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N-(2-F-4-2-5- BV K &) 705 k-1,3- ZERITE IR & B R BRE TR 1%

koEC EFEHFHEC XEEC Eme
FHRE  EFER e
(P E RN RN AR JEa 100193)
CEFRF LR ERE SRR RHE 300071)

WE NTRIHIR LG, DLEBET AR ER BRER 45 M v 2t 8 Ve Y g M PH v, W& T
— RINFTE N-Q-5-4 F-5-BURR ) 05 M- 1,3- AT A 6a~6f F1 Ta~Tk. HARLAEDILL 2-5F-4-5-5- i 2 5 W
FERL 2 48 RN, HEMZ5T '"H NMR, °C NMR, HRMS #iiF. W15 0E MRS B R, K&
1500 g/ha FJE T, SR FHIRBRERR . SAL 0B A 57 10020 5 R s k. b —DiE i kI, (&) 6d 1E
750g/ha FI 5T X 1R BRSO 00 B 100%051E M, LAY Ta, 7i 78 22.5 g/ha F5E T X R 28 5 051 2 KT 80%, it
a0 HR 2455 = R k.

G RN S A BE RN, N2 ER R - 1,3- T, SRR, BRI I

Synthesis and Herbicidal Activity of N-(4-Chloro-2-fluoro-5-
substituted phenyl)isoindole-1,3-dione Derivatives

Zhang, Hao" Li, Qibo* Liu, Kechang” Liu, Ruiquan“
Li, Qingyang® Wang, Qingmin*?’ Liu, Shangzhong™®*
(“ Department of Applied chemistry, College of Science, China Agricultural University, Beijing 100193)
(® State Key Laboratory of Elemento-Organic Chemistry, Nankai University, Tianjin 300071)

Abstract In order to find new herbicidal leading compounds, a series of N-(4-chloro-2-fluoro-5-substituted phenyl)-
isoindole-1,3-dione derivatives (6a~6f, 7a~7k ) were designed and synthesized via the strategy of linking active
sub-structures which are chlorophthalim and phenoxy carboxylic ester. The target compounds were synthesized from starting
material 2-chloro-4-fluoro-5-nitrophenol in four steps, and their structures were confirmed by "H NMR, *C NMR and HRMS.
The preliminary bioassay results indicated that most compounds exhibited excellent herbicidal activities at 1500 g/ha in both
pre- and post-emergence treatments against Abutilon theophrasti and Amaranthus retroflexus. On the basis of advanced
screening tests, compound 6d exhibited 100% inhibitory effect against Abutilon theophrasti and Amaranthus retroflexus at 750
g/ha, compounds 7a and 7i were much more effective against Abutilon theophrasti than commercial acifluorfen with 80%~
86% inhibitory activity at 22.5 g/ha.

Keywords protoporphyrinogen oxidase inhibitor; N-phenyl isoindole-1,3-dione; phenoxy carboxylic ester; herbicidal activity
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Tt o 0 ) RS o JE oK S LR BRI bR R IX I AR, AT
SIS AR I AL, SRR . RN, &
ZIREFET. 20 2] 70 FEARTF R I 2Rk S Bk R 2
2% P 5 B L AR R, An A {0 2 SR SR R Y
Z.J& Protox il FIZEBR BN W K [ B AR 2 Fh
SR A ), VR e R T g Y o R R, V-
235 PRI IV fe Py S T ) e AR R £ 9 1 2,
B0, = bk R P s L S S LT
ikl 41 s S g SO e B 012

o N-2R S5 PR 0 218 DR L 485 W 22 738 i 1 A
T ok B 551 0 ) F S A R T it DU I ()
NI FEDRAT SR, RIhHTT R T 245 &
PEBREFIE 1), Wi RS, w5 EER s oo
REF TR I N- 2 o K I I i 5 4 0 571) ) 485 P o o
TETHER 2,4,5-=HURIREE, Y 2 AR T, 4
AONEJE TINE M m, Xt 5 SR BT B R B
WG YA DI T . R AR IR 2 5 AR AN R
i 2% B B ) POl R B R RIS S, R B
Protox 7145 #) . B4 Theodoridis! 45 iE ) (4-
F TR IR G R ) R SRR R TR 2K B 0 (TV) R UL 18
(V). 7 H Theodoridis 2"t /> FAEHLR L, HiolA
(1 2 S DA R T 56 T R 2 SEHDUR A7 SR M R iR X Mk s 2R 1
(T RREE, $2% 7 55 Protox FISEAIME, MR m BH A4S
PRI . SRR IR LA AW SR N A AE
FRBRBELA, X X7 0 2% B R = A0 AE L,
2,4-D (VD). % Uk, e HEREE W i 5 2% R BRI 45 1)
BIGHH A A RIFRIBRFE .

NT T HE RSN S A, RO
PSP 25 P 0 1, W oK R TR R I 4544 1 B 51
N N-ZEFE 0| -1, 3- R EE f o, BT a i T — R4
BB N-(2-9-4- F-5- B B8 ) e i - 1,3- AT A4
¥ 6a~6f Al 7a~7Kk (Scheme 1). HAiMLEVIHIGE-IL

Ao b

OCH,COOCsH;4

e
oo

O

H3C 0
\ Cl
N Et
0 ﬂg—
v 6]

Wk, e o PSSR RAE. B8 ARSI W],
WG EANRRREIEE. B a8 & B
21 Scheme 1 7R,

1 GREHR

1.1 BRAEE

HErE EYIR & R, AR SCRAI SR = 5 8 AE 7
%, SERUH R T Re B AR R 4 I+, B, R
i 2 DR T O i o) 6 R DR T 1) 77 1 2 Y, KR
IR AIER R KEPHEIR L. —FAkia
A, 1R 2-5-4-5-5- 2R 1 & o, AR SCR AR
g SRk, #E 65~75 CORR 2.5 h BI85, id k)5,
PEVBR I B 25 BE, B AR BN N VKK A B AT T H =40
BINE BRI RA AR &, BRI JE A2
] .

AR 2 (A R, A SO IED, M N-JR
AT =M W (NBS)BEAT R ARG, AT RE 2 PEBE DT 7
IR IR R, A 1 A R 3R IR A, AR AR
WP 1 DU AR B VRV R, 204N AT RR A 51 B Bl 2R R
WP R BSCR IE B 93%, TR KA.

HErE &Y 7 K6 e B E ()9 IR R,
P 5 SAC AR N A B (AR S 3, 11555 v A 44 iy
5 L, AT TR Sy BRI LAk, SRR R IR
& 1.3 1
1.2 BREEMEMR

T BREE M RIPIR 2 R (R IR, £ 1500 g/ha
FIER, KRE G YR BT 2% B 15 R (Abutilon
theophrasti)~ XK i (Amaranthus retroflexus)f) % 1l 5 J5
HFE KT 90%, fH X 7 i g 5 B &
(Echinochloacrusgalli)~ % B (Digitariasanguinalis) #1514
—fE, RA 6d FIZE S MHIEA Te, Th, Tk I ZE R 5

o)

O._COOH

Cl

vi
/o

Bl R REEE SIS

Figure 1 Structures of some herbicidal compounds

160 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 159~166



Chinese Journal of Organic Chemistry

Me OR 0
R%Br,KCO; N OYCOOH SOCl, A O%m
CH3;COCHg CC'4 hv S R S R

’I R1
OH Br 3
L et ii Cﬁé
ON oH NH,Cl, EtOHH,0 ) HOAG
4
F cl 6a: R =Cl
2 Q i@: 6b: R = OCH,COOt-Bu
K,COs N on 6c: R = OCH(CH3)COOMe
< S\ | 6d: R = OCH(CH,3)COOEt
o] R 6e: R = OCH(Et)COOEt
6 6f: R = OCH,CH,CH,COOEt
] 7a:R'=H,R®=H; 7g: R'=24-Clp, R? = H;
o Clo 7b:R'=3-Cl, R®=H; 7h: R! = 2-Me-4-Cl, R? = H;
o 7¢:R'=4-Cl,R?=H; 7i: R' = H, R? = Me;
3 N 0 | = 7d: R' = 4-+-Bu, R = H; 7i-R'=3-Cl. R2=M
TN \ R2 S/~ L T, JR = obL R = Ve
EtsN o 7 7e:R' = 4-NO,y, R? = H; 7k: R = 2,4-Cly, R? = Me
; R 7f: R' = 4-OMe, R? = H;
B 1 Hisb 4 sk 2
Scheme 1 Synthesis of title compounds
F1 &Y 6 M 77 1500 g/ha 7 FRREE (%)
Table 1 Herbicidal activity (%) of compounds 6 and 7 at dosage of 1500 g/ha
Comnd s Yo E s
ompd. = = = =
P IH] JFR ST R 5 IH] JBR B, R i
6a 5.0 95.0 30.0 70.0 100 100 60.0 60.0
6b 70.0 100 50.0 40.0 100 100 80.0 80.0
6¢ 100 100 35.0 70.0 100 100 100 85.0
6d 100 100 0 30.0 100 100 90.0 100
6e 100 95.0 60.0 70.0 100 100 95.0 80.0
6f 100 95.0 0 20.0 100 100 70.0 60.0
Ta 100 40.5 34.6 4.1 100 99.0 93.8 73.9
7b 100 44.2 57.7 58.9 100 97.5 89.4 56.5
Tc 100 96.8 98.1 93.2 100 92.4 67.3 39.9
7d 100 45.8 33.7 0 100 80.9 54.9 9.8
Te 100 62.6 27.9 27.4 100 100 69.9 30.7
7f 100 74.7 31.7 31.5 100 92.9 87.6 49.0
Th 100 99.0 100 98.6 100 100 99.1 58.2
Ti 100 62.1 49.0 86.3 100 98.0 61.9 79.1
7j 100 91.6 70.2 94.5 100 64.2 49.6 42.5
7k 100 89.5 97.1 100 100 99.0 41.6 52.9
Acifluorfen (375 g/ha) 50.0 953 60.6 100 100 98.0 80.5 52.9

KT 90%.
MRAEARITEEE A, OB T A B R S AR A
EMT*E XHEEY) 6 AT BRFLEMERET TR, 2
4 R 2) R, AW 6 F1 7 125 A 2 v 5 3k
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T IR EIE M. 78 750 g/ha FIE R, LAY 6e~6e X
BRSO DL 2R R 461 208 100%, HAr 6d X Py fhze
L SE TN H ZE N 100%, 111 6a 1 6f % Sk 0 2F 5
N 100%. 7F 375~22.5 gha FE R, Sb&9 7
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BRI EE— AT TR, RILE A EY 7 3R
P R AP 2F 5 BRBLIE M, WITE 22.5 g/ha FAIE T, 7a
7i R TR BRI 2 S5 A Z AT AR KT 80%, Th, e, Tg, Tk X
T JFR 28 5 4 2 20 70%, 1% L8 AP INHIRCR K
KA F- X RRZG57) = HURF e, AT T BR, thod 7 *d
BTG — %, R Te, Tg, Th, Tk 7E 375 g/ha 7l &
X R A PR T 90%.

1.3 WYEFH

BT OA BTN, N-ZRIE BRI R bR F A S5 4
o, 2,4,5- UL 2 AARUR T, 4 80 AR I
PEfgmr. AR 5 ALEURIERSEAT B APAS [F] 80, 45
EHEIMS AR 1, £ 2 PRIBREEN, SHifk
GRS RREEEZ M REAT TYREH . 4tk
EW 6 5 ALFRIR EEUR T (6a) Bl A R IE A e S SE L
PG BRE S A B Fi(6b~6f), iX 5 Theodoridis 5%
T 0 e R (B AT R — P, RS N R
Be e s va v BB m. U A 6 ta AR 5
BEp I 2 [ R 1 MRS TIF, B AR ST =
FKEN 3 MET(6d>6f). 24 R ¥4 OCHCOOEt
fF, CH _bFF BRI PR & T 2R B (6d > 6e). 4
R ¥4 OCHCOOC,H,,+; i, i&MK/NFF N n=2>
n=1>n=4 (6d>6¢>6b). L\ 455K R 1K=
AR B = SR AH — EEm.

XA 7, R BURIE (148 4 X 75 P A BH 2 52,
Xt T AN A EUAR I H bR 7= 40 %6 T bR A 3 M R /N IR A -

H > 2,4-Cl, ~3-Cl~4-Cl > 2-Me-4-Cl >4-NO, > -Bu >
OMe, R* BUREEXHE M mE N, S-OrEACHE f ok Ef 1
A BRI A PG T e . 9, 2RI R EUR R i
PHEST 24- S HRITETE(7a>T7g), KHERLE
W) 7 IR ELE TEIR AT RE S ok H BHMALE K, FEAER kAT
RERACI =) 2,4- SRR AR,

2 i

ARICLA 2-5-4-90-5- T LR 9 SR kL, Wit G T
—RIVHBLH] N-2-F-4-3-5-BURR 5L ) 57 1) Wg-1,3-
AT A=) 6a~6f Fll Ta~Tk. WIDBRFLIHMENIAFRM, K
o HAMEAYILE 1500 g/ha FIER, 0T H R %
Bl A BRI . BB R, LAY 6d
1E 750 g/ha FHIE RIS HBR A HEA 100% 150
. D AR R ARG ) 2 ) B B v P 0 I g
7. A& 7a RN 7i A8 22.5 g/ha FE X IR 2R
MHIE KT 80%, it m T Xt 257 = HRHERE. DL LY
WEIEEE R, 1E N-ZRFE 05| W-1,3- ZH v 5] AR R
TR 4546 Fr T, AT Re 2 RO mnid ME I BR AL & ).

3 XRHES
3.1 EEERHF
Stuart SMP-3 ## sl 5 X (K KL 1E); Bruker Avance

DPX300 #8 S HEILIRI(CDCL; NiEH], TMS A WHR);
Agilent 1100 LC-MSD-Trap i i {X(ESI-MS); = ZHrE

®2 AW 6 AT FEMGHIE T HIBREE1E(%)
Table 2 Herbicidal activity (%) of compounds 6 and 7 at lower dosage

Compd Dosa%?/ + AL EUGEE] Compd Dosa%e/ A B s
i (geha ) MK A T JBR G © (geha)  HIBE O REOR HRR AT
6a 750 88.00 100 6b 750 90.00 96.40 100
6¢ 750 97.00 95.00 100 100 6d 750 100 100 100 100
6e 750 100 80.00 100 100 of 750 51.10 60.00 94.20 100
375 80.10 100 15.20 375 82.60 100 3.30
Ta 93.75 100 7b 93.75 100
22.50 80.40 22.50 69.80
375 80.10 96.80 100 19.20 375 58.80 100 0
Te 93.75 100 Te 93.75 100
22.50 69.40 22.50 35.80
7d 375 69.80 100 7t 375 91.00 100 0
93.75 96.60 93.75 81.90
375 67.20 97.40 100 100 375 67.80 94.80 100 50.30
g 93.75 100 7h 93.75 100
22.50 71.10 22.50 58.50
375 72.30 100 0 375 100 100
Ti 93.75 96.60 7j 93.75 0 0 100
22.50 86.00 22.50 54.50
375 76.20 100 100 25.20 Acifl- 375 52.00 100 100 95.90
Tk 93.75 100 93.75 7.00 42.70 14.70
uorfen
22.50 69.40 22.50 0
162 http://sioc-journal.cn/ © 2015 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2015, 35, 159~166
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5 R B (200~300 H), ATA I35y i o b 4,
AL OALE FH A B, HA AR A A P E AR .

32 ZWHE

32,1 2-F-4-A-5- 2RI (4) 89 &%,

FEBCA HUBRIERE . R B VA B2 B 1L Y
[ EEBEIE T AN 20 g (104.4 mmol) 2-50-4-9-5-Hl 3 5
1y, 250 mL ZFEAT 250 mL YA NH,Cl /KA. 8D
PIHERZE 60 C, BAZEHVEME, 2t 175 ¢
(313.2 mmol)ik J5i&¥n, SAJE PRI 65~75 ‘CRA 2.5 h.
2 TLC [V(A M) @ (IR CEE)=1 & 1]HI R4
J&, AL, BEIUE R LB EEIN 1 L vkoKd T
R, 2508, TR KA 144 g, I 85%.
m.p. 144.8~146.1 C (1it."¥! 145~146 "C); '"H NMR (300
MHz, DMSO-dg) d: 9.57 (s, 1H), 6.97 (d, J=10.9 Hz, 1H),
6.38 (d, J=8.6 Hz, 1H), 5.16 (s, 2H).

322 N-Q2-#-4-3-5-% KK HK)-4,56,7-9 A-1H-5+
"] %k -1,3(2H)- —BR(5) 49 A A&,

ZH k[ 7a) 7 EE R, W 55%. mp. 142.7~
143.8 C (1it®' 140~141 C); 'H NMR (300 MHz,
DMSO-dq) 0: 10.56 (s, 1H), 7.55 (d, J=9.6 Hz, 1H), 6.95
(d, J=6.9 Hz, 1H), 2.36~2.32 (m, 4H), 1.75~1.71 (m,
4H).

323  4-i8 P A5 A B 2b~2f 695 AR

S CWR[24) 515G s, BARERIELL 24 A 1)
100 mL =T F I 1.04 g (5 mmol) 2-(4-F F L) A
R 2R (1d), 0.9 g N-EAR T ZBE T iZ(NBS, 5 mmol)Fl 25
mL PYSEALHR, Z0AMT RS AR 2 R, fR¥F 0.5~1 h
RN GER G, R 2T BT, JE O AR AR A
RN VBRI K - el — 3, TR s VA 4570 T IR 4
1.34 g, Y% 93%. '"H NMR (300 MHz, CDCls) 6: 7.30 (d,
J=8.6 Hz, 2H), 6.83 (d, J=8.6 Hz, 2H), 4.73 (q, J=6.9
Hz, 1H), 4.48 (s, 2H), 4.22 (q, J=7.1 Hz, 2H), 1.61 (d, J=
6.8 Hz, 3H), 1.25 (t, J=7.1 Hz, 3H).

3.2.4  BHARL A4 6a~—6f 8946 A%

] 100 mL =[O 20 B FR 44 2 (2.0 mmol),
4-J5 F 5L 55 7 ik (4b~4f) (2.1 mmol), TC/KBRER 4 (2.0
mmol)FMITAEH 16 mL, FHRFI 2 RF5E4, IR,
BRI ENT VR M) @ MR =10 : 1146tk
5 BFrr=4).

N-[2-9-4-F-5-(4-F R dk) K Fk1-4,5,6,7- DU A - 1 H-
S WE-1,3QH)- —Fil(6a): AMGE A&, KFE 85%. m.p.
138.7~140.5 "C; '"H NMR (300 MHz, CDCl;) &: 7.37 (s,
4H), 7.29 (d, J=9.1 Hz, 1H), 6.83 (d, J=6.4 Hz, 1H), 5.04
(s, 2H), 2.45~2.41 (m, 4H), 1.84~1.80 (m, 4H); "°C
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NMR (75 MHz, CDCly) J: 168.62, 151.84 (d, J=247.4
Hz), 150.55 (d, J=2.8 Hz), 142.41, 134.29, 134.01,
128.78, 128.58, 124.23 (d, J=9.3 Hz), 118.39 (d, J=24.1
Hz), 118.15 (d, J=14.3 Hz), 114.65 (d, J=1.0 Hz), 70.97,
21.19, 20.21; HRMS caled for C,HyCLFN,O; [M+
NH,]" 437.0830, found 437.0712.

2-{4-[2- 5 -4- B -5-(1,3- —%-4,5,6,7- VU & - 1 H- 57 15|
W23 4 F R R4 R BT i (6b): A (il 44, i
% 80%. m.p. 79.5~81.9 “C; 'H NMR (300 MHz, CDCl;)
8: 7.35 (d, J=8.6 Hz, 2H), 7.28 (d, J=9.0 Hz, 1H), 6.90
(d, J=8.6 Hz, 2H), 6.85 (d, J=6.4 Hz, 1H), 5.00 (s, 2H),
4.52 (s, 2H), 2.44~2.39 (m, 4H), 1.84~1.80 (m, 4H),
1.48 (s, 9H); *C NMR (75 MHz, CDCl;) 6: 168.64,
167.81, 157.90, 151.69 (d, J=247.1 Hz), 150.79 (d, J=2.7
Hz), 142.35, 128.91, 128.74, 124.20 (d, J=9.5 Hz), 118.23
(d, J=24.2 Hz), 118.03 (d, J=14.3 Hz), 114.78 (d, J=1.0
Hz), 114.69, 82.30, 71.50, 65.69, 27.96, 21.17, 20.18;
HRMS caled for C,;H; CIFN,O [M+NH,]" 533.1849,
found 533.1722.

2-{4-[2- 5 -4-F-5-(1,3- —%.-4,5,6,7- VU A - 1 H- 57 15|
W -2-J8) RS T R R A IR H BB (6¢): o (i A, Whese
68%. "H NMR (300 MHz, CDCl3) 6: 7.38~7.24 (m, 3H),
6.92~6.81 (m, 3H), 4.99 (s, 2H), 4.77 (q, J=6.8 Hz,
1H), 3.74 (s, 3H), 2.43~2.39 (m, 4H), 1.82~1.60 (m,
4H), 1.61 (d, J=6.8 Hz, 3H); *C NMR (75 MHz, CDCl,)
8: 172.33, 168.55, 157.44, 151.62 (d, J=247.3 Hz), 150.71
(d, J=2.9 Hz), 142.27, 128.92, 128.76, 124.07 (d, J=9.3
Hz), 118.15 (d, J=24.2 Hz), 118.01 (d, J=14.6 Hz),
115.06, 114.67 (d, J=1.6 Hz), 72.46, 71.36, 52.15, 21.11,
20.11, 18.40; HRMS calcd for C,sH,7CIFN,O [M+NH,]"
505.1536, found 505.1553.

2-{4-[2- 5 -4- 5 -5-(1,3- —%.-4,5,6,7- VU A - 1 H- 57 15|
Wie-2-J8) S FH R RS TR BB (6d): TG B AAs, iR
72%. "H NMR (300 MHz, CDCl3) 6: 7.37~7.25 (m, 3H),
6.93~6.83 (m, 3H), 497 (s, 2H), 4.74 (d, J=6.8 Hz,
1H), 4.20 (q, J=7.1 Hz, 2H), 2.41~2.37 (m, 4H), 1.79~
1.75 (m, 4H), 1.60 (d, J=6.8 Hz, 3H), 1.23 (t, J=7.1 Hz,
3H); “C NMR (75 MHz, CDCly) o: 171.65, 168.35,
157.36, 151.44 (d, J=246.9 Hz), 150.57 (d, J=2.7 Hz),
142.10, 128.75, 128.55, 123.80 (d, J=9.5 Hz), 117.97 (d,
J=15.6 Hz), 117.90 (d, J=23.0 Hz), 114.93, 114.56 (d,
J=13 Hz), 72.37, 71.20, 60.94, 20.93, 19.93, 18.18,
13.81; HRMS caled for C,sHyCIFN,Og [M + NH,] *
519.1693, found 519.1575.

2-{4-[2- 5 -4- 5 -5-(1,3- - %-4,5,6,7- VU & - 1 H- 57 15|
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W-2-J6) R G T BE PR 480 T R Z B (6e): o ilifl, ek
63%. '"H NMR (300 MHz, CDCl3) d: 7.39~7.21 (m, 3H),
6.95~6.82 (m, 3H), 4.98 (s, 2H), 4.56 (t, J=6.2 Hz, 1H),
4.20 (q, J=7.1 Hz, 2H), 2.42~2.37 (m, 4H), 2.06~1.90
(m, 2H), 1.81~1.75 (m, 4H), 1.23 (t, J=7.1 Hz, 3H), 1.07
(t, J=7.4 Hz, 3H); >C NMR (75 MHz, CDCl;) &: 171.26,
168.47, 157.82, 151.53 (d, J=246.8 Hz), 150.67 (d, J=2.6
Hz), 142.20, 128.83, 128.58, 123.95 (d, J=9.5 Hz), 118.00
(d, J=15.6 Hz), 117.97 (d, J=23.0 Hz), 115.05, 114.62
(d, J=1.2 Hz), 77.59, 71.32, 60.93, 25.93, 21.03, 20.03,
13.96, 9.40; HRMS calcd for C,;H;,CIFN,0¢ [M+NH,]"
533.1849, found 533.1851.

4-{4-[2- 5 -4- P -5-(1,3- —%-4,5,6,7- VU & - 1 H- 5 15|
W-2- 58 ) RS R R 40 T R AR (6f): I E il ik, IR
57%. m.p. 108.9~110.6 “C; "H NMR (300 MHz, CDCl5)
5: 7.39~7.31 (m, 2H), 7.31~7.24 (m, 1H), 6.94~6.82
(m, 3H), 5.00 (s, 2H), 4.14 (q, J=7.1 Hz, 2H), 4.01 (t, J=
6.1 Hz, 2H), 2.51 (t, J=7.3 Hz, 2H), 2.45~2.40 (m, 4H),
2.16~2.05 (m, 2H), 1.84~1.80 (m, 4H), 1.25 (t, J=7.1
Hz, 3H); °C NMR (75 MHz, CDCl;) d: 173.07, 168.67,
158.84, 151.67 (d, J=246.8 Hz), 150.84 (d, J=2.6 Hz),
142.35, 129.04, 127.86, 124.22 (d, J=9.5 Hz), 118.23 (d,
J=242 Hz), 118.01 (d, J=14.5 Hz), 114.74 (d, J=1.2
Hz), 114.55, 71.61, 66.73, 60.35, 30.73, 24.57, 21.19,
20.20, 14.16; HRMS calcd for C,7H3 CIFN,O [M+NH,]"
533.1849, found 533.1856.

3.2.5 HARMLAH Ta~Tk 494 A%

25 mL S35 MV AEH, TIA 2.6 mmol UK 4
(PHEZAN 2 mL AR, FEFEE 3 h RS &
SN, 739% 8 O ARRE R 5, IO 5 mL &5 E.
VKIS A AR S CULUR, SRIE S22 I 2 mmol 2K
B3 1, 2.6 mmol = Z G A1 5 mL A5 RS . T EEd 2=
K, FHEFR, BRI S hJE, KRR K
MO KV 2 i, JoKEREREET1E, WA, REME
HEWVCRME) : MR ZER)=5 @ 1144k 13 B Axre
Y.

2- 5 -4- . -5-(1,3- - 5-4,5,6,7- V0 & -1 H- 53 15| e -2-
BRI 2- R LREE(Ta): A, R 87%. mup.
82.4~83.3 "C; "H NMR (300 MHz, CDCly) §: 7.39~7.27
(m, 3H), 7.15 (d, J=6.6 Hz, 1H), 7.08~6.93 (m, 3H),
4.93 (s, 2H), 2.44~2.40 (m, 4H), 1.83~1.79 (m, 4H); 1*C
NMR (75 MHz, CDCLy) 6: 168.19, 166.18, 157.52, 155.25
(d, J=253.3 Hz), 142.54, 142.35 (d, J=3.5 Hz), 129.62,
127.57 (d, J=10.0 Hz), 124.00 (d, J=2.0 Hz), 122.11,
118.96 (d, J=14.8 Hz), 118.38 (d, J=24.8 Hz), 114.76,
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64.97, 21.16, 20.23; HRMS calcd for C,,H,sCIFNOs [M+
H]" 430.0852, found 430.0879.
2-F-4-F-5-(1,3- —%4.-4,5,6,7- VU & - 1 H- 57 5] W -2-
FFIE 2-G-FHFRA) LERER(T): Tk, R 74%.
'H NMR (300 MHz, CDCl;) §: 7.35 (d, J=9.0 Hz, 1H),
7.28~7.20 (m, 1H), 7.16 (d, J=6.7 Hz, 1H), 7.06~6.96
(m, 2H), 6.90~6.85 (m, 1H), 4.92 (s, 2H), 2.44~2.40 (m,
4H), 1.87~1.76 (m, 4H); *C NMR (75 MHz, , CDCl;) §:
168.21, 165.73, 158.19, 155.31 (d, J=253.4 Hz), 142.59,
142.28 (d, J=3.6 Hz), 142.25, 135.07, 130.44, 127.55 (d,
J=9.9 Hz), 123.98 (d, J=2.1 Hz), 122.37, 119.04 (d, J=
14.9 Hz), 118.44 (d, J=24.7 Hz), 115.42, 113.18, 65.01,
21.19, 20.26; HRMS caled for C,HyCLFN,Os [M+
NH4]" 481.0728, found 481.0742.
2-F-4-F-5-(1,3- —~%4.-4,5,6,7- VU & -1 H- 57 5] W -2-
B 2-4-HFR) LERIR(Te): AT, IR 90%.
m.p. 125.7~126.7 “C; "H NMR (300 MHz, CDCl;) 6: 7.35
(d, J=9.0 Hz, 1H), 7.27 (d, J=9.1 Hz, 2H), 7.14 (d, J=
6.6 Hz, 1H), 6.92 (d, J=9.1 Hz, 2H), 4.91 (s, 2H), 2.47~
2.37 (m, 4H), 1.83~1.79 (m, 4H); °C NMR (75 MHz,
CDCl;) d: 168.09, 165.76, 156.04, 15520 (d, J=253.3
Hz), 142.48, 142.15 (d, J=3.5 Hz), 129.44, 127.40 (d, J=
9.8 Hz), 127.07, 123.84 (d, J=2.0 Hz), 118.91 (d, J=14.8
Hz), 118.33 (d, J=24.8 Hz), 116.06, 65.11, 21.07, 20.15;
HRMS caled for CyHyCLFN,Os [M+NH,]" 481.0728,
found 481.0673.
2-F-4-F-5-(1,3- . %4.-4,5,6,7- VU & - 1 H- 57 5] W -2-
BB 2-(4-BUT BORER) O BR(7d): H A, 1z
88%. m.p. 132.8~134.2 °C; '"H NMR (300 MHz, CDCl;)
d: 7.39~7.28 (m, 3H), 7.15 (d, J=6.6 Hz, 1H), 6.92 (d,
J=8.8 Hz, 2H), 4.91 (s, 2H), 2.43~2.40 (m, 4H), 1.83~
1.79 (m, 4H), 1.30 (s, 9H); *C NMR (75 MHz, CDCl;) §:
168.20, 166.37, 155.32, 155.24 (d, J=253.3 Hz), 144.87,
142.54, 14239 (d, J=3.5 Hz), 127.59 (d, J=9.8 Hz),
126.42, 124.03 (d, J=2.0 Hz), 118.93 (d, J=14.9 Hz),
118.36 (d, J=24.7 Hz), 114.28, 65.17, 34.12, 31.43, 21.17,
20.24; HRMS calcd for CygHyoCIFN,Os [M + NH,] "
503.1744, found 503.1759.
2-F-4-F-5-(1,3- . %4.-4,5,6,7- VU & -1 H- 57 5] W -2-
BRI 2-(4-TH B RS SR R (Te): Ak [l Ak, ez
80%. m.p. 114.3~116.0 ‘C; "H NMR (300 MHz, CDCl;)
5: 8.23 (d, J=9.4 Hz, 2H), 7.36 (d, J=9.0 Hz, 1H), 7.17
(d, J=6.5 Hz, 1H), 7.06 (d, J=9.4 Hz, 2H), 5.04 (s, 2H),
2.45~2.38 (m, 4H), 1.84~1.80 (m, 4H); °C NMR (75
MHz, CDCl;) 6: 168.11, 164.98, 162.08, 155.27 (d, J=
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253.8 Hz), 142.54, 142.43, 141.98 (d, J=3.5 Hz), 127.29
(d, J=9.9 Hz), 125.85, 125.78, 123.80 (d, J=2.0 Hz),
119.04 (d, J=14.8 Hz), 118.40 (d, J=24.8 Hz), 114.72,
114.59, 64.83, 21.06, 20.16; HRMS caled for
Cy,HaoCIFN;0; [M+NH,4]" 492.0968, found 492.0984.

2- 5 -4- . -5-(1,3- —5-4,5,6,7- VU & -1 H- 53 5] e -2-
FREE 2-(4-HEHEEERA) M ER(70): Ak, 1R
85%. m.p. 110.1~110.9 °C; "H NMR (300 MHz, CDCl;)
5: 7.34 (d, J=9.0 Hz, 1H), 7.14 (d, J=6.6 Hz, 1H), 6.94
(d, J=9.2 Hz, 2H), 6.85 (d, J=9.2 Hz, 2H), 4.88 (s, 2H),
3.77 (s, 3H), 2.46~2.37 (m, 4H), 1.83~1.79 (m, 4H); "*C
NMR (75 MHz, CDCly) d: 168.12, 166.40, 155.12 (d, J=
253.2 Hz), 154.70, 151.65, 142.44, 142.30 (d, J=3.6 Hz),
127.46 (d, J=9.9 Hz), 123.95 (d, J=2.1 Hz), 118.89 (d,
J=15.0 Hz), 11823 (d, J=24.7 Hz), 115.98, 114.63,
65.83, 55.52, 21.04, 20.11; HRMS calcd for C,3Hos-
CIFN,O¢ [M+NH,4]" 477.1223, found 477.1231.

2- 5 -4- . -5-(1,3- —5-4,5,6,7- VU & -1 H- 53 15| e -2-
BRI 2-2.4- " FKR) L RE(Tg): AMEIE, fE
86%. m.p. 134.7~135.2 °C; '"H NMR (300 MHz, CDCl;)
5: 7.40 (d, J=2.5 Hz, 1H), 7.35 (d, J=9.0 Hz, 1H), 7.22~
7.12 (m, 2H), 6.91 (d, J=8.8 Hz, 1H), 4.98 (s, 2H), 2.43~
3.29 (m, 4H), 1.82~1.78 (m, 4H); >C NMR (75 MHz,
CDCly) &: 168.18, 165.45, 15528 (d, J=1253.5 Hz),
152.13, 142.57, 142.17 (d, J=3.5 Hz), 130.38, 127.61,
127.41 (d, J=10.1 Hz), 124.48, 123.93 (d, J=1.9 Hz),
119.02 (d, J=14.9 Hz), 118.39 (d, J=24.8 Hz), 115.27,
66.07, 21.14, 20.22; HRMS caled for CpH4;CLFNOs
[M—H]~ 495.9927, found 495.9887.

2- 5 -4- . -5-(1,3- —5-4,5,6,7- V0 & -1 H- 53 15| e -2-
FREE 2-2-WR-4-FURA) SRR BR(Th): Bt EE, i
£ 81%. m.p. 102.3~103.9 C; 'H NMR (300 MHz,
CDCLy) 0: 7.34 (d, J=9.0 Hz, 1H), 7.19~7.05 (m, 3H),
6.73 (d, J=8.6 Hz, 1H), 4.92 (s, 2H), 2.43~3.29 (m, 4H),
2.27 (s, 3H), 1.82~1.78 (m, 4H); *C NMR (75 MHz,
CDCly) &: 168.20, 166.02, 15524 (d, J=253.3 Hz),
154.40, 142.56, 142.30 (d, J=3.6 Hz), 130.89, 129.44,
127.49 (d, J=10.1 Hz), 126.58, 126.35, 123.96 (d, J=1.8
Hz), 118.98 (d, J=14.9 Hz), 118.37 (d, J=24.8 Hz),
112.44, 6537, 21.15, 20.22, 16.04; HRMS calcd for
C,3H2CLFN,Os [M+NH,4]" 495.0884, found 495.0801.

2- 5 -4- . -5-(1,3- —5-4,5,6,7- VU & -1 H- 53 15| e -2-
YRR 2-FEAMRER(T): AEEE, R 89%. m.p.
103.4~105.2 ‘C; '"H NMR (300 MHz, CDCl;) o: 7.38~
7.26 (m, 3H), 7.12~6.92 (m, 4H), 5.04 (q, J=6.8 Hz,

Chin. J. Org. Chem. 2015, 35, 159~166

© 2015 Chinese Chemical Society & SIOC, CAS

1H), 2.43~2.39 (m, 4H), 1.89~1.71 (m, 7H); *C NMR
(75 MHz, CDCl3) 0: 169.31, 168.20, 157.29, 155.21 (d,
J=253.1 Hz), 142.51, 142.44 (d, J=3.6 Hz), 129.61,
127.60 (d, J=10.1 Hz), 124.01 (d, J=2.0 Hz), 121.95,
118.99, 118.60 (d, J=14.7 Hz), 118.34 (d, J=24.6 Hz),
72.32, 21.16, 20.22, 18.65; HRMS calcd for Co3Hos-
CIFN,Os [M+NH,]" 461.1274, found 461.1288.

2- 5 -4- . -5-(1,3- —5.-4,5,6,7- VU & - 1 H- 5 15| e -2-
FRHE 2-G-FUORE)NIRER(T)): Ttdik, IE 78%.
'H NMR (300 MHz, CDCl3) é: 7.32 (d, J=9.0 Hz, 1H),
7.26~7.16 (m, 1H), 7.09 (d, J=6.6 Hz, 1H), 7.02~6.90
(m, 2H), 6.86~6.82 (m, 1H), 5.02 (q, J=6.8 Hz, 1H),
2.38~2.34 (m, 4H), 1.82~1.69 (m, 7H); *C NMR (75
MHz, CDCl;) 6: 168.59, 167.94, 157.74, 155.03 (d, J=
253.2 Hz), 142.31, 142.13 (d, J=3.6 Hz), 134.70, 130.23,
12730 (d, J=9.8 Hz), 123.76 (d, J=1.8 Hz), 121.88,
118.83 (d, J=15.0 Hz), 118.11 (d, J=24.8 Hz), 115.60,
113.28, 72.15, 20.90, 19.97, 18.27; HRMS calcd for
Ca3Hy,CLEN,Os [M+NH,4] " 495.0884, found 495.0782.

2- 5 -4- . -5-(1,3- —5-4,5,6,7- VU & - 1 H- 53 15| e -2-
FHREE 2-Q4-ZFORR)NIREE(TR): F R4, i
87%. m.p. 116.1~116.5 “C; '"H NMR (300 MHz, CDCl;)
8: 7.40 (d, J=2.5 Hz, 1H), 7.34 (d, J=9.0 Hz, 1H), 7.18
(dd, J=8.8, 2.5 Hz, 1H), 7.06 (d, J=6.6 Hz, 1H), 6.95 (d,
J=8.8 Hz, 1H), 5.01 (q, J=6.8 Hz, 1H), 2.45~2.39 (m,
4H), 1.94~1.74 (m, 7H); C NMR (75 MHz, CDCL) §:
168.39, 168.14, 155.22 (d, J=253.5 Hz), 151.94, 142.52,
142.25 (d, J=3.6 Hz), 130.37, 127.63, 127.54, 127.42 (d,
J=10.1 Hz), 125.08, 123.85 (d, J=2.0 Hz), 118.94 (d, J=
14.6 Hz), 118.36 (d, J=24.8 Hz), 116.72, 74.19, 21.11,
20.19, 18.44; HRMS caled for CyH, CLLFN,O5 [M+
NH4]" 529.0495, found 529.0383.

3.3 BREFEMMK

ESRRL e B LR, BT AENE T, EI0F
KM RAN—BU R, BB AR BR300
BB F R kT, 5 2 em 4H L, oK
JE B TR ERFR. MRS, HosE NN-ZHEH
BRI R E, IINSH 0.1%MHiR 80 ) H K AKFRE, i
IRFNZG. TIRACERAEAE RN 24 h J5HEAT, 224k
PRAE B I K A 1 1  WFHEKE 2
FLH SN 2EAT, 15 d 5 E SR b5 o i i
A2 R b, DL E D B o U E N TR 2 3R
Fr.
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