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3,3- A E-1- (L 0E-3-5)- T -2-Fa s Bs Y & B R M & 1
3&%3%% ’ gﬁ Ul’b “ ﬁIJ B e % ﬁ*,a

(R KA SRR 22 R % 271018)
CUFRA R FARF AT B 2% 271018)

FE LL3-FERNLNE . ReR OBE. BRI BRI RSN R RL, S ISAGRIERIL R B, S RLT 12 MR By
3,3- I -3-38)- T -2-BAfGES. %07 RN A ELRIE AN . R . (LA SEEE IR 'H NMR. °C NMR
A HTHRIE. SR B 22 A4 K SR T B ARk A % B9 Rl i B 6 S AR i 5 1, O-(4-TR A H R 35)-3,3- =
FE-1-(EE-3-58)- T -2-FIE Bh) AT O-(4-50 2K FRBEIL)-3,3- — AR k- 1 (MR g -3-3)- T -2- i 5 (3j) b 181 4% 181 e 5 B 40 1) 3%
P, ECso {45124 5.07 1 4.81 pg/mL; 3h. 3j Fl O-(3,4- SR H I 55)-3,3- = F - 1- (b e -3-2%)-T-2- B Q)X K&
B R R S, ECso {65 414 4.98, 5.44 Fl1 6.34 ug/mL.
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Synthesis of Novel 3,3-Dimethyl-1-(pyridin-3-yl)butan-2-one Oxime
Esters and Evaluation of Their Antifungal Activity

Zan, Ningning” Zhang, Yulei” Zhang, Shuai’ Liu, Si Jiang, Lin™“
(“ College of Chemistry and Material Science, Shandong Agricultural University, Taian 271018)
(¢ College of Water Conservancy and Civil Engineering, Shandong Agricultural University, Taian 271018)

Abstract A series of novel pyridine derivatives containing oxime esters have been synthesized from 3-methylpyridine, ethyl
pivalate, hydroxylamine hydrochloride and substituted benzoic acid by addition, oximization and esterification reactions,
which has the advantages of moderate reaction condition and high yield. Their structures were elucidated by IR, 'H NMR, "*C
NMR and elemental analysis. Moreover, the target compounds were evaluated for their antifungal activity against two plant
pathogens by the mycelium growth rate method. The results indicated that O-(4-bromobenzoyl)-3,3-dimethyl-1-(pyridin-3-
yl)butan-2-one oxime (3h) and O-(4-chlorobenzoyl)-3,3-dimethyl-1-(pyridin-3-yl)butan-2-one oxime (3j) exhibited strong
antifungal activity against S. sclerotiorum with ECs, values of 5.07 and 4.81 pg/mL, and 3h, 3j and O-(3,4-dichlorobenzoyl)-
3,3-dimethyl-1-(pyridin-3-yl)butan-2-one oxime (31) displayed high antifungal activity against B. cinerea with ECsyvalues of
4.98, 5.44 and 6.34 pg/mL, respectively.

Keywords pyridine; ketones; oxime; carboxylic acids; synthesis design; antifungal activity
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PR A R I AR FH, 550 24 77 60 R 14 AH 2.
BT, BRI R NS, WA T 6 Mg ak
IR 5 s, He 4 Mk &5 N E R BRI
SERE LA PSS A REE R R AR
P 1R B e 25 M IS B SRA A, AR SCARE B 5 R 2
&Y, FEG = MR =B 45, WAk
712 PP R B 3,3- - - (M mE -39 ) T -2- i /i
li6(3a~31), FEAILMR T B AR &0 K5 B %
P A, it 8% W Scheme 1.

R 1 Hisfb st ik

Scheme 1 Design strategy of the target compounds
1 GHBR5TR
1.1 ERE5HKE

3- FJE ML g 7E s R — = N B Z L L (LDAYE ] R %
A 3-mbne R, J5 38 SRR OB R AR R 3,3-
B - -3-38)- T -2-F (1), 1 ZEfMEN b 5 E R
FR M S A B AARR 5 (2). f ., BTG S BUCR
[R1E DCC/HOBt /£~ B4 & A Bintb &4 3(&
RS2 W, Scheme 2). 7EMERE LA i) £ H, SCHR R
T8 SN R —30~—78 CIPL (HRAEARSIK T,
BATRIVEE T ETFE —10~—15C, s gy
. A, ARG 5 IR R /E DCC/HOBL fi1k
TNHEZA R EVGED), WELE 90%~95% 2 [].

£ 'HNMR i, {b22008% 6 75 1.25~1.31 Z[alf
FAUEARCT e B R BRI, O 7E 3.89~3.93
(1) R U S 5 M g PR R V0 R R SR TR o, T AR ARG
WEIA B 7 SE IR L BLAE 0 6.87~8.54 4b. PC
NMR H, BRIE LRI BIAE 6 171.8~172.9 Ak, 4
THERIE S HIAE 5 38 M. IR i, £ 1746~
1758 cm™ ' 2 [A] fy i 0g A IS Bk 3 AR 4R R 3, 1T 1605~
1622 em™ ' AbF AR5 B (6 8 T C=N Al C=C 14z
3l), FElEdE N—O—C W 4adRahU A T 1241~1286
cm ' ZJi).
1.2 MEEMS

M 1 AT W, HErb &% 3h Al 3j X HE A% A Bk
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CHjy

X LDA A
| ~ 0 | —
N 10 ~-15°C N usl
W NH,OHHCI X i
—_—
— N
N/ o) Py, reflux N “OH
1 2
(0]
/| OH | N |
R—Z _ N
N 0

DCC/HOBY, r.t. OéLWIEE}R
%
3a~3l

B2 HERLA 3a~31 4

Scheme 2 Synthetic route for the target compounds 3a~3l
FIAMHITENE, ECso [ %IN 5.07 F1 4.81 pg/mL, HigdE
A5 i T 7 A R B 7R = PR BRH(BECsp=11.69 pg/mL), {H
KT A EEECsy=3.52 pg/mL). 5—J71, 3h Al 3j %t
IREE W TN RAFAHIE T, BECso (5358 4.98 F
5.44 pg/mL, HIEMES T HHIE(ECs=6.28 pg/mL); 31
XK B B A = I HE P, ECso fEA 6.34 pg/mlL,
RGNS G #IEHAL; X=MeAEmrEtE s+ =
MR (EC50=10.41 pg/mL).

I A SRS 1, R IRIE o AR EE 1
KRN B XS VA B3 . BUREE AL T 2R
B, A (040 B v P o T A AR A B R A 1 A8k (1
U1 3b~3d, 3e~3g Al 3i~3j). MIAKE, KHFRMIEH
Cl 8¢ Br JE-7 14 &) BAT B i 400 s 12k

2 i

DL 3-FHIEMENE . RFIRIR OHE. EhIREZ A IR ZE
RGN EARL, Sk, T Fts S =0 RN, SR T
12 PRI 3,3- = B k- - (g -3-38) - T -2- B fi5Hs. %
TN S LR AT . R . K T H btk S0t
BRRZ TR K TR T B R P, SR A LX) T A% B A
IR VA B =T A B, I e B AR TR T
BERAL S BTE. AR T B S %,

3 LIRS
31 UEE5ERHF

IR A A IRA T X-5 F5%5 BB S E A

(B EH AR IE); Z[E Nicolet 380 FU{H B A 41 4h

AL (KBr JE Fri); 32 [E Mercury Plus-400 %4 K% i SL R
(CDCl3 A, TMS NN FR); {8 [E Elementar 24 & Vario
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R1 ALEY) 3a~31 FIHIEETE T
Table 1 Antifungal activity for the target compounds 3a~31

ECs"/(ngsmL ")

S. sclerotiorum

B. cinerea

Compd. R
3a H
3b 2-CH;
3¢ 3-CH;
3d 4-CH;
3e 2-CH;0
3f 3-CH;0
3g 4-CH;0
3h 4-Br
3i 2-Cl
3j 4-Cl
3k 2,4-Cl
31 3,4-Cl
Triadimefon
Chlorothalonil

24.62 (18.82~32.20)
42.09 (34.88~50.80)
18.83 (16.91~20.95)
15.77 (15.18~16.39)
62.02 (59.00~65.19)
25.13 (20.85~30.29)
11.89 (11.15~12.69)
5.07 (4.31~5.98)
43.80 (32.69~58.68)
4.81 (3.87~5.97)
25.80 (21.91~30.37)
9.51 (7.19~12.60)
11.69 (10.85~12.61)
3.52 (2.63~4.90)

64.59 (51.91~80.35)
46.44 (43.61~49.43)
37.74 (31.08~45.83)
8.00 (6.99~9.17)
71.78 (64.60~79.76)
67.13 (62.18~72.46)
35.32 (34.09~36.59)
4.98 (4.55~5.44)
52.51 (41.48~66.46)
5.4 (5.08~5.83)
46.92 (38.82~56.69)
6.34 (5.64~17.13)
10.41 (8.22~13.19)
6.28 (4.32~8.05)

“95% CL: 95% confidence interval.

EL B u R A GXZ BT g e e s 3740, W e i &
Sy M el i 4t
3.2 ZWHE
32,1 3,3-= W H-1-(evr-3-2)-T-2-BA(1) 89 & A&
TR Ny R4 36 . UKERIEAHIIG 50 mL —3ik%
o, BN R LA LA (10 mL, 2 moleL ™! Pike/IUE
BRI/ ARV W), FriREMRE —10~—15°C, HREHHE
IR A N 3-F EIERE(1.88 g, 20 mmol), 4k4k
PEFE 1 h TEUGIRE T R HINEE R 48 (2.60 g, 20
mmol) 5, FZEER, H¥RMIEEGYE TS RN
(300 W) 30 min, JH/K(10 mL)# KR, H 28R
LPEHEEL(20 mL X 2). AHUAHATEK NapSO, T4, 8T
WA FIAFHL =Y. LAl OFR CBR(V V=3 1)A
VeBisR), RERRAE ENT T AL S B & 1, FRTE A
R, 773 85%. 'H NMR(CDCls, 400 MHz) d: 1.30 [s,
9H, C(CHs);], 3.81 (s, 2H, CH,), 7.24~7.27 (m, 1H,
Py-H), 7.54 (d, J=4.0 Hz, 1H, Py-H), 8.41 (s, 1H, Py-H),
8.55 (d, J=4.0 Hz, 1H, Py-H); IR (KBr) v: 2954, 1689
cm . Anal. caled for C;;H;sNO: C 74.54, H 8.53, N 7.90;
found C 74.46, H 8.34, N 7.87.
322 33-=F H-1-(vr-3- )T -2-B05 (2) 89 & %,
25 mL B IMALEY 1 (1.77 g, 10 mmol). EhR
$214(0.70 g, 10 mmol) A1 3 mL MEIE. K MR A E T
SOCHI/KM MR 3 h, [N TEHE, JhJEZ&RRIENE,
WAV O CBEHREL(20 mL), Jo/K Na,SO, T4, it
AR, AR BT AL A LR L B
V:iv=s5:1D] BEE 2. AMEE, 77K 89%. m.p.
121.2~122.3 ‘C; "H NMR (CDCls, 400 MHz) 6: 1.13 [s,
9H, C(CHs)], 3.79 (s, 2H, CH,), 7.20~8.53 (m, 4H,
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Py-H), 9.15 (s, 1H, OH); IR (KBr) v: 3170, 1636 cm .
Anal. calcd for C;oH»»N,O,: C 68.72, H 8.39, N 14.57;
found C 68.46, H 8.24, N 14.87.

323 BiRASY 3,3-=F H-1-(reug-3- )T -2-80
J5 5 (3) 8 Ak

25 mL B F IINEIAG 2 (0.59 g, 3 mmol). HUALHE
FER(3 mmol), Al 10 mL T =& Feid g, S5
AN EFER I Z(DCC, 0.62 g, 3 mmol)Fl 1-¥2FE2
- =W(HOB, 0.41 g, 3 mmol). N IE AW E IR FHtHE
2 h. JRPigEEe, I ERR R, JEITE IR ).
CLA B/ 2R B (V - V=3 © 1) REEIRF, KRR
HrifA7 4t 453 B Antb 54 3a~31.

O-7K F ik 3 -3, 3- — FF 3L -1 - (M g -3-38)-1 -2- i fi5
(3a): FAEAER, 773 91%. m.p. 79.8~80.5 ‘C; 'H NMR
(400 MHz, CDCly) 8: 1.29 [s, 9H, C(CHs);], 3.94 (s, 2H,
CH,), 7.21~7.75 (m, 7H, Py-H+Ph-H), 8.47 (d, J=3.6
Hz, 1H, Py-H), 8.55 (s, 1H, Py-H); °*C NMR (100 MHz,
CDCly) 6: 172.3, 163.6, 149.6, 147.9, 135.1, 133.2, 131.7,
129.3, 128.8, 128.5, 123.6, 38.9, 30.5, 27.8; IR (KBr) v:
1739, 1615, 1248 cm !, Anal. caled for CsHyoN,0,: C
72.95, H 6.80, N 9.45; found C 72.85, H 6.85, N 9.75.

O-(2- 1 FE 7% F I 36 )-3,3- — FR k-1 - (b e -3-38) -1 -
2-Ff5(3b): R EHIRY), 2 94%. [n]h 1.5728. 'H
NMR (400 MHz, CDCL3) 8: 1.29 [s, 9H, C(CHs)5], 2.54 (s,
3H, CH3), 3.90 (s, 2H, CH,), 7.07~7.49 (m, 6H, Py-H+
Ph-H), 8.47 (d, J=3.2 Hz, 1H, Py-H), 8.51 (s, 1H, Py-H);
3C NMR (100 MHz, CDCly) d: 171.9, 164.4, 149.5, 147.7,
140.7, 135.3, 132.2, 131.8, 131.7, 129.8, 128.0, 125.7,
123.6, 38.8, 30.6, 27.9, 21.5; IR (KBr) v: 1741, 1615, 1245
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em ', Anal. caled for CjoH»nN,O,: C 73.52, H 7.14, N
9.03; found C 73.36, H 7.24, N 8.82.

O-(3- FH FL 8 F R 6 )-3,3- — H - 1-(HE g -3- 3% )- T -
2-Fif5(3¢): AEFEE, 23 90%. mp. 62.2~62.8 C;
'H NMR (400 MHz, CDCl;) d: 1.30 [s, 9H, C(CH3)3], 2.30
(s, 3H, CH3), 3.93 (s, 2H, CH,), 7.20~7.52 (m, 6H, Py-
H+Ph-H), 8.48 (d, J=3.2 Hz, 1H, Py-H), 8.55 (s, 1H,
Py-H); “C NMR (100 MHz, CDCly) d: 172.1, 163.8,
149.5, 147.8, 138.3, 135.1, 134.0, 131.8, 129.9, 128.7,
128.4, 126.5, 123.6, 38.9, 30.6, 27.8, 21.2; IR (KBr) v:
1741, 1615, 1265 cm !, Anal. caled for C1oH»N,0,: C
73.52, H 7.14, N 9.03; found C 73.61, H 7.25, N 9.15.

O-(4- F FL 8 F R 6 )-3,3- — H - 1- (M g -3- %)~ T -
2-FifE(3d): FEE A, 772 93%. mp. 99.7~100.5 C;
'H NMR (400 MHz, CDCl;) d: 1.29 [s, 9H, C(CH3)3], 2.36
(s, 3H, CH3), 3.92 (s, 2H, CH,), 7.13~7.63 (m, 6H, Py-H
+Ph-H), 847 (d, J=3.2 Hz, 1H, Py-H), 8.55 (s, 1H,
Py-H); “C NMR (100 MHz, CDCly) d: 172.0, 163.7,
149.5, 147.8, 144.0, 135.1, 131.8, 129.4, 129.2, 125.9,
123.6, 38.8, 30.5, 27.8, 21.7; IR (KBr) v: 1731, 1610, 1261
em ', Anal. caled for CjoH»N,O,: C 73.52, H 7.14, N
9.03; found C 73.46, H 7.34, N 8.87.

O-(2- F 48 2 2K F B 3L )-3,3- — R - 1- (kb e -3- 3 ) -
T -2-Fd 5 (3e): H AR, 73 92%. mp. 56.2 ~
56.8 ‘C; 'H NMR (400 MHz, CDCl3) J: 1.25 [s, 9H,
C(CH,);], 3.62 (s, 3H, OCHj3), 3.92 (s, 2H, CH,), 6.87~
7.61 (m, 6H, Py-H-+Ph-H), 8.45 (d, J=4.4 Hz, 1H, Py-H),
8.52 (s, 1H, Py-H); *C NMR (100 MHz, CDCl5) §: 172.1,
164.2, 158.8, 149.8, 147.7, 135.5, 133.8, 131.9, 123.4,
120.2, 118.8, 111.7, 110.0, 55.5, 38.8, 30.6, 28.0; IR (KBr)
v: 1738, 1615, 1286 cm . Anal. calcd for CioH»,N,05: C
69.92, H 6.79, N 8.58; found C 69.75, H 6.62, N 8.64.

O-(3- F 48 2 2K F B 3L )-3,3- — R k- 1- (b e -3- 3 ) -
T-2-F 5 36): A B E AR, P 92%. mp. 49.7 ~
50.8 ‘C; 'H NMR (400 MHz, CDCl3) J: 1.29 [s, 9H,
C(CHs);], 3.71 (s, 3H, OCHj3), 3.93 (s, 2H, CH,), 7.03~
7.48 (m, 6H, Py-H-+Ph-H), 8.46 (d, J=4.8 Hz, 1H, Py-H),
8.54 (s, 1H, Py-H); *C NMR (100 MHz, CDCl5) §: 172.2,
163.5, 159.5, 149.5, 147.9, 135.0, 131.6, 130.1, 129.5,
123.6, 121.7, 119.8, 113.7, 55.3, 38.9, 30.5, 27.8; IR (KBr)
v: 1743, 1615, 1272 cm™". Anal. caled for CjoH2N,05: C
69.92, H 6.79, N 8.58; found C 69.74, H 6. 70, N 8.44%.

O-(4- F 58 2 2K F R 3L )-3,3- — R Sk - 1- (kb e -3- 36 ) -
T -2-W f5 (3g): A AR, P 92%. mp. 58.5~
60.1 ‘C; '"H NMR (400 MHz, CDCl3) J: 1.28 [s, 9H,

2770 http://sioc-journal.cn/
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C(CH3)3], 3.82 (s, 3H, CH3), 3.92 (s, 2H, CH,), 6.81~7.70
(m, 6H, Py- H~+Ph-H), 8.47 (d, J=3.6 Hz, 1H, Py-H),
8.55 (s, 1H, Py-H); *C NMR (100 MHz, CDCl3) ¢: 171.8,
163.5, 163.4, 149.6, 147.8, 135.1, 131.9, 131.4, 123.6,
121.0, 113.7, 55.4, 38.8, 30.5, 27.8; IR (KBr) v: 1739,
1605, 1251 cm™ ', Anal. caled for C;oHp»N,O5: C 69.92, H
6.79, N 8.58; found C 69.66, H 6.53, N 8.64.

O-(4- 1R F I 36)-3,3- — A - 1-(ME e -3- 38 ) -1 -2-
M fi=(3h): 7R AR, 2% 91%. mp. 88.2~89.6 C;
'H NMR (400 MHz, CDCL3) d: 1.29 [s, 9H, C(CH3)s], 3.91
(s, 2H, CH,), 7.21~7.56 (m, 6H, Py-H+Ph-H), 8.48 (d,
J=3.2 Hz, 1H, Py-H), 8.53 (s, 1H, Py-H); *C NMR (100
MHz, CDCLy) d: 172.5, 163.0, 149.5, 148.0, 135.0, 131.9,
131.6, 130.8, 128.4, 127.7, 123.6, 38.9, 30.6, 27.8; IR
(KBr): 1746, 1621, 1248 cm . Anal. calced for CgH;9Br-
N,O,: C 57.61, H 5.10, N 7.47; found C 57.43, H 5.12, N
7.57%.

O-(2-F K I 2E)-3,3- — F - 1-(b e -3-38) -1 -2-
Fifi5(3i): AEEER, 775 91%. mp. 94.6~952 C; 'H
NMR (400 MHz, CDCL3) §: 1.27 [s, 9H, C(CH3)5], 3.90 (s,
2H, CH,), 7.18~7.47 (m, 6H, Py-H-+Ph-H), 8.45 (d, J=
4.8 Hz, 1H, Py-H), 8.47 (s, 1H, Py-H); *C NMR (100
MHz, CDCLy) d: 172.7, 163.2, 149.6, 147.8, 135.2, 133.2,
132.7, 131.6, 131.0, 130.9, 129.2, 126.6, 123.5, 38.9, 30.7,
27.9; IR (KBr) v: 1750, 1610, 1241 cm™". Anal. caled for
CsHoCIN,0,: C 65.35, H 5.79, N 8.47; found C 65.43, H
5.89,N 8.57.

O-(4-F R I 2E)-3,3- — F - 1-(b e -3-38) -1 -2-
fifi5(35): AEE, 723 95%. mp. 97.4~98.0 'C; 'H
NMR (400 MHz, CDCL) §: 1.30 [s, 9H, C(CH3)5], 3.93 (s,
2H, CH,), 7.21~7.64 (m, 6H, Py-H+Ph-H), 8.48 (d, J=
4.8 Hz, 1H, Py-H), 8.54 (s, 1H, Py-H); “C NMR (100
MHz, CDCLy) d: 172.5, 162.8, 149.5, 147.9, 139.7, 135.0,
131.6, 130.7, 128.9, 127.2, 123.6, 38.9, 30.6, 27.8; IR
(KBr) v: 1746, 1622, 1249 cm . Anal. caled for CsH;oClI-
N,O,: C 65.35, H 5.79, N 8.47; found C 65.46, H 5.43, N
5.87.

O-(2,4- R K FEFL)-3,3- - F L -1k g -3- 3 )~
T2-f53K): iRy, MR 93%. [n]b 1.5796.
'H NMR (400 MHz, CDCl5) d: 1.28 [s, 9H, C(CH;);], 3.89
(s, 2H, CH,), 7.19~7.45 (m, 5H, Py-H+Ph-H), 8.47 (s,
2H, Py-H); “C NMR (100 MHz, CDCl;) d: 172.9, 162.3,
149.4, 147.8, 138.5, 135.3, 134.5, 132.1, 131.6, 130.8,
127.4, 127.1, 123.6, 39.0, 30.8, 28.0; IR (KBr) v: 1758,
1623, 1267 cm™'. Anal. caled for C;5H3CILN,0,: C 59.19,
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H 4.97, N 7.67; found C 59.32, H 4.82, N 7.57.

O-(3,4- 5 2K F B 54)-3,3- = R L -1 - (kg -3- 2 ) -
T -2-W f5 @3D): A O E AR, P2 94%. mp. 96.8 ~
97.3 “C; 'H NMR (400 MHz, CDCl;) J: 1.31 [s, 9H,
C(CHs);], 3.91 (s, 2H, CHp), 7.23~7.70 (m, 5H, Py-H+
Ph-H), 8.50 (d, J/=3.6 Hz, 1H, Py-H), 8.52 (s, 1H, Py-H);
C NMR (100 MHz, CDCl;) d: 172.9, 161.7, 149.3, 148.1,
137.9, 1349, 133.0, 131.5, 131.2, 130.7, 128.6, 128.3,
123.6, 38.9, 30.7, 27.7; IR (KBr) v: 1748, 1619, 1270 cm ™
! Anal. caled for C;H;sC1LN,0,: C 59.19, H 4.97, N 7.67;
found C 59.26, H 4.73, N 7.64.
3.3 HEDEMEMR

K 22 AR AR E AR AG & P I AT T
TEPENCL AT AL (S, sclerotiorum) T 7 K 25 1# (B.
cinerea) N, 70 THREE KA L, RSk
B A KA ZALE 10%~90%3 Bl P 1 FLAN I BE AR B 1)
PDA(T# ¥~ &SRR B A 4 25 P, P E
THREFRIMA AL, K PG R ) B8 D S 12 2125 25 PR
Je, BFQ5+1) CHIFEFRMPEFR 72 b OISR
FATG T 7K 1 35 77 5 O 28 B 0T B, DU T ) = 1
(triadimefon). 1 B 75 (VU 1A K —Jf, chlorothalonil) Ay X
MRG0, AP E S 3 k. a8 ORI E TE A BAT,
BAEENE 2 R, UHAFIEAREVE DN, 1520
NARTHEAR E, 5 (DPS) K ECso
B, IR K 1.

WVEY B =W P EA - WU AR

I 2R (Yo) = O R I ¥ 9 B ELAS — AR B B 9 |

BRI Y BUEAR) X 100%.

¥ Bh# kL (Supporting Information) H#irft &4 3a~

31117 'H NMR Fil °C NMR 3% . 35X 2P Rbar LG 2k A
F1J k¥ 33t (http://sioc-journal.cn/) I N %K.
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