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Synthesis and Herbicidal Activities of 2-Cyanoacrylates with
4-(6-Chloropyridin-3-yl)methoxy-benzylamine Moieties
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Abstract Two series of 2-cyanoacrylates containing 4-(6-chloropyridin-3-yl)methoxy-benzylamine moieties were synthe-
sized as herbicides using 2-cyano-3-(pyridine-3-yl)aminoacrylates as precursor compound. The structures were confirmed by
'H NMR, "*C NMR, Elemental Analysis or High-Resolution Mass spectrometry (HRMS). The herbicidal activity tests showed
that most of the target compounds had good inhibition towards dicotyledonous weeds. Compounds 13e and 13g showed 100%
herbicidal activity at the dose of 375g/ha against rape, and compound 13e showed 100% herbicidal activity against rape even
at the dose of 187.5 g/ha. From the structure-activity relationship study, it can be primarily concluded that both the contribu-
tions of the electronic and steric effects of the phenyl group are very important to the herbicidal activity.

Keywords  2-cyanocarylates; 4-(6-chloropyridin-3-yl)methoxy-benzylamine; herbicidal activity; structure-activity relation-
ship
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Figure 1 Stucture of 2-cyanoacrylates

PEVL AR R ZH SR P 0 358 1 2 (A P 1) g i, g e —
PRI I P S 1 B S Y IR R K 7 T S5 R, P
BRI E AR A B RS 1, 1 HAA
R PR 1L AR, AR/ B IR e A
bk — 35 5 N IR 5 507 R S IR A U, T
HIA & WIAE — EFE R L AT 5 i iz AL & W A B B 1
) R 2L 1O R IR 5 M B 0 5 A D TR T ke
%, AR 2-FFE-3- BRI IR R TR 2-
FEYBEIAL S PR X7 2 R B M R (e PR AN B
FOETE. A RWTFUAIRR ], 1R WU R IR B R &)
(41 537 G5 48 o 5] N 345 T B T 4 s AL & P I B B0
P, ST A S NS 2 S R

VF 2 8 07 SR b e R A5 0 0 R R A S
P Ay G R 3 B — AN SRR A B, BT
J7EFEMENESE, WA 2 P, v Tt B E BRI
AR BUE TR IR TR A S DR BR B iE N, AR SOR NG
PRI PR, AR R B B3 2 P Ui 79 0 R i
FAAEY) 2-FHE-3- R L -3-(2- - 5- P )— P fe 66 7 A
MR LA CIRD) ST, 1 TR B T PR R I 1) 3% 1P
B 2GR TR A BRI b, FHRH i FH R DR RE Tk 45 1) A
MEE IR B T I G T — R A 2 E P IR 25 4 1)
BIE IR IR G 2-FUIE-3-[4-(2- AL BE-5)- 4
FER FF L -3 -Fe () R NG R BE (D, W 3 o, HBHE
) T 7R TR I8 2R Ak 5 0 20 1 5 ) v B R At/ A
PHRT REXT FA DS = AR O, AEREAT 2T
I, RIS AR A FE AU EE(H. OCH:) LUt —25
WEIZ KA &R R A AL R . & i 2
Scheme 1 F7R.

1 ZR5VE
1.1 BfFLEY 14a BIRIEEHR DR

¥ EARMLEY) 142 T V(R OER) @ V(Z&AH
Foy=1 1 ¥R, §E 204, KHELOEHME, &
HY 0.22 mmX0.18 mmX0.18 mm FJ 5.5 T X AT
B30T, 1ZdnfAk CCDC 5 /& 1048869, 73 TN CosHye-
CIN;OsS; M,=491.13; m.p. 124~125 C; & T =# &
Z, TNFEA P-1(2), mMZE a=8.067(4) A, b=
8.976(5) A, ¢=17.746(9) A, a=103.510(8)°, f=
90.578(4)°, y=110.548(8)°; a/b=0.8987, b/c=0.5058,
cla=2.1998; ¥=0.1842(6) nm’; Z=2; D.=1.401 g/cm’;
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Figure 3 Design of 2-cyanoacrylates containing 4-(6-chloro-

BT SR 1A TR DU R IR 5L S 01 73

pyridin-3-yl)methoxy-benzylamine moieties

©=0.294 mm™"; F(000)=514, T=386(2) K, 2.37°<4<
25.01°; R=0.0636; wR=0.1498. L. &¥) 14a I¥] 5. & 4514
PR P AR B A il B 4 T, B RS RIER A,
4-[(6- SN R -3-) FF 4 J5 )75 fl ik 5 366 TR M TR I 1) T
AT C=C #MFEM, K E T,
1.2 BREFRMMAER

SR g A B R 25 b B AR T H ARk
&%) 13a~13h, 14a~14h X XF AP0 SE . AL LRI
B R R I R R AR A R, AR
1500 g/ha, X HEAFE Ay i R B0 VUL AR BR BR 2R &)
2- B -3-(2- -5 e ) - H i dik-3- R B N A IR 4% &
BE(D); FEXTEE 2 b s v R 4 AL S W BRI = AT
S, R RN 1~4.

R ELVE PR SE KB, 7E 1500 g/ha FJ&E FGER 1,
K 2), KRR, BrA SR A TG R B
R ZE AR ERET, K A R e BRI
B BREEYE, Hm T s ys . o,
thE¥ 13a, 13e, 131, 13g, 14h SIS ) 25 - Ab B 01 6] 6

http://sioc-journal.cn/ 1485



e
G K2CO3 /_G NaBH4
OH + C|~<}CH2C| — .
EtOH EtOH
2R'= 5R'=
3R'= OCH3 6R'= OCHa
R! —
/_O— Cl socl, /—O—m DMF,
HOH,C o] N ——  CH.C
CH,Cl, 2
7RI=H 9 R'=H NH,NH, - H,0, EtOH
8 R'=OCH;,4 1o R'= OCH3
R4 COOCzH4R
HzNHZCG /_<j>7 R3 CN 1a~1h _(j>_/ z :: ‘NH COOC2H4R2
EtOH
11R'= = OCHj3, SCH3 13a~13hR'=
12R'= OCH3 14a~14hR'= OCH3
a R?= OC,Hs, R®= SCHj; b R? = OCHj, R® = SCH3;
¢ R?= 0C,Hs, R®= CHg; d R?= OCHj, R®= CHj;
e R?= OC,Hs, R®= C,Hs; fR?= OCHj, R®= C,Hs;
g R?=0C,Hs, R®=i-Pr; h R?= OCHj, R® = -Pr;
Rz 1 L&Y 13 71 14 Z5I K& R 2L
Scheme 1 Synthetic route of compounds 13 and 14
0 1.3 BIRMLEYIRIEEKRR
//@\» M 1~4 RBP4 BT LU, I
o L HIRACEE RY A2 BB T LR RO, 5
= U LA 13 ML, (L&Y 14 235 B PRSI, K
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Figure 4 Crystal structure of compound 14a

BIiE 3] 100%, L&Y 13a, 13g, 13h X 5B 00 #2584k
PRI R ALIEF] 100%.

SR R ERGER 3), £ 750 gha FIE T, th&
) 13a, 13e, 13g, 13h X 52 1) 25 oAb B A1) v7% 12 #0121
100%, o, th&9 13g Hob BB 0 B i) i P 0k )
100%, = TXTHEZ D (94.6%); MFIEPE S 375 g/ha I,
WA 13g K= 22 A RN 28 F] 100%, & TXF
JBZ4 D (97.6%)FIEPE, 13h X i 32 25 H-Ab B 2R ik
B 92.7%, SXFIEZGAY. X TS MBI I ML S
13e, 13h D FEFI RN, SRERE D), LEY
13e 7€ 187.5 g/ha FET, X IHZEZE M AbFRIH R ik 5
100%, 13g [RETEIRIEEFEAS, HItAT W, 1bEY 13e
B R 1 R R
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£1 AW 13a~13h FIFRFIE RS (1500 g/ha, $0H]2/%)
Table 1 Herbicidal activities of compounds 13a~13h (1500 g/ha,percent inhibition/%)
e e O EUP O
i i B PE S T SAE ME S
13a 0 0 0 15.0 100 100 300.5 11.2
13b 0 0 20.0 5.0 97.5 95.5 26.1 0
13c 0 0 10.0 15.0 45.0 354 10.0 10.0
13d 0 0 5.0 0 52.9 354 0 0
13e 0 0 20.0 0 100 69.5 36.1 12.4
13f 0 0 15.0 10.0 100 90.1 34.9 100.8
13g 0 0 10.0 15.0 100 100 40.3 52.8
13h 10.0 0 15.0 10.0 93.4 100 54.8 62.9
D 93.8 80.4 10.0 20.0 100 100 74.3 88.8
R2 AP 14a~14h [FIBREDETENALE R (1500 g/ha, HHI#/%)
Table 2 Herbicidal activities of compounds 14a~14h (1500 g/ha, percent inhibition/%)
e T3 EypOEE
" e OB PE S = A ME SE
14a 0 0 0 0 0 5.0 10.0 0
14b 0 0 0 0 0 10.0 5.0 0
14c 10.0 0 0 0 82.3 20.0 15.0 10.0
14d 0 0 0 15.0 0 0 15.0 0
14e 0 0 0 10.0 88.5 30.0 15.0 53
14f 0 0 0 10.0 84.4 37.0 20.0 0
14g 0 0 10.0 0 80.8 32.7 0 42.8
14h 10.0 0 0 0 100 70.4 20.0 44
D 93.8 80.4 10.0 20.0 100 100 74.3 88.8
K3 HO AR EREE M KL R A0 2 %)
Table 3 Screening data of compounds 13a, 13b, 13e and 13f (percent inhibition/%)
EY &E/(geha ") e SR waE? #&/(geha ") T KA
13a 750 100 32.1 13 750 100 100
375 88 28.6 375 100 41.7
750 79.5 48.2 750 100 84.9
13b 375 65.5 26.8 13h 375 92.7 79.5
750 100 - 750 92.4 -
13e 375 100 — 14 375 75.9 -
13¢ 750 71.5 51.8 D 750 100 94.6
375 75.1 28.6 375 97.6 67.9
@ = FIRAR AT M.
K4 FIACEII B EE VE IR 45 R AN /%)
Table 4 Screening data of compounds 13e and 13g (percent inhibition/%)
&Y 187.5 g/ha 93.75 g/ha 46.875 g/ha
13e 100 72.1 56.8
13g 46.9 31.00 25.7
D 100 100 83.8

¥ 1F; Yanaco-CHN CORDER MT-3 HBhit &L,
BRUKER ACP-300 B % i 4R {X 53 BRUKER AV-400
R AERIX, CDCL; B DMSO N, TMS N x;
LCQ Advantage 7 Hi % 55 FL B Y55 A (ESTIR); #: 22
DTREIR AT S AL T A2 7%(200~300 H); S256 A
FFN AL A5 A 43 BT 4 Bl A 27 4 (L o e Tk () S AR 25 A
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60~90 C), A REHRE R MGREE—DHE ).
3.2 FhERMERK
3.2.1  4-[(6-F R -3)-F AR T EE(5) 89 &%
7 500 mL DY 1 BRI 14.6 g (0.12 mol) 4-F2
FIEHEE2). 16.3 g (0.1 mol, 99%) 2-5-5-F FH Lt ng
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(3)M1 300 mL Jo/K B, HiH: T InFAZE R, TLC faill
FER RS, Fkndk, eikatug, B, B 20
g/L ] NaOH S =k, B3Ik a4 24.7 ¢
(0.1 mol), Y 99.8%. m.p. 113~114 C; 'H NMR (400
MHz, CDCL3) 8: 5.30 (s, 2H, CH,0), 7.24 (d, J=8.4 Hz,
2H, ArH), 7.58 (d, J=8.0 Hz, 1H, PyH), 7.90 (d, J=8.4
Hz, 2H, ArH),7.98 (d, J=8.0 Hz, 1H, PyH), 8.56 (s, 1H,
PyH ), 9.89 (s, 1H, CHO); *C NMR (400 MHz, CDCl;) ¢:
191.31, 162.82, 149.99, 149.36, 139.48, 131.80, 131.60,
130.02, 124.26, 115.27, 66.43.

KA ERTTEE BT IR 6, 1L 84.9%. m.p.
121~122 °C; "H NMR (400 MHz, CDCl;) d: 3.94 (s, 3H,
OCHj3), 5.21 (s, 2H, CH,0), 7.01 (d, J=7.9 Hz, 1H, ArH),
7.38 (d, J=8.2 Hz, 1H, PyH), 7.44 (d, J=8.4 Hz, 2H,
ArH), 7.79 (dd, J=2.1, 8.2 Hz, 1H, PyH), 8.49 (d, J=
8.5Hz, 1H, PyH ), 9.87 (s, 1H, CHO); *C NMR (400
MHz, CDCl;) 6: 190.82, 152.84, 151.55, 150.19, 148.75,
138.10, 130.97, 130.67, 126.34, 124.47, 112.63, 109.65,
67.76, 56.06.

32.2  4-[(6-FE-3)-F A ALK T EL(T)89 A Ak

£ 250 mL NI 24.3 g (0.098 mol)H[rjfA
5, 150 mL Jo/K W, fiiFE, vKISA AR 7.4 ¢
(0.20 mol) FHEALEN, MFE =MW1 h, A 50 mL /K,
PR BRATT pH (N 4~5, R LA, /KRB
T, w4E, /BRI AGEE 215 g (0.086 mol), ILFE
88.0%. m.p. 126~127 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
1.86 (br, 1H, CH,OH), 4.63 (s, 2H, CH,OH), 5.05 (s, 2H,
CH,0), 6.94 (d, J=8.4 Hz, 2H, ArH), 7.31 (d, J=8.4 Hz,
2H, ArH), 7.36 (d, J=8.2 Hz, 1H, PyH), 7.75 (dd, J=1.9,
8.2 Hz, 1H, PyH), 8.43 (d, J/=1.3 Hz, 1H, PyH); *C NMR
(400 MHz, CDCly) d: 157.69, 151.15, 148.70, 138.12,
134.13, 131.55, 128.75, 124.32, 114.88, 66.78, 64.86.

KAFRITEE R T a8, % 92.3%. m.p.
76~77 “C; '"H NMR (400 MHz, CDCly) 6: 2.39 (br, 1H,
CH,OH), 3.86 (s, 3H, CH;0), 4.61 (s, 2H, CH,OH), 5.09
(s, 2H, CH,0), 6.83 (s, 2H, ArH), 6.96 (s, 1H, ArH), 7.33
(d, J=8.2 Hz, 1H, PyH), 7.76 (dd, J=2.3, 8.2 Hz, 1H,
PyH), 8.4 (d, J=2.0 Hz, 1H, PyH); "C NMR (400 MHz,
CDCly) 0: 151.0, 150.01, 148.73, 146.80, 138.29, 135.43,
131.78, 124.28, 119.24, 114.75, 111.05, 68.24, 64.95,
55.87.

3.2.3  4-[(6-F g -3)-F ALK F A (989 6 A%
£ 250 mL IR AN 19.6 g (0.078 mol) 4-(2-5 -

5-ME AR R R (7), 100 mL &k, vKIBA21

T, ¥ 18.6 g (0.16 mol) ~FFAZEF AN, T 5E =R

1488 http://sioc-journal.cn/
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RO R B2 R S, WA EhKYE 3 &, K
R BT, W4h, MR A AaEAK, HE 2004 g
(0.076 mol), Y 97.7%. m.p. 88~89 C; 'H NMR (400
MHz, CDCl;) d: 4.56 (s, 2H, CH,CI), 5.06 (s, 2H, CH,0),
6.93 (d, J=8.5 Hz, 2H, ArH), 7.33 (d, J=8.5 Hz, 1H,
PyH), 7.36 (d, J=8.3 Hz, 2H, ArH), 7.74 (dd, J=2.0, 8.2
Hz, 1H, PyH), 8.45 (d, J=1.4 Hz, 1H, PyH); >C NMR
(400 MHz, CDCl;) d: 158.19, 151.26, 148.72, 138.08,
131.33, 130.71, 130.23, 124.33, 115.00, 66.79, 46.04.

RAZATES R T ik 10, 1R 96.8%. m.p.
109~110 ‘C; "H NMR (400 MHz, CDCl3) 6: 3.90 (s, 3H,
CH;0), 4.56 (s, 2H, CH,Cl), 5.12 (s, 2H, CH,0), 6.84 (d,
J=8.2 Hz, 1H, ArH), 6.89 (d, J=8.2 Hz, 1H, ArH), 6.95
(d, J=1.5 Hz, 1H, PyH), 7.35 (d, J=8.2 Hz, 1H, ArH),
7.77 (dd, J=2.2, 8.2 Hz, 1H, PyH), 8.45 (d, J=1.8 Hz,
1H, PyH); *C NMR (400 MHz, CDCl3) &: 151.18, 150.00,
148.74, 147.62, 138.18, 131.59, 131.52, 124.33, 121.05,
114.38, 112.40, 68.12, 55.96, 46.40.
3.2.4  4-[(6-F U -3)-F A AR F A (11) 69 4%

7£ 250 mL AR NN 18.8 g (0.070 mol)H A 44
9, 120 mL DMF, Z-#itfnA 14.3 g (0.077 mol)4B4< — F ik
WRERER SR, SRR AR, SREEH, A 500 mL ¥k
K, IEPEARF]26.1 g (0.069 mol) A E A, FIIA13.1g
(0.2 mol) 80%IKI7K A, 300 mL Jo/K Z. 8%, [RI3i 4 h,
I8, WA R A AR AE, PR E 171 g (0.069 mol),
% 98.2%. 'H NMR (400 MHz, DMSO-d;) J: 3.54 (br,
2H, NH,), 3.67 (s, 2H, CH,N), 5.14 (s, 2H, CH,0), 6.96
(d, J=8.6 Hz, 2H, ArH), 7.27 (d, J=8.3 Hz, 2H, ArH),
7.55 (d, J=8.2 Hz, 1H, PyH), 7.93 (dd, J=2.3, 8.2 Hz,
1H, PyH), 8.51 (d, J=2.1 Hz, 1H, PyH); >C NMR (400
MHz, DMSO-ds) 6: 156.46, 149.65, 149.08, 139.19,
136.12, 132.44, 128.33, 124.14, 114.50, 65.96, 44.69.

KA VES R T Bk 12, W% 91.9%. 'H
NMR (400 MHz, CDCl;) 6: 3.68 (s, 2H, CH,N), 3.77 (s,
3H, CH;0), 3.95 (br, 2H, NH,), 5.11 (s, 2H, CH,0), 6.82
(d, J=8.0 Hz, 1H, ArH), 6.97 (d, J=8.1 Hz, 1H, ArH),
7.003 (s, 1H, ArH), 7.55 (d, J=8.2 Hz, 1H, PyH), 7.91
(dd, J=2.0, 8.2 Hz, 1H, PyH), 8.48 (d, J=1.5 Hz, 1H,
PyH); *C NMR (400 MHz, CDCls) 6: 149.64, 149.14,
145.79, 139.29, 136.82, 132.57, 125.23, 124.13, 118.98,
114.17, 111.59, 67.03, 55.46, 44.93.

3.3 BfHEYW 135 14 &R

Hixe & 13a (& % 78 100 mL RESHEH A
1.3 g (5 mmol)Hal4E 11, 1.3 g (5 mmol) [A]{A 1a, 30
mL Jo/K OBE, fidt, DnFEIR, TLC fill, [k sSyE &

Chin. J. Org. Chem. 2015, 35, 1484~1492
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SRR, We4E, Lh VCAThER) - M(GR OEE)=2 1 1
Ve, R (100~200 H)FEENT B S E H bR
1k 13al'7.

KA FIFER A EER T HEY 13b~13h, 14a~
14h.

(E)-2-F 5L -3-[4-(6- F ML BE -3)- FF A BE 1 2K A e 2 -3-
FR 2 I G TR 8 2 BB (13a): 35 (0 B4k, iR 75.3%.
m.p. 83~84 ‘C; 'H NMR (400 MHz, CDCl3) ¢: 1.20 (t,
J=17.0 Hz, 3H, OCH,CHj3), 2.66 (s, 3H, SCH3), 3.56 (q,
J=17.0 Hz, 2H, OCH,CHj), 3.68 (t, J=5.1 Hz, 2H, CH,0),
4.28 (t, J=4.9 Hz, 2H, CO,CH,), 4.71 (d, J=5.7 Hz, 2H,
CH,NH), 5.06 (s, 2H, CH,0), 6.95 (d, J=8.4 Hz, 2H,
ArH), 7.20 (d, J=8.4 Hz, 2H, ArH), 7.36 (d, J=8.2 Hz,
1H, PyH), 7.75 (dd, J=1.8, 8.1 Hz, 1H, PyH), 8.45 (s, 1H,
PyH), 10.27 (br, 1H, CH,NH); *C NMR (400 MHz,
CDClLy) 6: 172.42, 168.24, 157.96, 151.21, 148.72, 138.12,
131.33, 129.34, 128.83, 124.33, 118.22, 115.32, 7491,
68.09, 66.84, 66.79, 64.05, 49.00, 18.29, 15.16; HRMS
(ESI) caled for CpH,yCIN;NaO,S [M+Na]™ 484.9514,
found 484.1068.

(E)-2-Fk-3-[4-(6- T ML IE -3)- F 48 J 2K H fi ik -3-
HR 2 I I R R P (13b): 35 (A, IR 69.7%.
m.p. 80~81 C; "H NMR (400 MHz, CDCl;) d: 2.67 (s,
3H, SCH3), 3.40 (s, 3H, OCHs), 3.64 (t, J=4.8 Hz, 2H,
CH,0), 4.29 (t, J=4.6 Hz, 2H, CO,CH,), 4.71 (d, J=5.8
Hz, 2H, CH,NH), 5.06 (s, 2H, CH,0), 6.95 (d, J/=8.4 Hz,
2H, ArH), 7.20 (d, J=8.4 Hz, 2H, ArH), 7.37 (d, J=8.2
Hz, 1H, PyH), 7.75 (dd, J=1.9, 8.2 Hz, 1H, PyH), 8.45 (s,
1H, PyH), 10.27 (br, 1H, CH,NH); *C NMR (400 MHz,
CDCly) 6: 172.49, 168.26, 157.98, 151.25, 148.72, 138.12,
131.32, 129.32, 128.86, 124.35, 118.22, 115.34, 74.85,
70.31, 66.81, 63.83, 59.27, 49.02, 18.30. Anal. calcd for
C,1H2,CIN;0,S: C 56.31, H 4.95, N 9.38; found C 56.50,
H 5.15, N 9.20.

(Z)-2-F 3k -3-[4-(6- ML e -3)- 42 JE 1 2K H fi Ok -3-
LI TR SR 2B (13¢): (I fE, YK 71.8%. m.p.
100~101 °C; 'H NMR (400 MHz, CDCLy) ¢: 1.20 (t, J=
7.0 Hz, 3H, CH,CHj3), 2.30 (s, 3H, CHs), 3.57 (q, J=7.0
Hz, 2H, OCH,CHj3), 3.68 (t, J=5.1 Hz, 2H, CH,0), 4.27
(t, J=5.0 Hz, 2H, CO,CH,), 4.47 (d, J=5.8 Hz, 2H,
CH,NH), 5.06 (s, 2H, CH,0), 6.96 (d, J=8.5 Hz, 2H,
ArH), 7.18 (d, J=8.4 Hz, 2H, ArH), 7.37 (d, J=8.2 Hz,
1H, PyH), 7.75 (dd, J=1.8, 8.1 Hz, 1H, PyH), 8.45 (s, 1H,
PyH), 10.17 (br, 1H, CH,NH); “C NMR (400 MHz,
CDCl3) 0: 169.70, 168.65, 158.04, 151.27, 148.69, 138.12,
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131.29, 129.56, 128.83, 128.54, 124.37, 118.90, 115.47,
72.32, 68.17, 66.83, 63.69, 47.41, 17.93, 15.18. Anal. calcd
for CyHCIN;O,: C 61.46, H 5.63, N 9.77; found C
61.56, H 5.44, N 9.56.

(Z)-2- T J: -3-[4-(6- G e -3)- 42 JE 1 2K H ff Ok -3-
FIL NG RR A s (13d): A E AR, WE 72.7%.
m.p. 87~88 C; '"H NMR (400 MHz, CDCl;) d: 2.31 (s,
3H, CH;C=C), 3.40 (s, 3H, OCHs), 3.64 (t, J=4.7 Hz,
2H, CH,0), 4.28 (t, J=4.5 Hz, 2H, CO,CH,), 4.48 (d, J=
5.8 Hz, 2H, CH,NH), 5.06 (s, 2H, CH,0), 6.96 (d, J=8.3
Hz, 2H, ArH), 7.19 (d, J=8.3 Hz, 2H, ArH), 7.37 (d, J=
8.2 Hz, 1H, PyH), 7.75 (dd, J=2.0, 8.1 Hz, 1H, PyH), 8.46
(s, 1H, PyH), 10.16 (br, 1H, CH,NH); *C NMR (400
MHz, CDCl3) d: 169.73, 168.62, 158.04, 151.24, 148.69,
138.12, 131.29, 128.79, 128.57, 124.36, 118.92, 115.47,
72.22,70.39, 66.82, 63.44, 59.26, 47.44, 17.94. Anal. calcd
for CH,,CIN;O4: C 60.65, H 5.33, N 10.10; found C
60.73, H 5.38, N 9.94.

(Z)-2- T J: -3-[4-(6- G e -3)- 42 JE 1 2K F ff Ok -3-
CHWIER A CHE(13e): O, ITE 65.2%.
m.p. 72~73 ‘C; 'H NMR (400 MHz, CDCl;) ¢: 1.19 (t,
J=7.0 Hz, 3H, OCH,CH;), 1.25 (t, J=7.5 Hz, 3H,
CH,CHs3), 2.64 (q, J=7.6 Hz, 2H, CH;CH,C=C), 3.57 (q,
J=17.0 Hz, 2H, OCH,CH3), 3.67 (t, J=5.1 Hz, 2H,
CH,OC,Hs), 4.26 (t, J=5.0 Hz, 2H, CO,CH,), 4.51 (d, J=
5.9 Hz, 2H, CH,NH), 5.06 (s, 2H, CH,0), 6.97 (d, J=8.5
Hz, 2H, ArH), 7.20 (d, J=8.5 Hz, 2H, ArH), 7.37 (d, J=
8.2 Hz, 1H, PyH), 7.76 (dd, J=2.1, 8.2 Hz, 1H, PyH), 8.45
(d, J=1.7 Hz, 1H, PyH), 10.11 (br, 1H, CH,NH); "*C
NMR (400 MHz, CDCly) &: 174.74, 168.90, 158.01,
151.12, 148.67, 138.17, 131.35, 128.98, 128.56, 124.32,
118.69, 115.41, 70.87, 68.15, 66.78, 63.61, 46.96, 24.52,
15.15, 11.99; HRMS (ESI) calcd for CypHpCIN3NaOy:
[M+Na]" 466.9130, found 466.1504.

(Z)-2- T J: -3-[4-(6- G e -3)- A2 JE ) 2K Y ff Ok -3-
TR A W30 A&, R 70.7%.
m.p. 69~70 C; "H NMR (400 MHz, DMSO-d) o: 1.11
(t, J=7.6 Hz, 3H, CH,CH;), 2.60 (q, J=7.4 Hz, 2H,
CH,CH3), 3.27 (s, 3H, OCH3), 3.53 (t, J=4.6 Hz, 2H,
CH,OCH,), 4.19 (t, J=4.3 Hz, 2H, CO,CH,), 4.61 (d, J=
5.8 Hz, 2H, CH,NH), 5.17 (s, 2H, CH,0), 7.06 (d, J=8.4
Hz, 2H, ArH), 7.29 (d, J=8.3 Hz, 2H, ArH), 7.56 (d, J=
8.2 Hz, 1H, PyH), 7.94 (dd, J=1.4, 7.9 Hz, 1H, PyH), 8.51
(s, 1H, PyH), 10.03 (br, 1H, CH,NH); “C NMR (400
MHz, DMSO-ds) o: 174.67, 167.97, 157.48, 149.75,
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149.19, 139.31, 132.20, 129.72, 128.88, 124.18, 118.52,
115.15, 69.82, 68.72, 66.04, 62.81, 58.13, 46.20, 24.11,
11.68; HRMS (ESI) calcd for C,,H,4CIN;NaO, [M—I—Na]+
452.8864, found 452.1348.

(Z)-2- T3k -3-[4-(6- G e -3-) 42 JE ) 2K T ff Ok -3-
SNENER CE B(13g): AGEE, R 55.0%.
m.p. 89~901 ‘C; '"H NMR (400 MHz, CDCl;) 6: 1.21 (t,
J=17.3 Hz, 3H, OCH,CH;), 1.39 (d, J=7.2 Hz, 6H,
(CH;),CH), 3.19~3.20 (m, 1H, (CH;),CH), 3.60 (q, J=
7.0 Hz, 2H, OCH,CH;), 3.71 (t, J= 5.3 Hz, 2H,
CH,0C,Hs), 4.29 (t, J=5.1 Hz, 2H, CO,CH,), 4.56 (d, J=
5.7 Hz, 2H, CH,NH), 5.08 (s, 2H, CH,0), 6.98 (d, J=8.6
Hz, 2H, ArH), 7.21 (d, J=8.5 Hz, 2H, ArH), 7.39 (d, J=
8.2 Hz, 1H, PyH), 7.77 (dd, J=2.2, 8.1 Hz, 1H, PyH), 8.47
(s, 1H, PyH), 10.52 (br, 1H, CH,NH); “C NMR (400
MHz, CDCly) 0: 183.01, 169.84, 157.97, 148.75, 138.10,
131.24, 129.34, 128.45, 124.34, 119.05, 115.40, 68.16,
66.87, 66.80, 63.76, 47.18, 30.38, 19.63, 18.83, 15.18.
Anal. caled for Co4H,sCIN3O4: C 62.95, H 6.16, N 9.18;
found C 62.65, H 5.96, N 9.01.

(Z)-2-FFE -3-[4-(6- UL e -3)- 42 JE 1 2K H fi 2k -3-
SARFIER A FRR3h): [ EE, IE 59.3%.
m.p. 89~90 C; '"H NMR (400 MHz, CDCl;) J: 1.38 (d,
J =171 Hz, 6H, (CH;),CH), 3.17 ~ 320 (m, IH,
(CH;),CH), 3.41 (s, 3H, OCH,), 3.65 (t, J=4.8 Hz, 2H,
CH,OCHj;), 4.28 (t, J=4.4 Hz, 2H, CO,CH,), 4.55 (d, J=
5.4 Hz, 2H, CH,NH), 5.06 (s, 2H, CH,0), , 6.96 (d, J=8.2
Hz, 2H, ArH), 7.19 (d, J=8.4 Hz, 2H, ArH), 7.37 (d, J=
8.1 Hz, 1H, PyH), 7.75 (d, J=7.5 Hz, 1H, PyH), 8.46 (s,
1H, PyH), 10.50 (br, 1H, CH,NH); *C NMR (400 MHz,
CDCl) 0: 178.59, 169.80, 157.99, 151.25, 148.70, 138.12,
131.29, 129.33, 129.24, 128.47, 124.35, 119.04, 115.43,
70.38, 66.82, 63.5,3, 59.28, 47.22, 19.64, 18.84. Anal.
calcd for C3H,6CIN;Oy4: C 62.23, H 5.90, N 9.47; found C
62.19, H 5.61, N 9.30.

(E)-2-F 55 -3-[4-(6- F ML BE -3)- FH A B -3- F AU 2 R
FH i 2 -3- FE B 26 O I R 4R TR (14 35 (0 4, U
# 82.6%. m.p. 124~125 ‘C; 'H NMR (400 MHz,
CDCly) d: 1.20 (t, J=7.0 Hz, 3H, CH,CHj,), 2.68 (s, 3H,
SCH;), 3.57 (q, J=7.0 Hz, 2H, OCH,CHj3), 3.69 (t, J=4.9
Hz, 2H, CH,OC,Hs), 3.87 (s, 3H, OCH3), 4.28 (t, J=4.9
Hz, 2H, CO,CH,), 4.71 (d, J=5.8 Hz, 2H, CH,NH), 5.11
(s, 2H, CH,0), 6.76 (d, J=8.2 Hz, 1H, ArH), 6.78 (s, 1H,
ArH), 6.87 (d, J=8.1 Hz, 1H, ArH), 7.35 (d, J/=8.2 Hz,
1H, PyH), 7.77 (dd, J=2.3, 8.2 Hz, 1H, PyH), 8.45 (d, J=
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2.1 Hz, 1H, PyH), 10.28 (br, 1H, CH,NH); *C NMR (400
MHz, CDCl3) 8: 172.50, 168.26, 151.19, 150.30, 148.78,
147.33, 138.17, 131.50, 130.40, 124.31, 119.62, 118.16,
114.95, 111.13, 74.99, 68.19, 68.08, 66.85, 64.07, 56.00,
49.33, 18.30, 15.15; HRMS (ESI) calcd for Cp3H,CIN;-
NaOsS [M+Na]" 514.1179, found 514.1174.

(E)-2-FFE-3-[4-(6- A ML -3)- H A JE-3- FH A 2 ) oK
FR ek -3- PR T A TR %A R I (14b): i € [ 44, i
K 724%. mp. 127~128 ‘C; 'H NMR (400 MHz,
CDCly) d: 2.68 (s, 3H, SCH3), 3.40 (s, 3H, CH,OCHj,),
3.65 (t, J=5.0 Hz, 2H, CH,OCH,), 3.88 (s, 3H, OCHj,),
430 (t, J=4.7 Hz, 2H, CO,CH,), 4.70 (d, J=5.8 Hz, 2H,
CH,NH), 5.11 (s, 2H, CH,0), 6.75~6.78 (m, 2H, ArH),
6.86 (d, J=8.0 Hz, 1H, ArH), 7.35 (d, J=8.2 Hz, 1H,
PyH), 7.77 (dd, J=2.2, 8.2 Hz, 1H, PyH), 8.45 (d, J=1.7
Hz, 1H, PyH), 10.27 (br, 1H, CH,NH); *C NMR (400
MHz, CDCly) 0: 172.56, 168.27, 151.22, 150.29, 148.78,
147.33, 138.17, 131.48, 130.35, 124.32, 119.64, 118.19,
114.90, 111.12, 74.90, 70.32, 68.18, 63.85, 59.28, 56.01,
49.35, 18.31; HRMS(ESI) calcd for CyHy,CIN3NaOsS
[M+Na]™ 500.1023, found 500.1017.

(2)-2-FF -3-[4-(6- ML g -3)- FH A 56 -3- AR 2L O
FH % 38 -3- R NI TR %A R (14e): B (B[ 44, Uik
60.2%. m.p. 74~75 ‘C; '"H NMR (400 MHz, CDCLy) ¢:
1.20 (t, J=7.0 Hz, 3H, CH,CH,), 2.31 (s, 3H, CH3), 3.56
(q, J=6.9 Hz, 2H, OCH,CH3), 3.68 (t, J=5.1 Hz, 2H,
CH,0), 3.87 (s, 3H, OCH;), 4.28 (t, J=4.9 Hz, 2H,
CO,CH,), 4.47 (d, J=5.6 Hz, 2H, CH,NH), 5.11 (s, 2H,
CH,0), 6.74~6.77 (m, 2H, ArH), 6.88 (d, J=8.0 Hz, 1H,
ArH), 7.35 (d, J=8.1 Hz, 1H, PyH), 7.77 (dd, J=2.4, 8.1
Hz, 1H, PyH), 8.45 (s, 1H, PyH), 10.17 (br, 1H, CH,NH);
C NMR (400 MHz, CDCls) 6: 169.74, 168.62, 151.18,
150.41, 148.77, 147.40, 138.18, 131.47, 129.87, 124.31,
119.33, 118.89, 114.99, 110.86, 72.32, 68.16, 66.83, 63.67,
56.03, 47.73, 17.94, 15.17, HRMS (ESI) caled for
C»3Ha6CIN;NaOs [M+Na]" 482.1459, found 482.1453.

(2)-2-F 3 -3-[4-(6- F ML g -3)- FH AR 26 -3- A 2 K
P -3- RS R O E R (144): 3 ([ AA, e
59.3%. m.p. 127~128 “C; "H NMR (400 MHz, CDCl5) 6:
2.31 (s, 3H, CH;C=C), 3.40 (s, 3H, CH,OCHj3), 3.64 (t,
J=4.8 Hz, 2H, CH,0), 3.88 (s, 3H, OCH,), 4.29 (t, J=4.6
Hz, 2H, CO,CH,), 4.47 (d, J=5.8 Hz, 2H, CH,NH), 5.12
(s, 2H, CH,0), 6.74~6.76 (m, 2H, ArH), 6.87 (d, J=7.9
Hz, 1H, ArH), 7.35 (d, J=8.2 Hz, 1H, PyH), 7.77 (dd, J=
2.1, 8.2 Hz, 1H, PyH), 8.45 (s, 1H, PyH), 10.16 (br, 1H,
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CH,NH); *C NMR (400 MHz, CDCl;) 6: 169.76, 168.62,
151.20, 150.42, 148.77, 147.42, 138.18, 131.47, 129.83,
124.33, 119.36, 118.89, 115.00, 110.88, 72.31, 70.39,
68.19, 63.46, 59.26, 56.04, 47.76, 17.95; HRMS (ESI)
caled for CyH,sCIN;NaOs [M+Na]™ 468.1302, found
468.1297.

(2)-2-TFF -3-[4-(6- ML g -3)- FH 4R 6 -3- HH AU 2 K
H 5 -3- LR IR R R L TR (14e): B8t ] 44, IR
60.2%. m.p. 67~68 C; 'H NMR (400 MHz, CDCl;) o:
1.20 (t, J=7.0 Hz, 3H, OCH,CHj3), 1.26 (t, J=7.6 Hz, 3H,
CH;CH,C=C), 2.65 (q, J=7.6 Hz, 2H, CH;CH,C=C),
3.57 (g, J=7.0 Hz, 2H, OCH,CHj3), 3.68 (t, J=5.2 Hz,
2H, CH,0), 3.88 (s, 3H, OCH,), 4.27 (t, J=5.0 Hz, 2H,
CO,CH,), 4.49 (d, J=5.9 Hz, 2H, CH,NH), 5.12 (s, 2H,
CH,0), 6.75~6.77 (m, 2H, ArH), 6.88 (d, J=7.9 Hz, 1H,
ArH), 7.35 (d, J=8.2 Hz, 1H, PyH), 7.77 (dd, J=2.3, 8.2
Hz, 1H, PyH), 8.45 (d, J=2.1 Hz, 1H, PyH), 10.12 (br,
1H, CH,NH); *C NMR (400 MHz, CDCly) &: 174.76,
168.94, 151.18, 150.40, 148.77, 147.41, 138.18, 131.47,
130.06, 124.31, 119.33, 118.59, 115.03, 110.87, 71.10,
68.16, 66.83, 63.67, 56.03, 47.28, 24.55, 15.16, 12.02;
HRMS (ESI) caled for Cy4H,3CIN3NaOs [M~|—Na]+
496.1615, found 496.1610.

(Z)-2-FH-3-[4-(6- F ML e -3)- FH AR 56 -3- AU 2 O
HRG 2 -3- 2R NI R A P iR (140): 3 G [ 4, IR
58.7 %. m.p. 67~68 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
1.27 (t, J=7.6 Hz, 3H, CH,CHa), 2.65 (q, J=7.5 Hz, 2H,
CH,CHj), 3.40 (s, 3H, CH,OCHj), 3.64 (t, J=4.8 Hz, 2H,
CH,OCHa), 3.88 (s, 3H, OCHs), 4.28 (t, J=4.7 Hz, 2H,
CO,CH,), 4.49 (d, J=5.8 Hz, 2H, CH,NH), 5.18 (s, 2H,
CH,0), 6.75~6.77 (m, 2H, ArH), 6.88 (d, J=7.9 Hz, 1H,
ArH), 7.36 (d, J=8.2 Hz, 1H, PyH), 7.77 (dd, J=2.1, 8.1
Hz, 1H, PyH), 8.46 (s, 1H, PyH), 10.11 (br, 1H, CH,NH);
3C NMR (400 MHz, CDCly) 6: 174.78, 168.94, 151.15,
150.40, 148.72, 147.41, 138.23, 131.50, 130.03, 124.35,
119.36, 118.61, 115.02, 110.87, 71.08, 70.38, 68.18, 63.46,
59.26, 56.03, 47.30, 24.57, 12.03; HRMS (ESI) calcd for
C,3Ha6CIN;NaOs [M+Na]" 482.1459, found 482.1453.

(2)-2-FF -3-[4-(6- ML g -3)- FH 4R 26 -3- H AU 2 K
Al -3- 7 I BE TR A TR SR R (14g): 2 (o [l 44, IR
K 55.9%. m.p. 86~87 ‘C; 'H NMR (400 MHz, CDCls)
5: 1.21 (t, J=6.9 Hz, 3H, CH,CH;), 1.38 (d, J=7.1 Hz,
6H, (CH;),CH), 3.18 (br, 1H, (CH;),CH), 3.58 (q, J=6.9
Hz, 2H, CH,CHj,), 3.69 (t, J=4.8 Hz, 2H, CH,0), 3.87 (s,
3H, OCHj3), 4.27 (t, J=4.8 Hz, 2H, CO,CH,), 4.54 (d, J=
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5.6 Hz, 2H, CH,NH), 5.11 (s, 2H, CH,0), 6.75~6.77
(m, 2H, ArH), 6.88 (d, J=7.8 Hz, 1H, ArH), 7.35 (d, J=
8.2 Hz, 1H, PyH), 7.77 (d, J=8.1 Hz, 1H, PyH), 8.45 (s,
1H, PyH), 10.52 (br, 1H, CH,NH); *C NMR (400 MHz,
CDCLy) 0: 178.64, 169.83, 151.23, 150.41, 148.81, 147.34,
138.17, 131.45, 130.41, 124.31, 119.22, 118.98, 115.03,
110.71, 74.29, 68.21, 68.16, 66.86, 63.78, 56.03, 47.46,
30.35, 18.87, 15.18. Anal. calcd for C,sH3;,CIN;O5: C
61.53, H 6.20, N 8.61; found C 61.28, H 6.40, N 8.90.
(2)-2-FF -3-[4-(6- F ML g -3)- FH AR 56 -3- AU 2L R
R -3- S T B TN A TR A S (14h): 35 0 [l 44, i
% 52.0%. m.p. 73~74 ‘C; '"H NMR (400 MHz, CDCl;) 6:
1.38 (d, J=7.2 Hz, 6H, (CH3),CH), 3.17~3.23 (m, 1H,
(CH5),CH), 3.41 (s, 3H, OCH,), 3.65 (t, J=5.0 Hz, 2H,
CH,OCHs), 3.88 (s, 3H, OCH;), 4.28 (t, J=4.9 Hz, 2H,
CO,CH,), 4.54 (d, J=5.7 Hz, 2H, CH,NH), 5.11 (s, 2H,
CH,0), 6.75~6.77 (m, 2H, ArH), 6.88 (d, J=7.9 Hz, 1H,
ArH), 7.35 (d, J=8.2 Hz, 1H, PyH), 7.77 (dd, J=2.4, 8.2
Hz, 1H, PyH), 8.45 (d, J=2.1 Hz, 1H, PyH), 10.51 (br,
1H, CH,NH); *C NMR (400 MHz, CDCl;) §: 178.67,
169.78, 151.17, 150.38, 148.79, 147.33, 138.20, 131.47,
130.37, 124.30, 119.25, 115.02, 110.74, 70.36, 68.19,
63.53, 59.25, 56.02, 47.47, 30.35, 29.68, 18.85; HRMS
(ESI) caled for Cp4HsCIN;NaOs [M+Na]' 496.1615,
found 496.1610.
3.4 EYEMNERE
FRIFECET )T FEEAE 8 KA
—EEML, IMA—EENK, BMEES —CEEMN
T, TR PR R, At R CAAT AR R .
W E, BRMELE =MEKCARRFIER K. U8k
B — W AT 2R mE S AL B, Ab BN 1500 g/ha.
ARFR 20 d JE I ESE R, M A, DUEE S ) H 4
R (T IELL ). 7EEAR 8 em LM FIRAN—E
B, MA—ERRK, FEFEE S —CERER L%,
FHAEHBL 1500 g/ha (77X L8347t 24 A B, SR
JE AR R, ehi i R UART AR E . R,
BRMULE SR K CARRF IR A, 208 20 dJ5 R E
ghEIR, W b E, DAEE S ) E 2 BORR R AL
SEEGMRL: BrrH R DR, XA

=="3 e e
e~ MLk,

%45 Bh #1 ¥} (Supporting Information) ¢t &%) 'H
NMR. “CNMR. HRMS i 15 AT Hd0s. X s
BEAT DL G 2 MAS T 9335 (http://sioc-journal.cn/)_F R %K.
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