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Abstract Based on the structure of lead compound N-(m-fluoro-benzyl)-6-amino-coumarin, a series of novel
N-acyl-N-(m-fluoro-benzyl)-6-amino-coumarins were designed and synthesized through the principle of bioactive substructure
combination. Their structures were characterized by '"H NMR, ESI-MS and elemental analysis. N-trifluoroacetyl substituted
compound d5 was further confirmed by X-ray single crystal diffraction. The herbicidal activities of synthesized compounds
were evaluated as well. The results indicated that compounds substituted respectively by N-chloracetyl, N-bromoacetyl,
N-trifluoroacetyl and N-(2,4-dichlorophenoxyacetyl) compounds d2, d3, d5 and d17 exhibited marked inhibition against the
roots and stems of Amaranthus retroflexus with inhibitory rates above 75% at 100 mg/L, more active than acetochlor EC. In
post-emergence treatment experiment, compounds d3 and d17 substituted respectively by N-bromoacetyl and
N-(2,4-dichlorophenoxyacetyl) showed more than 76% inhibition against A. retroflexus and other dicotyledons at 1500 g/ha in
greenhouse. Compound d17 is safe to monocotyledonous crops wheat, corn and rice at 1500 g a.i./hm?.
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3754 [R(int)=0.0491/MSZATHS m FH T S50 R i A&
IE. 53R, 1B dS 7373 CigHy FNO;, 70T
365.28, dnfl: BRHRR, SNEEE: P 21/n, SRS
a=1.18849(5) nm, b=1.13960(6) nm, ¢=1.25697(6) nm,
a=90°, f=106.5827(14)°, y=90°, V'=1.63164(14) nm’,
D.=1.487 Mg/m’, Z=4, F(000)=744, 1=0.132 mm .
PR G5 A SR P A R B fe /N —IRIEAB IE, 1B IE S5 10—k
KT R =0.1196, wR,=0.3125 [[>20a(])], R,=0.1594,
wR,=0347T1(FTHHHR), BIEEERRETHE: Appu=
1297 e/nm® A1 Appin=—956 e/nm’. L&) d5 7 1454
B LA 2.
1.3 BREFEMMIRE R
1.3.1 AR bdpik 3 & A ih 4
BUIR/MRERITR S RGEE DER, HERLEY
I A R FAR . ZEM A K B BRI E AL
2,4- T EARSE CBRFEBR ) d17 720 mg/LFIE T, Ak
AP AR ZE A2 535 72.3%, 75.6%, 100 mg/L
TN 97.1%, 99.9%, RTX R 4 B EC. =
S LT dS A6 BT A S A I E L, 100
mg/L I, X b AR  ZE 3 2653 51 R 78.2%, 97.7%,
T4 B R F A 2 55, 100 mg/L R Z B FEEUR ) d3 %)
SNy A AR ZEAIHIZE 508 80.4%, 91.1%
1 78.1%, 94.1%, FRETEMEMET L5 ECCRYIH L

B2 & as o raitE

Figure 2 Molecular structure of compound dS
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Table 1 Herbicidal activities (inhibition rate/%) of synthetic compounds

) AL
e 20 mg/L 100 mg/L 20 mg/L 100 mg/L
i = i ES R = i =

cl 21.9 10.7 30.0 19.9 41.9 40.2 68.7 64.6
c2 153 45.7 17.8 50.1 18.0 25.3 22.7 33.8
d1 2.4 17.0 133 48.5 15.2 8.1 35.4 26.0
d2 19.3 38.9 65.0 84.7 34.0 24.4 80.1 75.5
d3 12.5 29.7 78.1 94.1 37.8 47.2 80.4 91.1
d4 20.6 3.9 41.8 21.9 34.6 7.7 48.6 18.8
ds 6.4 35.1 19.4 47.4 55.2 72.6 78.2 97.7
dé 5.2 25.8 59.13 79.9 5.4 0.3 50.5 46.5
d7 0.7 2.4 36.6 38.9 20.8 9.1 48.1 40.4
ds 12.8 22.6 31.3 79.1 6.4 11.9 352 70.2
d9 11.4 32.3 14.0 443 7.9 253 12.3 36.2
di1o 2.1 21.3 10.8 30.0 0.5 46.3 9.0 81.5
di12 6.7 12.2 16.4 252 9.7 19.7 21.3 62.7
di4 19.3 17.3 42.4 375 8.8 15.4 43.7 65.6
dis 37.3 32.4 62.4 54.6 3.0 3.5 8.4 10.6
di17 253 47.2 66.1 79.3 72.3 75.6 97.1 99.9
d20 13.0 29.6 21.1 41.3 17.3 20.4 28.7 34.8
d23 10.5 385 13.4 64.7 8.6 1.5 9.3 9.7
d3o 6.7 4.2 26.8 30.5 7.0 4.2 46.1 34.1
d31 12.3 2.6 153 31.0 6.0 5.1 41.3 55.1
LHE EC 14.4 67.2 51.6 83.8 38.0 54.4 70.2 69.9
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Table 2 Post-emergence herbicidal activities (post-emergence treatment, inhibition rate/%) of d3, d5 and 17

& WK/ (gha ) Iy L R AR AL i L K
&3 500 1.4 4.8 8.6 0.2 39.4 5.6 483
1500 203 15.2 475 0.4 76.8 20.7 86.9

45 500 0.4 1.6 0.3 0.1 13 0.5 10.2
1500 0.8 9.8 0.7 0.1 1.8 0.9 33.1

a7 500 5.1 6.2 4.6 0.4 98.4 473 50.7
1500 12.6 12.7 38.6 0.8 100 88.6 89.2

4D 500 0.4 0.2 0.2 0.1 100 98.4 100
’ 1500 0.8 0.6 0.5 0.3 100 100 100

A 5575 B R R 5 A 86.9%, 76.8% A1 47.5%. d5 i
PEELSS, PIRERRTEC IR T AR e, d17 15
500 g/ha BRI T, SR DERIHIEI 2 98.4%, 5 2.4-
TERALTRQ,A-DYEEL, 1500 g/ha [HFER, BT
AL 2K 2 R B 13 D () 4 26 7E 88% LA b, X B AL
VIR RS AN R, R B k1. d3, d5
d17 AR TR EIEECRIIL), T RS T
AT e AR PR R PN B 2R A R A TR DL
[l R L.

LAY AT WfEY) e e vEdk AT T, 45k
3 fizn. £E 500 g/ha A1 1500 g/ha IR, th&4 d17
SR AR X AR R G SRR MR AR T —
WZjE, TXTRFHAEY /N . FRFUKFERI B
M4k, BOAFIE TS, d17 A E AR E T
i CRAI ).

F£3 LAY Q17 EY 2 e ECEH AR, 0H13R/%)

Table 3 Crop safety (post-emergence treatment, inhibition
rate/%) of compounds d17

HEXIEY 500 g/ha 1500 g/ha

INFE 0.4 0.9

ES/S 0.7 1.2

KE 12.7 40.6

KA 0.5 1.0

i 36.4 84.2

g b 42.1 93.5

1.4 WHXFHR

ST R S R R I e A )\ AL
F WA BEPDS)HHIFIRBRF, ¥ B AR Ak
P2, XL pDS IS 2 RE, HIEEE 3-=/mF
FEORFLILER). el v 3-F il 3-CF; 13 ¢2, BREyg It
W5, HEEMRBIEAEHARRIH AR, & 3-
SRR IR LAY d18, d25 R Wk, =HF AN
[T LA B LR PDS #I75). BALATAE Y, ek A2
M TFIBIEIE . 25 F IR IL AN 8 IR L 25, (LBl e B 18 K
BB IE VRIS, et A R T iE e, SRARHR
TR, BE AR ity < AR T EE o 07, (EBSCEE AR v i Ji

1694

http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

THIEIN, FACET & R o CLFERERU A K14
AR, PRBEBEIE AR N E VR B AR LB AN
LRA O, HARE OB 2,4- 5T 3-CFs.

Hig

ARICLL N-[AG R RE-6- R B A S R oS, RIS
PSS MR IR B, Bk B R T — BRI N-BEJE-N-
(IR 2E-6- A TR EY. BREEENNAR B, &
A DT B R A SR T B A R e I BREE PE. 100
mg/L B}, th&4) d2, d3, d5 Fil d17 55 B IR . 254
HilZE KT 75%, T EE EC. 7E 1500 g/ha Fl&E T,
AW A3, d17 KBS 0055 A 25 A 3 F 4 o]
ik 76%LA . 7E 500 g/ha Al 1500 g/ha [FE T, e
W) d17 SFEFHAEY N . KRR 4. MR &R
R, el GINEUAR Bk 2 R oF B B G PR I DTk K
BEMEELDS . RIS AR SR . (AWt —
I SR ARACE P P IEAE R AT .

3 XKERS
X5
WRS-1B #FI% S (AR IE); Bruker Avance DPX
500 S L HEFLARA(CDCl, 2 DMSO-de N7, TMS N
PIAR); Agilent 1100 Series % i FORAH i/ S ML R
S (VUMAT); PE2400II-CHNS/O #4565 70 #711X; Bruker
AXS D8 QUEST X & 5 d fiT s, k7713 A i 4
o,
32 ZWHE
32.1 6-A KA 2 & (a)dI S

14.6 g (0.1 mol) & & & A 150 mL H,SO,, fit FEIE i,
0~5 ‘CFZEIA 12.2 g (0.1 mol)RSERAN, $itHk R 5
h, TLC BREZIL. [ 5EEE, fide T s s S N
500 mL VK/KHR, HIELEEUTNE, i, T, 15 6-ik
FHHEE. AMGREE, R 98.2%. mp. 191~192 C (iR
U7 189~191 C); 'H NMR (500 MHz, CDCl;) o:

2

3.1
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8.40~8.45 (m, 2H, PhH), 7.81 (d, J=9.65 Hz, 1H, H-4),
747 (d, J=9 Hz, 1H, PhH), 6.60 (d, J=9.60 Hz, 1H,
H-3).

322 6-AXAFZE(b)AIE K

SHELHRT]H & 6-FIREE R, IR ARk, Ik
# 87.1%. m.p. 143~145 CCCikE""164~165 C); 'H
NMR (500 MHz, TMS/DMSO-dy) d: 7.89 (d, J=9.33 Hz,
1H, H-4), 7.10 (d, J=8.85 Hz, 1H, PhH), 6.84~6.86 (m,
1H, PhH), 6.74 (s, 1H, PhH), 6.36 (d, J=9.64 Hz, 1H,
H-3), 5.27 (s, 2H, NH),).

323 N-BRAFE-6-RAF 2 F (1)L

%7 LHR[20], 1.0 g (6.25 mmol) 6-FIEEHF G RKE T
50 mL oK 4, WP TN 25 mL & 0.775 ¢
(6.25 mmol)[E] 52K IS 1) Jo/K LB, BN 4 h.
0~5 CF, 2t 0.475 g (12.5 mmol) NaBH,, #it$k
R, TLC BRER. MISEEE, Z8H O, LR CEREfRIE
IKBEPIR, 7, A WU JCKBRBR A T, IR4A 13 1%
M (PR, @A BT [V ERE WA (e
R Z.18) © VA =1 : 3155543 N-[A] 5 3k -6-2 3t
HEE. HOEEK, IR 80.4%. m.p. 149~150 “C(CHik
817 149~150 ‘C); 'H NMR (500 MHz, CDCLy) : 7.56
(d, J=9.50 Hz, 1H, H-4), 7.30~7.35 (m, 1H, PhH),
7.14~7.18 (m, 2H, PhH), 7.07~7.09 (m, 1H, PhH),
6.96~7.00 (m, 1H, PhH), 6.83~6.85 (m, 1H, PhH), 6.55
(d, J=2.75 Hz, 1H, PhH), 6.37 (d, J=9.55 Hz, 1H, H-3),
437 (s, 2H, PhCH,), 4.21 (s, 1H, NH).

DATA) =5 FF R R Dl Sk, RV 2% N-1R) =960
LR 6- R F T &K (e2): HOFEA, UE 82.8%.
m.p. 95~97 ‘C; "H NMR (500 MHz, CDCls) d: 7.64 (d,
J=9.65 Hz, 1H, H-4), 7.55~7.57 (m, 3H, PhH), 7.46~
7.49 (m, 3H, PhH), 7.16 (d, J=8.95 Hz, 1H, PhH), 6.84~
6.86 (m, 1H, PhH), 6.56 (d, J=2.88 Hz, 1H, PhH), 6.36 (d,
J=9.43 Hz, 1H, H-3), 4.43 (d, J=4.95 Hz, 2H, CH,), 4.30
(s, 1H, NH); ESI-MS m/z: 320.1 [M-+H]". Anal. calcd for
C17H,F3NO,: C 63.95, H 3.79, N 4.39; found C 63.82, H
3.86, N 4.27.

324 N-BtA-N-T @ FA-6-# A A 2 & (d1~ad,
d6~d31)89 4 5k

0.538 g (2 mmol) N-[A] 3 E-6-2 5 A K, 50 mL
TR 2.2 mmol BEA, 3 = 2%, =iIRBEE, TLC
PREFIN. [N 5EEE, AT Na,COs I Rve 2= bk, 7K
Ve, KRR, SR ENT[VE R RS VO
fi) © M(CRRCBE)=2 © 1177 B545 N-BJE-N-[H] 5 R 2ik-6-
BEEG R

N- W3- N-[A) G R B -6- A R F B R (d1): R
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mm A, W 93.7%. mp. 97~99 C; 'H NMR (500 MHz,
CDCl3) §: 7.61 (d, J=9.50 Hz, 1H, H-4), 7.32 (d,
J=8.55 Hz, 1H, PhH), 7.24~7.25 (m, 1H, PhH), 7.13~
7.18 (m, 2H, PhH), 6.94~6.99 (m, 3H, PhH), 6.47 (d, J=
9.40 Hz, 1H, H-3), 4.89 (s, 2H, PhCH,), 1.92 (s, 3H, CH;);
ESI-MS m/z: 312.1 [M+H]+. Anal. calcd for C;3H,FNOs:
C 69.45, H 4.53, N 4.50; found C 69.36, H 4.57, N 4.42.

N-S LT FE-N-1A 3 5 -6-H R H R (d2): HE
HPRWAR, W 94.2%. 'H NMR (500 MHz, CDCl;) o:
7.70 (d, J=9.60 Hz, 1H, H-4), 7.24~7.36 (m, 4H, PhH),
6.95~6.98 (m, 3H, PhH), 6.48 (d, J=9.60 Hz, 1H, H-3),
4.92 (s, 2H, PhCH,), 3.91 (s, 2H, CH,); ESI-MS m/z: 346.0
[M+H]". Anal. calcd for C,sH;;CIFNO;: C 62.53, H 3.79,
N 4.05; found C 62.46, H 3.81, N 4.13.

N-VR 2T 3 -N- 1) G R -6- A5 5 K (d3): 1R
HPRAR, F 89.4%. 'H NMR (500 MHz, CDCl;) o:
7.68 (d, J=9.68 Hz, 1H, H-4), 7.24~7.35 (m, 4H, PhH),
6.95~6.98 (m, 3H, PhH), 6.48 (d, J=9.47 Hz, 1H, H-3),
491 (s, 2H, PhCH,) , 3.70 (s, 2H, BrCH,); ESI-MS m/z:
389.9 [M+H]". Anal. caled for C;gH3BrFNO;: C 55.41,
H 3.36, N 3.59; found C 55.32, H 3.39, N 3.43.

N-—=F LR -N-[H) G 2 -6- B A R (d4): R
T A, R 90.2%. mop. 135~136 °C; "H NMR (500
MHz, CDCly) 6: 7.57 (d, J=9.60 Hz, 1H, H-4), 7.25~
7.33 (m, 4H, PhH), 6.99~7.03 (m, 1H, PhH), 6.95~6.96
(m, 2H, PhH), 6.46 (d, J=9.60 Hz, 1H, H-3), 4.99 (s, 2H,
PhCH,); ESI-MS m/z: 413.9 [M+H]". Anal. caled for
CsH,;CLI5FNO;: C 52.14, H 2.67, N 3.38; found C 52.09,
H 2.54, N 3.46.

N-(IE T BE3E)- V-l g 3E-6- R & R (d6): Tk
ik, R 96.2%. mp. 103~105 C; "H NMR(500
MHz, CDCl;) 6: 7.65 (d, J=9.55 Hz, 1H, H-4), 7.32 (d,
J=8.60 Hz, 1H, PhH), 7.22~7.26 (m, 1H, PhH), 7.15~
7.17 (m, 2H, PhH), 6.94~6.96 (m, 3H, PhH), 6.47 (d, J=
9.55 Hz, 1H, H-3), 4.89 (s, 2H, PhCH,), 2.06 (t, J=7.45
Hz, 2H, CH,-CO), 1.61~1.69 (m, 2H, CH,), 0.86 (t, J=
7.40 Hz, 3H, CH;); ESI-MS m/z: 340.1 [M+H]". Anal.
caled for CoH;sFNO;: C 70.78, H 5.35, N 4.13; found C
70.67, H 5.28, N 4.26.

N-(4-50 T T2k )- N-[) 96 2k -6- 20 B A .32 (d7): iR
F A, R 91.6%. m.p. 135~137 °C; "H NMR (500
MHz, CDCl;) 6: 7.64 (d, J=9.60 Hz, 1H, H-4), 7.33 (d,
J=8.50 Hz, 1H, PhH), 7.23~7.27 (m, 1H, PhH), 7.18~
7.20 (m, 2H, PhH), 6.94~6.97 (m, 3H, PhH), 6.47 (d, J=
9.60 Hz, 1H, H-3), 4.89 (s, 2H, PhCH,), 3.58 (t, J=6 Hz,

http://sioc-journal.cn/ 1695
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2H, CH,CI), 2.25~2.28 (m, 2H, CH,CO), 2.08~2.13 (m,
2H, CH,); ESI-MS m/z: 372.2 [M—H] . Anal. calcd for
CaoH,CIFNO;: C 64.26, H 4.58, N 3.75; found C 64.34, H
4.46,N 3.68.

N-(4-TR 7T P J%)-N- A 96 R B-6- 2 K2 7 LR (d8): 3
R A, R 88.4%. 'H NMR (500 MHz,
TMS/CDCl5) 8: 7.64 (d, J=9.47 Hz, 1H, H-4), 7.24~7.34
(m, 4H, PhH), 6.93~6.97 (m, 3H, PhH), 6.46 (d, J=9.47
Hz, 1H, H-3), 491 (s, 2H, PhCH,), 1.25~1.30 (m, 2H,
BrCH,), 1.09~1.12 (m, 2H, CH,-CO), 0.68~0.70 (m, 2H,
CH,); ESI-MS m/z: 417.9 [M—H] . Anal. caled for
CaoHsBrFNOs: C 57.43, H 4.10, N 3.35; found C 57.37, H
424, N331.

N-Q2-R T T H%)-N-[A) 5 R 3 -6- R I A 2 H (d9): 3K
PR, Y% 86.7%. "H NMR (500 MHz, CDCl5) 6:
7.65 (d, J=9.50 Hz, 1H, H-4), 7.34 (d, J=8.76 Hz, 1H,
PhH), 7.24~7.29 (m, 3H, PhH), 6.94~7.00 (m, 3H, PhH),
6.48 (d, J=9.65 Hz, 1H, H-3), 4.84~4.96 (m, 2H,
PhCH,), 3.94 (t, J=7.23 Hz, 1H, CH), 2.09~2.15 (m, 1H,
CH, ), 1.89~1.95 (m, 1H, CH, ), 0.92 (t, J=7.27 Hz, 3H,
CH;); ESI-MS m/z: 418.0 [M—H] . Anal. caled for
CaoHsBrFNO;: C 57.43, H 4.10, N 3.35; found C 57.49, H
4.23,N 3.42.

N-(2- T It 3 )- V- i) 96 s -6- = B 2 5 (d10):
WA, IR 95.2%. mp. 112~114 C; 'H NMR
(500 MHz, CDCLy) 6: 7.62 (d, J=9.93 Hz, 1H, H-4), 7.32
(d, J=8.08 Hz, 1H, PhH), 7.21~7.25 (m, 1H, PhH),
7.08~7.14 (m, 2H, PhH), 6.93~6.98 (m, 3H, PhH), 6.47
(d, J=9.13 Hz, 1H, H-3), 4.82~4.96 (m, 2H, PhCH,),
2.23~224 (m, 1H, CH), 1.72~1.74 (m, 1H, CHCH,),
1.34~1.36 (m, 1H, CHCH,), 1.06 (d, J=6.34 Hz, 3H,
CHCH;), 0.82 (t, J=6.82 Hz, 3H, CHs); ESI-MS m/z:
354.1 [M+H]". Anal. calcd for C, H,FNO5: C 71.37, H
5.70, N 3.96; found C 71.49, H 5.62, N 3.85.

N-(i- T Bt 2)-N-1A) G 2k -6-Z A R (d11): R 3%
ik, R 87.3%. m.p. 142~144 C; 'H NMR (500
MHz, CDCl3) 6: 7.59 (d, J=9.56 Hz, 1H, H-4), 7.31 (d,
J=8.62 Hz, 1H, PhH), 7.21~7.25 (m, 1H, PhH), 7.14~
7.16 (m, 1H, PhH), 7.09 (s, 1H, PhH), 6.91~6.98 (m, 3H,
PhH), 6.46 (d, J=9.62 Hz, 1H, H-3), 4.86 (s, 2H, PhCH,),
2.41~2.46 (m, 1H, CH), 1.07 (d, J=6.68 Hz, 6H, CH;);
ESI-MS m/z: 340.1 [M+H]". Anal. calcd for CyH;sFNO;:
C 70.78, H 5.35, N 4.13; found C 70.62, H 5.31, N 4.26.

N- S - V- [F] 7 2 -6- R A 5 R (d12): &
HARTBAA, E 97.6%. 'H NMR (500 MHz, CDCl;) o:
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7.64 (d, J=9.70 Hz, 1H, H-4), 7.32 (d, J=8.93 Hz, 1H,
PhH), 7.16~7.26 (m, 3H, PhH), 7.02~7.07 (m, 1H, PhH),
6.96~6.98 (m, 2H, PhH), 6.47 (d, J=9.31 Hz, 1H, H-3),
5.68 (d, J=14.75 Hz, 1H, O=CCH=), 4.96 (s, 2H,
PhCH,), 4.12 (dd, J=7.19, 7.22 Hz, 1H, CH=), 1.76 (d,
J=6.70 Hz, 3H, CH;); ESI-MS m/z: 338.1 [M+H]". Anal.
caled for Co0H;sFNO;: C 71.21, H 4.78, N 4.15; found C
71.34, H 4.65, N 4.09.

N-TEE R R - V-] R -6- B/ H R (d13): Bt
mm ik, WK 87.4%. m.p. 82~83 C; 'H NMR (500 MHz,
CDCly) 6: 7.59 (d, J=9.46 Hz, 1H, H-4), 7.31 (d,
J=8.63 Hz, 1H, PhH), 7.21~7.24 (m, 1H, PhH), 7.13 (d,
J=8.63 Hz, 1H, PhH), 7.09 (s, 1H, PhH), 6.93~6.97 (m,
3H, PhH), 6.46 (d, J=9.46 Hz, 1H, H-3), 4.87 (s, 2H,
PhCH,), 2.05 (t, J=7.20 Hz, 2H, CH,CO), 1.60 (s, 4H,
CH,), 1.20~1.29 (m, 26H, CH,), 0.88 (t, J=6.79 Hz, 3H,
CH;). ESI-MS m/z: 5362 [M+H]". Anal. caled for
C34H4FNOs: C 76.23, H 8.65, N 2.61; found C 76.34, H
8.52, N 2.71.

N-FR P B -N- 1A 45 3 -6- A 5 R (d14): Wk
ik, R 89.6%. m.p. 106~108 C; 'H NMR (500
MHz, CDCly) 6: 7.66 (d, J=9.45 Hz, 1H, H-4), 7.24~
7.34 (m, 4H, PhH), 6.93~6.96 (m, 3H, PhH), 6.46 (d, J=
9.45 Hz, 1H, H-3), 4.92 (s, 2H, PhCH,), 1.32 (s, 1H, CH),
1.08~1.10 (m, 2H, CH,), 0.68~0.70 (m, 2H, CH,);
ESI-MS m/z: 338.1 [M+H]+. Anal. calcd for C,0H;(FNOs:
C71.21,H4.78, N 4.15; found C 71.12, H 4.64, N 4.27.

N-3R - N-[A) N 2 -6-E B R (d15): Wk B
gk, IR 89.3%. m.p. 120~122 C; 'H NMR (500
MHz, CDCl;) 6: 7.61 (d, J=9.53 Hz, 1H, H-4), 7.31 (d,
J=8.58 Hz, 1H, PhH), 7.21~7.26 (m, 1H, PhH), 7.13~
7.15 (m, 1H, PhH), 7.09 (s, 1H, PhH), 6.91~6.97 (m, 3H,
PhH), 6.48 (d, J=9.53 Hz, 1H, H-3), 4.85 (s, 2H, PhCH,),
4.12 (dd, J=6.99, 7.31 Hz, 1H, CH), 1.56~1.67 (m, 8H,
CH,), 0.95~1.00 (m, 2H, CH,); ESI-MS m/z: 380.1 [M+
H]+. Anal. calcd for C,3H,,FNO;5: C 72.81, H 5.84, N 3.69;
found C 72.78, H 5.54, N 3.57.

N- PR 20T 25 - V- 1] 3 R -6- 1 B A 36 (d16):
FOHPIRIBAA, U 94.7%. 'H NMR (500 MHz, CDCl;)
5: 7.63 (d, J=9.07 Hz, 1H, H-4), 7.15~7.34 (m, 4H,
PhH), 6.95~6.97 (m, 3H, PhH), 6.48 (d, /=8.77 Hz, 1H,
H-3), 4.89 (s, 2H, PhCH,), 3.80 (s, 2H, OCH,), 3.36 (s,
3H, CH;0); ESI-MS m/z: 342.1 [M+H]". Anal. calcd for
CoH,cFNOy4: C 66.86, H 4.72, N 4.10; found C 66.79, H
4.65,N 4.29.
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N-(2,4- —FUKSE LWL )-N-I i F L-6- B B 5 &%
(d17): HEE AT, W 92.2%. mp. 182~183 C; 'H
NMR (500 MHz, CDCl;) 6: 7.58 (d, J=9.55 Hz, 1H, H-4),
7.30~7.32 (m, 2H, PhH), 7.22~7.27 (m, 1H, PhH),
7.17~7.18 (m, 2H, PhH), 7.12~7.14 (m, 1H, PhH),
6.93~6.99 (m, 3H, PhH), 6.75 (d, J=8.76 Hz, 1H, PhH),
6.46 (d, J=9.57 Hz, 1H, H-3), 4.89 (s, 2H, PhCH,), 4.51
(s, 2H, CH,CO); ESI-MS m/z: 471.9 [M+H]". Anal. calcd
for Co,H;,CLFNO,: C 61.03, H 3.41, N 2.97; found C
61.15, H 3.54, N 2.82.

N-(3- =38 1 2k IR 5 ST 358 )- V- [ 3R 2k -6- T B 7
GE(d18): R ERK, UK 97.6%. mp. 167~169 C;
'H NMR (500 MHz, CDCl;) 6: 7.59 (d, J=9.66 Hz, 1H,
H-4), 7.34~7.38 (m, 3H, PhH), 7.15~7.28 (m, 3H, PhH),
6.92~7.01 (m, 3H, PhH), 6.48 (d, J=9.66 Hz, 1H, H-3),
4.90 (s, 2H, PhCH,), 4.48 (s, 2H, CH,C=0); ESI-MS m/z:
472.0 [M+H]". Anal. calcd for C,sH;,F,NO,: C 63.70, H
3.63, N 2.97; found C 63.52, H 3.48, N 2.89.

N-Z F R - N- ) R 2k -6- L B 3K (d19): R 3
Ak, IR 98.4%. m.p. 167~168 ‘C; 'H NMR (500
MHz, CDCl3) 6: 7.46 (d, J=9.60 Hz, 1H, H-4), 7.33 (d,
J=17.33 Hz, 2H, PhH), 7.25~7.29 (m, 2H, PhH), 7.18~
7.21 (m, 2H, PhH), 7.09~7.14 (m, 2H, PhH), 7.05 (d, J=
7.50 Hz, 2H, PhH), 6.95~7.00 (m, 2H, PhH), 6.37 (d, J=
9.60 Hz, 1H, H-3), 5.13 (s, 2H, PhCH,); ESI-MS m/z:
374.1 [M+H]+. Anal. calcd for C;3H(FNO5: C 73.99, H
4.32,N 3.75; found C 73.85, H 4.43, N 3.67.

N-(2- 50K gt 25 )- V- i) 6 s -6- 1 B 2 52(d20):
WA, K 96.5%. m.p. 135~137 C; '"H NMR
(500 MHz, CDCls) §: 7.49 (d, J=9.62 Hz, 1H, H-4),
7.25~7.29 (m, 1H, PhH), 7.04~7.20 (m, 9H, PhH), 6.97
(t, J=7.99 Hz, 1H, PhH), 6.34 (d, J=9.45 Hz, 1H, H-3),
5.13 (s, 2H, PhCH,); ESI-MS m/z: 408.0 [M~+H]". Anal.
calcd for C»3H;sCIFNOs: C 67.74, H 3.71, N 3.43; found C
67.59, H 3.62, N 3.51.

N-(3- 50K I gt 2 )- V- i) 6 s -6- = B 2 5 (d21):
WA, K 98.5%. mp. 162~164 C; '"H NMR
(500 MHz, CDCl3) d: 7.49 (d, J=9.47 Hz, 1H, H-4), 7.42
(s, 1H, PhH), 7.24~7.29 (m, 2H, PhH), 7.16~7.18 (m,
1H, PhH), 7.08~7.11 (m, 3H, PhH), 6.96~7.04 (m, 4H,
PhH), 6.40 (d, J=9.79 Hz, 1H, H-3), 5.10 (s, 2H, PhCH,);
ESI-MS m/z: 4080 [M + H] ' . Anal. caled for
Ca3HsCIFNO;: C 67.74, H 3.71, N 3.43; found C 67.62, H
3.56, N 3.59.

N-(2,4- K L) -N-TH) i R 2 -6-H A FH E R

kol
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(d22): FEEMRIBEA, IR 95.3%. '"H NMR (500 MHz,
CDCLy) 8: 7.49 (d, J=9.63 Hz, 1H, H-4), 7.26~7.30 (m,
1H, PhH), 7.22 (d, J=1.80 Hz, 1H, PhH), 7.07~7.14 (m,
7H, PhH), 6.97~7.00 (m, 1H, PhH), 6.38 (d, J=9.59 Hz,
1H, H-3), 5.10 (s, 2H, PhCH,). ESI-MS m/z: 441.9 [M+
H]". Anal. calcd for C,3H4,CLFNO;: C 62.46, H 3.19, N
3.17; found C 62.32, H 3.30, N 3.24.

N-(2-58 R FR It 22 )- V- 1) 96 Bk -6- 2 7 R (d23):
WK, I 96.4%. mp. 139~140 C; '"H NMR
(500 MHz, CDCl3) d: 7.47 (d, J=8.80 Hz, 1H, H-4),
7.36~7.38 (m, 1H, PhH), 7.27~7.29 (m, 1H, PhH),
7.22~724 (m, 1H, PhH), 7.06~7.08 (m, 6H, PhH),
6.97~7.00 (m, 1H, PhH), 6.79~6.83 (m, 1H, PhH), 6.36
(d, J=9.40 Hz, 1H, H-3), 5.12 (s, 2H, PhCH,); ESI-MS
m/z: 392.0 [M+H] . Anal. caled for CyH,sF,NO5: C
70.58, H 3.86, N 3.58; found C 70.64, H 3.71, N 3.61.

N-(3-3 R H Pt 22 )- V-] 9 Bk -6- 2 B 7 &2 R (d24):
WK, IR 97.1%. mp. 162~164 C; 'H NMR
(500 MHz, CDCL) 6: 7.49 (d, J=9.66 Hz, 1H, H-4),
7.25~728 (m, 1H, PhH), 7.15~7.17 (m, 2H, PhH),
7.09~7.11 (m, 2H, PhH), 7.02~7.06 (m, 4H, PhH),
6.95~6.99 (m, 2H, PhH), 6.39 (d, J=9.45 Hz, 1H, H-3),
5.11 (s, 2H, PhCH,); ESI-MS m/z: 392.0 [M—+H]". Anal.
calcd for C53H;5F,NO;3: C 70.58, H 3.86, N 3.58; found C
70.42, H 3.75, N 3.68.

N-(3- =5 F 3 2K H R 3 )- V- [A) e 2 -6-H A & &
F(d25): RO, 1K 98.6%. m.p. 160~162 C;
'H NMR (500 MHz, CDCl;) d: 7.66 (s, 1H, PhH), 7.52 (d,
J=7.85 Hz, 1H, H-4), 7.45~7.49 (m, 2H, PhH), 7.26~
7.33 (m, 2H, PhH), 7.16~7.18 (m, 1H, PhH), 7.09~7.11
(m, 1H, PhH), 6.97~7.05 (m, 4H, PhH), 6.39 (d, J=9.87
Hz, 1H, H-3), 5.13 (s, 2H, PhCH,); ESI-MS m/z: 442.0
[M+H]". Anal. caled for Co4H;sFsNO;: C 65.31, H 3.43,
N 3.17; found C 65.45, H 3.51, N 3.28.

N-(3-H 52K B 58 )-N- R S L -6- R A O &
(d26): R OTAA, W 97.2%. mp. 234~236 C; 'H
NMR (500 MHz, CDCl;) 6: 8.23 (s, 1H, PhH), 8.12~8.14
(m, 1H, PhH), 7.63~7.65 (m, 1H, PhH), 7.49 (d, J=9.48
Hz, 1H, H-4), 7.39~7.42 (m, 1H, PhH), 7.28~7.31 (m,
1H, PhH), 7.17~7.19 (m, 1H, PhH), 7.10~7.12 (m, 1H,
PhH), 6.98~7.05 (m, 4H, PhH), 6.41 (d, J=9.65 Hz, 1H,
H-3), 5.13 (s, 2H, PhCH,); ESI-MS m/z: 419.0 [M+H]".
Anal. caled for Cy3H,sFN,Os: C 66.03, H 3.61, N 6.70;
found C 66.36, H 3.74, N 6.67.

N-(4-1iF§ 2% F I ik )-N- 8] )R 2k -6- R A BLR

kol

i
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(d27): HEEAEK, WK 93.4%. mp. 264~265 C; 'H
NMR (500 MHz, CDCl;) d: 8.06 (d, J=8.48 Hz, 2H,
PhH), 7.49 (d, J=8.17 Hz, 2H, PhH), 7.45 (d, J=9.95 Hz,
1H, H-4), 7.28~7.30 (m, 1H, PhH), 7.17~7.18 (m, 1H,
PhH), 6.98~7.09 (m, 5H, PhH), 6.41 (d, J=9.59 Hz, 1H,
H-3), 5.12 (s, 2H, PhCH,); ESI-MS m/z: 419.0 [M+H]".
Anal. caled for C3HsFN,Os: C 66.03, H 3.61, N 6.70;
found C 66.12, H3.57, N 6.84.

N-( R TR -2- F gk 336 )-N- B) g R Sk -6- R I/ E R
(d28): R TA, E 86.7%. m.p. 152~154 C; 'H
NMR (500 MHz, CDCl;) 6: 7.61 (d, J=9.52 Hz, 1H, H-4),
7.20~7.30 (m, 5H, ArH), 7.03 (d, J=8.02 Hz, 2H, ArH),
6.94~6.97 (m, 1H, ArH), 6.45 (d, J=9.52 Hz, 1H, H-3),
6.27~6.28 (m, 1H, ArH), 6.20 (s, 1H, ArH), 5.05 (s, 2H,
PhCH,); ESI-MS m/z: 364.1 [M+H]". Anal. calcd for
C, H,FNOy4: C 69.42, H 3.88, N 3.85; found C 69.35, H
3.65,N 3.92.

N-(E Wy -2- Ik 36 )-N- [ 3 R B 6- R EHFE R
(d29): HEE AR, WK 85.1%. mp. 141~143 C; 'H
NMR (500 MHz, CDCl3) 6: 7.59 (d, J=9.64 Hz, 1H, H-4),
7.22~7.34 (m, 5H, ArH), 7.04 (d, J=7.90 Hz, 2H, ArH),
6.94~6.98 (m, 2H, ArH), 6.83~6.85 (m, 1H, ArH), 6.44
(d, J=9.36 Hz, 1H, H-3), 5.06 (s, 2H, PhCH,); ESI-MS
m/z: 380.0 [M-+H]". Anal. caled for C,H;,FNO;S: C
66.48, H 3.72, N 3.69; found C 66.12, H 3.64, N 3.74.

N=J0H gt 5 - V-] 9 2 -6- 2 5 7 2 K (d30): JR T (1
f Ak, R 93.7%. mp. 155~157 ‘C; 'H NMR (500
MHz, CDCl;) &: 8.54 (s, 1H, ArH), 8.48~8.50 (m, 1H,
ArH), 7.68 (d, J=7.64 Hz, 1H, ArH), 7.47 (d, J=9.82 Hz,
1H, H-4), 7.26~7.30 (m, 2H, ArH), 7.16~7.19 (m, 2H,
ArH), 6.97~7.05 (m, 4H, ArH), 6.40 (d, J=9.82 Hz, 1H,
H-3), 5.13 (s, 2H, PhCH,); ESI-MS m/z: 375.1 [M+H]".
Anal. caled for CpH,sFN,O5: C 70.58, H 4.04, N 7.48;
found C 70.45, H4.18, N 7.61.

N-(2- SNt 5 )- V- (8] 960 J-6- 1 B A5 &R (d31):
WA, IR 92.6%. mp. 124~126 C; 'H NMR
(500 MHz, CDCl3) 6: 8.24~8.25 (m, 1H, ArH), 7.52 (d,
J=17.90 Hz, 1H, ArH), 7.48 (d, J=9.60 Hz, 1H, H-4),
7.28~7.32 (m, 1H, ArH), 7.07~7.14 (m, 6H, ArH),
7.00~7.03 (m, 1H, ArH), 6.38 (d, J=9.60 Hz, 1H, H-3),
5.11 (s, 2H, PhCH,); ESI-MS m/z: 409.1 [M—+H]". Anal.
calcd for C,,H 4CIFN,O5: C 64.64, H 3.45, N 6.85; found
C 64.32, H 3.65, N 6.46.
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325 N-ZARCEBA-N-H] #FHE-6-AKAF 2 & (dS)
EORESO

F4 0.462 g (2.2 mmol) =3 LT, 0.538 g (2 mmol)
N-JAG R H-6- B EEFE K, 0.069 g (0.5 mmol) K,COs,
40 mL & FHE, 0.064 g (0.2 mmol) TBAB JIAF| =11
W, BEREENR 6 h, TLC BREESNL. &MSEHE, Al
Na,CO; e b, KBk, 7, A VAR KRR
TR, KB R(CEE-7K)T N-=5 S EE-N-[ R
Hoo-@EA/ G R, gk, IR 97.6%. mp.
115~117 “C; '"H NMR (500 MHz, CDCl;) d: 7.60 (d, J=
9.60 Hz, 1H, H-4), 7.26~7.33 (m, 2H, PhH), 7.17~7.20
(m, 1H, PhH), 7.14 (s, 1H, PhH), 7.01~7.05 (m, 1H,
PhH), 6.92~6.95 (m, 2H, PhH), 6.48 (d, J=9.60 Hz, 1H,
H-3), 4.91 (s, 2H, PhCH,); ESI-MS m/z: 366.0 [M~+H]".
Anal. caled for C»H4CIFN,O5: C 59.19, H 3.04, N 3.83;
found C 59.27, H3.12, N 3.72.
3.3 HRLAYIMBRESEMENE
33.1  BARL A ek EEME MG

B R Ak B gk 3 A0 07 R R B e AR VR, DA
900 g/L ZEifik EC Fyxt B2, e B EA P % L 1 i T
AP 2R B R T A 2
332 ALb&4hd3, d5Aed1T 69 B IR EEN BAEG R
bR

H W b 4 2 % Bk 0 PR VR W 22 A VR 5E v
Z R CHR[26]. 36%MEELEH EC 1 2,4-D 435l 4 -3 4 #1
FIZEm b BT RR 247, GEHL PR L R MR, R
FELAI LR, PR B RA D0 o A RE A it
AR IR ARV NS L FOKRRKAE, XFHAE
YIRE, RS Nl E M1

B ALK 2 TR 2012 il N R
25 7MW AR, £ RS

4 Bh#1#l(Supporting Information) 1L&41f) 'TH NMR
JRIGTEE AL EY) A5 RS IS X EpR T Bl
& A F Wi (http://sioc-journal.cn/)_E T %K.
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