4-(4-F A FE IR0 R AL )-5- FR R -3-(ON) R R
B WE MR -2- (Sv): E AR, 23 80%. m.p. 93~
95 ‘C; '"H NMR (CDCl;, 400 MHz) 0: 6.87~6.86 (m,
4H), 6.58~6.56 (m, 2H), 6.41~6.39 (m, 2H), 5.48 (s,
1H), 3.66 (s, 3H), 2.21 (s, 3H), 2.02~1.87 (m, 2H), 1.67
(s, 3H), 1.08 (t, J=7.4 Hz, 3H); *C NMR (CDCls, 100
MHz) 6: 157.6, 155.9, 140.1, 136.8, 132.5, 129.5, 128.7,
125.9, 125.7, 112.5, 99.2, 85.5, 55.2, 34.3, 27.0, 20.9, 7.6;
IR (KBr) v: 2973, 1773, 1663, 1509, 1329, 1239, 1126,
1029, 812, 616 cm™'; HRMS (ESI) calcd for C,1Hy4NO;3
[M+H]" 338.1756, found 338.1752.

(2)-5- 2.3 -4-(4-F 3L 4 L )-5- HF 3 -3- (% H %
B BEMenbk-2-F (Sw): E AR, FFE 91%. 'H NMR
(CDCls, 400 MHz) J: 7.58~7.56 (m, 2H), 7.35~7.32 (m,
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2H), 7.23~7.20 (m, 4H), 5.66 (s, 1H), 2.41 (s, 3H), 1.88~
1.83 (dq, J=14.6, 7.3 Hz, 2H), 1.60~1.53 (m, 2H), 1.07
(t, J=7.3 Hz, 6H); >C NMR (CDCl;, 100 MHz) ¢: 155.1,
144.2, 140.2, 139.2, 131.9, 130.9, 130.6, 129.5, 127.7,
118.6, 110.6, 99.8, 89.2, 31.9, 21.2, 7.3; IR (KBr) v: 2966,
2360, 1759, 1669, 1409, 1356, 1166, 1062, 826, 669 cm ™ ';
HRMS (ESI) caled for CyHy;3N,0, [M+H]™ 347.1760,
found 347.1753.

(2)-5,5- = 2, Fk -4- 15 F5 -3 FE 2R 35 ) It e b - 2-
(5x): AEEAE, 2R 65%. mp. 77~79 C; 'H NMR
(CDCls, 400 MHz) 6: 7.22 (d, J=8.1 Hz, 2H), 7.16 (d, J=
8.2 Hz, 2H), 4.16 (t, J=7.6 Hz, 1H), 2.38 (s, 3H), 1.90
(dd, J=14.4, 7.2 Hz, 2H), 1.67 (dd, J=14.4, 7.3 Hz, 2H),
1.43 (dd, J=14.4, 7.2 Hz, 2H), 1.12~1.05 (m, 4H), 1.02
(t, J=7.3 Hz, 6H), 0.71 (t, J=7.0 Hz, 3H); “C NMR
(CDCLs, 100 MHz) §: 156.5, 138.4, 138.3, 133.9, 129.8,
127.6, 99.6, 88.0, 32.9, 32.3, 24.4, 21.9, 21.1, 13.6, 7.2, 0.
IR (KBr) v: 2973, 1706, 1606, 1546, 1466, 1406, 1323,
1246, 1052, 816 cmfl; HRMS (ESI) calcd for C;9HysNO,
[M+H]" 302.2120, found 302.2113.

(2)-4-CA TR 3E)-5,5- - 2, -3- (O FF 25 S ) g e i -2-
fi(Sy): AGREIA, F2% 62%. mp. 79~82 C; '"H NMR
(CDCls, 400 MHz) 0: 7.26~7.20 (m, 4H), 3.72 (d, J=9.0
Hz, 1H), 2.37 (s, 3H), 1.89~1.85 (dq, J=14.5, 7.3 Hz,
2H), 1.65~1.59 (m, 2H), 1.01 (t, J=7.3 Hz, 6H), 0.61~
0.57 (m, 1H), 0.41~0.40 (m, 2H), 0.12 (m, 2H); *C NMR
(CDCls, 100 MHz) §: 156.3, 138.3, 138.1, 133.6, 129.5,
127.3, 103.4, 87.8, 32.9, 21.1, 7.8, 7.5, 7.2. IR (KBr) v:
3293, 2980, 1706, 1596, 1539, 1316, 1239, 1052, 912, 816
cm '; HRMS (ESI) caled for CigH,sNO,Na [M~+Na]™
308.1626, found 308.1620.

HBhA1 B (Supporting Information) Fifi k&4 'H
NMR Fl °C NMR 3 [&]. 3241 AT BL 4 2 AT 93l
(http://sioc-journal.cn/)_E T %K.
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