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Abstract An N-heterocyclic carbene (NHC)/Ag(I) co-catayzed efficient synthesis of 2-oxo-2-arylethyl aryl formates was
realized by the reaction of aryl aldehydes with (bromoethynyl)benzenes. This method features broad substrate scope, ready
availability of starting materials and operational simplicity, which gives an alternative access to a-acyloxycarbonyl derivatives.
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() B SR EREEDS), (H_ER A BT IELE P A AR
A8t FH e 2 S A R0 AN = ) 22 RE PR A T THTAT) AR A7 AE — S8
W, RS FHREINE LA R 2-FAR-2-75 555 H RS
M7 ML A O Tk I BN A2 —. BRHFR
7% (N-Heterocyclic Carbene, NHC)/F A—JS & Z ) H L
NG PR, BEBEH TS B S5 2R A xR
N, SEELT VR 2 HEF P FIE L 2013 4F, Su-
dalai PLZHROE Y NHC AL B 95 % 5 2 205 OB,
GRT 2-5EA-2-05 205 BRI (Scheme 1a). 1% 1%
T 1 equiv. N-IRAUT Z WP Z(NBS)AT 101 kPa O, 1
NANIEAT. BEJG, %5 A B A S TR,
—BI R T NHC AT B 5 E R O R, A R
T 225 A-2-05 BT IR, RMFTHEE 1 equiv.ff)
NBS 1 4N AL 7 (Scheme 1b)21. 2014 4F, Forte 222
T EIE Ji 5 A7 2E B NHC 78 BMIme BF, 55 F A
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AL TTIE S 2 equiv A NLRAY) R Al 2-58AR-2-75 &
£75 HBRIE(Scheme 1c). BRI, NHC 5d & EA
B R LA AR AR R B % 45 B A [R) (A AR 750 1 1 B A 2k b
R N2 [ R 22, S e R H 2006 4
Hamada 488 2H P4TF 2 40 5 560 4 AR S 0 A A4 22 S
A TR A R PASK, Cu/NHCZSIAT Ru/NHCR6I ) H 4
WAk R AR —EIRIE. 5T I A bR ] & e
IR — R m BT AR, SCBRIRIE R B, Bk
7 AgTER FHEA N a-BACEHRT. DRk, FRATIHEM,
7E Ag(I/NHC L0 R, Ik SRt 2 0 54k nT 15
B 2-FAAM-2-75 CEESHIRES. N T SRR A S
JE&/ NHC A b R R AL A BN 77 T A 75128, AT
fiiE NHC/Ag(DFLAEA T BAJS I AU IR 2 3k) 5
JE BT 2-54R-2-05 2.5 757 R (1) & f(Scheme 1d).
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Scheme 1 NHC-catalyzed synthesis of 2-oxo-2-arylethyl aryl
formates

1 ZBR5TR
1.1 RMFHHRK

2, UL 4-5U0K PRSI (R 2R3 2K 1) e S A Y
HEAT N ZAE A4, BL 0.1 mmol 4-507K H % (1a) Fl
0.12 mmol (J& Z.kk3IE)ZE(2a) NIEEL, KoCOs (2.0 equiv.)
N, 4 (20 mol%)>A NHC fELFHIFT&, — & FEE(DCM)
(1.0 mL) A5, 75 80 C N FHRAE MR AL, 2
7R AgOAC.AgCOs Fll Ag,O RZR LTI, RA
AgTFA (1.0 equiv.) eS8 R IZ N, FHdd A E T
I3 ERAF 10% I T4 3a(3K 1, Entry 1), H45H)
it '"H NMR, '3C NMR 1 HRMS Z5#ff1F. R kXA
) P LA A R 2 AL R A AR AT 0 i, &5 SRR W4
NHC LTI 5 A1 6 B, BARF=HIIF= 2 5378 0%AH1
45%( 1, Entries 2, 3), 1 NHC Rifk 7 fEU545 H 60%!H
(3 1, Entry 4). {EMfiE A RIA AR 7 F1 AgTFA
ZJE, W RONE B SRR oy B AT T AR g SRR,
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5 1,2- =5 ZJ5(DCE), N,N-—_H 3L H Ef%(DMF), V15
BRI (THF) A CH;CN AL, [ BL DCM N 77 25
HARFEI P R . 1 1,5- 84 2 [5.4.01+— 4
-5 (DBU), K3PO,, 1,4-" %2 3 [2.2.2]°F #:(DABCO)
HI KoCOs F50H, KoCOs 45 M= 2 8 (3R 1, Entry 4).
BE, WAL T IREER RS2, RIAE 70 CRE
ek, 1455 70%(F 1, Entry 17). 2, HiE R4t N
AT 7 (20 mol%), AgTFA (1.0 equiv.), K,CO; (2.0
equiv.), DCM (1.0 mL) N7, MIREA 70 C.
R AR 2-AAR-2-T7 T BRI R B2 AL @

Table 1 Reaction optimization for the synthesis of 2-oxo-
2-arylethyl aryl formates

(0]
H
Cl
1a 2a
(0]
Q)LO
Cl 3a ©

© o
//\ Cl

SN

\ —~N N—

N\?%@ Mes™"~\Z g ~Mes
4 5

Mes = 2,4,6-(CH3)3CGH2

NHC (20 mol%)
Base (200 mol%)
AgTFA (100 mol%)

solvent, T/°C

~N S
Mes VCIO4 Mes/gvs CIO?
6 7
Entry NHC Base Solvent 7/C  Yield*/%
1 4 K2CO:s DCM 80 10
2 5 K2CO:s DCM 80 0
3 6 K2CO:s DCM 80 45
4 7 K2CO:s DCM 80 60
5 7 K2COs3 K2CO3 80 52
6 7 K2COs3 K2CO3 80 15
7 7 K2COs3 K2CO3 80 14
8 7 K2COs3 K2CO3 80 8
9 7 K3PO4 DCM 80 52
10 7 DBU DCM 80 0
11 7 DABCO DCM 80 0
12 7 Cs2C03 DCM 80 10
13 7 K2CO:s DCM 30 0
14 7 K2CO:s DCM 40 10
15 7 K2COs3 DCM 50 47
16 7 K2CO:s DCM 60 59
17 7 K2CO3 DCM 70 70

2Reactions were performed with 1a (0.10 mmol), 2a (0.12 mmol), AgTFA (0.1
mmol), base (0.2 mmol) and NHC (20 mol%) in DCM (1.0 mL) at 7 ‘C, 12 h.
bIsolated yield.

FERAE R NZEAT T, RHZ IR i VG 2 A T
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R 4-FOK I, IR L I SLESBE NIRRT, 5T
gERRW, HAWRETHM, 4 F Cl, Br, NO, [ 75 48
e LU s IR (58% ~75%) 43 2 B A%~ 3a~3f (En-
tries 1~6); MEAHETFIER, W 4-MeO FI75HE R fE
2 HIP= N 48% 1K B AR =4 3g (Entry 7). BbAk, 2-MBEW;
FE T LS 5iZ N, HH L S8%UCR L H H A=)
3h (Entry 8). DL b2 5L Ul AN [RIFh 28 1 05 I #18 BR 4 73
T Z

R 2 NHC/AgEAT 2-54K-2-75 £ 575 HEEER & AR @

Table 2 NHC/Ag(I)-catalyzed syntheses of 2-oxo-2-arylethyl
aryl formates

7 (20 mol%)

o) K2003 (200 mol%) 0
P o AgTFA (100mol%) ]
+ Br——=——Ar R” O Ar
R™ "H DCM, 70 °C N
1 2 o
3
Entry R Ar Time/h Product Yield/%

1 4-ClCeHs4 CeHs 12 3a 70
2 4-BrCsHa4 CeHs 12 3b 68
3 4-FC¢Hs CeHs 12 3c 58
4 3-BrCsHa4 CeHs 12 3d 65
5 3,4-CLCeHs CeHs 12 3e 75
6 4-02NCeH4 CsHs 12 3f 74
7 4-CH30CeéHs  CoHs 24 3g 48
8 Thiophene-2-yl CgsHs 12 3h 58
9 3,4-CLCeHs 4-CICsHa 12 3i 73
10 4-CICsHa 4-ClCeHa 12 3j 68
11 4-NO2C¢Ha4 4-ClCeHa 12 3k 76
12 4-CH3OC¢Hs  4-ClCeH4 24 31 50
13 Thiophene-2-yl 4-CIC¢Ha 12 3m 62

14 3,4-ClC¢Hs 4-CH3CH2CsH4 12 3n 70

15 4-CH3OC¢Hs4  4-CH3CH2CsHsa 24 3o 45

16 Thiophene-2-yl 4-CH3CH2CsHa 12 3p 60
¢ Reactions were performed with 1 (0.10 mmol), 2 (0.12 mmol), AgTFA
(0.1mmol), K,CO; (0.2 mmol), 7 (0.2 mmol) in DCM (1.0 mL) at 70 C;
bIsolated yield.

Fe R R BLOIR ZHRdE)-4- SRR L3k )-4- 2
TR BRI CRRFE) R BEAT ML, 12 5Lt BE A 24T
I LU 72 22(45%~ 76%)15 21 H #5724 3i~3p (Entries
9~16). WFFLLE RERW], Xt 77 BEA (IR LBk FR 12K
P b RIS AR L AT, SO RE LB e A9 21 H bn
W) 3i~3k (68%~76%) (Entries 9~11). 1M 2475 B
(IR CHRE) AR A LRI A 45 i 7L, 1538 H bs
W 30 77 KA 45% (Entry 15). 2-MEM i 5 (IR 2.0k
Be)-4- SR (R LIk )-4- HE AR IR B, 53531
PL 62%K11 60%![1) 7~ 545 % 3m 1 3p (Entries 13 f116). &
BT R (IR £ B ) R R R B B A0 Je 7 4
HRRE A MRS, (E 7 E AR L RN H
BRI RS SO S I AR XA R T Y A2
JRATRE S, RAWCE RIS NHC 5 TR
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B Breslow Hr A, MIHRIT S B 3EAT.

R AR 7= 47 ¥ 465 46 R0 SCRR TR AF 20, HEDN 1 1% S B

REHLEE(Scheme 2). HAEEMIKMEH T, NHC Bk 7
LR T AR A RE A RE A 5B RNEK
Breslow H1/Al{& B. H1jal{k B ZE43 S O, AL T 153
Ak C. B B RAEEBGR DA F. FBERUEL
7, FERUEACIER IR 45 1 A4 D. D 5K 2 72 Ag(D)
YER R AR -5 50 E R AR S OREAS 21 H Ax
PR 30 ST AT RENLER R AT T WD 0 SE 56 56 UE
(Scheme 3). 47EE Y 2 S (1) 4 1 e B 2% A AN
AgTFA B, JARMER=Y) 3a 4 Hi(Scheme 3a), 1i#]
AL AgTFA 2201, A T IUE RIS FEFREE
Jirhiafe E, fEEGISEE DL a-IRACR 2R B AR 200
FOFEAAT B, SR LD 65% MU RIS 2 HARr=4) 3a
(Scheme 3b). #J&, £ No U T T4 & M (Scheme
3¢), fE No PRYP A R B H B4 B AR 1 3a, UiAHIX
RNHFTFE O, 5. N7 RE R NS4 P A A%
IR AR, AT 7 M 5550 (Scheme 3d), RBAE R L
GC-MS i il &K 3 7 RER T Al D. ok, DIRERAN
(IR L) RN R 1 5256, OB B8 IR 347 3 LA
82% i #1521 H b5 7= #)(Scheme 3e).
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31 ELWHE

[F) T (R TSR WG 7145 BEFE 1) 10 mL LH-20 Schlenk
SN I B4 1(0.10 mmol). 2 (0.12 mmol).
(AL 7 FT 44 7 (0.02 mmol, 7.4 mg). K2CO;3 (0.20 mmol,
27.6 mg). AgTFA (0.1 mmol, 22.1 mg)Fl — & F E(DCM)
(1.0 mL), #H%E. HRAWT 70 CTHFE 12 h. #HZEM
WE(TLO)RL I [ M5 R, 980 Z8 T Bk 25 0A 77, At
GBI VORMEE) © M(GROER)=8 : 1], 13
LA 3.

2-5R-2-2K 2 -4- SR R iR (3a) 21 (0[] 4,
P23 70%. m.p. 88~90 C; 'H NMR (400 MHz, CDCls)
5: 8.08 (d, J=8.4 Hz, 2H, ArH), 7.97 (d, J=7.6 Hz, 2H,
ArH), 7.64 (t,J=7.3 Hz, 1H, ArH), 7.52 (t, J=7.7 Hz, 2H,
ArH), 7.46 (d, J=8.4 Hz, 2H, ArH), 5.58 (s, 2H, CH,); 1*C
NMR (100 MHz, CDCly) o: 191.8, 165.2, 139.8, 134.1,
134.0, 131.4, 128.9, 128.8, 127.8, 66.6; IR (KBr) v: 1724,
1697, 1596, 1275, 1228, 1108, 1090, 1014, 688 cm .
HRMS (APCI) caled for C;sH;CINAO; [M + Na] *
297.0294, found 297.0293.

2- 5 AR-2- Rk 2 R4 R OK R R (3b)2Y: ([
&, =% 68%. m.p. 84~85 C; 'H NMR (400 MHz,
CDCls) d: 8.02~7.95 (m, 4H, ArH), 7.65~7.60 (m, 3H,
ArH), 7.52 (t, J=7.7 Hz, 2H, ArH), 5.58 (s, 2H, CH,); 13C
NMR (100 MHz, CDCly) d: 191.8, 165.3, 134.1, 134.0,
131.8, 131.5, 128.9, 128.6, 128.3, 127.8, 66.6; IR (KBr) v:
1726, 1700, 1596, 1449, 1289, 1227, 1117, 1034, 1001,
686 cm !. HRMS (APCI) caled for CisH;;BrNaO; [M+
Na]" 340.9789, found 340.9786.

2- 5 R-2- IR 3k 4R F R IR 3e)! 7 [ £ [
&, P7E 58%. m.p. 106~107 ‘C; 'H NMR (400 MHz,
CDCl;) o: 8.18~8.15 (m, 2H, ArH), 7.97 (d, J=7.2 Hz,
2H, ArH), 7.63 (t, J=7.4 Hz, 1H, ArH), 7.52 (t, J=7.7 Hz,
2H, ArH), 5.58 (s, 2H, CH,); *C NMR (100 MHz, CDCl5)
5 192.0, 166.0 (Jer=253.0 Hz), 165.1, 134.2, 134.0,
132.6 (Jer=9.5 Hz), 128.9, 127.8, 125.7 (Jc.r=3.0 Hz),
115.7 (Jer=22.1 Hz), 66.5; IR (KBr) v: 1727, 1699, 1595,
1508, 1427, 1369, 1286, 1230, 1158, 1127, 1095, 1075,
958, 861, 687 cm”!. HRMS (APCI) calcd for C;sH;1FNaOs
[M~+Na]™ 281.0590, found 281.0598.

2-FAMR-2- 2R O BE-3- R R R (3d): 1 R [ 44
FEE 65%. mp. 110~111 ‘C; 'H NMR (400 MHz,
CDCls) d: 8.29 (t, J=1.7 Hz, 1H, ArH), 8.08 (d, J=7.8
Hz, 1H, ArH), 8.00~7.94 (m, 2H, ArH), 7.75~7.70 (m,
1H, ArH), 7.64 (t, J=7.4 Hz, 1H, ArH), 7.52 (t, J=7.7 Hz,
2H, ArH), 7.36 (t, J=7.9 Hz, 1H, ArH), 5.62 (s, 2H, CH,);

Chin. J. Org. Chem. 2021, 41, 1607~1613
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13C NMR (100 MHz, CDCl;) d: 191.6, 164.7, 136.3, 134.1,
134.0, 132.9, 131.3, 130.0, 128.9, 128.6, 127.8, 122.5,
66.7; IR (KBr) v: 1731, 1689, 1653, 1647, 1595, 1568,
1559, 1450, 1419, 1372, 1295, 1228, 1123, 1105, 1083,
1069, 1034, 998, 959, 808, 722, 685, 673, 666, 564 cm .
HRMS (APCI) caled for C;sH;;BrNaO; [M + Na] *
340.9789, found 340.9778.

AR 2- KR 34 T E RS (3e): 10 ]
K, 723 75%. m.p. 103~105 C; 'H NMR (400 MHz,
CDCl:) d: 8.23 (d, J=2.0 Hz, 1H, ArH), 7.99~7.93 (m,
3H, ArH), 7.66~7.62 (m, 1H, ArH), 7.57~7.50 (m, 3H,
ArH), 5.59 (s, 2H, CHy); '*C NMR (100 MHz, CDCl;) J:
191.5, 164.2, 138.1, 134.1, 134.0, 133.0, 131.9, 130.6,
129.2, 129.01, 128.96, 127.8, 66.8; IR (KBr) v: 1596,
1449, 1370, 1277, 1228, 1145, 1116, 1033, 1000, 959, 906,
847, 668 cm '. HRMS (APCI) caled for C;sH;oCLNaOs
[M+Na]" 330.9905, found 330.9900.

2-5-2- 2R Jk L B4 RO R IR (302 [ [
1, PEE 74%. mp. 124~125 C; '"H NMR (400 MHz,
CDCl;) d: 8.35~8.30 (m, 4H, ArH), 7.79 (d, J=7.6 Hz,
2H, ArH), 7.65 (t, J=7.4 Hz, 1H, ArH), 7.53 (t, J=7.8 Hz,
2H, ArH), 5.65 (s, 2H, CH,); '*C NMR (100 MHz, CDCl5)
9: 191.2, 164.2, 150.8, 134.8, 134.2, 134.0, 131.1, 129.0,
127.8, 123.6, 67.0; IR (KBr) v: 1728, 1697, 1592, 1525,
1349, 1285, 1270, 1127, 1108, 1012, 959, 717, 688 cm .
HRMS (APCI) caled for C;sH;NNaOs [M + Na] *
308.0535, found 308.0540.

2-5 AR 2- IR OB A- R IR IR 3g)RY: At
[, 2% 48%. m.p. 134~135 °C; 'H NMR (400 MHz,
CDCl;) d: 8.14~8.07 (m, 2H, ArH), 8.01~7.94 (m, 2H,
ArH), 7.64~7.60 (m, 1H, ArH), 7.53~7.49 (m, 2H, ArH),
6.99~6.91 (m, 2H, ArH), 5.55 (s, 2H, CH,), 3.88 (s, 3H,
OCH3); *C NMR (100 MHz, CDCly) 6: 192.4, 165.7,
163.7, 134.4, 133.8, 132.1, 128.9, 127.8, 121.8, 113.7,
66.2, 55.5; IR (KBr) v: 1715, 1694, 1653, 1605, 1558,
1507, 1232, 1173, 1126, 668 cm '. HRMS (APCI) calcd
for C1sH14NaO4 [M+Na]" 293.0790, found 293.0816.

2-5HAR-2-FR 3 2 R 2- IR TR R (3h): [ €4 [l 4,
FEE 58%. m.p. 73~74 C; '"H NMR (400 MHz, CDCl;)
5: 7. 98~7.94 (m, 2H, ArH), 7.92 (dd, J=3.8, 1.2 Hz,
1H), 7.67~17.59 (m, 2H, ArH), 7.51 (t, J=7.7, 2H, ArH),
7.15 (dd, J=4.9, 3.8 Hz, 1H, ArH), 5.55 (s, 2H, CH,); 1*C
NMR (100 MHz, CDCl:) d: 191.9, 161.6, 134.3, 134.2,
133.9, 133.1, 132.6, 128.9, 127.9, 127.8, 66.4; IR (KBr) v:
1720, 1720, 1597, 1522, 1449, 1417, 1368, 1287, 1265,
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1229, 1121, 1010, 1000, 946, 860, 731, 689 cm . HRMS
(APCI) caled for Cj3H;oNaOsS [M+Na]' 269.0248,
found 269.0255.

2-(4-F K H)-2- AN O FE-3,4- —EE PR 3i): A
@ EK, P2 73%. mp. 110~112 ‘C; '"H NMR (400
MHz, CDCls) §: 8.22 (d, J=1.6 Hz, 1H, ArH), 7.96 (dd,
J=8.4, 1.8 Hz, 1H, ArH), 7.90 (d, J=8.5 Hz, 2H, ArH),
7.57 (d, J=8.4 Hz, 1H, ArH), 7.50 (d, J=8.4 Hz, 2H,
ArH), 5.55 (s, 2H, CH,); '*C NMR (100 MHz, CDCl3) §:
190.4, 164.2, 140.6, 1382, 133.1, 132.3, 131.9, 131.3,
130.7, 129.3, 129.2, 129.04, 129.00, 128.9, 66.6; IR (KBr)
v 1715, 1696, 1390, 1303, 1232 cm '. HRMS (APCI)
caled for CisHoClsNaO; [M + Na]® 364.9515, found
364.9531.

2-(4- AR H)2- AR O EA- TR REES): A
EEE, P2 68%. mp. 123~124 ‘C; 'H NMR (400
MHz, CDCLs) d: 8.07 (d, J=8.6 Hz, 2H, ArH), 7.91 (d, J=
8.6 Hz, 2H, ArH), 7.59 (d, J=8.6 Hz, 2H, ArH), 7.45 (d,
J=8.6 Hz, 2H, ArH), 5.53 (s, 2H, CH,); '3C NMR (100
MHz, CDCl;) d: 190.8, 165.1, 140.6, 140.0, 132.4, 131.3,
129.3, 129.2, 128.9, 127.7, 66.4; IR (KBr) v: 1722, 1704,
1587, 1486, 1289, 1221, 1130, 1087, 1011, 969, 758, 684
cm '. HRMS (APCI) caled for CsH;¢Cl,NaO; [M+Na]"
330.9905, found 330.9899.

2-(4-F R FE)-2- AN O Fe-4- Y B K R i 3k): 1
EEE, P2 76%. mp. 134~135 ‘C; 'H NMR (400
MHz, CDCls) 6: 8.35~8.29 (m, 4H, ArH), 7.91 (d, J=8.4
Hz, 2H, ArH), 7.51 (d, J=8.4 Hz, 2H, ArH), 5.60 (s, 2H,
CH,); *C NMR (100 MHz, CDCls) d: 190.2, 164.2, 150.8,
140.8, 134.6, 132.2, 131.1, 129.4, 129.2, 123.6, 66.8; IR
(KBr) v: 1727, 1698, 1525, 1228, 668 cm '. HRMS
(APCI) caled for CisH;oCINNaOs [M+Na]® 342.0145,
found 342.0138.

2-(4- G R 3)-2- AR £ 3 -4- FAEUE 2K F IR BB (3)):
HEEAR, 7% 50%. mp. 134~135 C; 'H NMR (400
MHz, CDCl;) d: 8.08 (d, J=8.9 Hz, 2H, ArH), 7.91 (d, J=
8.6 Hz, 2H, ArH), 7.48 (d, J=8.6 Hz, 2H, ArH), 6.95 (d,
J=8.9 Hz, 2H, ArH), 5.50 (s, 2H, CH,), 3.88 (s, 3H,
OCH3); 3C NMR (100 MHz, CDCL) 6: 191.4, 165.7,
163.7, 140.3, 132.6, 132.1, 129.25, 129.23, 121.5, 113.7,
66.1, 55.5; IR (KBr) v: 1722, 1698, 1604, 1587, 1511,
1422, 1286, 1249, 1225, 1177, 1171, 1117, 1106, 1088,
1026, 1008, 962, 813 cm . HRMS (APCI) caled for
C16H13CINaO,4 [M+Na]® 327.0400, found 327.0383.

2-(4-FORHE)-2- AR 4 L E W 2- R IR TS (3m): 1

http://sioc-journal.cn/ 1611
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B, 2% 62%. m.p. 105~106 °C; 'H NMR (400 MHz,
CDCls) d: 7. 92~7.89 (m, 3H, ArH), 7.63 (d, J=4.9 Hz,
1H, ArH), 7.48 (d, J=7.9 Hz, 2H, ArH), 7.15 (t, J=4.0
Hz, 1H, ArH), 5.50 (s, 2H, CH,); '*C NMR (100 MHz,
CDCls) 6: 190.9, 161.5, 140.5, 134.4, 133.2, 132.5, 132.4,
129.3, 129.2, 127.9, 66.3; IR (KBr) v: 1717, 1701, 1590,
1523, 1427, 1416, 1367, 1290, 1266, 1225, 1123, 1094,
1007, 996, 837, 815, 740 cm™!. HRMS (APCI) caled For
C13HoCINaO;S [M+Na]" 302.9859, found 302.9848.

2-(4- L FEFEIE)-2- SR 2 FE-3,4- —E K F R R (3n):
HEE A&, 72 F 70%. mp. 56~57 ‘C; 'H NMR (400
MHz, CDCl3) d: 8.23 (d, J=1.6 Hz, 1H, ArH), 7.97 (dd,
J=8.4, 1.8 Hz, 1H, ArH), 7.88 (d, J=8.1 Hz, 2H, ArH),
7.56 (d, J=8.4 Hz, 1H, ArH), 7.34 (d, J=8.1 Hz, 2H,
ArH), 5.57 (s, 2H, CHy), 2.73 (q, J=7.6 Hz, 2H, CH,),
1.27 (t, J=7.6 Hz, 3H, CH3); '3C NMR (100 MHz, CDCl5)
5: 191.9, 164.3, 151.2, 138.0, 133.0, 131.9, 131.7, 130.6,
129.3, 129.0, 128.4, 128.0, 66.7, 29.0, 15.1; IR (KBr) v:
1725, 1696, 1604, 1286, 1228, 1119, 1032, 966, 829 cm .
HRMS (APCI) caled for C;7H;4Cl,NaOs; [M + Na] *
359.0218, found 359.0244.

2-(4- L FEFIE)-2-5H AR 23 -4-F A FE K F R IR (30):
WHE AR, 7% 45%. mp. 109~111 ‘C; 'H NMR
(400 MHz, CDCl;) 6: 8.10 (d, J=8.8 Hz, 2H, ArH), 7.90
(d, J=8.4 Hz, 2H, ArH), 7.32 (d, J=8.0 Hz, 2H, ArH),
6.95 (d, J=8.8 Hz, 2H, ArH), 5.53 (s, 2H, CH,), 3.87 (s,
3H, OCHs), 2.72 (q, J=7.6 Hz, 2H, CH,), 1.27 (t, J=7.6
Hz, 3H, CH;); *C NMR (100 MHz, CDCls) 6: 192.0,
165.8, 163.6, 150.9, 132.0, 128.3, 128.0, 121.8, 113.7,
66.2, 55.4,29.0, 15.1; IR (KBr) v: 1722, 1698, 1604, 1587,
1511, 1422, 1286, 1249, 1225, 1177, 1171, 1117, 1106,
1088, 1026, 1008, 962, 813 cm™ . HRMS (APCI) calcd for
CisHsNaO4 [M+Na]" 321.1103, found 321.1128.

2-(4- LFETRIE)-2- S AR L FEE Wy 2- R IR R 3p): A
EAER, 773 60%. m.p. 79~80 °C; 'H NMR (400 MHz,
CDCly) 6: 7.92 (d, J=3.7 Hz, 1H, ArH), 7.89 (d, J=8.1
Hz, 2H, ArH), 7.62 (d, J=4.9 Hz, 1H, ArH), 7.32 (d, J=
8.1 Hz, 2H, ArH), 7.15~7.13 (m, 1H, ArH), 5.50 (s, 2H,
CH2), 2.73 (q, J=7.6 Hz, 2H, CH,), 1.27 (t, J=7.6 Hz,
3H, CH3); 3C NMR (100 MHz, CDCls) d: 191.4, 161.6,
151.0, 134.3, 133.0, 132.7, 131.9, 128.4, 128.0, 127.8,
66.4, 29.0, 15.1; IR (KBr) v: 1722, 1695, 1605, 1418,
1367, 1283, 1270, 1232, 1175, 1113, 1015, 963, 826 cm .
HRMS (APCI) caled for C;sH;4NaO;S [M + Na] *
297.0561, found 297.0587.
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HBhA B (Supporting Information) {L&4) 3a~3p
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