Ol R ( BREEE) , 2018, 33 (2) @ 218223 http://xb.ynau.edu.cn

Journal of Yunnan Agricultural University (Natural Science) E-mail: ynauzkxb@foxmail.com

DOI: 10.12101/.issn.1004-390X(n).201704030

MREL AR R SR & AR HANE RS

T, E 4 F %, M, ERUA, FART, b &7
(BRAQLRY:, AHEPTEREY SFHER RS0, 2l BV 650201)

FEE: [ HiY ] BEBER R —Fh = RO B R BR, RN M IC e H A T2 ARRRSA I e B A
mAREENLEY, AR AR T —RIVRBEE &Y IR E R E, [k ] dad7e 2-
SRR PRI AGHFOT G T 74 & WA MBS &Y, (L&YW H-NMR, “C-NMR 1 HRMS 51 &
THAR2EEM, IR 22 KR E TGP 5 Flvk DAY R B A B T . [ 4528 ] IR
PheE REB . 7 AL S YN ST R A% T (Rhizoctonia solani) FIIKF I TTE (Botrytis cinerea) W 224 K R HH
R AR, HA k&8 3a M 3e 7 50 ug/mL FXF R. solani W22 HIINHI R KT 90%, Wi L&) R.
solani 1] ECso fH4 514 12.63 ug/mL Fil 13.99 pg/mL. [ 458 ] 5T & RAILA Y 3a Fl 3e 5t R. solani B4
TGRS R AL TR R REBE PRHE (boscalid) AHIE (ECso {HK 7.36 pg/mL), HAMEIEHEMVEHIPIIA R LT
SEHEIR): HEEG; LB ; WEBERNG YRR R AT
FE52S: S 482.26 CRRFRIRED: A XEHE: 1004-390X (2018) 02-0218-06

The Synthesis and Antifungal Activity of Nicotinamide Derivatives

WANG Kaibo, PU Te, LUO Yan, JIANG Shanshan, FAN Liming, SU Fawu, YE Min

(State Key Laboratory for Conservation and Utilization of Bio-Resources in Yunnan,

Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose | Boscalid is a kind of efficient nicotinamide fungicides, however, which is dif-
ficult to be synthesized. This study was to reduce costs and get more compounds with higher bacter-
icidal activity. [ Method ] Seven nicotinamide derivatives were conveniently and efficiently synthes-
ized from commercially available 2-chloronicotinic acid and fluorine-containing aromatic compounds
in this study. All the synthesized compounds were characterized by 'H-NMR, "C-NMR and HRMS
spectra. Antifungal activities of the synthesized compounds were evaluated against plant pathogenic
fungi Fusarium oxysporum, Botrytis cinerea, Pyricularia oryzae, Rhizoctonia solani and Alternaria
solani by an in vitro mycelia growth inhibition assay. [ Results ] All the tested compounds exhibited
strong antifungal activity against R. solani and B. cinerea. Furthermore, we found that the inhibition
rates of compounds 3a and 3e were more than 90% at dose of 50 pg/mL, with ECs, values of 12.63
and 13.99 ug/mL. [ Conclusion] 3a and 3e were similar to that of commercial fungicide boscalid
(ECs, value of 7.36 pg/mL). Further research needs to identify the mechanism of antifungal action of
the two synthesized compounds.
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KK, BRTEYHEBGATA UL E T BN
Fo BEER NS W WRAREN, )N
HTAEYIREBG, BRI RS R w R A
WSAEYE O A KRR, 2ME G
HEAERBEEL . WM BRI, 2k
Aok E AN AR R A A BT, R 25 A4 E
ik S EE MR AR, )T
YEW 9% F B ia Y, BERE TR K (boscalid) A& —Ff
P B 07 5 20 ) 2 1 v ACHTR O e 24 PR R 1 R T
N, X KA E B (Botrytis cinerea) 5| L i) H
T A BRI BRROR . WEBE R e —F
JRFIR G Q i R EEII AR, W IR FIER G Q
A A il 2 TR 20 i TCA 7 P8 — Fh L9 il
HIre 2 LI R BN I RIR, — H il
il P2 BELRS: I T 440 A 1 Y A B R WE T
T IO TR 22 A A R - 1 i AR AR 5 ) 0 ) A%
RO TR . FURe . AR . 488N
FIVRR 3995 46 ECPA PRI 35 1 BIRT, BT R0
SRz R TR, (HH AR = R v
M EURL . AL SR AR By Bt BB R Sy R T
Z1, Tl A EEERCRNY, 241k, BN
Jooe 5 R NE R T A 7™ T 20,

] PR X E gt TR RS AR 1) 5 R B MR 9%
BT HOR TG, (HARAA X H R S A T
PERURISE, AN. FERRE S5 0 T EA WE ot T e
EHEY/ B el C R S (E R A Cp =073 5
(1000 mg/L) T AGRR . WE T 1# e S5 i
AWMyt aE R, RELFEPERT 54
N-(1,4 JCFG M me 35 )- K ke Ak &9, (B
TEPERAR; T RET-AEU G B T B0 W ok o i S
FRY, PVILAREEESREA . Bk awE
50 mg/L ¥ JE T XoF it i I v 6 B Y R A 9
P s Bk AN SR E T TR R A Y A L, et
BT EA 2-FEBE AR G, Wk e S
WE P P e 400 R RSO 260

IR R AR A 25 T K ) M — A
B R BRI & s Y B LAY R
A2 VL5 55 T I 5 ik — s Ak &
YWhE. BT RIEFRA R R, 75
Wb G YRR TE . RRUEtE . BB, RS

AL Al BERAT A A D) i ™ AR LA
WEPSE TR JHe R B, AR PR S M PR B, R
R 05 SR A e 4t e 35 s =98
FEY 6 1) 248 i AU 45 g A5 AR R . 2- S MR PR S
L, AT B e R R R, IR
T IX AL G YR 5 Bk WAB A D R
Ph, LUBITE A& Py ha ) (e AR A 7 A A9 )
I, REAS O UL ) HAT Al 00 % P PO A T e 288 5%
RS PRI

1 MREREZ%

L1 R

AT R A R X o & o br 2, I
FIAR Lol I, R = —
AR AR KT
1.2 ftlE

AT LR R BRI (Fusari-
um oxysporum) F K E % & (Botrytis cinerea) Hi
=AM R A Y PR 2B fo] H FR B4R 4tt ; 7F
AL (Pyricularia oryzae) Mz m AV KA Y)
TRy B 2E s B STAT 22T (Rhizoc-
tonia solani) H 2 B4 ANV Bl B b P58 75 PR At
ST B DAY LA s iR AR FL TR (Alternaria
solani) 2= R ARV K27 2 B A8 AEL ) PR A S 56
ORI
1.3 k575
1.3.1 HHUBRL

HEr LR & s & i#l 1 .
1.3.2 ik K H b &9 & L

HRIA 2 BB e PRI 2.2 mmol 9 2-50 AR
R 1(SXARR) IAE] 10 mL MBI, A 3 mL
AR, INERE 79 °C I 4 h, W 2R ER
EEAERAGEEK 2, e EY 2 HiERT
TR

Hiztbk&W 3 &M : 0°CT, BHikaw
2T 4 mL M ICK ZE P bER, 8 InA
0.6 mL =%, FHT VKA FHi+E 2 min, #f 2 mmol
PRI A BN SO, R RS 2 he B
SRR 10 mL g oKkoR ek Bz, 5
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a: R;=-Cl, R,=-2-F; b: R,=-Cl, R,=-3-F; ¢: R,=-Cl, R,=-4-F; d: R,=-Cl, R,=-2-CF3;
e: R,=-Cl, R, =3-CF3; f R,=-H, R,=2-CF3; g: R,=-H, R, =-3-CF3.

1 BfRtEY3a~3g MEmMEL
Fig. 1 Synthetic route for the preparation of compound 3a-3g

AR HirE &Y 3.
1.3.3 LaEMait e

ARG 3a~3g I TASH%SE, 'THNMR |
BC NMR %4 i BRUKER ASCEND/AVANCE 111
500JEOL-500 MHz #% i 3% 4% 1% (TMS A P 45
CDCly ) Mg 5 &7 BBt 56 [ Thermo
Fisher Scientific 2% F] ) TSQ Endura {3 .

HArfb &9 3a~3g) BFALEAE NN . N-2'-
TR - 2- G BE I (3a): @A, 772 86%,
M.p. 138.6~139.7 °C, '"H NMR (500 MHz, CDCly),
0: 8.56 (s, 1H, NH), 8.54 (d, J= 7.4 Hz, 1H, pyridyl-
H), 8.45 (t, J = 7.9 Hz, 1H, pyridyl-H), 8.25 (d, J =
7.5 Hz, 1H, pyridyl-H), 7.42 (m, 1H, Ar-H), 7.20 (m,
1H, Ar-H), 7.16 (d, J = 7.4 Hz, 2H, Ar-H). "C NMR
(125 MHz, CDCly), 6: 162.8, 151.5, 147.1, 140.31,
130.8, 125.3, 125.3, 124.8, 122.9, 122.0, 112.1,
114.9. HRMS (ESI): m/z [M+H]" caled. C;,Hy
CIFN,0: 251.038 7; found: 251.038 3.

N-3'-JRATE-2- S (3b): P14, 7
K 90%, M.p.85.4~86.5 °C, '"H NMR (500 MHz,
CDCly), 6: 8.52 (s, 1H, pyridyl-H), 8.32 (s, |H, NH),
8.18 (m, 1H, pyridyl-H), 7.63 (d, J = 10.4 Hz,
pyridyl-H), 7.41 (t, J = 6.5 Hz, 1H, Ar-H), 7.34 (m,
1H, Ar-H), 7.27 (s, 1H, Ar-H), 6.91 (t, J = 8.2 Hz,
1H, Ar-H). "C NMR (125 MHz, CDCly), 5: 164.0,
162.9, 151.5, 146.9, 140.09, 130.4, 130.3, 123.0,
115.5, 112.1, 111.9, 107.9, 107.8. HRMS (ESI): m/z
[M+H]™ caled. C,,HyCIFN,O: 251.038 7; found:
251.038 4.

N-4'-FARHE 2GR G (Be): TR B A
77 % 85%, M.p. 103.0~104.2 °C, 'H NMR (500
MHz, CDCl;), o: 8.51 (s, 1H, pyridyl-H), 8.23 (s,

IH, NH), 8.19 (d, J = 7.4 Hz, 1H, pyridyl-H),
7.61(m, 2H, Ar-H), 7.39 (m, 1H, pyridyl-H), 7.09 (t,
J=17.9 Hz, 2H, Ar-H). °C NMR (125 MHz, CDCl,),
0: 162.6, 160.9, 151.4, 146.9, 140.1, 140.0, 133.1,
131.2, 1229, 122.3, 122.2, 116.1, 115.9. HRMS
(ESI): m/z [M+H]" calcd. C;,HyCIFN,O: 251.038 7;
found: 251.038 4.

N-2'-(Z R 3 ) R 2- G ERG (3d): TR
o [k, 73R 74%, M.p.130.8~132.6 C, 'H
NMR (500 MHz, CDCl,), 6: 8.34 (d, J= 4.5 Hz, 2H,
pyridyl-H), 7.80 (s, 1H, NH), 7.78 (t, /= 8.2 Hz, 1H,
Ar-H), 7.68 (t, J = 8.5 Hz, 1H, pyridyl-H), 7.65 (t, J =
8.0 Hz, 1H, Ar-H), 7.55 (t, J = 7.5 Hz, 1H, Ar-H),
7.24 (t,J = 7.3 Hz, 1H, Ar-H). "C NMR (125 MHz,
CDCly), o: 166.9, 150.9, 147.1, 136.7, 133.6, 131.7,
130.9, 130.3, 127.9, 121.9. HRMS (ESI): m/z
[M+H]" caled. C;3H¢CIF;N,0: 301.035 6; found:
301.035 6.

N-3'-( 3 ) R 2- G B (3e): I
A, 773 75%, M.p. 117.7~119.4 °C, '"H NMR
(500 MHz, CDCly), o: 8.53 (d, J = 4.4 Hz, 1H,
pyridyl-H), 8.38 (s, 1H, NH), 8.21 (d, J = 7.6 Hz,
1H, pyridyl-H), 7.97 (s, 1H, Ar-H), 7.84 (d, J=7.9
Hz, 1H, Ar-H), 7.52 (t, J = 7.9 Hz, 1H, pyridyl-H),
7.46 (d, J=17.7 Hz, 1H, Ar-H), 7.42 (m, 1H, Ar-H).
"C NMR (125 MHz, CDCly), 6: 162.7, 151.7, 146.9,
140.2, 137.7, 130.8, 129.8, 123.3, 123.1, 121.9,
117.0. HRMS (ESI): m/z [M+H]
C,3HyCIF;N,0: 301.035 6; found: 301.035 5.

N-2'-(= R I ZRBL- MG (36): IR (Al
&, 773 86%, M.p.86.2~87.9 °C, '"H NMR (500
MHz, CDCly), o: 9.12 (s, 1H, pyridyl-H), 8.83 (d,

caled.
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1H, J = 4.6 Hz, pyridyl-H), 8.37 (d, /= 8.1 Hz, 1H,
pyridyl-H), 8.20 (d, J = 7.4 Hz, 1H, Ar-H), 8.19 (s,
1H, NH), 7.69 (d, J = 7.8 Hz, 1H, Ar-H), 7.64 (t,J =
7.8 Hz, 1H, pyridyl-H), 7.48 (t, 1H, Ar-H), 7.32 (t, J=
7.6 Hz, 1H, Ar-H). "C NMR (125 MHz, CDCL,), 6:
163.7, 153.0, 148.1, 135.1, 134.9, 133.1, 130.0,
126.3, 126.3, 125.1, 124.6, 123.8. HRMS (ESI): m/z
[M+H]" caled. C,3H;(F;N,0O: 267.074 5; found:
267.073 8.

N-3'-(= 9P 3 ) L -JA e (3g): H Al
&, 773 82%, M.p.148.2~149.6 °C, 'H NMR
(500 MHz, CDCly), d: 9.11 (s, 1H, pyridyl-H), 8.79
(s, 1H, pyridyl-H), 8.22 (d, J = 7.8 Hz, 1H, pyridyl-
H), 8.12 (s, 1H, NH), 7.96 (s, 1H, Ar-H), 7.87 (d, J =
8.0 Hz, 1H, Ar-H), 7.52 (t, J = 7.4 Hz, 1H, pyridyl-
H), 746 (m, 2H, Ar-H). "C NMR (125 MHz,
CDCly), o: 164.0, 152.8, 147.8, 147.6, 135.4, 134.1,
130.3, 129.8, 123.8, 123.5, 121.6, 117.2. HRMS
(ESI): m/z [M+H]" caled. C3H,(F;N,0: 267.074 5;
found: 267.073 5.

1.3.4 JRRRE PR E

R PR 22 4 KRR AT A & D R s
PRI IS PRI E o B Bk 7 M Epiife &9 —
E B Y N IR A, NS P R A Y i I -80 5
AYJE KR 78 /K BC il 7 2R 2 e B 1Ak S 5L
M, TF PDA RFRILAHIE 45 C BF, HLAY
FLBMBARTR SRR AR TR 19 iy, Kb d
YL in 2= PDA Bi3edkrh, FEMRAIEH 2
HAEH 9 em SR PDA 75 254, %5
PR HR 3 5 5 0 A 55 A 3 355 7 R 2w 1) DN LR
1-80.

W 22 TG % 0 A 4 it T R 9 T T N AR
5 mm HFTFLaS PR DE, 23R B & E Y
HUXT IR PDA 55 5 56l |, BpAabBESE 31K,
HEOCRE SR . Horp, FEALEE (P. oryzae). JKA %
L (B. cinerea). HitEFHIE (4. sonali) FIIHk
TR (F. oxysporum) BIIEFERIE R 26 C; Ak2Z
R (R. solani) WIEFRIREZ N 28 Co Ffas X
A PR TR v AR A AR 3/4 I, DL AE Xk
MR AR, PP EARKRER S Y
X i B 22 AR IR R . AR AL S RO
X EE RN MR ST MTH 70y, PEA
B PRI P

1.3.5 HE st

1 SPSS 22 ¥ 4fs b FRAR A X 4 Ak B B4
%k 4 Student-Newman-Keuls 6 % 75 17 B[] AN-
OVA 7 #r, TFH b3 ] 1% 22 57 5 25 1 N o 42 (1]
BT -

2 RGN

2.1 B

PLGEIARR (IfR) s )5kt 556
DNAFEHBES 2, (LAY 2 FERMMELAMT (&
Jiie) 5 A i B I A 3 S It e 3
2.2 HIEEENE

WA BB TG PR R 2 SR I . AR A R
B R PG B 25k B W06 SRR FELTRT (F. oxysporum) 45
S PP EZAYIRIR A 22K, A SRR
H AR, HoAr X%} R, solani F1 B. cinerea W)
EIEHER . tEW) 3a. 3b il 3e XF R. solani Fll
B. cinere I R AR E G (K 2) o tbEW
3b Fl 3e 1£ 50 ug/mL X} R. solani [ 224 KA
KT 90%, HALRAFZ I 7 i Ak 10 2% TR 7 0 ok
B, LA 3b7E 50 pg/mL JF U R X B
cinerea WITH 22 " K AN N 72.29%, A WY
TS Y Xt B. cinerea 1V TE M % & ) — >
&Y, MHEMN SEB R, 58—
#H,

A 3 X H ARG A 1A T A5 0 R T R e )
POBATEE AT LA IR FE DR B W T A1 e 110 37 42 35k ]
3-MEBE R ATEE T, SIAS RN A k155
WE Tt 08 1 10 TR O M AR S e B . BVIACE R
(F 1), R BURENEILEY) 3d Fl 3e) = T
BARAIALAY 3F Al 3g), S RmBUREMLEDR
IEIEME 3b>3a>3c, & =S SBUCIL LAY
FOIN TR T 3e>3d, 3g>3f, ZWIEMBOER T
AT 2~ T 245 ) 2 AR e e 25 Ak 5 410 B 1 0
PERLH , BRI AR BRI A s e o

XFFE 50 pg/mL FT v B N iSRG
Yy 3a. 3b Fl 3e AT 1 AN o it e FE AR 04 IR
T E . %2 KW R 3 MMEEWXT R so-
lani M1 B. cinerea W) W& 22 M < Y5 45 8¢ 4f 410 ) %
P, HARCR 5 06 R 2459 W e B B P e P,
hAk &) 3a 1 3e XF R. solani ) ECs, 1543 51 R
12.63 pg/mL F1 13.99 ug/mL, L&) 3b %t R. so-
lani (%) ECso fH 5 TALA W) 3a, A HAE & Tk
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R.solani

B.cinerea

boscalid RE: 3 (50 pg/mL)

2 LAY 3a. 3b. 3e 7 50 pg/mL FRERE T3 2 MR EEE 2% KAIHIEER
Fig. 2 Antifungal effect of compound 3a, 3b and 3e against R. solani and B. cinerea at 50 pg/mL

®1 WA 50 pg/mL FRERE T 5 MEYRR BRI HNEEME

Tab. 1 In vitro antifungal activity of compounds against pathogenic fungi at 50 ng/mL

17 #2/% inhibition rate

{44 compounds R, R,

R. solani F. oxysporum B. cinerea A. solani P. oryzae
3a —Cl —2-F 84.88+1.22 b —2.75+6.87 be 68.39£0.28 ¢ 7.13£5.36 be 6.42+0.48 ¢
3b —Cl -3-F 93.98+2.46 a 18.18+13.41 ab  72.29+0.59 b 15.35+6.69 ab 13.3240.19d
3¢ —Cl —4-F 70.6443.08 ¢ 13.55+9.19 abc ~ 48.85+1.43 f 5.23+3.27 be 5.94+1.29 ¢
3d —Cl —2-CF; 25714342 ¢ 35.11+0.93 a 31.24+2.86 g 19.844+4.08 a 39.714+0.06 b
3e —Cl —3-CF; 90.13+6.07 ab 12.12+5.74 abc ~ 55.50+1.80 d 16.08+3.24 ab 15.6941.12 cd
3f -H —2-CF; 10.88+5.48 f —7.18+4.11 ¢ 11.48+1.73 h —2.06+4.41 ¢ 2.49+0.76 £
3g -H —3-CF; 55.14+0.21d 19.11+4.39 ab 33.78+1.16 g 25.29+2.70 a 60.2942.52 a

W 9 % boscalid 98.58+0.55 a 34.09+£7.17 a 89.88+0.42 a 23.71£0.99 a 17.12+0.28 ¢

E: FFPAFRAAFRORTE P=0.05 KPR 75

Note: Different letters within a column mean significant difference at 0.05 levels.

R2 AR 2 MEYRRENSHEITHIERN ECs, &

Tab.2 Regression equation and ECs, value of compounds

AW compounds SEFRE pathogens [1]J9 75 F2 regression equation ECsy/(mg-L™") 95% 18 f5/(mg-L™)
R. solani 1=1.747x-1.924 12.63 10.32~15.00
. B. cinerea y=2.875x—4.548 38.20 34.12~42.99
R. solani y=2.977x-3.822 19.21 7.94~30.04
3 B. cinerea y=2.831x—4.447 37.21 27.68~51.85
R. solani =2.593x-2.971 13.99 12.24~15.82
3 B. cinerea y=1.964x-3.011 34.12 20.66~66.13
e 1% boscalid R. solani y=1.925x—1.668 7.36 1.45~12.56
B. cinerea y=2.597x-3.200 17.07 11.12~24.59

FEWIXT R. solani (ANHIZCRN & TACED) 3a. & S IIRTEHEIE, e TR TS R 1k
WX FE, 3 MEEWXT R. solani BTG PEX & AW 3a, 3bFl3e, X 3 MMLEYIHEER SR

FXt B. cinerea BN TEE . XFSTAG 22 K (R. solani) FJK 5594 & (B. cinerea)

3 i P ELA S I G YR . B A R B 2-5U

WA AL G, A TENS PRI s T Ak S

AR E T 7 mOHEER R &Y, Yy, A &P ARRET o U], XS
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PR 22 58 2 (P>0.05), )5 HEM 2-5 A
P 2 A) 2 M B i 288 1 45 0 400 T 0% A T 0 5 110
Ao R TE L LA & S KR IR 2 Ak & ) e
Wk TR e B 2R, B I T R Y A [ ) 24 %L
VAT, DR T ) R - W TR T Y 194 400 BV T S A A [
S ML BE ARG Q ik BRI R, M
5 WE T A e B HE AR LR A TR A o

VLA, BE A WE S P e e v ) 4 AR DR 19 i)
SO, WE I AR ) A S L P 5 R
PRI 25T 1) — IS 3 S It P e 2 ()
() JSURIE S S4) S 7 O B 0 T T g 1 e AT ) e
b XHIE T, A U E A
L X BEFEANTG] , ABITTETE LR B I T 1R e it i F
PREGSFIRY AR |, 8 S & WA R, SIS
EEW RN W G TN e e BN
FEE AL E AT, W G BUP BRI
AL, YR By Taife, &6 Tk,

08 3 B e 288 A5 0 ) TS B A T 1 PR AT
58, WSS T 3a, 3b Fl3eiX 3 MEEHfA A H
MEEER &SNS, HX R solani F1 B.
cinerea WA 22K BABAFIMGIRCR, AIBTE
PN E . FEdE— 2 rytseh, WEEES D
GRS Y ZEA B b, RPN R E [F]
I IAIRECE = A, B i By & S
MR Ab5, DI RE SR BCEA B 4400 o 16 PR 1Y)
waEY.
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