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Abstract To discover new aryloxyphenoxypropionate herbicides, a series of aryloxyphenoxypropionate de-
rivatives containing coumarin motif was designed and synthesized using substructure splicing method. The
structures of all target compounds were confirmed by 'H NMR, *C NMR and HRMS spectral data and
their herbicidal activities were firstly evaluated. The preliminary bioassay results in vitro indicated that
some of target compound displayed good herbicidal activity against monocotyledons, and especially com-
pound CPP-4 had good herbicidal activities against Echinochloa crusgalli in vitro with 87. 4% inhibition at a
dose of 100 pxg/mL, which comparable to commercial herbicide quizalofop-ethyl. The greenhouse bicassay

results showed that compound CPP-4 exhibited good herbicidal activities against Echinochloa crusgalli and
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Digitaria sanguinalis with inhibition > 80% at a dosage of 1 500 g/hm” under pre-emergence condition.
The present work indicated that CPP-4 could be a potential lead structure for further development of novel
aryloxyphenoxypropionate herbicides.

Key words coumarin; aryloxyphenoxypropionate; synthesis; herbicidal activity; lead compounds

FEKEEWIRES (Aryloxy phenoxy propionate, APP) RILGY R —REBEMBIBRARAER L EHERE
) (& 1a), BEBM I YRR Z B4 BE A RALEE (Acetyl CoA carboxylase, ACCase) , il #) ¥k IE % &
FEHE B ER , AT & A A R IR R A 2B, A SERYET-", PFr R, APP KR EFEAEHK MK
B G YR ESME™ ERBERE 2014 FERSRBEH N 12. 17 2% 70, SBREF S EHH
4.6 %, IEHN APP RBREFAFZARANFALRIFHTSHEE, NHIFRE R EIIN R 2Z K
AR HHRHAL, ZSEF 20 BIE ML M. A, KB REMHH APP RERER|H45 ACCase HHE
EREXERE, SHAA R APP KREF A BRGNS AREEL &, 225X BR 57 50 SRR B REAR, &8
R ER MM, I R ME S BN APP KRR ER WM AR EE L3 BEAAMAENREE,
HET, — MR T BRI REWH B A BTG EYEERN APP KEREH,

BLERRRTYREEEI « MWL WH —REEY. AREA FLERATYWRAELZMER K
RAAYEES P BAFEERRATY, 0 4+ BEFEEYY WEEE SERY  RKEE R,
Wampetin" %, RE Y 4, e MY AKX FIHE (B 1b). Bk, 48 3CE o 36 H T 450 B8 1
HE ABFEREGHMAE APP ERER N IF RS, RITSREFERFNN T EREARRIELEY
CPP #1 CPA(HE 1o) IR HEBEFRERMBRR KA —-MEECTRLEWHHE APP KBREFLILEH.

1 HesfE &% CPP il CPA il

1 &SRS

1.1 Hbta Witk
Birfb G RE 2 i BRE M. B9, U RIARPEEEZI (LEYW 1la~1D KR, ERME
BT, 5%R_CE (WY 2 RAL,ET RPN ER P E RBA 4-BEEFER (LAY 3a~30D.
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HEk 3a~3i 5 =R OCT R B B FEA R MR 4-REEER (LAWY 4a~4D . BJF, FHEME 4a~

445 - 7EREARKR (LAY 5a f1 5b) #17 FE AR N4 2l B irfb &% CPP-1~CPP-9 fl CPA-1~
CPA-9. Fr& i 18 M Hizfbk AW L4 HNMR, °CNMR K & 4 ¥ B i iE .

o OFEt 0O

O\HkOEt

L, p _PBn N Pi K,CO; s 04/©/ R

R : " O_/<0 Et Toluene reﬂux Ry O\)l Dem, 0C (IO\ALO © CO,CN, reflux R6: A \%

OH
o7 Y0
1a-1i 2 3a-3i da—4i Sa R,=Me CPP-1~CPP-9 R,=Me
5bR,=H CPA-1~CPA-9 R=H

la R=H;1b R=5-Br;1c R=5-Cl;1d R= 5-F; le R= 5-OMe; 1f R=4-Br; g R=4-Cl;1h R=4-F; 1i R=4-OMe

3a/4a R=H;3b/4b R= 6-Br; 3c/4c R=6-Cl; 3d/4d R= 6-F; 3e/4e R= 6-OMe; 3f/4f R= 7-Br; 3g/4g R= 7-Cl;3h/4h R= 7-F; 3i/4i R=7-OMe

CPP-1 R= H;CPP-2 R= 6-Br;CPP-3R= 6-Cl; CPP-4 R= 6-F; CPP-5 R= 6-0Me; CPP-R=7-Br; CPP-7 R= 7-Cl; CPP-8 R= 7-F;CPP-9R=7-0Me

CPA-1 R=H;CPA-2 R= 6-Br; CPA-3 R= 6-CI; CPA-4 R= 6-F; CPA-5 R= 6-OMe; CPA6 R= 7-Br; CPA-7 R=7-Cl; CPA-8 R=7-F:CPA-9 R=7-OMeg;

P2 Hbsfk A8 CPP-1~CPP-9 fit CPA-1~CPA-9 4 A 1k i 2%

1.2 H& Y B 586 Y wF %

I R I 367 ML AR B/ NAR L X B AL & Y I BR BTG #EAT TR0 MR, W3R 1 BiR , 7€ 100 pg/mL
BRI EET , B AR Ak G Y X5 B i A ) A8 B 0 400 28O A T X XU AR T S R R AR, o, A& ) CPP-
4 MFRRE MG ZIA T 87. 4%, SR M AL BRE R - R R (Quizalofop-ethyl, QZ) MMHIZ R Y., X
B Birfb &Yt Y A F M. R, 7E 10 pg/mL BWEET , KB4k A % xt W38 2% B 34 30 1 %
ORI, (VL&Y CPP-2,CPP-3,CPP-4 X B E MR R LT 40%.

*1 B#HRHAMW CPP-1~CPP-9 #1 CPA-1~CPA-9 EM/MFEHBREFE (N EY)"

3 ME
et} R R,
10 pg/mL 100 pg/mL 10 pg/mL 100 pg/mL

CPP-1 H Me 0 5.1 7.3 28.3
CPP-2 6-Br Me 0 20.5 42.6 60. 4
CPP-3 6-Cl Me 0 23.7 50.3 63.8
CPP-4 6-F Me 0 17.6 63.0 87.4
CPP-5 6-OMe Me 0 20.0 13.2 40.4
CPP-6 7-Br Me 0 7.3 3.4 13.6
CPP-7 7-Cl Me 0 3.3 0 22.1
CPP-8 7-F Me 0 11.8 12.6 36.2
CPP-9 7-OMe Me 0 12.6 0 25.3
CPA-1 H H 0 0 0 13.8
CPA-2 6-Br H 0.1 0 8.5 32.8
CPA-3 6-Cl H 0.1 0 12.6 41.3
CPA-4 6-F H 0.3 0 29.4 54.0
CPA-5 6-OMe H 0 0 0 23.4
CPA-6 7-Br H 0 0 0 11.9
CPA-7 7-Cl H 0 0 0 15.5
CPA-8 7-F H 0 0 5.4 16. 2
CPA-9 7-OMe H 0 0 0 10. 4
R R 69. 6 95. 4 100 100

ar EAFAWRHIRGTFHE,
#iE M & CPP-1~CPP-9 7 100 pg/mL BT X BRI R 2B, £ & TR 6-fz E5IABAL
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# R, 4L &Y CPP-2~CPP-5 X B HI KT T EY CPP-1; MAEF LR 7 L5 ABAE R F UL
&Y CPP-8 X BB I i & F 1L &4 CPP-1,4k &% CPP-6,CPP-7 #l CPP-9 XJ B E i 41 il S K T CPP-1,
XUEHEFLR 6 ESIARRE R EFATRESMEWHBREEE. @0 ka% CPP-2~CPP-5 X
R B ) R R B, 4k &Y CPP-4 BIBR B I& ¥ 5 T CPP-2,CPP-3 #l CPP-4, XM ERF T & 6-( 5| AR
FUIIAREF EEFHRAEREAMNTREAGYMWBREEE., A&, B850 Hinfks Y CPA-
1~CPA-9 #£ 100 pg/mL W& E T XBEMNMERZELR, AFELER 6- M LI AREFHLEY CPA-4 RA &
R EEM, 5 CPP RIML AV MW EREL., XEHPTERERA,EFER 6-M5 AREFERF
TFRERERME. 540,83 P47 LS CPP RIEEY M CPA RIMEEYHREFREELI,LED
CPP-1~CPP-9 X} B f 3 i R ¥ 5 T xF b 91k &9 CPA-1~CPA-9, X8 44k &9 1) R, H N H 3t
A FRERERE. B, Y RHI6-H.R WHEMNLEYRRENE, XEYMEHUBXRERNS
EAEYRHBOERM T A HMNER.

BEJ5 , RATEER T A4 CPP-2,CPP-3 fil CPP-4 #17 TIREAMRLH, KR EEEEESN TE 2. &
1500 g/hm® HI BT ,4L-&4% CPP-2,CPP-3 fl CPP-4 2 +3EA )5, WM . WX . BEMD FY BE —
E P 400 50 V5 A, S L Yo AR R ) 0 0 9 R T M SRR S S B M T k. BN, kB CPP-4 X E
055 5 B ) 2R 4 51 D 82. 3 %6 88. 6 Y0, T X VHI SR TSR MM 2431 11. 2% 9. 6% . X ULHA Binfk
B P BT A A B A R RRCR AR T X R A I ROR . 5 B MR P ILE R A S — . RINRIA
B, 7E 1 500 g/hm” WHIE T, LA % CPP-2,CPP-3 fil CPP-4 25 4b B 5 MR E WG XK T4 + a3
JEWBREREM ., XU B AW ER T HIELAB, MELEY CPP-2,CPP-3 #1 CPP-4 fif A & i %
I o L % B ) 0 0 0 P SR BRI . AR, TR A A IR R - R RG] B I A A R R R I A IR R M 9
BeAT Bl & 7 2= R REAR T T P, L 2 7E 375 g/hm” MR R T, X BRI E I HI R R 100% . FEFLU
FEERAUFES, HRTA R Hn b4 2 i BR 2 15 AR T 5 S AR B - R R ,H &, 78 1 500 g/hm’ F 5
BT L&Y CPP-4 BB = WFRETEE, 505 1L i BR 5 - R R BR B M A X, 7T DUE b — AN 3 8 ik
IR ER S RUE YT H L ML,

#2 {L&% CPP-2,CPP-3#1 CPP4 RERB ENBREF S (MEEY)

T AL E (%) E P E0))
&y /(g hm™?)
g B3 M =) 3 T3 T o
375 / / 4.2 5.9 / / 0 0
CPP-2 750 / / 20.3 23.3 / / 5.6 4.0
1500 11.2 14,3 60.5 57.6 0 0 21.1 20. 7
375 / / 0 0 / / 0 0
CPP-3 750 / / 21.4 22.7 / / 0 0
1500 19.3 11.0 66. 3 60. 2 7.7 0 27.0 19.6
375 / / 7.5 15.0 / / 0 0
CPP-4 750 / / 41.7 55. 3 / / 17.1 11.6
1500 11.2 9.6 82.3 88. 6 5.3 0 44.0 49.3
375 20. 4 17.1 100 100 / / 100 100
R R 750 38.6 31.2 100 100 / / 100 100
1500 45.6 50. 0 100 100 4.5 16.7 100 100
W /RFRRWIR.
2 LRERS
2.1 PSR

2 S50 BT P00 38y S0 BB R AL 24 48, W T 22 i 7 AL 22 K50 A IR A R A TCT A 224050 24 7 5 B JiE (200
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—300 B> WNF BT 1878 ; Bruker 500 ZUAZREILHR L, TMS S AR , RAR A5 VE% 7 5 Tonspec 7. 0T
ST AR B A e 3t iR B AN, B R M BB B L B UR (ESD
2.2 KRk
2.2.1 PR3 69A DT, BAPREFEZE 1a (270 mg, 2 mmol) FTF 60 mL WH HE P, in ABRER —
Z. 5 2 (350 mg, 3 mmol),[&IRE 0 CHiHE, 2 4 #HEfmA 60% K NaH (400 mg, 10 mmol) , BHt[EI[E 5 4
bh,mEFEFABZE 100 CR W 4 h, #ZEEW (Thin Layer Chromatography, TLC) BB RN ., R MNERE,
BERMERBHNEZE , REHRIIEZRMAZ 100 mL kK, WEKME, KHHZBERE 2 R, RE5H
2 M HCI BRAL 2 pH=3, FITIEN i , i 18, R MK, B2 THRE 2 B A K 3a (220 mg, % 68%), H
B RELEY 3b~3i WE RIS 3a R,
2.2.2 BA#fesd CPP A CPA # &, ¥ 4 BEFER 3a (162 mg, 1 mmol) #FT 10 mL K _FH ke
FORERZE 0 CHiRE, A =RALBE (268 mg, 1 mmol) , EIWX A 3 h, TLC BREZ RN, FF IR MGG , K i
FjET , B BAR B E K 4a. R)E.H 4a ¥ T 10 mL ZEHF KK INABRERSF (207 mg, 1.5 mmol) M 4-FE
FE M Z T 5a (210 mg, 1 mmol) , KRR FHEZE 90 “C N 6 h, TLC B R , ¢ K 45 55 4 9 7
RTE  BRYELSHEKERTABECAMWBE . ZRIEE=10. 1, FHIL), B2 2 A KK CPP-1 (166 mg,
PR AT%) . BinkAY CPP-2~CPP-9 Ml CPA-1~CPA-9 M4 M7 #:5 CPP-1 Ml .

4-(C-ER-2H-ZEI M -4 ) O FERNM B (CPP-1 . HEREHK; 7% 47%; 'H NMR (500
MHz, CDCl,) é: 8.01 (dd, J=7.9, 1.4 Hz, 1H), 7.61 (ddd, J=8.6, 7.4, 1.6 Hz, 1H), 7.41-7. 31
(m, 2H), 7.11~7.05 (m, 2H), 7.00~6.93 (m, 2H), 5.42 (s, 1H), 4.75 (q, J=6.8 Hz, 1H), 4. 26
(q, J=7.1Hz, 2H), 1.66 (d, J =6.8 Hz, 3H), 1.28 (t, J=7.1 Hz, 3H); “C NMR (125 MHz,
CDCl;) &: 171.79 (s), 166, 64 (s), 162, 63 (s), 156. 02 (s), 153. 68 (s), 146,41 (s), 132,78 (s),
124,08 (s), 123,07 (s), 122,24 (s), 116. 86 (s), 116,77 (s), 115. 44 (s), 93.39 (s), 73.27 (s),
61.47 (s), 18.53 (s), 14.17 (s); HRMS, m/z caled. for C; H;gsNaO; " [M+Nal® 377.099 6, found
377.100 4,

4-((2-EMR-2H-6-TR I -4-2) EO R AWM LW (CPP-2). HEREM; =% 43.5%; 'H NMR
(500 MHz, CDCl;) ¢: 8.14 (d, J=2.4 Hz, 1H), 7.70 (dd, J =8.8, 2.4 Hz, 1H), 7.24 (s, 1H),
7.10~7.04 (m, 2H), 7.01~6.94 (m, 2H), 5.43 (s, 1H), 4.75 (q, J=6.8 Hz, 1H), 4.26 (q, J =
7.1 Hz, 2H), 1.66 (d, J=6.8 Hz, 3H), 1.28 (t, J=7.1 Hz, 3H); *C NMR (125 MHz, CDCl;) &
171.76 (s), 165.45 (s), 161.92 (s), 156. 15 (s), 152.50 (s), 146. 10 (s), 135. 61 (s), 125.77 (s),
122.13 (s), 118.61 (s), 117.00 (s), 116.95 (s), 116.80 (s), 94.03 (s), 73.24 (s), 61.50 (s), 18.54
(s), 14.17 (s); HRMS, m/z caled. for C, H,;;BrNaO, " [M—+Na]" 455.010 1, found 455. 011 3,

4-((2-AR-2H-6-E A I M m-4-3) £ X AWM LB (CPP-3): HARK; /=% 51.5%; 'H NMR
(500 MHz, CDCl;) é: 7.99 (d, J=2.5 Hz, 1H), 7.55 (dd, J=8.8, 2.5 Hz, 1H), 7.31 (d, J=8.8
Hz, 1H), 7.10~7.04 (m, 2H), 7.00~6, 94 (m, 2H), 5.44 (s, 1H), 4.75 (q, J=6.8 Hz, 1H), 4. 26
(q, J=7.1Hz, 2H), 1.66 (d, J =6.8 Hz, 3H), 1.28 (t, J =7.1 Hz, 3H); “C NMR (125 MHz,
CDCly) 6: 171.75 (s), 165,54 (s), 161. 97 (s), 156. 14 (s), 152. 01 (s), 146. 11 (s), 132. 77 (s),
129.72 (s), 122.74 (s), 122,13 (s), 118,32 (s), 116.80 (s), 116.56 (s), 94.02 (s), 73.23 (s), 61.49
(s), 18. 53 (s), 14. 17 (s); HRMS, m/z caled. for C, H;;CINaOs" [M + Na]t 411. 060 6, found
411.061 4,

4-((2-8R-2H-6-FAR I M M-4-3) £ R AWM LB (CPP-4) . HAREMK; ™% 43.7%; 'H NMR
(500 MHz, CDCl;) ¢: 7.67 (dd, J=8.2, 2.3 Hz, 1H), 7.39~7.29 (m, 2H), 7.12~7,04 (m, 2H),
7.02~6,94 (m, 2H), 5.45 (s, 1H), 4.76 (q, J =6.8 Hz, 1H), 4.26 (q, J=7.1 Hz, 2H), 1.66 (d, J
=6.8 Hz, 3H), 1.29 (t, J=7.1 Hz, 3H); ¥C NMR (125 MHz, CDCl;) &: 171. 74 (s), 165.79 (d, J=
2.5 Hz), 162.21 (s), 158.73 (d, J =244.1 Hz), 156.12 (s), 149.75 (d, J =1.5 Hz), 146. 14 (s),
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122.15 (s), 120.28 (d, J =24.6 Hz), 118.47 (d, J =8.3 Hz), 116.79 (s), 116.32 (d, J =8.9 Hz),
108.93 (d, J=25.6 Hz), 94.02 (s), 73.22 (s), 61.48 (s), 18.53 (s), 14.16 (s); HRMS, m/z caled.
for C; H;; FNaO; ' [M+Na]t 395. 0901, found 395.091 2,

A-(2-EAR-2H-6-F EE R I M m-4-F O REWNMZ B (CPP-5). HEEK; ™% 33.8%; 'H
NMR (500 MHz, CDCl,) é: 7.41 (d, J=3.0 Hz, 1H), 7.29 (d, J =9.1 Hz, 1H), 7.18 (dd, J =9.1,
3.0 Hz, 1H), 7.13~7.06 (m, 2H), 7.00~6. 94 (m, 2H), 5.41 (s, 1H), 4.76 (q, J =6.8 Hz, 1H),
4,26 (q» J=7.1 Hz, 2H), 3.89 (s, 3H), 1.66 (d, J=6.8 Hz, 3H), 1.29 (t, J =7.1 Hz, 3H); “C
NMR (125 MHz, CDCl;) 6: 171.79 (s), 166. 44 (s), 162,83 (s), 156.02 (s), 148,13 (s), 146.37 (s),
122.26 (s), 121.06 (s), 118.00 (s), 116.76 (s), 115.66 (s), 104.69 (s), 93.59 (s), 73.24 (s), 61.47
(s), 55.92 (s), 18.53 (s), 14.17 (s) ;s HRMS, m/z caled. for C,;H,,NaO, " [M+Na]' 407.110 1, found
407.111 0,

4-(C2-EMR-2H-7-R Ik m-4-3) FO X A B LB (CPP-6). HEEM; =% 61.4%; 'H NMR
(500 MHz, CDCl,) é: 7.86 (d, J=8.5 Hz, 1H), 7.55 (d, J=1.8 Hz, 1H), 7.48 (dd, J =8.5, 1.8
Hz, 1H), 7.10~7.04 (m, 2H), 7.00~6. 94 (m, 2H), 5.41 (s, 1H), 4.75 (q, J =6.8 Hz, 1H), 4. 25
(qy J=7.1Hz, 2H), 1.66 (d, J=6.8 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H); “C NMR (125 MHz,
CDCl,) &: 171.76 (s), 166. 17 (s), 161. 88 (s), 156. 12 (s), 153. 85 (s), 146.15 (s), 127.56 (s),
126.84 (s), 124.23 (s), 122.16 (s), 120.08 (s), 116.78 (s), 114.45 (s), 93.44 (s), 73.23 (s), 61.50
(s), 18. 54 (s), 14. 17 (s); HRMS, m/z caled. for Cy, Hy;BrNaO;" [M + Na]* 455, 010 1, found
455.011 2.

4-(2-BR-2H-7-EF I M-+ FO X AWK LEE (CPP-7) . HAREKE; ™% 52.3%; 'H NMR
(500 MHz, CDCl,) &: 7.86 (d, J=8.5 Hz, 1H), 7.29 (d, J=1.8 Hz, 1H), 7.24 (dd, J =8.5, 1.8
Hz, 1H), 7.03~6.97 (m, 2H), 6. 92~6.86 (m, 2H), 5.32 (s, 1H), 4.68 (q, J =6.8 Hz, 1H), 4.18
(q» J=7.1Hz, 2H), 1.58 (d, J =6.8 Hz, 3H), 1.20 (t, J =7.1 Hz, 3H); “C NMR (125 MHz,
CDCly) 6: 171.74 (s), 166.09 (s), 161.95 (s), 156. 10 (s), 153. 91 (s), 146. 15 (s), 138. 78 (s),
124.72 (s), 124.15 (s), 122.16 (s), 117.08 (s), 116.77 (s), 114.05 (s), 93.22 (s), 73.21 (s), 61.48
(s), 18.53 (s), 14,17 (s); HRMS, m/z caled. for Cy H;,CINaO; " [M+Na]™ 411. 060 6, found 411. 061 6,

4-(2-ER-2H-7-F I M m-4-2) £) XA WK LB (CPP-8). HEREMA; =% 51.1%; 'H NMR
(500 MHz, CDCl,) &: 8.00 (dd, J =8.3, 6.7 Hz, 1H), 7.08 (td, J =8.0, 1.8 Hz, 4H), 6.97 (d, J =
9.0 Hz, 2H), 5.36 (s, 1H), 4.76 (q, J =6.7 Hz, 1H), 4.26 (q, J=7.1 Hz, 2H), 1.66 (d, ] =6.8
Hz, 3H), 1.29 (t, J=7.1 Hz, 3H); “C NMR (125 MHz, CDCl,) &: 171.75 (s), 166.25 (s), 165. 21
(d, J=254.3 Hz), 162.30 (s), 156.08 (s), 154.88 (d, J=13.3 Hz), 146.17 (s), 125.01 (d, J =10.3
Hz), 116.75 (s), 112.16 (dd, J =23.9, 12.7 Hz), 104,28 (d, J =25.7 Hz), 92.29 (d, J=1.5 Hz),
73.21 (s), 61. 47 (s), 18.52 (s), 14. 16 (s); HRMS, m/z caled. for C, H;;FNaOs" [M + Na]™
395.090 1, found 395. 091 2.

A-(-EAR-2H-7-FEEF I M-+ O X AWML B (CPP-9) . HAEE; ™% 48.3%; 'H
NMR (500 MHz, CDCl,) &: 7.89 (d, J =8.8 Hz, 1H), 7.09~7.05 (m, 2H), 6. 98~6.93 (m, 2H), 6.
90 (dd, J =8.8, 2.4 Hz, 1H), 6.83 (d, J=2.4 Hz, 1H), 5.26 (s, 1H), 4.75 (q, J =6.8 Hz, 1H),
4.31~4.19 (m, 2H), 3.90 (s, 3H), 1.65 (d, J=6.8 Hz, 3H), 1.28 (t, J=7.1 Hz, 3H); “C NMR
(125 MHz, CDCl;) &: 171.82 (s), 167.00 (s), 163.58 (s), 163.16 (s), 155. 92 (s), 155.53 (s), 146. 44
(s), 124.13 (s), 122.28 (s), 116.67 (s), 112.39 (s), 108.63 (s), 100.56 (s), 90.76 (s), 73.24 (s),
61.46 (s), 55. 81 (s), 18.53 (s), 14. 16 (s); HRMS, m/z caled. for Cy Hy,NaO," [M+ Na]"
407.110 1, found 407.111 1,

4-(2-ER-2H-FEH M-+ E) FERAZM LB (CPA-D: HEEE; ™3 56.2%; "H NMR (500
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MHz, CDCly) &: 8.01 (dd, J =7.9, 1.4 Hz, 1H), 7.65~7.58 (m, 1H), 7.41~7. 31 (m, 2H), 7. 16~
7.07 (m, 2H), 7.05~6.97 (m, 1H), 5.42 (s, 1H), 4.65 (s, 2H), 4.30 (q, J=7.1 Hz, 2H), 1. 32
(t, J=7.1 Hz, 3H); *C NMR (125 MHz, CDCl,) §: 168.55 (s), 166.62 (s), 162.59 (s), 156.25 (s),
153.67 (s), 146.59 (s), 132.80 (s), 124.10 (s), 123.06 (s), 122. 31 (s), 116. 86 (s), 116. 37 (s),
115.41 (s), 93.41 (s), 65.92 (s)s 61.54 (s), 14.19 (s); HRMS, m/z caled. for C,oH,; Oy T [M+H]"
341.102 0, found 341,103 0,

4-(2-ER-2H-6-1RFEIF b R -4-2) B K EH Z R Z B (CPA-2): HEEA; =2 52.8%; 'H NMR
(500 MHz, CDCl,) & 8.14 (d, J=2. 4 Hz, 1H), 7.70 (dd, J=8.8, 2.4 Hz, 1H), 7.12~7.07 (m,
2H), 7.04~6.98 (m, 2H), 5.43 (s, 1H), 4.66 (s, 2H), 4.30 (q, J=7.1 Hz, 2H), 1.33 (1, J=7.1
Hz, 3H); “C NMR (125 MHz, CDCl,) §: 168. 51 (s), 165.43 (s), 161.86 (s), 156.38 (s), 152. 49
(s), 146.28 (s), 135.62 (s), 125.76 (s), 122.20 (s), 118.61 (s), 94.04 (s), 65.88 (s), 61.58 (s),
14.19 (s); HRMS, m/z caled. for C;y H;sBrO; " [M+H]™ 419.012 5, found 419.013 7,

4-(2-ER-2H-6-FFH M m-4-F) E) KA ZM LB (CPA-3) . HAREM4; =3 49.4%; 'H NMR
(500 MHz, CDCl,) &: 7.99 (d, J=2.5 Hz, 1H), 7.56 (dd, J =8.9, 2.5 Hz, 1H), 7.31 (d, ] =8.9
Hz, 1H), 7.13~7.06 (m, 2H), 7.04~6.98 (m, 2H), 5.44 (s, 1H), 4.66 (s, 2H), 4.30 (q, J=7.1
Hz, 2H), 1.33 (t, J=7.1 Hz, 3H); *C NMR (125 MHz, CDCl;) é: 168.53 (s), 165.55 (s), 161.99
(s), 156.37 (s), 152.01 (s), 146.29 (s), 132.81 (s), 129.74 (s), 122.74 (s), 122.20 (s), 118. 34 (s),
116.42 (s), 94.04 (s), 65.88 (s), 61.59 (s), 14.19 (s); HRMS, m/z caled. for C,, H;;CINaO; " [M—+
Na]' 397.044 9, found 397.045 7,

4-(2-EMR-2H-6-R I b IR -4-3) E) K H Z R Ll (CPA-4): A@EE; =R 42.9%; 'H NMR
(500 MHz, CDCl,) &: 7.70~7.63 (m, 1H), 7.33 (dd, ] =6.9, 2.4 Hz, 2H), 7.13~7.07 (m, 2H),
7.05~6.98 (m, 2H), 5.45 (s, 1H), 4.66 (s, 2H), 4.30 (q, J =7.1 Hz, 2H), 1.32 (t, J=7.1 Hz,
3H); “C NMR (125 MHz, CDCl,) &: 168.54 (s), 165.80 (d, J=2.5 Hz), 162.24 (s), 158.72 (d, J =
244.4 Hz), 156.33 (s), 149.73 (d, J=1.6 Hz), 146.30 (s), 122.20 (s), 120. 31 (d, J =24.6 Hz),
118.48 (d, J =8.2 Hz), 116.40 (s), 116.29 (d, J =9.0 Hz), 116. 04 (d, J =14.2 Hz), 108.92 (d, J
=25.5 Hz), 93.99 (s), 65.84 (s), 61.55 (s), 14.17 (s); HRMS, m/z caled. for C;, H;; FNaO, " [M+
Na]' 381.074 5, found 381.075 1,

4-(2-EAR-2H-6-F EE I M m-4-F) O XK LML B (CPA-5): AHBEME; 3 50.3%; 'H
NMR (500 MHz, CDCl,) &: 7.42 (d, J =3.0 Hz, 1H), 7.29 (t, ] = 7.8 Hz, 1H), 7.19 (dd, J=9.1,
3.0 Hz, 1H), 7.14~7.09 (m, 2H), 7.04~6.98 (m, 2H), 5.41 (s, 1H), 4.66 (s, 2H), 4.30 (q, J =
7.1 Hz, 2H), 3.89 (s, 3H), 1.33 (t, J=7.1 Hz, 3H); “C NMR (125 MHz, CDCl,) &: 168.55 (s),
166.43(s), 162.81 (s), 156.25 (s), 156,03 (s), 148, 14 (s), 146. 56 (s), 122,33 (s), 121.08 (s),
118.02 (s), 116.37 (s), 115.65 (s), 104.69 (s), 93.63 (s), 65.91 (s), 61.56 (s), 55.93 (s), 14.19
()3 HRMS, m/z caled. for Cy H;3NaO, " [M+Nal* 393.094 5, found 393.095 1,

4-(2-ER-2H-T-IRFEIF b R -4-2) O K EH R LB (CPA-6): HEEA; =3 44.7%; 'H NMR
(500 MHz, CDCl,) &: 7.87 (d, J=8.5 Hz, 1H), 7.55 (d, J=1.8 Hz, 1H), 7.48 (dd, J =8.5, 1.8
Hz, 1H), 7.13~7.07 (m, 1H), 7.04~6.97 (m, 1H), 5.42 (s, 1H), 4.65 (s, 1H), 4.30 (q, J=7.1
Hz, 1H), 1.32 (t, J=7.1 Hz, 1H); C NMR (125 MHz, CDCl;) &: 168.52 (s), 166.15 (s), 161. 86
(s), 156,35 (s), 153.85 (s), 146. 34 (s), 127.57 (s), 126.86 (s), 124.22 (s), 122.23 (s), 120.09 (s),
116.40 (s), 114. 43 (s), 93. 47 (s), 65. 89 (s), 61.58 (s), 14. 19 (s); HRMS, m/z caled. for
Cis HsBrNaOg * [M+Na]™ 440. 994 4, found 440. 995 0,

4-(2-EMR-2H-T-8EF M R-4-F) E) K H M B (CPA-7): ABEL; % 53.5%; 'H NMR
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(500 MHz, CDCl,) é: 7.94 (d, J=8.5 Hz, 1H), 7.38 (d, J=1.9 Hz, 1H), 7.33 (dd, J =8.5, 2.0
Hz, 1H), 7.12~7.07 (m, 2H), 7.04~6.97 (m, 2H), 5.40 (s, 1H), 4.66 (s, 2H), 4.30 (q, J=7.1
Hz, 2H), 1.32 (t, J=7.1 Hz, 3H); “C NMR (125 MHz, CDCl,) &: 168.53 (s), 166.10 (s), 161.98
(s), 156.34 (s), 153.93 (s), 146. 34 (s), 138.83 (s), 124.75 (s), 124.15 (s), 122.23 (s), 117.12 (s),
116.40 (s), 114. 04 (s), 93. 26 (s), 65. 88 (s), 61. 58 (s), 14. 19 (s); HRMS, m/z caled. for
CisHi;CINaO; " [M+Nal" 397. 044 9, found 397. 045 5,

4-(2-ER-2H-7-F A I M H-4-F3) E) K E LR Z R (CPA-8). AfEA; 3R 57.6%; 'H NMR
(500 MHz, CDCl,) é: 8.08~7.92 (m, 1H), 7.14~7.05 (m, 4H), 7. 05~6. 97 (m, 2H), 5. 36 (s,
1H), 4.66(s, 2H), 4.30 (q, J=7.1 Hz, 2H), 1. 33 (t, J =7.1 Hz, 3H); “C NMR (125 MHz,
CDCl,) &: 168.52 (s), 166. 23 (s), 164. 21 (s), 162. 27 (s), 156. 31 (s), 154. 89 (d, J =13.0 Hz),
146. 35 (s), 125.01 (d, J=10.4 Hz), 122.25 (s), 116.37 (s), 112.26 (d, J=22.7 Hz), 112.05 (d, J
=2.6 Hz), 104.29 (d, J =25. 6 Hz), 92.32 (d, J =1.6 Hz), 65. 86 (s), 61.55 (s), 14. 18 (s);
HRMS, m/z caled. for C;yH;;FNaO; "[M+Na]* 381.074 5, found 381.075 5,

4-(2-ER2H-T-H AL FE I M IG-4- B ) F A LM LB (CPA-9) . HEEM; /=3 40.3%; 'H
NMR (500 MHz, CDCl,) &: 7.89 (d, J=8.8 Hz, 1H), 7.13~7.06 (m, 1H), 7.03~6.96 (m, 1H),
6.91 (dd, J=8.8, 2.4 Hz, 1H), 6.84 (d, J=2.4 Hz, 1H), 5.27 (s, 1H), 4.65 (s, 1H), 4.30 (q, J
=7.1 Hz, 1H), 3.90 (s, 1H), 1.32 (t, J =7.1 Hz, 1H); *C NMR (125 MHz, CDCl,) &: 168.58 (s),
166.99 (s), 163.60 (s), 163.14 (s), 156. 16 (s), 155.54 (s), 146.63 (s), 124,13 (s), 122. 35 (s),
116.28 (s), 112.41 (s), 108.62 (s), 100. 57 (s), 90.80 (s), 65.91 (s), 61.54 (s), 55.82 (s), 14.19
(s); HRMS, m/z caled. for CyH;3NaO, " [M+Na]t 393.094 5, found 393. 095 3,

2.3 RSN e

WSROI HAR 6 cm HIEFIM AP HEITF—KER 5.6 cm BB, WA 2 mL — & R F KR G Y A
W, RERRFT A~6 h MR F 15 BL, ZE(28 £ D C T RREHEFE 66 h FMEMRBKE., B BREAGH T
B % SR IR AR B AR R BRI AL & W B BR B M, B E R A R B = AT

RBLRL/NARES  7E 50 mL A BEARIEEB AT — )2 K/h— B BEIE IR, R )G I — K SR K/ —B a8 4K, jm
AR BT R ALE Y, TR E — S BB K s Axt ., A H 3 —BU B ERF 10 B, £ (28 £
DCHIEENIES 60 h, B ERE . B EBEMT AW X B 5 4 bk i A A2 1 10 1 Rk
WALE YR BREE M, B LA E =117,

FIEAE . AEEHR 8 cn WEEV/IMAH A —EEM L, IMA—EBHK . BMEEEZ —EBEN -5,
FRFFER SR E EAUENER., BRI —EENBEKURREFEK, FELEMERT .14 X
JERALGE R, W E IR, U EMH A S BCRRAG, B RARE =17,

A EEHRZ 8 em B/ MIP A —EEN L, MA—EBHK . BMEEZ —EEEN L3,
FHBFER SRHLHUENER. BRN—EENEKURFEFERK. S4E K —ERB#T
AN RS ALEE, 21 KRG A SR WIE Hh E I EEE , IS EMH B HPCREF RGN, BN LRARE =117,

3 &g

DB AR R ERE Z W FRIR — LB AR £ =B RIEA R T 18 M EEE RGN T AR ERREMN
Y, REH % HNMR, ¥ CNMR B & 43 B 5T 5 GE. %725 89 ML/NAR I 100 i 45 2R BR , & W Xt B
F YRR BT M EIEE, Hrh, &% CPP-4 78 100 pg/mL ¥ BE T X B iy 3 ) 3235 5 87. 424,
MK ERR LA AFERN -5 ABRREFHN TRELEWHREEE, BAETER 65 A
FR T I ARET VER T3 2 EE A T R R E 6 83 A7 e BE 47 17689 CPP #l CPA B
PREME, ZBE R, AFENAN TRBLGYHRERE, XEMPLHBBERER IS BELED KR
BREAT -HAANGER. BN REGRFEMNRKLERER,7E 1500 g/hm” HEHBELT . L54 CPP-
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