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it ITHER  RFER  wHR  XEE LS

CAAHM RS R AR E R MO TR = (2 e i A S A 3 s =
WIFImIE R Kb 410081)

BWE WIHFERT 1A 2-FRE-3-BU ORI -3- R AL A IR (2- £ 5838 L) FR(2) AT 11 AN 2-FU8E-3-BUAR R B IR FE TR
IHR(2- LI CIDBRS)HZOE S ERDE RS I (PSIDHLFAL IR, B b S MM45H935%4 "TH NMR, °C NMR HI
FERG AT IE, AR PEIR A R S AW 2 T I BRI R AT IR IR B, (S5 2RI
F) A7 A AR I A — 52 I R R s 1

KR FIENARRER; SREENR; PSIL AN BREiE

Synthesis and Herbicidal Activities of 2-Ethoxyethyl
2-Cyano-3-(substituted)acrylates

Zhong, Shihua Wang, Chunfeng Song, Qingxia Fan, Mingliang Liu, Bingyu
Wei, Dongmei Liu, Jianbing*
(National & Local Joint Engineering Laboratory for New Petro-chemical Materials and Fine Utilization of Resources, Key
Laboratory of Chemical Biology and Traditional Chinese Medicine Research, Ministry of Education,

Hunan Normal University, Changsha 410081)

Abstract Eleven new 2-ethoxyethyl 2-cyano-3-(substituted)anilino-3-methylthio acrylates (2) and eleven new 2-ethoxyethyl
2-cyano-3-(substituted)phenylureidoacrylates (5) were synthesized as herbicidal inhibitors of photosystem II (PSII) electron
transport, and their structures were confirmed by 'H NMR, *C NMR and mass spectrum analysis. Biological activity tests
showed that some of compounds 2 have good selectivity and activity against dicotyledonous weeds. Compounds 5 bearing a
group at the 3-position in benzene ring exhibite some degree of herbicidal activities.

Keywords cyanoacrylate; phenylurea; inhibitor of PSII; herbicidal activity
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R?*=SCHs, C,Hs, H, etc.;
R3:C2H5, CzH4OCzH5, etc.
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Figure 1 The structure of cyanoacrylate
(2) (Scheme 1); SKJH G 45 My Pfaid, B oKL R4l Ky
FATT L U P TR IR BT S T 2- U3
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FERFE IR (2- L8 FE LFE)EE(S). HARME Y5 B
T3 Scheme 1 iz, ZEPRG PENRSE REW]: (&)
2¢ 1 2i R TRIRR R DEANEE 715 80% I BR FEIE 1, TR B
JiE BRI AN LR EEEE; A 54 Se, 5F RISk 13

1) o R
R

HyCS  CO,C,H,0C,Hs

HCS  CN
1
Rz
@NH CO,C,H40C5Hs
HsCS  CN
2
R C3C|GO3 R oy NH3' H20
R\, \ NCCH,CO,C,H40C,H5(4)
[ NHCONH,
_ HC(OCHs);
3

R /
@»NHCONH CO,C,H40C,Hs
H

CN
5

R=H (a), 2-CHj; (b), 3-CHs (c), 4-CH; (d), 2-Cl (e), 3-CI (f), 4-CI (g),
2-F (h), 4-F (i), 2,4-F; (j), 4-F-3-Cl (k)

Scheme 1

1 #R5itE
1.1 BiRULEMRER

EY 2 mak 1 SRR AR A ),
TLC R0 s NI, a4 1 54054 2 1) Re (B ARAH
T, Aoy MEE. DR ol A RO it i, LS
chAA 1 REEREE N 1.3 0 1 8% 1.4 0 1, flidafdk 1 )3w]
RE N SEAS. AEALEY S G R, Pl Re st
E R Z XA, ] B E 45 SE T LRI, Z
SABL A E 4.

WA 5 7E(CD3),SO FHEfFPEIRLF, H 5%, F
Te Jf 5 i AR AT R W 23 #T, 7E(CD3),CO - Hh s i 1
— i, (HAZ B K& 5 % T(CD;),S0 1, JiE
— B AT TH NMR 2047, R0 1 A mT LR BLE iR
S (1 R AN S ROOURRE b T S iR T ) U 1 5% 10
S WIE IR T AR /N 2% b, BRAT 14D AE (CD;3),SO
LAY S ARG WG B AR, T 8504k 540 5 R
—M Z K5 E X Z L7 E X Z LA
Kl 2 FioR.
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Figure 2  Cis-trans isomerization of title compounds
1.2 L&Y 5a BIRIKEHDHT

HBE H ARG 5 L0 B 4 it 5 15 20 =k
Z M, BRATERL A Sa BT T X Sk i ih i 51 o
#r.

H 2 IR QR S5 R Al)E 1) BRI S Sa
TR 12 MORERNENRE SR, SihEEE
G B ¥ , BORJE U G 6 R b A4, EHL 0.48
mmX0.44 mmX0.09 mm 5 3EAT X AT 8T
(CCDC 524 1001714). £550FW, tb&4 5a Jy 2 XK
M,z &Y 1308 CisHpN;Oy, 4 T 58t
mi R, AN C2/e, SIS EAH a=2.5102(7) nm, b=
1.2013(3) nm, ¢ = 1.0436(3) nm, o = 90.00°, f =
96.248(4)°, y=90.00°, ¥'=3.1284(16) nm’. Z=8, D=
1.288 g/em’, ©=0.095 mm ', F(000)=1280, R=0.043,
wR=0.116. [& 3 N5 Sa 50 T 45 .

B3 ko) sa (o 145k K

Figure 3 Molecular structure of compound 5a

1.3 HEMMNKREEX R

FATAEY) 2a~2Kk, WAEY) Sa~5k AT T FREE
TP W e AT X 2R B TR R (Abutilon
theophrasti) ~ R W (Amaranthus spinosus L) « ZE
(Chenopodium album) F1 8. - - 2% ¥ . L F¥ (Digitaria
sanguinalis)+ M (Echinochloa crus-galli)~ )& (Setaria
viridis).

TR e B LR, BT AEMN AT, ¥
HRIEFh I XA - PR, 7 1 em 540 T,
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IR R IR 2 L2 R0, B TR SRR
Al G M A TG & DMF, /b & FL A5
Tween20, P I3 KM B 20 IR, FFR 7y K
1A RCEr R 2 R AT S =
AL PR, KEIRFE A 2.25 kg/ha. 20 d o WELHE bR & 4
AR, SRR 5 L. BRI R KO I 2 RN A
ML MR 2 WK LRI I S A s BR B
).
R 1 BHIsLEDBRREE

Table 1 Herbicidal activities of title compounds

Compd. Tk HIL # =) i TR

2¢ 80 80 80 0 0 0
2d 50 50 50 0 0 0
2g 0 0 0 30 0 0
2i 85 85 85 0 0 0
Sc 0 0 0 40 0 50
5f 0 0 70 0 0 0
5k 0 0 70 0 0 0

HE 1 AT40, (e 2a~2k K ZHERRBIG I,
HE— 20 UE S T 95 2 S5 R OR IR 2 TR I NI F 356 11 0 B2
M FE R I LSRR B 4F ) 5 D1 22 F Phe 211,
Phe 255, Phe 265 1 Phe 274 7= 4= Ju 4l 48 ) Al m-HERUA H.
YERL. AEALAY) 2¢, 2d A 21 007 IHF 2% B B0 HE A6 v 1)
B RVR G e B, mT DU I 5 4 KR
AP A G ARG A B T BR RS M 14

XA Sa~5k, ARIEAR 5] T EAL LR g
PEAF R TR 3 e, AR AR 30 AT BURSE I Ak & A %
DL BREGEPE, i7 H2Y R SEE N RN, fh A xt T
AR AT — B ANEIE R, 2 R EHCA <R, EY
PR 2 AT U (P B SRR FRAT T U R S R 3
AR IR a7 3L F ISR 75 Ser 264 T AU,
T BUR ORI MR SE I AE DoR PR R ROR, T AR IR
b2 W T B 53 P — A L S R o R R 2R AL & AR
22100 BT DR 35 JUR 3% 1 11 £ 51O\ A 50 35 1 9 R T
PEIE A B ke () bR B A IS, S8 SRR AR AN
FHAH.

2 XEES
21 RAF S5

Bruker 500 BUZHIALARAL, WHRA TMS; SHIMA-
DZU GCMS-QP 2010 Fuafill &1, RARHEAT B2 A
YRT-3 U554, T RGAIE; FENTREIR N &
WA s S8 F B 5 Rk O 2 Hr Al Ak 2
AL MR RE N 60~90 C). FhE{R 2-F -
3,3- Z HIB R IR IR 2- L5 5E )R, WL 5
LR YIRRAE 2 2% SCHR[1 1] 4%

2326 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

22 B#UEYIREK
22,1 2-RH-3-BROR AR -3- F BUR M R (2- T &
H AR ES (2a—~2K) 895 A%,

FHRAT RENFRER 25 mL = RNV, IR
0.52 g (2.0 mmol) 2-FFE-3,3- R FE N KRR (2- 28
ZIHE) 2.4 mmol A IALZA 10 mL L, hnFAHE]
T URE RO K E A5 1 SON(TLC A, Wedd, )
B4 e HAr =, B & d s 'H
NMR, *C NMR F5 itk 2 Hr it

2- TR -3 TRNGHE-3- i BE N M R (2- L A8 K &3 B
(2a): A 4A, WE 85%. mp. 67.5~68.6 C; 'H
NMR (500 MHz, CDCl;) 6: 1.14 (t, J=7.0 Hz, 3H, CHs),
2.16 (s, 3H, SCH3), 3.50 (q, J=7.0 Hz, 2H, OCH,), 3.64
(t, J=5.0 Hz, 2H, CH,0), 427 (t, J=5.0 Hz, 2H,
CO,CH,), 7.21~7.35 (m, 5H, C¢Hs), 11.37 (s, 1H, NH);
C NMR (125 MHz, CDCly) d: 15.2, 17.3, 64.4, 66.8,
68.0, 77.2, 117.4, 124.9, 127.3, 129.5, 137.6, 167.7, 170.4;
MS (EI, 70 eV) m/z (%): 306 (M", 22), 259 (17), 216 (30),
187 (13), 169 (100), 144 (9), 77 (23), 45 (34), 29 (10).
Anal. caled for C;sH;sN,05S: C 58.80, H 5.92, N 9.14;
found C 58.62, H 5.78, N 9.05.

2- T -3-(2- H ) 2R -3- R S N I IR (2- 54
FECHFHERED): g, e 73%. mp. 76.0~78.3
‘C ; '"H NMR (500 MHz, CDCLy) ¢: 1.15 (t, J=7.0 Hz,
3H, CH3), 2.18 (s, 3H, SCH3), 2.21 (s, 3H, CH;CgH,), 3.52
(q, J=7.0 Hz, 2H, OCH,), 3.65 (t, J=5.0 Hz, 2H, CH,0),
427 (t, J=4.5 Hz, 2H, CO,CH,), 7.16~7.20 (m, 4H,
CeHy), 11.23 (s, 1H, NH); *C NMR (125 MHz, CDCL) 6:
15.4,17.4,18.2, 64.5, 67.1, 68.3, 77.0, 117.7, 126.6, 127.1,
128.2, 131.2, 133.9, 136.7, 168.2, 171.9; MS (EI 70 eV)
miz (%): 320 (M, 26), 273 (19), 230 (38), 215 (8), 201
(12), 183 (100), 155 (35), 130 (15), 116 (13), 91(22), 73
(18), 45 (46), 29 (12). Anal. caled for C;gHyN,O5S: C
59.98, H 6.29, N 8.74; found C 59.75, H 6.18, N 8.59.

2- T HE-3-(3- F L) R e e 3- R FE N MG IR (2- A
H LI BEQ2e): A A, R 71%. mp. 54.5~55.6
‘C; '"H NMR (500 MHz, CDCl;) §: 1.14 (t, J=7.0 Hz, 3H,
CH3), 2.18 (s, 3H, SCH3), 2.30 (s, 3H, CH;C¢H,), 3.51 (q,
J=17.0 Hz, 2H, OCH,), 3.64 (t, J=5.0 Hz, 2H, CH,0),
427 (t, J=5.0 Hz, 2H, CO,CH,), 7.01~7.22 (m, 4H,
CeHy), 11.34 (s, 1H, NH); '°C NMR (125 MHz, CDCL) o:
15.0,17.2,21.1, 64.2, 66.7, 67.9, 76.9, 117.3, 121.7, 125.2,
127.9, 129.1, 137.3, 139.4, 167.5, 170.3; MS (EL 70 eV)
mlz (%): 320 (M", 26), 273 (16), 230 (27), 216 (6), 201
(12), 183 (100), 155 (11), 91 (31), 73 (16), 45 (44), 29
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(10). Anal. caled for C;sH,N,05S: C 59.98, H 6.29, N
8.74; found C 59.81, H 6.16, N 8.64.

2- L -3-(4- 3 ) R g 56 -3- HH A 2 T M TR (2- &4
K OFHERQRA): AEiE, R 77%. mp. 723~74.6
‘C; "H NMR (500 MHz, CDCly) §: 1.15 (t, J=7.0 Hz, 3H,
CHs3), 2.19 (s, 3H, SCH3), 2.30 (s, 3H, CH;CgH,), 3.52 (q,
J=17.0 Hz, 2H, OCH,), 3.65 (t, J=5.0 Hz, 2H, CH,0),
427 (t, J=5.0 Hz, 2H, CO,CH,), 7.08~7.20 (m, 4H,
CeHy), 11.34 (s, 1H, NH); *C NMR (125 MHz, CDCL) ¢:
15.1,17.3, 21.0, 64.3, 66.8, 68.0, 76.9, 117.5, 124.9, 130.0,
135.0, 137.4, 167.8, 170.6; MS (EI, 70 eV) m/z (%): 320
(M*, 25), 273 (10), 230 (40), 216 (5), 200 (11), 183 (100),
155 (13), 130 (5), 91 (16), 73 (12), 45 (30), 29 (8). Anal.
calcd for C;H,oN,05S: C 59.98, H 6.29, N 8.74; found C
59.88, H 6.20, N 8.59.

2- U HE-3-(2-50) TR B k- 3- T 6 T 4465 182 (2- 2 B
)R (2e): HELE A, fCE 70%. mp. 81.0~82.0 C;
'H NMR (500 MHz, CDCLy) d: 1.14 (t, J=7.0 Hz, 3H,
CHj3), 2.18 (s, 3H, SCH3), 3.51 (q, J=7.0 Hz, 2H, OCH,),
3.65 (t, J=5.0 Hz, 2H, CH,0), 4.29 (t, J=5.0 Hz, 2H,
CO,CH,), 7.18~7.42 (m, 4H, C¢H,), 11.22 (s, 1H, NH);
BC NMR (125 MHz, CDCLy) &: 15.1, 17.1, 64.5, 66.7,
67.9, 78.7, 117.0, 127.0, 127.5, 128.4,129.9, 130.1, 135.1,
167.3, 170.6; MS (EL 70 eV) m/z (%): 340 (M", 23), 305
(23), 293 (22), 250 (41), 215 (18), 203 (100), 178 (16), 111
(17), 73 (39), 45 (78), 29 (21). Anal. caled for C;sH,,Cl-
N,0;S: C 52.86, H 5.03, N 8.22; found C 52.74, H 4.95, N
8.06.

2-FAHE-3-(3-50) R FE -3 H A 6 TR O 1R (2- L AR 2
LIEHERQD: AeE, lZE 61%. mp. 82.0~82.7 C;
'H NMR (500 MHz, CDCly) d: 1.15 (t, J=7.0 Hz, 3H,
CH3), 2.23 (s, 3H, SCHs), 3.51 (q, J=7.0 Hz, 2H, OCH,),
3.65 (t, J=5.0 Hz, 2H, CH,0), 4.28 (t, J=5.0 Hz, 2H,
CO,CH,), 7.12~7.29 (m, 4H, C¢H,), 11.33 (s, 1H, NH);
C NMR (125 MHz, CDCLy) d: 15.1, 17.3, 64.5, 66.8,
67.9, 78.6, 116.9, 122.9, 124.9, 127.2, 130.4, 135.0, 138.8,
167.4, 170.1; MS (EI, 70 eV) m/z (%): 340 (M*, 24), 293
(25), 250 (55), 203 (100), 178 (16), 111 (25), 73 (45), 45
(76), 29 (20). Anal. calcd for CsH,;CIN,O,;S: C 52.86, H
5.03, N 10.40; found C 52.79, H 4.88, N 8.08.

2- AL -3-(4-50) AR HE-3- H AR IS T 1R (2- L AR 2
LHEHERQRE): HEREAE, WF 82%. mp. 67.1~67.9 C;
'H NMR (500 MHz, CDCly) d: 1.14 (t, J=7.0 Hz, 3H,
CH3), 2.21 (s, 3H, SCH3), 3.51 (q, J=7.0 Hz, 2H, OCH,),
3.64 (t, J=5.0 Hz, 2H, CH,0), 4.27 (t, J=5.0 Hz, 2H,
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CO,CH,), 7.16~7.31 (m, 4H, C¢H,), 11.32 (s, 1H, NH);
BC NMR (125 MHz, CDCLy) 6: 15.2, 17.4, 64.5, 66.9,
68.0, 78.2, 117.1, 126.2, 129.6, 132.9, 136.2, 167.6, 170.2;
MS (EIL 70 eV) m/z (%): 340 (M, 32), 293 (14), 250 (84),
203 (100), 175 (14), 111 (19), 73 (33), 45 (70), 32 (61), 29
(24). Anal. caled for Ci5H;;CIN,O5S: C 52.86, H 5.03, N
10.40; found C 52.74, H 4.95, N 8.13.

2- L HE-3-(2- B00) PR e -3- R N G R (2- 4R ik
LHE)EE2N): FAE AR, KE 70%. mp. 64.5~65.0 C;
'H NMR (500 MHz, CDCly) d: 1.15 (t, J=7.0 Hz, 3H,
CHj3), 2.30 (s, 3H, SCH3), 3.52 (q, J=7.0 Hz, 2H, OCH,),
3.66 (t, J=5.0 Hz, 2H, CH,0), 4.29 (t, J=5.0 Hz, 2H,
CO,CH,), 7.09~7.34 (m, 4H, C¢H,), 11.15 (s, 1H, NH);
BC NMR (125 MHz, CDCLy) 6: 14.1, 16.4, 63.5, 65.9,
67.0, 77.7, 115.4 (d, J=19.9 Hz), 116.1, 123.6 (d, J=3.8
Hz), 124.7 (d, J=12.1 Hz), 126.3, 128.0 (d, J=7.3 Hz),
154.5 (d, J=248.3 Hz), 166.5, 170.4; MS (EL, 70 eV) m/z
(%): 324 (M*, 20), 277 (11), 234 (61), 205 (9), 187 (100),
159 (20), 110 (5), 95 (20), 75 (19), 45 (51), 32 (63). Anal.
calcd for C;5H;7-FN,05S: C 55.54, H 5.28, N 8.64; found C
55.37, H 5.10, N 8.50.

2- L HE-3-(4- 00 PR i e -3- R N G R (2- 4R ik
LIL)E2D): A, R 79%. mp. 67.5~69.5 C;
'H NMR (500 MHz, CDCly) d: 1.14 (t, J=7.0 Hz, 3H,
CHs), 2.21 (s, 3H, SCH3), 3.51 (g, J=7.0 Hz, 2H, OCH,),
3.65 (t, J=5.0 Hz, 2H, CH,0), 4.27 (t, J=5.0 Hz, 2H,
CO,CH,), 7.02~7.21 (m, 4H, C¢H,), 11.31 (s, 1H, NH);
BC NMR (125 MHz, CDCly) 6: 15.0, 17.3, 64.3, 66.8,
67.9, 77.4, 116.2 (d, J=22.8 Hz), 117.1, 126.9 (d, J=38.1
Hz), 133.5 (d, J=3.4 Hz), 160.3 (d, J=247.4 Hz), 167.6,
170.7; MS (EL, 70 eV) m/z (%): 324 (M", 22), 277 (18),
234 (50), 205 (16), 187 (100), 159 (24), 110 (5), 95 (11),
73 (22), 45 (59), 32 (27). Anal. caled for C;sH,,FN,0O;S: C
55.54, H 5.28, N 8.64; found C 55.40, H 5.14, N 8.53.

2-THE-3-(2,4- ) AR FE-3- AR B N IR IR (2- £ 4R
FEOFHBEQ)): AEREME, WE 65%. mp. 59.0~60.0
‘C; '"H NMR (500 MHz, CDCl;) 6: 1.14 (t, J=7.0 Hz, 3H,
CH3), 2.34 (s, 3H, SCH3), 3.51 (q, J=7.0 Hz, 2H, OCH,),
3.65 (t, J=5.0 Hz, 2H, CH,0), 4.28 (t, J=5.0 Hz, 2H,
CO,CH,), 6.85~7.30 (m, 3H, C¢H;), 11.05 (s, 1H, NH);
C NMR (125 MHz, CDCly) §: 15.0, 17.4, 64.4, 66.7,
67.8,78.6, 104.6 (dd, J=2.9, 23.4 Hz), 111.6 (dd, J=18.4,
3.8 Hz), 116.7, 121.8 (dd, J=8.1, 4.1 Hz), 128.6 (d, J=
10.0 Hz), 155.7 (dd, J=239.0, 12.1 Hz), 160.5 (dd, J=
239.3, 10.8 Hz), 167.4, 171.7; MS (EI, 70 eV) m/z (%):
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342 (M*, 20), 295 (16), 252 (71), 205 (86), 177 (19), 152
9), 113 (7), 73 (26), 45 (58), 32 (100). Anal. calcd for
CysH FaNL,05S: C 52.62, H 4.71, N 8.18; found C 52.58,
H 4.53, N 8.05.

2-F 2 -3-(4- 9 -3-F0) R I S -3- I L N G IR (2- &
A G BEQK): B EAR, 1 67%. mp. 99.0~
101.0 ‘C; "H NMR (500 MHz, CDCl;) ¢: 1.15 (t, J=7.0
Hz, 3H, CH;), 2.27 (s, 3H, SCH3), 3.52 (q, J=7.0 Hz, 2H,
OCH,), 3.65 (t, J=5.0 Hz, 2H, CH,0), 4.28 (t, J=5.0 Hz,
2H, CO,CH,), 7.11~7.30 (m, 3H, C¢Hs), 11.30 (s, 1H,
NH); “C NMR (125 MHz, CDCly) 6: 15.1, 17.5, 64.6,
66.9, 67.9, 78.5, 117.1(d, J=22.4 Hz), 119.4, 122.0, 125.0
(d, J=17.3 Hz), 127.4, 1342, 156.0 (d, J=246.3 Hz),
167.5, 170.5; MS (EIL, 70 eV) m/z (%): 358 (M", 27), 311
(20), 268 (71), 239 (15), 221 (100), 193 (14), 168 (9), 129
(17), 73 (39), 45 (84), 29 (33). Anal. caled for C;sH,sCl-
FN,OsS: C 50.21, H 4.49, N 7.81; found C 50.17, H 4.32,
N 7.69.

222 BARFKAMR(3a~3K)89E K,

TREAF BN 100 mL = NI, Ak vom
A 8.00 g (27 mmol) X (— 5 I IR IR FR (1B K — 6 <0) Fl
30 mL PR WS, FrXl( =2 IR IIRERS G, kit
AHIZE 0~5 CJa, N 54 mmol BRI T 15 mL
LR CHEWIRG W, WmsE e g, ShaEE 1 h, AR5
AR 3~6 h, #WH, W48 GBI AR, 13
I 20 mL AR, VKA HIZE 0~5 CJa, I hns)
11 mL (162 mmol)Z /KA1 10 mL PR S, il
PidE 12 h, TER 2R BREWAE A 50 mL K, $£25,
g, BT UEYHEH omE g >R
223 2-FUR-3-BRARGRIRIE A BL(2- CRIL T
A5 (5a~5Kk) 49 4%,

7 25 mL 5Bl AR O 0.55 g (3.5 mmol)i
LR A TR 2.9 mmol FHARIRIENRFN 0.59 mL (3.5
mmol) i I iZ = Z.fg, T 105 CRINZ 2 h, {F1EXM,
Ry RN AR A BT RS, N D O, g
fils VRN MRS R, AR REEL A S UE
PIR, METUEDHS Hbsr=t, Hbsb &P sits '
NMR, "*C NMR FlJ5t i 73 e

2- T -3- R BE IR AL N R IR (2- £ AR £ 3 I (Sa):
0 IR AR, % 37%. mop. 185.3~185.9 C; 'H
NMR (500 MHz, DMSO-dy) 6: 1.13 (t, J=7.0 Hz, 3H,
CH;), 3.50 (q, J=7.0 Hz, 2H, OCH,), 3.65 (t, J=5.0 Hz,
2H, CH,0), 4.34 (t, J=5.0 Hz, 2H, CO,CH,), 7.08~7.52
(m, 5H, C¢Hs), 8.23 (d, J=12.5 Hz, 1H, CONH), 10.50 (s,
1H, NHCO), 10.86 (d, J=13.0 Hz, 1H, =CH); >C NMR
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(125 MHz, DMSO-d¢) d: 15.1, 64.4, 65.7, 67.5, 78.6,
116.8, 118.8, 123.7, 129.1, 137.9, 148.8, 151.4, 164.8; MS
(EL, 70 eV) m/z (%): 303 (M", 12), 231 (12), 165 (8), 139
(12), 119 (100), 112 (38), 93 (70), 72 (81), 45 (30), 39
(15). Anal. caled for CysH7N;O4: C 59.40, H 5.65, N
13.85; found C 59.28, H 5.50, N 13.76.

2- T HE-3-(2-HIE) AR I R IE IR TR (2- L3 5E 4 5%
fig(5b): MR, W 33%. mp. 152.0~155.0 'C; 'H
NMR (500 MHz, DMSO-dy) J: 1.13 (t, J=7.0 Hz, 3H,
CH3), 2.26 (s, 3H, CH;C¢Hy), 3.50 (q, J=7.0 Hz, 2H,
OCH,), 3.65 (t, J=5.0 Hz, 2H, CH,0), 4.34 (t, J=5.0 Hz,
2H, CO,CH,), 7.07~7.67 (m, 4H, C¢H,), 8.23 (d, J=12.5
Hz, 1H, CONH), 9.71 (s, 1H, NHCO), 11.09 (d, J=12.5
Hz, 1H, =CH); *C NMR (125 MHz, DMSO-d) é: 15.0,
17.9, 64.3, 65.7, 67.4, 78.4, 116.9, 123.0, 124.8, 126.2,
129.8, 130.4, 135.4, 149.6, 151.4, 164.5; MS (EL 70 eV)
mlz (%): 317 (M", 13), 245 (8), 165 (6), 139 (8), 133
(100), 107 (45), 95 (28), 72 (27), 45 (19), 39 (4). Anal.
caled for C;gH9N304: C 60.56, H 6.03, N 13.24; found C
60.44, H 5.94, N 13.17.

2- T HE-3-(3-HIE) AR I R IE IR TR (2- L8 5E 4 5%
fig(5¢): A, W 38%. mp. 189.0~190.0 C; 'H
NMR (500 MHz, DMSO-dy) J: 1.12 (t, J=7.0 Hz, 3H,
CH3), 2.30 (s, 3H, CH;C¢Hy), 3.50 (q, J=7.0 Hz, 2H,
OCH,), 3.65 (t, J=5.0 Hz, 2H, CH,0), 4.34 (t, J=5.0 Hz,
2H, CO,CH,), 6.91~7.32 (m, 4H, C¢H,), 8.22 (d, J=12.5
Hz, 1H, CONH), 10.43 (s, 1H, NHCO), 10.84 (d, J=12.5
Hz, 1H, =CH); *C NMR (125 MHz, DMSO-d,) é: 15.1,
21.2, 64.4, 65.7, 67.5, 78.5, 116.0, 116.8, 119.3, 124.4,
124.5, 128.9, 138.4, 148.7, 151.4, 164.7; MS (EL 70 eV)
mlz (%): 317 (M", 14), 245 (6), 165 (4), 139 (6), 133
(100), 107 (41), 95 (21), 72 (23), 45 (16), 39 (6). Anal.
caled for CgH9N3;04: C 60.56, H 6.03, N 13.24; found C
60.49, H 5.92, N 13.13.

2- T FE-3-(4- W) AR R IR TR (2- 38 5E 45
BE(5d): AR, 1% 33%. mp. 183.0~185.0
‘C; "H NMR (500 MHz, DMSO-d;) 6: 1.12 (t, J=7.0 Hz,
3H, CHs), 2.26 (s, 3H, CH;3C¢H,), 3.50 (q, J=7.0 Hz, 2H,
OCH,), 3.64 (t, J=4.5 Hz, 2H, CH,0), 4.34 (t, J=4.5 Hz,
2H, CO,CH,), 7.15~7.39 (m, 4H, C¢H,), 8.21 (d, J=12.5
Hz, 1H, CONH), 10.40 (s, 1H, NHCO), 10.82 (d, J=12.5
Hz, 1H, =CH); *C NMR (125 MHz, DMSO-d) &: 15.5,
20.9, 64.8, 66.1, 67.9, 78.8, 117.3, 119.3, 129.9, 133.2,
135.8, 149.2, 151.8, 165.2; MS (EI, 70 eV) m/z (%): 317
(M*, 13), 245 (2), 165 (5), 139 (5), 133 (100), 107 (47), 95
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(17), 72 (12), 45 (14), 39 (4). Anal. calcd for CigH;oN;O4:
C 60.56, H 6.03, N 13.24; found C 60.39, H 5.87, N 13.12.
2-FIE-3-(2-F0) AR LR IE N M5 1R (2- L5 3% £ ) i
(5e): AR, WFE 28%. mp. 169.0~170.3 C; 'H
NMR (500 MHz, Acetone-dg) J: 1.15 (t, J=7.0 Hz, 3H,
CH3), 3.53 (q, J=7.0 Hz, OCH,), 3.70 (t, J=5.0 Hz, 2H,
CH,0), 4.37 (t, J=5.0 Hz, 2H, CO,CH,), 7.18~8.14 (m,
4H, C¢H,), 8.29 (s, 1H, CONH), 9.47 (s, 1H, NHCO),
10.83 (s, 1H, =CH); *C NMR (125 MHz, Acetone-de)
15.5, 65.5, 67.0, 68.6, 81.5, 116.8, 124.6, 125.5, 126.5,
128.5, 130.4, 135.5, 150.4, 151.8, 165.9; MS (EI, 70 eV)
miz (%): 337 (M, 5), 302 (12), 230 (8), 212 (8), 153 (93),
127 (70), 112 (41), 95 (100), 90 (47), 72 (92), 45 (32).
Anal. calcd for C;sH;¢CIN;O,4: C 53.34, H 4.77, N 12.44;
found C 53.25, H 4.62, N 12.33.
2-FAIE-3-(3-F0) R MR IE NI IR (2- £ 5 3k 238 ) g
(56): WEHFTE, WK 30%. mp. 189.2~190.3 C; 'H
NMR (500 MHz, DMSO-dy) &: 1.12 (t, J=7.0 Hz, 3H,
CH3), 3.50 (q, J=7.0 Hz, 2H, OCH,), 3.65 (t, J=5.0 Hz,
2H, CH,0), 4.35 (t, J=5.0 Hz, 2H, CO,CH,), 7.15~7.70
(m, 4H, C¢H,), 8.22 (d, J=12.5 Hz, 1H, CONH), 10.66 (s,
1H, NHCO), 10.84 (d, J=12.5 Hz, 1H,=CH); *C NMR
(125 MHz, DMSO-dy) &: 15.0, 64.4, 65.6, 67.3, 79.1,
116.5, 117.3, 118.3, 123.3, 130.7, 133.3, 139.3, 148.8,
151.1, 164.6; MS (EL, 70 V) m/z (%): 337 (M", 6), 165
(13), 153 (71), 127 (79), 112 (45), 95 (65), 90 (20), 72
(100), 45 (42). Anal. caled for CisH,6CIN;O,: C 53.34, H
4.77,N 12.44; found C 53.28, H 4.66, N 12.39.
2-FAIE-3-(4-F0) AL IR IE N M5 1R (2- L5 3% £ ) B
(5g): ALK, IR 25%. mp. 192.4~193.4 C; 'H
NMR (500 MHz, Acetone-dg) J: 1.15 (t, J=7.0 Hz, 3H,
CH3), 3.53 (q, J=7.0 Hz, 2H, OCH,), 3.70 (t, J=5.0 Hz,
2H, CH,0), 4.38 (t, J=5.0 Hz, 2H, CO,CH,), 7.38~7.62
(m, 4H, C¢H,), 8.27 (s, 1H, CONH), 9.81 (s, 1H, NHCO),
10.66 (s, 1H, =CH); *C NMR (125 MHz, Acetone-d) o
15.5, 65.6, 67.0, 68.6, 81.1, 116.7, 121.5, 129.2, 129.9,
138.0, 149.7, 152.0, 166.5; MS (EL 70 eV) m/z: 337 (M",
6), 165 (13), 153 (70), 127 (75), 112 (46), 95 (63), 90 (21),
72 (100), 45 (42). Anal. calcd for C;sH;sCIN;O4: C 53.34,
H 4.77, N 12.44; found C 53.22, H 4.72, N 12.36.
2-FHIE-3-(2-F0) A FE JIR IE T M5 1R (2- 58 3% 4 3 i
(5h): A EE, BE 31%. mp. 164.0~165.7 C; 'H
NMR (500 MHz, Acetone-dg) J: 1.15 (t, J=7.0 Hz, 3H,
CH3), 3.53 (q, J=7.0 Hz, 2H, OCH,), 3.70 (t, J=5.0 Hz,
2H, CH,0), 4.37 (t, J=5.0 Hz, 2H, CO,CH,), 7.15~8.24
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(m, 4H, C¢H,), 8.29 (d, J=10.5 Hz, 1H, CONH), 9.72 (s,
1H, NHCO), 10.82 (d, J=9.0 Hz, 1H, =CH); °*C NMR
(125 MHz, Acetone-d) 0: 15.5, 65.5, 67.0, 68.7, 81.4,
116.0 (d, J=18.9 Hz), 116.8, 122.9, 125.5 (d, J=3.5 Hz),
125.7 (d, J=17.5 Hz), 126.9 (d, J=10.5 Hz), 150.1, 151.8,
153.0 (d, J=242.0 Hz), 166.0; MS (EL, 70 eV) m/z (%):
321 (M', 6), 249 (9), 207 (14), 137 (79), 121 (5), 111
(100), 95 (96), 72 (81), 59 (52), 45 (32). Anal. calcd for
CysH FN;04: C 56.07, H 5.02, N 13.08; found C 56.02, H
4.95,N 12.94.

2- T -3-(4-50) R MR EE N MR 1R (2- £ A 3 35 ) e
(5i): A, E 32%. mp. 1945~195.6 C; 'H
NMR (500 MHz, Acetone-dy) o: 1.15 (t, J=7.0 Hz, 3H,
CHs), 3.53 (q, J=7.0 Hz, 2H, OCH,), 3.70 (t, J=5.0 Hz,
2H, CH,0), 4.38 (t, J=5.0 Hz, 2H, CO,CH,), 7.12~7.63
(m, 4H, C¢H,), 8.28 (d, J=6.5 Hz, 1H, CONH), 9.73 (s,
1H, NHCO), 10.65 (s, 1H, =CH); *C NMR (125 MHz,
Acetone-dg) 6: 15.5, 65.6, 67.0, 68.7,80.8, 116.3, 116.5,
121.9, 135.3, 149.8, 152.1, 159.1 (d, J=239.6 Hz), 166.5;
MS (EL, 70 eV) m/z (%): 321 (M", 13), 249 (9), 165 (13),
137 (87), 121 (6), 111 (100), 95 (92), 72 (58), 59 (40), 45
(42). Anal. caled for C;sH;sFN;O4: C 56.07, H 5.02, N
13.08; found C 55.92, H 4.93, N 12.90.

2-FIHE-3-(2,4- ) AR SEMRIE N IF IR (2- LA LKD)

E(5j): B, WK 26%. mp. 191.0~192.0 'C; 'H
NMR (500 MHz, Acetone-dg) o: 1.15 (t, J=7.0 Hz, 3H,
CH3), 3.53 (q, J=7.0 Hz, 2H, OCH,), 3.70 (t, J=5.0 Hz,
2H, CH,0), 4.37 (t, J=5.0 Hz, 2H, CO,CH,), 7.04~8.21
(m, 3H, C¢Hs), 8.28 (d, J=9.0 Hz, 1H, CONH), 9.69 (s,
1H, NHCO), 10.79 (d, J=9.0 Hz, 1H, =CH); '°*C NMR
(125 MHz, Acetone-d) 0: 15.5, 65.5, 67.0, 68.7, 81.4,
104.4 (dd, J=3.5, 23.4 Hz), 112.0 (dd, J=18.3, 3.5 Hz ),
116.8, 123.6, 124.5, 150.3, 151.8, 166.1; MS (EI, 70 eV)
miz (%): 339 (M™, 5), 267 (6), 211 (9), 165 (11), 155 (46),
129 (100), 112 (13), 95 (63), 72 (58), 59 (40), 45 (30).
Anal. calcd for C;sH;5F,N;04: C 53.10, H 4.46, N 12.38;
found C 53.00, H 4.31, N 12.24.

2-FAE-3-(4- 3 -3-F) R ML NG IR 2- o KL &
FEE(SK): AR, % 24%. mp. 189.0~191.0 C;
'H NMR (500 MHz, DMSO-dy) d: 1.13 (t, J=7.0 Hz, 3H,
CH3), 3.50 (q, J=7.0 Hz, 2H, OCH,), 3.65 (t, J=4.5 Hz,
2H, CH,0), 4.35 (t, J=5.0 Hz, 2H, CO,CH,), 7.33~7.79
(m, 3H, C¢H3), 8.15 (d, J=12.5 Hz, 1H, CONH), 10.65 (s,
1H, NHCO), 10.81 (d, J/=12.5 Hz, 1H, =CH); *C NMR
(125 MHz, DMSO-dy) J: 14.9, 64.4, 65.6, 67.3, 79.1,
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116.5, 117.1 (d, J=21.9 Hz), 119.2 (d, J=6.5 Hz), 119.4
(d, J=18.4 Hz), 120.2, 135.1 (d, J/=3.5 Hz), 148.9, 151.1,
152.4 (d, J=241.6 Hz), 164.6; MS (EI, 70 eV) m/z (%):
355 (M, 13), 283 (10), 238 (38), 207 (80), 171 (100), 145
(41), 108 (76), 95 (92), 72 (66), 59 (49), 45 (58). Anal.
calcd for CsH;sCIFN;O,4: C 50.64, H 4.25, N 11.81; found
C50.35,H4.17, N 11.73.
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