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Tin-Mediated Preparation of Allylic a-Acylhydrazino Esters
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Abstract An one-pot reaction of glyoxylate ethyl ester, acylhydrazines and allyl bromide promoted by tin powder has been
developed. The reaction has been investigated using different acylhydrazines leading to allylic a-acylhydrazino esters in very
high yield. When allyl bromide was replaced with prenyl bromide or crotyl bromide to perform the reaction, the y-addition

products were obtained. The reaction provides a new approach for the synthesis of allylic a-acylhydrazino esters.

Keywords tin powder; glyoxylate ethyl ester; acylhydrazines; one pot reaction; allylic a-acylhydrazino esters

AR I IR A — R IRAFAE M BATVF 2 AL
MR, Horh, o~ AN IRAR B 2 BT
ZRIE. PUVIRFAEYRARE BRI E AR AR, W
WAE NG R AR ERAR AT AR, 3 HC AR
IRV A A 53 B A B0 el 340 o B B 0L
RA G i A A R A At B RE M, BRIE ,0- A1
AR AT HL A B =5 BB 5 eI, fEAR AL
K25 RIS T T B RO H A, AR
LRI, R R A G A A A IR 1) &
WOTECAHRE . HIMIEEER: DRI &
FUL BB e B P SN YO SRR R, S
FEHER M G AR R Witting = RSP T A
S AEREEARZ WS RO, SRR e R
ALK A P 2 < Jo 7 FR) 2% A I B 3R AR AN T A
2 B FATT A ) — T i LR ),

* E-mail: huyl@nwnu.edu.cn; huangdf@nwnu.edu.cn

AL, FHERA BT B At E . XHEAR
IKFERE B REIAN 52 0 Sk Bt S 0, TR HLA K
R T T M AN B, AIERFIA T
A5, WA N R BB AR R A RN R T
FFH AR AE, X el S S BHAS T A WU RF B — 5
. 1983 4 Nokimal“HfiE T —FhE M Lk T BEBH 4
AR, BE 5 R R T A MU Rt s, S
Fu 7B, BEESREHET B NS R T AT
T R BATNAV R R T — RAVIA RS, BE.
T RV 05 T A BOR AR  N, HREUAS T B
BORCIRE BRI T, ZRERRES . FEMERE 7 IR
C—BRIRT 5% o~ RS- IR BR BRI TV, AR 9,0-
MR ZSERRATEMILME T — i, #—By KT
B A HLA P B R

Received June 6, 2016; revised July 24, 2016; published online August 22, 2016.
Project supported by the National Natural Science Foundation of China (Nos. 21062016, 21462037).

K AR 3 4 (Nos. 21062016, 21462037) % B I5i H .

2920 http://sioc-journal.cn/

A ©2016 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2016, 36, 2920~2927



Chinese Journal of Organic Chemistry

1 BR5ite
1.1 REZFHIRE

T, AKX TOMIEET, CBROEE 1. 8H
T fE 2a FUMG T FEIR 3a Y “ —400%” JRM(Eq. 1). 4
RBUAE DU R B N 8 h, 153 T T 4a,
FEEN 87%(F 1, Entry 1). SRJG AT X% s B ) v
A WA SR LT TR R, SRR 1.

1 "1 Entries 2~ 12 B ¥ER M, fERREF T, 1,
2a, 3a MG PRI ELIGE 1 2 1.5 1.5 1 2 1, =4
da [1)77 22 [0 5 P AN IR T A AR AR Ak 4 T, 24 3557
N LA-ZENHRCIER, RNARERE; BT OB,
TEH A SN, T 4a (7 AR REIA R 70% L L
MYEFIN ARG, 4a BIPRRRE, ATk 93%. fEH
fih 2 FAE A A S, USEAER, 1,2- =& LAl
L1,2- =5 LK, da (1977 S8 00 25 15 7709 R P 1 v vy 38
b, AREREGAE &R e TR, BRI SR e AR D st
TR, BEEIRAE S T I X N RS (Entry 13). #F
FORW, [N RE PR, SN RGN, 4a P~ Z 0K
PG, MG IRATHEEE T 243508 — Ay, [ A&
T, 1, 2a, 3a AR HIY T B2 EEARAEKT da )72 265000

(Entries 14~17). g5k, 4kS20807% [ B IRE LI,
da [R5 2 A R R AR,

ZE LRTIR, TATHE A EY) 4a BRI %
ER: CBETR TG 1. KB 22 FIGTAIEIR 3a 1)
WM RE A 12150 1.5:2, RSP,
SN A R
12 RMNEYRR

1E IR R BN, RATHAFMBEIHRR T
RN E AR (Eq. 2), RMEER IR 2. 4550 EM,
TR A2 75 B L & 2 NI, TE B R I B 2% A T #l A
5 TR B8 S NI LA P 2 AR B A B a- B S --
IRIETREE A S 0. ST 07 B e, AR E R ER R
ST HL R A S TR, RS P ER A
86%L I (Entries 1~10). tb4b, 75 & BT IEUR
FELE IR b 1AL B IR B AN SR AR K. 51 dn 4-H 2R
FRBE I E NI I NI, 4d F= 20Tk 93%, T 2- 32K
BT JEHE R 3- FE 56 28 T R SR R IR SR, 4b AT de (1)
SN FEZR 43 N 86%A1 90% (Entries 2~4). %t T 554K A5
JU R R, 4 Nt T B B B T AR LU B e R 1
SNE, AE R SN AN 0 55 I E. B B I

o Os_Ph
EtO i ooy e B j"/H
\”)J\H H Solvent/Temp. HN )
c1) 2a 3a EtO\ﬂ)\/\
o}
4a
1 EWLEY 4a FERIHE R ¢
Table 1 Effects of some factors on the yields of compound 4a
Entry Molar ratio of 1a/2a/3a/Sn Solvent Temp./C Time/h Isolated yield/%
1 1/1.5/1.5/2 THF Reflux 8 87
2 1/1.5/1.5/2 1,4-Dioxane Reflux 8 None
3 1/1.5/1.5/2 Et,0 Reflux 8 68
4 1/1.5/1.5/2 EtOH Reflux 8 74
5 1/1.5/1.5/2 MeOH Reflux 8 72
6 1/1.5/1.5/2 MeCN Reflux 8 None
7 1/1.5/1.5/2 Ethyl acetate Reflux 8 85
8 1/1.5/1.5/2 DCM Reflux 8 93
9 1/1.5/1.5/2 CHCl, Reflux 8 82
10 1/1.5/1.5/2 CCly Reflux 8 86
11 1/1.5/1.5/2 CH,CICH,Cl Reflux 8 91
12 1/1.5/1.5/2 CH,CICHCI, Reflux 8 90
13 1/1.5/1.5/2 DCM r.t. 16 51
14 1.5/1/1.5/2 DCM Reflux 8 91
15 1/1/1.5/2 DCM Reflux 8 85
16 1/2/1.5/2 DCM Reflux 8 93
17 1/1.5/2/2 DCM Reflux 8 92
“ Reaction conditions: glyoxylate ethyl ester (1.0~1.5 mmol), solvent (4.0 mL).
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Table 2 One-pot reaction of glyoxylate ethyl ester, different hydrazides and allylic bromide promoted by tin powder

Entry R! Time/h Product Isolated yield/%
1 C¢Hs 8 4a 93
2 0-Me-C¢Hy 12 4b 86
3 m-Me-C¢Hy 9 4c 90
4 p-Me-C¢H,4 8 4d 93
5 p-MeO-CgH, 12 4e 90
6 p-F-C¢Hy 10 4f 91
7 p-Cl-C¢H,4 8 4g 88
8 p-Br-C¢Hy 8 4h 86
9 CF;-C¢H,4 8 4i 94
10 2-Furyl 9 4j 83
11 Me 10 n.d.
12 CH;CH, 14 n.d.
13 (CH;),CH 14 n.d.
14 Cy7H;s 9 4k 58

“ Reaction conditions: glyoxylate ethyl ester (1.0 mmol), acylhydrazine (1.5 mmol), allylic bromide (1.5 mmol), tin (2.0 mmol), DCM (4.0 mL).

JHERI S T BRI s A 45 BT 0 =4, i Rk i
e Bk S SEINE, 4 Ak 1R 3 A 58% (Entries 11~14).

FATH S5 T 0 R AR A B R A 49 T R Rk —
IR EAZ N (G TS (Eq. 3). 3 3 AT, RN
BT — R p-— BRI BRI -y- IR BRI . X5 5%
75 J2 RURT K 22 B0 3 b B 0 BT e P Jon el 8 SR — 551,
TS A B, ANE AR IR B EURIE R R F I S
HH, 7Y 5 R KHELE 80%LL F(Entries 1~8).
B2, BURIELE AR L (A0 B 2 I FR 52 B 0 74 2 IR
VEBALRFI BE S . 9 0 4- R I R Ik ik S B2 B, S 7=
RANIK 93%; 3-HIIEAH L NS, Se IR~ A
84%. SR Y 2-FHL IR FME I S SLE, Sb /=2 F
57%. 2R N 52 7 [B) A7 BH I 52 45K (Entries 2~4).
AN, 2 Ad R R BRI, RO AS 4B (Entries 9~
10). ELGHER . ZREFRES AN A H IR HE B0 e 2k T 1 I
7 p- IR, AE RIS AR B, syn-
PN anti-FEH)I LLAG) N 60 © 40 (Entry 11).
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weJr, BATH 2-I P B IR IR (3d) Vi P 2
B, SR TR LT, R OB, RS
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AR BN o-BEIEE-y- R IR SR RN %7 1%
Bk S AR E AR SO BB A R B S S
SRE, AT S 748 A B A L R, B 7R
P R, BRARRIR, P Rm A, ik S
1 o- B 2k -p- IR BRI AL S R T — Rl %, dhe
TERHEA LA R .

OYR1
_NH
HN
R? B Sn
= fF—_ EtO (3)
R3 DCM, reflux ~
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Table 3 One-pot reaction of glyoxylate ethyl ester, hydrazides and prenyl and crotyl bromide promoted by tin powder

Entry R! 3 Time/h Product Isolated yield/%
1 CeHs 3b 8 5a 92
2 0-Me-C4H, 3b 10 5b 57
3 m-Me-CgH, 3b 9 5¢ 84
4 p-Me-C¢H, 3b 8 5d 93
5 p-MeO-CgH, 3b 9 Se 94
6 p-F-C¢Hy 3b 10 5f 81
7 p-Cl-C¢H, 3b 9 5g 90
8 p-Br-C¢Hy 3b 8 5h 92
9 Me 3b 12 n.d.
10 Cy7H35 3b 12 n.d.
11 CeHs 3¢ 8 5i 89"

 Reaction conditions: glyoxylate ethyl ester (1.0 mmol), acylhydrazine (1.5 mmol), prenyl bromide (1.5 mmol), tin (2.0 mmol), DCM (4.0 mL). b synlanti=60/40,

determined by '"H NMR analyses"”.

o o} COOEt s
n
Etom)J\H* )LN/NHZ + /\/Br—)e> EtO
o) H DCM
reflux
1 2a 3d

3 X
3.1 U5

ZIANEREACH Alpha Centauri FI-IR Y9328, [E 44K
F KBr & i, WK 23RS Varian
Mercury 400 plus 3¢ Agilent DD, 600 A% 3L 4R M
5, PUTAREAE AT, TMS SAAAR; &5 R 3
Bruker APEX T & HLIH-745 6 55 7 [B] fig S4f g vl 5 o,
ESI Y&, 5 s e FH SR A0k sl s G e, 8B AR AR IE.
&Y 2a~2j FIESCHER 72 A, HEialR Ry =
i Ay,
32 LWHE

50 mL [5 JE e A R AR O B K1 (0.238 g, 2.00
mmol). A3 (3a) (0.180 g, 1.50 mmol). ZMBEHR 7.1
(1) (0.102 g, 1.00 mmol)FI FH L[ (2a) (0.204 g, 1.50
mmol), FFIIA 4 mL & ke, TERRZMG FHEE. &
SV G U AR 0 B, B G S ST, K AR
Wk R AR (TLOR I [ B8 42 5, ) SR &
PIRmA 6 mL MEASEAEIER, B 10 min, H 4R
CBE(10 mLX3)ZHL, 4 AU, FHICKBR R T4,
ALWH G, WATERI VA @ MCRAEE=3 !
1177 B 1577 4a. 1L &Y 4b~4k Fil 5a~5h ({14 %A 4a.
3.3 LEMMIELIE

2-(2-7% F R 2R )-4- G R TR (4a): T P8 A 5 A
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HURY, 723 93%. 'TH NMR (600 MHz, CDCl3) ¢: 8.27
(s, 1H), 7.73 (d, J=17.8 Hz, 2H), 7.48 (t, J=7.8 Hz, 1H),
7.40 (t, J=7.8 Hz, 2H), 5.89~5.82 (m, 1H), 5.19~5.13
(m, 2H), 4.84 (br, 1H), 4.18 (q, J=7.2 Hz, 2H), 3.83~
3.81 (m, 1H), 2.62~2.58 (m, 1H), 2.47~2.42 (m, 1H),
1.25 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
172.6, 166.9, 132.8, 132.5, 131.9, 128.6, 126.9, 118.9,
62.0, 61.1, 35.2, 14.2; IR (KBr) v: 3432.0, 1733.0, 1639.0,
1458.0, 1027.0, 692.0 cm™'; HRMS caled for Ci4HgN,-
NaO; [M+Na]" 285.1210, found 285.1206.

2-(2-408 F 2 FE G ik 3 )-4- TR R 2T (4b): I B
EFFIHIRY), 7% 86%. "H NMR (600 MHz, CDCl;) o:
7.63 (s, 1H), 7.32~7.29 (m, 2H), 7.20~7.16 (m, 2H),
5.89~5.83 (m, 1H), 5.22~5.16 (m, 2H), 4.23~4.15 (m,
2H), 3.85~3.83 (m, 1H), 2.62~2.58 (m, 1H), 2.50~2.45
(m, 1H), 2.41 (s, 3H), 2.14 (d, J=1.2 Hz, 1H), 1.27 (t, J=
7.2 Hz, 3H); *C NMR (150 MHz, CDCl5) §: 172.3, 169.1,
136.5, 133.8, 132.7, 130.9, 130.2, 127.0, 125.6, 118.7,
62.1, 61.0, 35.0, 19.6, 14.1; IR (KBr) v: 3268.0, 2974.0,
1728.0, 1638.0, 1443.0, 1191.0 cm™'; HRMS caled for
CysHy0N,NaO; [M+Na]* 299.1366, found 299.1362.

2-(2- ] P 3 24 P G JR 3 )-4- R R 20T (de): TR K
E AR, 723 90%. m.p. 33~34 C; '"H NMR (600 MHz,
CDCly) J: 8.40 (s, 1H), 7.55 (s, 1H), 7.50 (d, J=6.6 Hz,
1H), 7.26~7.25 (m, 2H), 5.86~5.79 (m, 1H), 5.16~5.09
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(m, 2H), 4.84 (br, 1H), 4.18~4.13 (m, 2H), 3.81~3.79
(m, 1H), 2.58~2.55 (m, 1H), 2.44~2.40 (m, 1H), 2.33 (s,
3H), 1.22 (t, J=6.0 Hz, 3H); *C NMR (150 MHz, CDCl5)
9: 1725, 167.1, 138.4, 132.9, 132.5, 132.5, 128.4, 127.6,
123.8, 118.7, 62.0, 61.0, 35.1, 21.2, 14.1; IR (KBr) v:
3274.0, 1737.0, 1641.0, 1461.0, 1299.0, 1194.0 cm ';
HRMS caled for C;sH,N,NaO; [M+Na]"™ 299.1366,
found 299.1361.

2-(2-5% 4 R 3 ) -4- IR R 2. TR (4d): TR 35
ERFRY, 723 93%. "H NMR (600 MHz, CDCl;) 6:
8.22 (s, 1H), 7.63 (d, J=7.8 Hz, 2H), 7.19 (d, J=7.8 Hz,
2H), 5.88~5.82 (m, 1H), 5.20~5.13 (m, 2H), 4.66 (br,
1H), 4.18 (q, J=7.2 Hz, 2H), 3.83~3.80 (m, 1H), 2.60~
2.58 (m, 1H), 2.47~2.42 (m, 1H), 2.36 (s, 3H), 1.24 (t,
J=17.2 Hz, 3H); “C NMR (150 MHz, CDCl;) é: 172.5,
166.9, 142.3, 132.9, 129.6, 129.2, 126.9, 118.7, 62.1, 61.0,
35.1, 21.4, 14.1; IR (KBr) v: 3274.0, 1734.0, 1638.0,
1458.0, 1191.0 cm '; HRMS caled for Ci5sH,N,NaO;
[M+Na]™ 299.1366, found 299.1371.

2-(2- X AR B R R B R 368 )-4- TR TR TR (de): YR
FOEAE, P7ER 90%. m.p. 46~47 ‘C; '"H NMR (600
MHz, CDCls) 6: 8.32 (s, 1H), 7.69 (d, J=6.0 Hz, 2H),
6.86 (d, J=6.0 Hz, 2H), 5.85~5.79 (m, 1H), 5.16~10 (m,
2H), 4.58 (br, 1H), 4.15 (q, J=7.2 Hz, 2H), 3.80 (s, 1H),
3.78 (s, 3H), 2.57~2.55 (m, 1H), 2.44~2.39 (m, 1H),
1.22 (t, J=7.2 Hz, 3H); *C NMR (150 MHz, CDCl;) ¢:
172.5, 166.6, 162.3, 132.9, 128.7, 124.7, 118.5, 113.6,
62.1, 60.9, 55.2, 35.1, 14.1; IR (KBr) v: 3268.0, 1722.0,
1602.0, 1251.0, 1023.0 cm™'; HRMS calcd for C;sHaoN,-
NaO4 [M+Na]" 315.1315, found 315.1322.

2-(2-XF A I F 2 ) -4- T TR 2T (4): ¥R 8 £ ]
1, P2Z 91%. mp. 59~60 C; 'H NMR (600 MHz,
CDCly) o: 8.50~8.45 (m, 1H), 7.80~7.76 (m, 2H),
7.10~7.06 (m, 2H), 5.85~5.82 (m, 1H), 5.19~5.13 (m,
2H), 5.10 (s, 1H), 4.21~4.14 (m, 2H), 3.82~3.81 (m,
1H), 2.59~2.58 (m, 1H), 2.46~2.43 (m, 1H), 1.27~1.23
(m, 3H); C NMR (100 MHz, CDCly) d: 172.6, 166.1,
163.6, 132.7, 129.4 (d, Jo—+=9.0 Hz), 128.6 (d, Jo—=3.0
Hz), 118.8, 115.5 (d, J—s=22.0 Hz), 62.0, 61.0, 35.1,
14.1; IR (KBr) v: 3268.0, 1728.0, 1638.0, 1458.0, 1191.0
cmfl; HRMS caled for C;4H;7FN,NaO; [M-l-Na]+
303.1115, found 303.1110.

2-(2- X S R I I ) -4- TR TR 2. T (4g): VR B
[k, 723 88%. m.p. 75~76 C;'H NMR (600 MHz,
CDCly) J: 8.68 (s, 1H), 7.69 (d, J=8.4 Hz, 2H), 7.33 (d,
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J=8.4 Hz, 2H), 5.81~5.77 (m, 1H), 5.13~5.07 (m, 2H),
4.70 (br, 1H), 4.14 (q, J=6.6 Hz, 2H), 3.80~3.78 (m,
1H), 2.56~2.53 (m, 1H), 2.42~2.37 (m, 1H), 1.21 (t, J=
6.6 Hz, 3H); *C NMR (150 MHz, CDCl;) §: 172.6, 166.0,
138.0, 132.7, 130.8, 128.7, 128.4, 118.7, 62.0, 61.0, 35.1,
14.1; IR (KBr) v: 3268.0, 2170.0, 1722.0, 1638.0, 1593.0,
1458.0, 1188.0, 1089.0, 1008.0 cm™'; HRMS calcd for
C1:H,7CIN,NaO; [M+Na]" 319.0820, found 319.0824.

2-(2-XH IR IR H B R 3L ) -4- TR AR 2. Fig (4h): IR FE (0
[, 723 86%. m.p. 68~69 ‘C; 'H NMR (400 MHz,
CDCLy) §: 8.65 (s, 1H), 7.66 (d, J=8.0 Hz, 2H), 7.55 (d,
J=8.0 Hz, 2H), 5.90~5.79 (m, 1H), 5.20~5.13 (m, 2H),
4.70 (br, 1H), 4.24~4.14 (m, 2H), 3.85~3.82 (m, 1H),
2.64~2.57 (m, 1H), 2.48~2.41 (m, 1H), 1.26 (t, J=6.8
Hz, 3H); “C NMR (150 MHz, CDCly) d: 172.6, 166.1,
132.7, 131.7, 131.3, 128.6, 126.5, 118.8, 62.0, 61.1, 35.1,
14.1; IR (KBr) v: 3262.0, 1725.0, 1638.0, 1587.0, 1458.0,
1188.0, 1005.0 cm™!; HRMS caled for C,,H;,BrN,NaO;
[M+Na]™ 363.0315, found 363.0324.

2-(2-5%F 95, R B OR R I R 0L )-4- IR TR 2. T (4h): E
EAER, 773 94%, m.p. 62~63 C; 'H NMR (600 MHz,
CDCly) §: 8.75 (s, 1H), 7.87 (d, J=7.8 Hz, 2H), 7.64 (d,
J=17.8 Hz, 2H), 5.84~5.79 (m, 1H), 5.16~5.10 (m, 2H),
4.63 (br, 1H), 4.16 (q, J=6.0 Hz, 2H), 3.83~3.81 (m,
1H), 2.59~2.57 (m, 1H), 2.44~2.40 (m, 1H), 1.23 (t, J=
6.0 Hz, 3H); *C NMR (150 MHz, CDCly) §: 172.7, 165.8,
135.8, 133.5 (q, Jo—r=33.0 Hz), 132.6, 127.6, 125.5,
123.5(q, Jo-r=271.5 Hz), 118.9, 62.0, 61.2, 35.1, 14.1; IR
(KBr) v: 3262.0, 2974.0, 1722.0, 1647.0, 1530.0, 1458.0,
1323.0, 1164.0, 1122.0, 1065.0, 1011.0, 852.0, 600.0 cm ™ ';
HRMS caled for CysH;F3N,NaO; [M+Na]™ 353.1083,
found 353.1091.

2-(2- WK FY I 2R )-4- LM TR R (4)): 8 38 3 AR
HEIRYD, 773 83%. 'H NMR (400 MHz, CDCls) o: 8.11
(s, 1H), 7.45 (s, 1H), 7.13 (d, J=3.2 Hz, 1H), 6.50 (dd,
J=3.6, 2.0 Hz, 1H), 5.89~5.84 (m, 1H), 5.25~5.17 (m,
2H), 4.96 (s, 1H), 4.25~4.21 (m, 2H), 3.81 (s, 1H), 2.63~
2.60 (m, 1H), 2.51~2.47 (m, 1H), 1.29 (t, J=7.2 Hz, 3H);
C NMR (150 MHz, CDCly) d: 172.3, 157.8, 146.5, 144.3,
132.8, 118.9, 114.9, 112.0, 62.1, 61.1, 35.1, 14.2; IR (KBr)
v: 3250.0, 2926.0, 2164.0, 1722.0, 1656.0, 1587.0, 1458.0,
1290.0, 1188.0, 1005.0, 747.0 cm '; HRMS calcd for
C1,HsN,NaO, [M+Na]™ 275.1002, found 275.0998.

2-(2-TE R L 5L )-4- TR R TR (4K): Bl AA, 7=
# 58%. m.p. 54~55 ‘C; 'H NMR (600 MHz, CDCl;) o:

Chin. J. Org. Chem. 2016, 36, 2920~2927



Chinese Journal of Organic Chemistry

7.49 (s, 1H), 5.83~5.76 (m, 1H), 5.17~5.10 (m, 2H),
4.22~4.14 (m, 2H), 4.14~4.07 (m, 1H), 3.69~3.67 (m,
1H), 2.54~2.51 (m, 1H), 2.41~2.38 (m, 1H), 2.09~2.07
(m, 2H), 1.57 (s, 3H), 1.26~1.22 (m, 30H), 0.86~0.83
(m, 3H); C NMR (150 MHz, CDCly) d: 172.6, 172.5,
132.8, 118.6, 63.5, 62.0, 60.9, 35.1, 34.9, 34.4, 31.8, 31.7,
29.6, 29.6, 29.5, 29.4, 29.3, 29.2, 29.1, 25.4, 24.8, 22.6,
14.1, 14.0, 14.0; IR (KBr) v: 3280.0, 2908.0, 2842.0,
1737.0, 1635.0, 1461.0, 1191.0 cm™'; HRMS caled for
C,sH4sNoNaO; [M+Na]' 447.3557, found 447.3551.

2-(2- 7K PP JHE 6L )-3,3- = L -4- TR R 20T (Sa):
WA, PEE92%. mp. 31~32 C; 'H NMR (600
MHz, CDCly) 6: 7.99 (s, 1H), 7.69 (d, J=7.8 Hz, 2H),
7.46 (t, J=7.2 Hz, 1H), 7.38 (t, J=7.8 Hz, 2H), 5.96 (dd,
J=17.4, 10.8 Hz, 1H), 5.13~5.10 (m, 2H), 5.07 (s, 1H),
421~4.17 (m, 2H), 3.59 (s, 1H), 1.24 (t, J=7.2 Hz, 3H),
1.14 (s, 3H), 1.11 (s, 3H); *C NMR (150 MHz, CDCl;) ¢:
171.9, 167.2, 143.9, 132.5, 131.7, 128.5, 126.8, 113.5,
70.8, 60.7, 25.1, 22.1, 14.2; IR (KBr) v: 3268.0, 2962.0,
1722.0, 1635.0, 1455.0, 1152.0, 1020.0, 684.0 cm ';
HRMS calcd for C;¢H,,N,NaO; [M—i—Na]+ 313.1523,
found 313.1519.

2-(2-41 F R R Bt 3L )-3,3- — F L -4- TR IR 2T
(5b): R AEEBMCRY), FEF 57%. 'H NMR (400
MHz, CDCly) d: 7.44 (s, 1H), 7.31~7.26 (m, 2H), 7.21~
7.17 (m, 2H), 5.98 (dd, J=17.6, 10.8 Hz, 1H), 5.16~5.11
(m, 2H), 5.06 (s, 1H), 4.24~1.19 (m, 2H), 3.64 (s, 1H),
2.40 (s, 3H), 1.28 (t, J=7.2 Hz, 3H), 1.17 (s, 3H), 1.14 (s,
3H); *C NMR (150 MHz, CDCl5) §: 171.8, 169.3, 143.9,
136.4, 133.9, 130.9, 130.2, 126.9, 125.6, 113.6, 71.0, 60.7,
25.1,22.2, 19.6, 14.3; IR (KBr) v: 3268.0, 2962.0, 1719.0,
1638.0, 1443.0, 1365.0, 1191.0, 1017.0, 903.0, 720.0 cm " ';
HRMS calcd for C;7H,4N,NaO; [M-l-Na]+ 327.1679,
found 327.1675.

2-(2- ) Y FE % R B L )-3,3- — F k-4 A R 2. T
(5¢): I OEFMARY), 723 84%. '"H NMR (600 MHz,
CDCly) 6: 7.96 (s, 1H), 7.51 (s, 1H), 7.45 (d, J=6.6 Hz,
1H), 7.26~7.24 (m, 2H), 5.95 (dd, J=17.4, 10.8 Hz, 1H),
5.10~5.09 (m, 2H), 5.07 (s, 1H), 4.20~4.16 (m, 2H),
3.58 (s, 1H), 2.33 (s, 3H), 1.24 (t, J=6.6 Hz, 3H), 1.14 (s,
3H), 1.11 (s, 3H); *C NMR (150 MHz, CDCl;) 6: 171.9,
167.3, 144.0, 138.3, 132.5, 132.4, 128.3, 127.6, 123.8,
113.4, 70.9, 60.6, 25.1, 22.1, 21.2, 14.2; IR (KBr) v:
3268.0, 2962.0, 1722.0, 1635.0, 1584.0, 1458.0, 1299.0,
1188.0, 1020.0, 684.0 cm™'; HRMS calcd for C;;H,,N,Na-
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O; [M+Na]" 327.1679, found 327.1675.

2-(2- Ko} FH FR % R L )-3,3- — F Bk -4 TR R 2 i
(5d): REEFFMIRY, =% 93%. 'H NMR (400
MHz, CDCl) d: 7.80 (s, 1H), 7.60 (d, J=7.6 Hz, 2H),
7.21 (d, J=7.6 Hz, 2H), 6.00 (dd, J=17.2, 10.8 Hz, 1H),
5.16~5.14 (m, 2H), 5.11 (s, 1H), 4.25~4.20 (m, 2H),
3.62 (s, 1H), 2.38 (s, 3H), 1.28 (t, J=7.2 Hz, 3H), 1.18 (s,
3H), 1.16 (s, 3H); °C NMR (150 MHz, CDCl; ) 8: 171.9,
167.2, 144.1, 142.4, 129.7, 129.3, 126.8, 113.6, 70.9, 60.7,
25.2,22.1,21.5, 14.3; IR (KBr) v: 3268.0, 2962.0, 1722.0,
1635.0, 1458.0 cm '; HRMS caled for C,,H,; NoNaO;
[M~+Na]" 327.1679, found 327.1676.

2-(2-XF H AR 2K F R R 28 )-3,3- — HH 2 -4- TR TR 2
fiE(Se): KT EFHMIRY, 7% 94%. 'H NMR (600
MHz, CDCLy) d: 7.66~7.64 (m, 3H), 6.89 (d, J=8.4 Hz,
2H), 5.98 (dd, J=17.4, 10.8 Hz, 1H), 5.14~5.10 (m, 2H),
5.06 (s, 1H), 4.23~4.19 (m, 2H), 3.82 (s, 3H), 3.59 (s,
1H), 1.26 (t, J=7.2 Hz, 3H), 1.16 (s, 3H), 1.14 (s, 3H); "*C
NMR (100 MHz, CDCly) d: 171.9, 166.9, 162.5, 144.1,
128.6, 124.8, 113.9, 113.6, 70.9, 60.8, 55.4, 25.3, 22.0,
14.3; IR (KBr) v: 3280.0, 2962.0, 1722.0, 1605.0, 1458.0,
1248.0, 1020.0 cm™'; HRMS caled for C;,H,4N,NaOy
[M-+Na]" 343.1628, found 343.1624.

2-(2- % Gl 2 R R R 3L )-3,3- L -4 IR R £ TR
(5f): TOFFIHCRYD, 7% 81%. 'H NMR (600 MHz,
CDCLy) 6: 7.99 (s, 1H), 7.72 (dd, J=17.8, 6.0 Hz, 2H), 7.06
(t, J=8.4 Hz, 2H), 5.95 (dd, J=17.4, 10.8 Hz, 1H), 5.12~
5.08 (m, 2H), 4.81 (br, 1H), 4.22~4.17 (m, 2H), 3.58 (s,
1H), 1.25 (t, J=7.2 Hz, 3H), 1.14 (s, 3H), 1.10 (s, 3H); "°C
NMR (150 MHz, CDCls) &: 172.0, 166.3, 164.8 (d, Jo—r=
252.0 Hz), 143.9, 129.3 (d, Jor=9.0 Hz), 128.8 (d,
Je-r=3.0 Hz), 115.6 (d, Jo—r=22.5 Hz), 113.5, 70.9, 60.7,
25.1, 22.1, 14.2; IR (KBr) v: 3262.0, 2968.0, 1722.0,
1635.0, 1602.0, 1458.0, 1152.0 cm '; HRMS caled for
C1Hy FN,NaO; [M+Na]" 331.1428, found 331.1424.

2-(2- Sk G I 3 )-3,3- — Y 3k 4- IR M R 2T
(5g): AT, 775 90%. m.p. 69~70 C; 'H NMR
(400 MHz, CDCls) ¢: 8.42 (s, 1H), 7.71 (d, J=8.4 Hz,
2H), 7.37 (d, J=8.4 Hz, 2H), 5.96 (dd, J=17.2, 10.8 Hz,
1H), 5.12~5.09 (m, 2H), 5.08 (s, 1H), 4.23~4.19 (m,
2H), 3.60 (s, 1H), 1.27 (t, J=7.2 Hz, 3H), 1.15 (s, 3H),
1.10 (s, 3H); *C NMR (150 MHz, CDCl3) 6: 172.1, 166.2,
143.8, 137.8, 130.9, 128.6, 128.4, 113.4, 70.7, 60.6, 24.9,
22.1, 14.1; IR (KBr) v: 3268.0, 2962.0, 1722.0, 1635.0,
1458.0, 1089.0 cm™'; HRMS caled for C,¢H, CIN,NaO;
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[M-+Na]" 347.1133, found 347.1130.

2-(2- i YR 4% I i 3 )-3,3- — 1 3L 4 IR 5 R 2 T
(5h): RHFHGEE, 773 92%. mp. 93~94 C; '"H NMR
(600 MHz, CDCls) ¢: 8.01 (s, 1H), 7.57 (d, J=7.8 Hz,
2H), 7.53 (d, J=7.8 Hz, 2H), 5.95 (dd, J=17.4, 11.4 Hz,
1H), 5.12~5.11 (s, 2H), 5.08 (s, 1H), 4.22~4.17 (m, 2H),
3.57 (s, 1H), 1.25 (t, J=7.2 Hz, 3H), 1.14 (s, 3H), 1.11 (s,
3H); *C NMR (150 MHz, CDCl3) §: 171.9, 166.3, 143.9,
131.8, 131.4, 128.5, 126.5, 113.7, 70.9, 60.8, 25.2, 22.2,
14.3; IR (KBr) v: 3268.0, 2962.0, 1722.0, 1635.0, 1587.0,
1455.0, 1005.0 cmfl; HRMS calcd for C¢H,;BrN,NaO;
[M+Na]" 391.0628, found 391.0624.

2-(2- 7K FH Ik JE 38 )-3- Y -4 TRA R 2L TR (Si-syn): 1R
BB FHPIRY, 77 89%. 'TH NMR (600 MHz, CDCl;)
J: 8.02 (br, 1H), 7.71 (d, J=7.8 Hz, 2H), 7.49 (t, J=7.2
Hz, 1H), 7.41 (t, J=7.2 Hz, 2H), 5.97~5.92 (m, 1H),
5.20~5.07 (m, 3H), 4.34~4.16 (m, 2H), 3.76 (t, J=7.2
Hz, 1H), 2.78 (q, J=6.6 Hz, 1H), 1.27 (t, J=7.2 Hz, 3H),
1.13 (d, J=7.2 Hz, 3H); *C NMR (150 MHz, CDCl;) ¢:
172.3, 166.8, 138.9, 132.6, 131.8, 128.6, 126.9, 116.1,
66.8, 61.0, 38.8, 14.6, 14.2; IR (KBr) v: 3274, 2968, 1728,
1638, 1578, 1458, 1197, 1020, 915, 690 cm™'; HRMS
caled for C;sH,)N,NaO; [M + Na]" 299.1366, found
299.1362.

2-(2- 7K FE R 2L )-3- Y -4 IR R R (Si-anti): ¥R
HOE IR, 77 89%. 'TH NMR (600 MHz, CDCl;)
5: 8.02 (br, 1H), 7.71 (d, J=7.8 Hz, 2H), 7.49 (t,
J=17.2 Hz, 1H), 7.41 (t, J=7.2 Hz, 2H), 5.86~5.80 (m,
1H), 5.20~5.07 (m, 3H), 4.34~4.16 (m, 2H), 3.65 (q, J=
2.4 Hz, 1H), 2.65 (q, J=7.2 Hz, 1H), 1.27 (t, J=7.2 Hz,
3H), 1.15 (d, J=7.2 Hz, 3H); *C NMR (150 MHz, CDCl,)
5: 172.5, 167.1, 138.9, 132.6, 131.8, 128.6, 126.9, 116.6,
67.5, 61.0, 39.8, 16.8, 14.2; IR (KBr) v: 3274, 2968, 1728,
1638, 1578, 1458, 1197, 1020, 915, 690 cm '; HRMS
caled for C;sH,)N,NaO; [M + Na]® 299.1366, found
299.1362.

5 B4 8 (Supporting Information) & i)™ W) A% il
LR . BRIGA = o PR . X LSRR AT DL B N
AT W 3k (http://sioc-journal.cn/) . %K.
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