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Abstract
[5-ethoxycarbonyl-4-(N-formylhydroxyamino)pentyl]-hydantoin benzoates containing the structural moiety of hadacidin were

The adenylosuccinate synthetase (AdSS) bisubstrate hybrid inhibitor analogues 5-(4-hydroxybenzyl)-N°-

designed and synthesized via Claisen condensation, hydrolysis decarbosylation, imidization, acid-catalyzed ring closure, bo-
rane reduction, Mitsunobu coupling reaction, formylation and deprotection used 1,4-butyrolactone as raw materials. Their
structures were characterized with "H NMR and HR-ESI-MS data. The preliminary and greenhouse test results showed that

NOTE

these compounds only exhibited weak inhibition against E. rusgalli and B. campestris at the concentration of 100 pug/mL.
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P EAEENEMN. TERKIM L AdSS BRI
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Lienhard S H . I REEE SRR Z & A0 T =
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AR, ANWA T B A0 R T SR IR, R SR
#1/7¥)(bisubstrate hybrid inhibitor) ] 11 S HS7E A/ D 259

Received June 24, 2015; revised August 17, 2015; published online August 26, 2015.
Project supported by National Natural Science foundation of China (No. 20772150) and National KeyTechnologies R&D Program of China (No.

2011BAE06B04).

K SRR 225 42 (No. 20772150)F1[E 5% -+ — FLRHE S 3 - RI(No. 201 1BAE06B04)E B H .

2642 http://sioc-journal.cn/

A ©2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 2642~2649



Chinese Journal of Organic Chemistry

BEAR PR 7T R A5 20 HE ) FHU. 78 AdSS EE R
7, 25 )5 Hanessian'Y#1 Wrasidlo 255 &R T
AdSS BEXCEEANHI I, 455 R IUE AT AdSS BEHIH]E M
B3R ERE, W Hanessian 25" hydantocidin 5
hMm@niﬁf A ET) AdSS BESUREHMSIFR, Fot
KGR AdSS M 52 = 2 hydantocidin ¥ 15.7
%, hadacidin ] 81.4 &%, HXJ/N3E AdSS fHHITE LR
71 £ hydantocidin ] 6.8 1%, hadacidin ff] 60 1%, {H&5%
S AR A R R AR W& S SRR, £4
RAESLH e T =, ghsf A eAg s
TAE, AT RMEFREREEER L SHEY, A3
B XGEIHIF I ES T AdSS BEH0HIF H 5> T BT,
H AdSS B 577 hadacidin 45 #4 F BOR HHE AT IA R B
[ — 80> o, FFRTHZRA A VB A BOR S, LA
W& R 28 a0 Scheme 1 AT,

O,  OC,Hs
Cszo\”)J\OC y & NaOCsz o
25 "HOC,Hs o

(0)

1 HR5R
1.1 BEHUEMHRITRERTE

NT FERE R ADSS XEEAMHIFI2E), SIS
BRBRA TR BETH A AL B 7 1E 5k b B] 4 (Scheme
2), {ERLENF ] &R 2 E Y 4 F1 5-JR-2-F2 I W i3t
IR (I S A RIR S 5 )5, TR AW 5 M LA R,
IRMEHAT N — D RS SR S5 s v P s, T+
T X B A A 9 A R B B A P A B H T
7, WX KA AE R &1 B A 8 Al 5-FRk-2-
PR e R R S M AR IR A 9 S5, [RIAEHE LA
I H 34T FIE A S A A R s A R . 5 R EIMk
B VIR B RN 70 B 1 B PR, 7T LR S R A
PR R TS alith, TR IR ED 8 57F
ARG N, A5 RAUFIIR R THEY 2 f 1 IRAY,
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S SRR I 2 3 DCC/DMAP 14 R E47 % 1L DL
BE— SRR, 45 SRR AN R B4 LR T LAY
2, 75 pH N 4 LA W ZAF TGP 2 AT F MY
S A EI A 2 A1 H BRI S, XU
WAL,

AHITH] PRI A0 ST =5 T A R RH A Ji7 5z I ) Ak
SRR, 2- R IR I E-1,5- IR N ER ()1 5-F2FE-2-7%
AL B TR R (1) S H B SR AR e, (E R TERR 1t 4% 1
T2 EGIFN 1N, MAE G B R B # T 5 S B
11 EF LN AR 2, BEIIEY 2 & — AN i)
. FERRERAE b, MR SR & 2 A0 1 IREY 7
S R 2R IR I e | R SRR DA KO R AR IR AT iR
FInFEIR A T OCIR, 25 BRI H 2R IR T =
T LA e 1t R e 2, TN R 2R R L e
SRR SRR U A LASE L e A A, R T LS
1 2k E9 2 =Bk, 45 5HAEZ AR
BT, =0 RN B CRIEE] T 70%. W ERTiR b &
2 AR FIE S ACENIE TR, 28 SR e R IR o it e
285 USRI e = FR R 2% & N T RO TR R 3R
FRIR ) o- AL Z I N TR, k&) 2 /2R
PEFREEAR R P S TIFIRE AR 11 (R, MR R %
R CAB bt = HF B 245 & 0 N I8 TR FATE AR & b E AT
T A8 e R Ji S 87, 45 SR ) 73 7 R &4 3.
& 3 5IEAUR RS 1a~6a BEAT MBI N 5k
137 IR R B FA IR A BB X 1) 772504 BHIAL1~
BHIAG6, #RJ5 i BHIA1~BHIAG6 £ H R- Z B fiT H AL,
ST B RGE A2 BHIAT~BHIAL2, 584
Pd/C SRR AR5 2] T HAs LAY BHIA13~
BHIA18. AT % & 38 o £ H A 17 A0 w3k B K A
BHIA13~BHIA18 153 2| R AR R A, 4R K
ity 1 225 R BRAA Ty B8 58 23 S K i 4 T, X L4 A )
R AW iE 1, BT DAOR B R G 15 308 49 A 0 (1Y
BT WAV 3 BT a1 A mT gext B A &4
T PR AR R RN, A SO A R TV B A 2 A L
EE LAY 2 IR FRIE IR SN AT T SRR,
Ra Pl 7 SRR
1.2 BHiREMHELRE S

Seh A A L &4 3 19 "TH NMR 1% T 2 frbg
RNFMEF, 3.4 Sk EFAEMALE 5 1.78~1.47 Ju [l
WAE K Z EIE, 2 AilAl 5 Aibk B =N FAE 0
3.63~3.53 N AR R 2 HIE, HAKRH, TH
B O PRI, FEEY 3 50 1a~6a
B IRTF IR BRI 25 1Y) BHIAL1~BHIAG, FR7
W HE R LB 5 TR B AN, 85 A ek b s
KU 2, 3, 4 hit b RFRA R, 5 Ak A
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T 1) =3 3l DA = BT U IRAE 6 3.45, 8 fifik b
HIR - DA — B FE 2 BLTE 6 4.25 95 B8 1) 30 F 2
JR UG SBALE—E, 9 Rk AR TREAS S 7 5
£ 5 326 A1 288 I —EIEH A LI, “ibE&W
BHIA1~BHIAG6 H i1k J515 2] ) BHIA7~BHIA12, H
'H NMR i 5 BHIA1~BHIAG6 + /70 ML, (HAES 332
RIS J 1) R R o - A R34 #8 30, [RIR el T FH R
I (1038 e OB A 7 fof 43 % P B N AR 4, X 5 SCHR R IE (1)
KA BRI ATAE Y 2R 10 TH NMR AN, ik &4
BHIA7~BHIA12 B~ %3R5 15 21 BHIA13~
BHIA18, } 'H NMR i 5 BHIA7~BHIA12 #] L4+
AL, ORI TR RN T, T E ST
HR-ESI-MS &+, 0] LRI EA TN HED 5 F M+
H"E MR E 50 EEw S, Wik &dw
BHIA13 ] HR MS m/z CosH,,N;Og [M+H]", HHEAE N
498.1871, MIEAE N 498.1863.

1.3 BiRLEYIRIREEY

i% B¢ UL 3¢ (Brassica campestris) 1 # & (Echino-
chloa crusgalli){F N¥EAREY), 2 IEHTSCR i 22 °F
LA AR EINR T 4 S I BR G, JFIERE LA
WS ML VEZE(Amaranthus tricolor) 1 2 3# (Digitaria
sanguinalis) 9 ¥EBR A YD 0T A G 4 DL - 358 b B R0 ZE 0 Ak
7 AGAT T AR, DEH B AR, £ 1 &
7~ T &Y 1a~6a il H sk 54 BHIA13~BHIA18 Xf
BATRREEN, BT HEAEY) BHIA1~BHIA6
BHIA7~BHIA12 7 A/ i 11 5 ] A e B B 5 A7
BRI EE, FEARMEATRRE S, K 1 TRUE H,
TE-F MLVE RN AR VL AR 45 S b, (&%) 1a~6a FI
BHIA13~BHIA18 X320 T — & AP0 % M E 40
HRARAS G, 0T AT B I AR A P M AR
FRSEIGSE B LAY 1a~6a XHISE . TSR D 5 4
TEHNHEE, BHIA13~BHIA18 XHHSE. TS0 i i
S EE T, LEY) 1a~6a 1 BHIA13~
BHIA18 XML EIR | — & Mdmilis k. AT LG
H, &% 1a~6a 5 BHIA13~BHIA18 #itt, ©11H)
FREE PR B G, X HE S BHIA13~BHIA18
1) 2 rB T SR TR A SO A U2 T IR & A
K, W57 hadacidin F B R 5 G 7 AN A2 2 2
DL 5 RHMAL A 1a~6a FIMH]E M i 22 55 1A 55
XUBZE PR, E AdSS RUIEINHFIZRAL S WII 7> T %
e, — K hadacidin F BE it N GiE T 45 H 8
AR T AEFEH RSP B — AL & YA &
AR D B G RHG R TR TR R I o) 2R A
YIEEDIE RIS
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F1 LS BHIAL3~ 18 [{ BRI M 2/%)
Table 1 The herbicidal activities of target compounds BHIA13~18 (inhibition rate/%)

e Fs

Compd. o g/mL 100 pg/mL 10 pgmL 100 pg/mL R TR FRE o
Ester 1a 0 5.9 0 0 0 0 0 0
Ester 2a 0 0 0 0 0 0 5.0 0
Ester 3a 13.5 25.5 0 0 0 0 10.0 0
Ester 4a 13.2 323 0 5.0 0 0 12.0 0
Ester 5a 0 1.0 0 3.0 0 0 10.0 0
Ester 5a 11.8 33.8 0 0 0 0 3.0 0
BHIAL3 0 10.4 0 2.0 5.0 0 15.0 5.0
BHIAL4 0 17.4 0 0 5.0 0 0 0
BHIALS 0 10.1 0 3.0 5.0 10.0 0 0
BHIA16 0 9.0 0 3.0 0 5.0 20.0 0
BHIA17 0 45 0 0 0 0 0 0
BHIAIS 0 8.7 0 0 10.0 10.0 10.0 0

2 LINERSY
21 XE5EH

Yanagimoto & K& A A GIREE TF R B IE); Bruker
DPX 300 MHz PR, TMS N kR, CDCl; N,
2R 0 #ow; Agilent 1100 LC-MSD-Trap Jii # 4%
(ESI-MS), Britker Apex II =73 #F A AR50 BT A+
JENTE RN T B TR A = 4 7%(200~300 H),
FIT AR 32 o [ 7 sk 1 B 2k, ek 750 o R v
TR AL,

22 KEYHERK
221 2-TAFBEA-1,4-T RBEZ(1)89 4 A&

HaA 1 S BOCHR[19] 776 i, T BRI AR,
W& A 84%. "H NMR (300 MHz, CDCls) d: 10.92 (s, 1H),
450 (t, J=7.5 Hz, 2H), 4.27 (q, J=7.2 Hz, 2H), 3.30 (t,
J=17.5Hz, 2H), 1.41 (t, J=7.2 Hz, 3H).

222 2-FALAK-1,5-RABEE(2)49 A AR

£ 500 mL = AR I 12.1 g (65 mmol) 2- 2.4,
R RE-1,4- T B8, TR 80 mL 2 mol/L H,SO, ¥k
o, BERE R INIEIR S h. A EE, H 20% NaOH &
pH & 7~8, ZZ183 I 60 mmol LA (4 h), =i
PEFES R, TLC MEMASIE AL E k) v 2k, 7Y pH 2
12, ZBEPemia, Pl /KMIRE pH=1, A1 12L —
AR =K, B TR T, IR %
AR, A HAEBEREII 2000 mL S CHE Y, FEIA 200
mg X FOR#ERE, SEMAER, BERSEE 500 mL,
P R TR S A VA YR L R S A ANV - e — Ik, AT WL
G TCKBR RN T8, o JERR L B4k, BRRZ 240
S OMPIR ) 2 9.95 g, Y& 70%. 'H NMR (300
MHz, CDCL3) d: 7.39~7.34 (m, 5H), 5.37 (s, 2H), 4.35 (t,
J=5.2 Hz, 2H), 2.77 (t, J=6.9 Hz, 2H), 2.03~1.95 (m,
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2H). HR-MS caled for C,H,NO; [M+H]" 220.0968,
found 220.0968.
223 2-FHRAA-S-FA R THEG)H SR

£ 150 mL (1) BB K 2.19 g (10 mmol) 2-7F4,
T HE-1,5- RN ERE T 40 mL /K28, A 25 mL 7
mol/L HCVEtOH ¥, &4 +E 30 min, JIA 1.15 g (15
mmol) = F JEili e sk S 0(95%), W ifEE 8 h J5, Fith
115 g = H b4 &P ak s HE N, TLC Ml 2
2- R HE-1,5- RN BRI &, A5 b iHE, fEUKKH
PL 20% AL AN pH £ 8, F 200 mL 50 FH e %
W=k, BHAHE TR RN T, IRk 2 B4,
WAAs J5 A AL BT 8, LS be/ Sk R A
Ve FREAT B FE LA = G R 3 1.56 g, Ui
58%. 'H NMR (300 MHz, CDCl;) 8: 7.36~7.30 (m, 5H),
471 (s, 2H), 4.22 (q, J=7.1 Hz, 2H), 3.63~.53 (m, 3H),
1.78~1.47 (m, 4H), 1.29 (t, J=7.1 Hz, 3H); *C NMR (75
MHz, CDCly) d: 173.8, 137.5, 128.4, 128.3, 127.8, 76.0,
63.6, 62.2, 61.0, 29.6, 26.7, 14.2. HR-MS caled for
C4sHp,NO, [M+H]" 268.1543, found 268.1542.
224 2-F A AK-5-FA KB CEE(3)49 Mitsunobu 1%
Y YA

H 0.59 g (2.2 mmol) 2-FA R IHE-5-FHE KR LB
0.66 g (2 mmol) 5-(4-FFFEAEIE)-2,4- DK bk — 1 48 4
FHEZHE )2 0.74 g (2.8 mmol) =A@ (PPhs) K N A 5
100 mL Schlenk JifiH, 7EZTORS T I EE 25 DY AR
40 mL, i FHCREE M. VRS ER IRINN 0.58 g (2.8
mmol)ff % — H R — 7 A fS(DIAD), FF4EnA DIAD K
PR RAR R, PiFk G R &, FE4k4Ln N DIAD,
HHEEHZE DIAD M5E(4) 20 min), AR EF O, HIEH
F£12 h, TLC Ml B 2 5-(4-F2 257 3E)-2,4- DK P bk — i &1
TR BRI S U O, A5 B IO, ek B Bk v 711,
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TR GIE AL EHT 43 B5(200~300 H), BAA i Bk / TG
IK G RVERFIEAT B TR, 4673 0.68 g To kA
WA BHIA3, W 59%. MM F 7 &k& stk &
BHIA1~BHIAG.

55t R I I N -(5- R PR FE4-TF R I ) L -
2,4-IK W i % F R 6 (BHITAL): G (i R A, Wi
61%. "H NMR (300 MHz, CDCl;) &: 8.19~8.16 (m, 2H),
7.66~7.61 (m, 1H), 7.52~7.47 (m, 2H), 7.33~7.15 (m,
9H), 5.95 (brs, 1H), 5.68 (d, J=2.8 Hz, 1H), 4.67 (s, 2H),
4.23~4.16 (m, 3H), 3.57 (t, J=6.5 Hz, 1H), 3.43 (t, J=
6.0 Hz, 2H), 3.27 (dd, J=14.0, 3.7 Hz, 1H), 2.91~2.83
(m, 1H), 1.65~1.39 (m, 4H), 1.27 (t, J=7.1 Hz, 3H).
HR-MS caled for C3H3N;0; [M+H]" 560.2391, found
560.2381.

55 R I I -N-(5- R PR FE4-TF A ) I -
2,4- IR il -2 FR AR RS OR FR R IR (BHIA2): 6 B i IR
%, W% 96%. "H NMR (300 MHz, CDCl5) d: 8.02~7.99
(m, 1H), 7.57~7.51 (m, 1H), 7.32~7.15 (m, 9H), 7.05~
7.00 (m, 2H), 5.95 (d, J=9.6 Hz, 1H), 5.75 (d, J=2.2 Hz,
1H), 4.67 (s, 2H), 4.23~4.16 (m, 3H), 3.92 (s, 3H), 3.57
(t, J=7.0 Hz, 1H), 3.42 (t, J=6.8 Hz, 2H), 3.25 (dd, J=
14.0, 3.7 Hz, 1H), 2.90~2.81 (m, 1H), 1.69~1.39 (m,
4H), 1.26 (t, J=7.1 Hz, 3H). HR-MS calcd for C3,H3sN;05
[M-+H]" 590.2497, found 590.2486.

55t R I I N -(5- R PR FE4-TF A I ) L -
2,4- K M — i -2- 5 K FR 2 16 (BHIA3): TG €4y R AR,
% 59%. '"H NMR (300 MHz, CDCl;) 6: 8.10~8.05 (m,
1H), 7.60~7.57 (m, 1H), 7.32~7.16 (m, 11H), 6.05
(brs, 1H), 5.88 (d, J=2.9 Hz, 1H), 4.67 (s, 2H), 4.23~
4.16 (m, 3H), 3.57 (t, J=7.0 Hz, 1H), 3.42 (t, J=6.7 Hz,
2H), 3.26 (dd, J=14.0, 3.7 Hz, 1H), 2.95~2.82 (m, 1H),
1.58~1.44 (m, 4H), 1.26 (t, J=7.1 Hz, 3H). HR-MS calcd
for C3,H33FN;0, [M+H]" 578.2297, found 578.2289.

5% BRI N -(5- L B FE -4 S R ) R -
2,4- WK e — i -2- SR R 2 (BHIAG): G € IR AR,
% 81%. "H NMR (300 MHz, CDCl) 6: 8.04~8.00 (m,
1H), 7.53~7.46 (m, 2H), 7.40~7.18 (m, 10H), 6.04
(brs, 1H), 5.69 (brs, 1H), 4.67 (s, 2H), 4.23~4.15 (m, 3H),
3.58 (t, J=7.0 Hz, 1H), 3.43 (t, J=6.8 Hz, 2H), 3.27 (dd,
J=14.0, 3.6 Hz, 1H), 2.92~2.84 (m, 1H), 1.64~1.41 (m,
4H), 126 (t, J= 7.5 Hz, 3H). HR-MS caled for
C31H33CIN;O; [M+H]" 594.2002, found 594.1992.

55t R I I -N-(5- R PR FE4-TF R ) L -
2,4- WKW i -2- FF 5L O R BRI (BHIAS): G (i iR A,
% 65%. '"H NMR (300 MHz, CDCl;) 6: 8.16~8.12 (m,

2646 http://sioc-journal.cn/
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1H), 7.50~7.44 (m, 1H), 7.32~7.14 (m, 11H), 6.00
(brs, 1H), 5.76 (brs, 1H), 4.67 (s, 2H), 4.23~4.16 (m, 3H),
3.57 (t, J=7.0 Hz, 1H), 3.43 (t, J=6.8 Hz, 2H), 3.27 (dd,
J=14.0, 3.6 Hz, 1H), 2.91~2.83 (m, 1H), 2.65 (s, 3H),
1.64~1.38 (m, 4H), 1.27 (t, J=7.1 Hz, 3H). HR-MS calcd
for C3,H3N30, [M+H]" 574.2548, found 574.2539.

5-XF R RN (5- LR R A A ) T -
2,4-IoK M~ ] -2 — 450 F RS O R R T (BHIAG): G (2 i IR
WAk, W 57%. '"H NMR (300 MHz, CDCly) 6: 7.98~
7.94 (m, 1H), 7.83~7.80 (m, 1H), 7.70~7.65 (m, 2H),
7.32~7.19 (m, 9H), 6.02 (brs, 1H), 5.75 (d, J=3.0 Hz,
1H), 4.67 (s, 2H), 4.23~4.16 (m, 3H), 3.58 (t, J=6.8 Hz,
1H), 3.44 (t, J=6.8 Hz, 2H), 3.27 (dd, J=14.0, 3.7 Hz,
1H), 2.91~2.82 (m, 1H), 1.67~1.26 (m, 4H), 1.24 (t, J=
6.5 Hz, 3H). HR-MS caled for C3,H;3F3N;0, [M+H]"
628.2265, found 628.2249.
225 S5HEAFAN-S-CAHELAFRAL)RE-
2,4-wK ek — B R T BR B 69 F BEL R

100 mL B U A I 0.68 g (1.2 mmol) BHIA3 &
10 mL & e, HAEEMARE, T 4 mL TKFR, %
S)E RN 1 mL ZFRHEF, 5 min N 5E, HIEHHE2 b,
TLC W J5RL R S siE ok, R E TR KB H, A 10
mL 7K, F 20%5 A AN pH 2 6~7, & HHAE
=R, BHAHETKEREREA T, IR MRV 7115 0.66
g M, BRRMARERIEZEIT(100~200 H), LL=&H
B/ TE K B LR A 150 &2 0 D) BB,
T R AR BHIA9 0.60 g, WE R 84%. K FIAH
[F 75155 AL &% BHIAT~BHIA1L2.

5-X I -N (5- L IRIE-4-N-F - FE A
FE) I H -2, 4- K W — i 2% R R I (BHITAT): G B8 38 IR R
&, U 73%. '"H NMR (300 MHz, CDCl;) d: 8.24 (s,
1H), 8.19 (d, J=7.3 Hz, 1H), 7.67~7.62 (m, 1H), 7.54~
7.49 (m, 2H), 7.38~7.35 (m, 5H), 7.25 (d, J=8.5 Hz,
2H), 7.17 (d, J=8.5 Hz, 2H), 5.40 (s, 1H), 4.99 (s, 2H),
4.84 (s, 1H), 4.25~4.17 (m, 3H), 3.49 (brs, 2H), 3.32 (dd,
J=13.6, 3.4 Hz, 1H), 2.84 (dd, J=13.6, 8.8 Hz, 1H), 1.97
(brs, 2H), 1.60 (brs, 2H), 1.28 (t, J/=7.1 Hz, 3H). HR-MS
caled for C;3;H3N3;03 [M + H] * 588.2340, found
588.2339.

5 R HE NI -N-(5- LA BRI -4-N-F 2 - R
FE) I HE-2,4- K e i -2- A R OR FR R I (BHITAS): G
R IBAR, SR 87%. 'H NMR (300 MHz, CDCly) o:
8.23 (s, 1H), 8.00 (d, J=6.9 Hz, 1H), 7.56~7.51 (m, 1H),
7.35 (brs, 5H), 7.26~7.01 (m, 6H), 5.49 (s, 1H), 4.98 (s,
2H), 4.84 (s, 1H), 4.25~4.17 (m, 3H), 3.91 (s, 3H), 3.49
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(brs, 2H), 3.32 (dd, J=13.6, 3.4 Hz, 1H), 2.84 (dd, J=
13.6, 8.8 Hz, 1H), 1.96 (brs, 2H), 1.61 (brs, 2H), 1.28 (t,
J=7.1 Hz, 3H). HR-MS calcd for C3;H3sN;0o [M+H]"
618.2446, found 618.2434.

S-XF R I TN (5- LRI -4-N-HF 3 -FE A
B Il Fk -2,4- R W A -2- 98 R TR (BHIAY): G €43
RBAA, BE 84%. 'H NMR (300 MHz, CDCl;) J: 8.24
(s, 1H), 8.06 (dd, J=7.8, 2.0 Hz, 1H), 7.64~7.56 (m, 1H),
7.37 (brs, 5H), 7.29~7.16 (m, 6H), 5.87 (s, 1H), 4.98 (s,
2H), 4.83 (s, 1H), 4.24~4.17 (m, 3H), 3.47 (brs, 2H), 3.24
(dd, J=13.6, 3.4 Hz, 1H), 2.87 (dd, J=13.6, 8.8 Hz, 1H),
1.95 (brs, 2H), 1.62 (brs, 2H), 1.26 (t, J=7.1 Hz
3H). HR-MS calcd for C5,Hy3FN;O5 [M+H]™ 606.2246,
found 606.2236.

5K IEEIE N (5- LRI -4-N-HF 3 -FE "
B IR HE-2,4- K e i -2 - SO F R T (BHIAL0): G €43
RBAE, BE 77%. 'H NMR (300 MHz, CDCLy) J: 8.23
(s, 1H), 8.03 (d, J=7.8 Hz, 1H), 7.55~7.46 (m, 2H), 7.39
(brs, 5H), 7.26~7.17 (m, 5H), 5.87 (s, 1H), 4.98 (s, 2H),
4.84 (s, 1H), 4.30~4.16 (m, 3H), 3.47 (brs, 2H), 3.22 (dd,
J=13.6, 3.4 Hz, 1H), 2.85 (dd, J=13.6, 8.8 Hz, 1H), 1.94
(brs, 2H), 1.61 (brs, 2H), 1.24 (t, J=7.1 Hz, 3H). HR-MS
caled for Ci;HyCIN3Og [M + H] ' 622.1951, found
622.1941.

SXF I TN (5- LRI -4-N-F 3 -FE A
B IR HE-2,4- Rk i -2- R RS OR PR R TS (BHIALL): o s
PR, W 71%. 'TH NMR (300 MHz, CDCl5) §: 8.23
(s, 1H), 8.14 (d, J=7.5 Hz, 1H), 7.50~7.45 (m, 1H), 7.36
(brs, 5H), 7.30~7.14 (m, 6H), 5.73 (s, 1H), 4.98 (s, 2H),
4.87 (s, 1H), 4.24~4.12 (m, 3H), 3.49 (brs, 2H), 3.24 (dd,
J=13.6, 3.4 Hz, 1H), 2.83 (dd, J=13.6, 8.8 Hz, 1H), 2.65
(s, 3H), 1.97 (brs, 2H), 1.65 (brs, 2H), 1.27 (t, J=7.2 Hz,
3H). HR-MS caled for C33H3gN3Os [M+H]™ 602.2497,
found 602.2482.

5K IEE TN (5- LRI -4-N-HF 3 -FE "
B SR -2, 4- IR I A -2- = 4 R L 2K YRR 1iG (BHIAT2):
ToEHARIBAE, W 82%. "H NMR (300 MHz, CDCl;) 6:
8.25 (s, 1H), 7.97~7.94 (m, 1H), 7.83~7.80 (m, 1H),
7.71~7.66 (m, 1H), 7.36 (brs, 5H), 7.26~7.16 (m, 4H),
5.97 (s, 1H), 4.97 (s, 2H), 4.86 (s, 1H), 4.24~4.12 (m,
3H), 3.49 (brs, 2H), 3.25 (dd, J=13.6, 3.4 Hz, 1H), 2.87
(dd, J=13.6, 8.5 Hz, 1H), 1.98 (brs, 2H), 1.62 (brs, 2H),
1.26 (t, J=7.2 Hz, 3H). HR-MS calcd for C33H33F3N;05
[M+H]" 656.2214, found 656.2202.

Chin. J. Org. Chem. 2015, 35, 2642~2649

© 2015 Chinese Chemical Society & SIOC, CAS

22.6 53 FBREFEAN-(S-TAEAAFAAL) K-
2,4-"K ek — BR3P BR ARG 69 L F A R

f£ 100 mL Schlenk JfH, ¥ 0.60 g (1.0 mmol)
BHIA9 7T 20 mL Jo/K FEEH, A 10% Pd/C 120 mg,
Mimh TSR E BB NEAAE, HFREEEANESA, 10
h &, TLC WM ERE sH 2%, 45 k3, o8, el i
W, BRRMAFEN o @ adith, DL & b/ oK H
W5/ ZFR(RFIEL A 150 = 2 & 1) i 7735 i 45 0 (iR
Wik BHIALS, 0.26 g, W% 51%. RAMIFE LS Rtk
%) BHIA13~BHIA1S.

S5-I IEN(5- LR IRIE-4-N-H B SE PR I
TR -2, 4- 15k i i 2K B R T (BHITAL3): G 2 VIR A,
% 60%. "H NMR (300 MHz, CDCl;) o: 8.48 (brs, 0.5H),
8.18~8.14 (m, 2H), 8.00 (brs, 0.5H), 7.66~7.61 (m, 1H),
7.54~7.47 (m, 2H), 7.28~7.10 (m, 4H), 6.55 (brs, 1H),
4.30 (brs, 1H), 4.20~4.14 (m, 2H), 3.48 (brs, 2H), 3.28~
3.20 (m, 1H), 3.02~2.92 (m, 1H), 1.91 (brs, 2H), 1.59
(brs, 2H), 1.31 ~ 1.21 (m, 3H). HR-MS caled for
CasHosN3O5 [M+H]" 498.1871, found 498.1863.

5K IR HEN-(5- LA FRIE -4-N- T L PR )
IR J -2,4- WK W A -2- FH AR S OR HT R B (BHIAL4): ol
IR A, W 38%. 'H NMR (300 MHz, CDCl5) 6: 8.45
(brs, 0.5H), 8.08~8.04 (m, 1H), 8.01 (brs, 0.5H), 7.57~
7.53 (m, 1H), 7.27~7.24 (m, 2H), 7.12~7.00 (m, 4H),
6.79 (brs, 1H), 4.35 (brs, 1H), 4.21~4.16 (m, 2H), 3.91 (s,
3H), 3.48 (brs, 2H), 3.28~3.20 (m, 1H), 3.01~2.92 (m,
1H), 1.87 (brs, 2H), 1.51 (brs, 2H), 1.25~1.18 (m, 3H).
HR-MS caled for C,gH30N;0 [M+H]" 528.1977, found
528.1967.

50 IR FEN-(5- A IR I -4-N- I L PR )
I3 -2, 4- DK 1 ] -2 - 35 HR TR T (BHILALS): G €3 IR
WA, W 51%. "H NMR (300 MHz, CDCl3) 6: 8.47 (brs,
0.5H), 8.17~8.09 (m, 1H), 8.02 (brs, 0.5H), 7.54~7.50
(m, 1H), 7.30~7.17 (m, 6H), 6.25 (brs, 1H), 4.29 (brs,
1H), 4.21~4.16 (m, 2H), 3.46 (brs, 2H), 3.26~3.20 (m,
1H), 3.00~2.90 (m, 1H), 1.86 (brs, 2H), 1.48 (brs, 2H),
1.29~1.20 (m, 3H). HR-MS calcd for C,sH,,FN;05 [M+
H]" 516.1777, found 516.1762.

5t R I T IEND(5- L R FE-4-N- RS R 3
I3 3 -2,4- DK W i -2- SR R I (BHIA16): G Ea 3 R
WAk, U 44%. '"H NMR (300 MHz, CDCl5) d: 8.46 (brs,
0.5H), 8.18~8.15 (m, 1H), 8.02 (brs, 0.5H), 7.64~7.61
(m, 1H), 7.53~7.38 (m, 2H), 7.27~7.24 (m, 2H), 7.19~
7.13 (m, 2H), 6.51 (brs, 1H), 4.27 (brs, 1H), 4.26~4.12
(m, 2H), 3.47 (brs, 2H), 3.28~3.22 (m, 1H), 2.97~2.90
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(m, 1H), 1.85 (brs, 2H), 1.52 (brs, 2H), 1.33~1.22 (m,
3H). HR-MS calcd for C,sH,,CIN;Og [M+H]" 532.1475,
found 532.1481.

S5-I NG (5- LRI -4-N- T L R 3
I3 F5k -2, 4- WK W A -2- R OR R 8 (BHITAL7): G (243
PR, W 41%. 'H NMR (300 MHz, CDCls) o: 8.47
(brs, 0.5H), 8.15~8.11 (m, 1H), 7.98 (brs, 0.5H), 7.51~
7.45 (m, 1H), 7.34~7.25 (m, 4H), 7.15~7.10 (m, 2H),
6.50 (brs, 1H), 4.29 (brs, 1H), 4.22~4.14 (m, 2H), 3.48
(brs, 2H), 3.28~3.20 (m, 1H), 2.99~2.93 (m, 1H), 2.65
(s, 3H), 1.90 (brs, 2H), 1.54 (brs, 2H), 1.28~1.21 (m, 3H).
HR-MS caled for CygH3oN3;O0g [M+H]" 512.2027, found
512.2018.

5K HE NI NG (5- IR I -4-N- T R 3
IR F5 -2, 4- WK W -2- = 36 2k R T IR PR (BHIALS): TG
EIHPIRIBAA, YR 58%. 'TH NMR (300 MHz, CDCl) o:
8.46 (brs, 0.5H), 8.05~8.01 (m, 1H), 7.95 (brs, 0.5H),
7.84~7.81 (m, 1H), 7.70~7.67 (m, 1H), 7.39~7.27 (m,
2H), 7.19~7.13 (m, 2H), 6.51 (brs, 1H), 4.29 (brs, 1H),
4.25~4.14 (m, 2H), 3.46 (brs, 2H), 3.29~3.20 (m, 1H),
3.00~2.91 (m, 1H), 1.89 (brs, 2H), 1.58 (brs, 2H), 1.31~
1.21 (m, 3H). HR-MS caled for C,sH,,F3;N304 [M—i—H]+
566.1745, found 566.1733.

# B4l (Supporting Information) k44 '"H NMR
A HR-MS 3 &, X 260k Rl B S 9% AN A T R 3
(http://sioc-journal.cn/) . N K.
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