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2- (W2 FR LRI 2 A B0 & B 5 A S e R 5
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C o ERFERE EEA PR AR E SR R 200032)

(¢ BN ARG ST TR i 201418)
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WE A5 2K E e R A MM RS IR I, 2 miEmR T 8 A 2-(Mbe-2- I msne S b &4, 0t
FOHAT T = R BEIE I E, 25 SRR A G 5% 38 T 493 A0 38 TR B0 A TR AF (BT 3. b i Ak &4 6b IR\
i 45 FEFR B 6b X8I (IR A B I TS Aia 7 s, TS 1 1) ECso A1 ECoo 43 314 0.69 1 2.89 mg/L, ¥AIT
TP ECso Al ECoo {H 23724 0.13 F1 1.6 mg/L, 5%t BRZFIZR BRI 2. 2-5-N-{[2-(4,6- - H 5 S s g -2- FFY gk 226 Mk g -3-
FEIASE L -N-FH RO PR (6b) 2L AT 1) A% S0 PR AL IR TR AR VE L, RO 15~20 d.
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Synthesis and Bioactivity of 2-(Pyridyl-2-formyl)pyrimidine Derivatives
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Abstract Based on the structural optimization of 2-benzoyl pyrimidine derivatives, eight 2-(pyridyl-2-formyl)pyrimidine
derivatives have been specifically designed and synthesized for evaluation of their interior fungicidal activities.
2-(Pyridyl-2-formyl)pyrimidine derivatives show excellent activity against cucumber downy mildew and cucumber powdery
mildew. Among them, 2-chloro-N-{[2-(4,6-dimethoxypyrimidine-2-carbonyl)pyridin-3-yl]oxy } -N-methylbenzamide (6b) ex-
hibits comparable protective and curative activity against cucumber powdery mildew to reference Metrafenone. ECsy and ECy
of the protective activity are 0.69 and 2.89 mg/L, respectively, and those of curative activity are 0.13 and 1.6 mg/L. 6b also
shows excellent upward translocation in plants and rainfast performance. Especially, its persistent efficacy period of the pro-
tective activity against cucumber powdery mildew can last 15~20 d.

Keywords 2-(pyridyl-2-formyl)pyrimidine; synthesis; fungicidal activity
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Figure 1 Optimization of lead structure

R4 2-7K F R g e KA S M as i A i 4 2R, 3K
EREE T 8 A 2-(MEHE-2- R s nE Kb &4, B
AEMEAMZ 'H NMR, °C NMR. HRMS EfiE. =
PR A% T 9 A ) S 0 45 4R T R R T S 1 D ok R O 4
ABIEEPPAN G5 L. FEUCERRE b, X miE A ST R
T BN TEERA LR
1 ZR5He
1.1 2-(RiLnE-2- FRE £ IBIE XL SIS 5L

WEDE RIS 2 Fios. BN 51530 4,6-—
AR R -2- RN R g Ok, FE LB E I R 5 R 41
T BRI S 3, WEY) 3 7EX0 AR AL
PERIR F R [ s A 24 S 4. BB T i it
FULBE R BAGER, (&Y 4 5 2,3- 5T 2 £%
B NaH fEH N RSB SL, SR 55 i s
KEMEAFREY) 5. mIEHE 5 5AF K N-H
Fe-N-HURH Bt HE 2 i A2 NaH A F T O84S B 4 B bk
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&R EITESI (BIRIAR L AEYEVEEY SOP) |, LA
Tt TR ECT FPIA RUR & ECson ECoo fH.

—0
N
%: \>_ SOMe . NG /\H/OY NaH/DMF
—N o reflux, 24 h
—0 2 87%

1
| p-TsOH/Tol. r

- - = CN
4

reflux, 6 h
3 CN 83%
| N \ 0
N F oo N~
NoO~ HO/ R
(1) NaH/DMAc, 70 °C, 3 h | N [
(2) Hy0,, r.t, overnight =N N~ NaH/THF
41% 5 O
o R 6a: 2-MeCgH,4
Y 6b: 2-CICeH,
/N\ 6¢: 2,5-C|206H3
o 9 6d: 2,6-Cl,CgHs
X Ny O 6e: 2-Thienyl
| N N 6f: 3-Cl-thienyl-2
6g: 5-Cl-1,3-Me,-1H-pyrazole-4-
6 (ONGg 6h: 2,2-Cl,-1-Me-cyclopropyl

B 1 2-(AmE-2- Y s e A 15 WD ) 5 BREK 42
Scheme 1 Synthetic route of 2-(pyridyl-2-formyl)pyrimidine
derivatives

122 2-(wog-2-F LA ) B ANSMERNLAR
]

Wik ge g RE, HRIEWE 200 mg/L L&
Y 6b VST o B JICRE B0 A1 B3I OBy B R EF Bl A
BOR, W H R EIR AR FESURIR TE L. 6b6c X 6d =
MEEE AR BT B0 T 97856 6b 55 5 ML
PIHENSR FOB ARG (R 1). P15 25 SRR B
&40 6b. 6¢ 2 6d 1E 25 mg/L W FE N %8 I 6396 A
TR IR INEIR AN 100%, X =/ MEUAEPIE A3
JREARE S BGR B0 K R (R 2).

R BN RBE TR R
Table 1 General screening of interior fungicidal activity

© 2015 Chinese Chemical Society & SIOC, CAS

ey D%
BNES SN A BUNKEE KRS
6a 0 67 0 0
6b 100 100 0 0
6¢ 100 100 0 0
6d 100 100 0 0
Ge 0 0 0 0
6f 0 100 0 0
6g 0 100 0 0
6h 0 87 0 0
http://sioc-journal.cn/ 1343
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R NBINERIE . TR % N % RS PRI SE 56
Table 2 General screening of interior fungicidal activity against
cucumber powdery mildew and cucumber downy mildew

F4 LS 6b. 6e Al 6d X T E I K I
Table 4 Secondary screening of interior fungicidal activity
against cumber downy mildew of compounds 6b, 6¢ and 6d

WeRE/ B3 350/ %
=LY . —
(mgeL ) BN EVINEE L
100 100 100
6b 50 100 100
25 100 100
100 100 100
6¢c 50 100 100
25 100 100
100 100 100
6d 50 100 100
25 100 100
100 — 100
of 50 — 85
25 — 65
100 — 65
6g 50 — 0
25 — 0
100 — 100
2 B 50 — 100
25 — 100
100 100 100
M TR I 50 100 100
25 100 100

SR 45 R W, 6b X TN AR ECsy A
ECoo {845 54 0.69 F1 2.89 mg/L; 6¢ 1] ECso Al ECo {5 5>
51175 0.10 F10.33 mg/L; 6d [1J ECso Al ECop {H 73 514 0.011
F10.28 mg/L. 6b 52K HHiAL7E R — 517K, 6¢ F1 6d
TR R ZG IR R BT MU (R 3). 6b X5 NFE B
1 ECso F1 ECoo{H 43114 1.2 F1 14.3 mg/L; 6¢ ] ECs5o A1
ECoo 1843 %124 0.10 F1 0.89 mg/L; 6d ] ECs, F1 ECoq {H
3554 0.029 F10.21 mg/L. 6¢ A1 6d X} 3% /78 200 TG
PSR R 247 750 TR TV 1 U (3R 4).

£3 WS 6b. 6c 1 6d XK ¥ E 5

Table 3 Secondary screening of interior fungicidal activity
against cucumber powdery mildew of compounds 6b, 6¢ and 6d

ECs/  ECo/ TFFAIEIAM MK AL

Compd. fiaru ) e ) 2 - PR 2z
y=4.9036+

6b 1.2 14.3 119362 0.9898  0.0813
y=6.3507+

6¢ 0.10 0.89 1. 7300x 0.9894  0.1381
y=7.2938+

6d  0.029 0.21 L4840y 0.9902  0.1689

BEEEE  0.46 2.67 y=5.5675+ 0.9927  0.1140
1.6713x

123 &&EMHEAESY 6b EARAFEEFHRENG L

PAVERE T miG &Y 6b ENERWNER, thE
W) 6b = NIR N JRENT 7T B FEE R MR 5 5L
iR Wb TR RO RN 2% B T 56

o 28 I R PR TS 7% 1k Rk i 4 R B, fh o
W 6b X I (R IR YA T 36 PE I ECs A ECop H 43 H1A
0.69 A1 2.89 mg/L, KB X I AR (36 97 36 P 1Y
ECso M1 ECoo 43514 2.0 1 6.1 mg/L, L&) 6b xf 8
JI R 993 P T3 3 P S 47 2R T R (R S).

£S5 LAY 6b BN M TS & 1

Table 5 Protective activity against cucumber powdery mildew
of compound 6b

ECs/ ECyy/

o MRRE e
== | (=]

Compd. (mgeL ) (mgel ) Bl ElEpy . e
y=5.3302+

6b 0.69 2.89 2 0658+ 0.9940 0.1611
=4.1809+

W 2. . 7 . .
[ 2.0 6.1 2 6833x 0.9877 0.2456

X BN E R AT I VE A AR IR 4 SRR,
) 6b Xt S R I HR 7 5 VE 1 ECso A1 ECoo 1E 7093 9
0.13 A1 1.6 mg/L, X [ 24 771 25 B I 58 I F0R 9 R0YR I T
TG ECso 1 ECoo {E 20514 2.0 F1 6.16 mg/L, LAY
6b X 5 B AT IE TR 5 AR R A 24 (G 6).

K6 ALEW) 6b Xf IR K6 YT T

Table 6 Curative activity against cucumber powdery mildew of
compound 6b

e B0, B ey R g
=53302+

6b 060 280 T ot 09940 01611
=7.4699+

6c 010 033 7 2.74603)% 09793 0.2370
=6.7834+

6d 0011 028 7 009? 09969 0,051

N =5.9262+

KW 014 213 y1.0390x 09715 0.1519

1344 http://sioc-journal.cn/

ECs/ ECqy/ N RERE, NN
e BC  ECw e R A o e
(gL ™) (gL ™) :
1 =6.0457+
6b 0.13 1.6 12035 0.9788 0.1127
e 1 =5.9262+
NS 0.14 2.1 1.0790x 0.9716 0.1519

© 2015 Chinese Chemical Society & SIOC, CAS

FERONZEFARIG S5 R W, (LAY 6b 1EHIE N 50
A1 25 mg/L W), XF 3R R RO 15~20 d,
Xof JHE 2 70 2R TR K (2 7).
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7T 6b X EUN R RO
Table 7 Persistent efficacy period test of the protective activity
against cucumber powdery mildew of 6b

o WK B %%
g
(mgel ) 1d 3d 5d 7d 10d 15d 20d
6b 50 100 100 100 100 100 100 100
25 100 100 100 100 100 93 &9
SS 1D 50 100 100 100 100 100 41 0
25 100 100 100 97 22 0 0

AR LRI S5 SRR, A 3.12 mg/L ARIKE T,
6b X IS N U5 B R AR SRR, BT
e FAEHT, R PR — B e 1n) b R AR AR
H, W] eb A EUT R R EAEHIGE 8).

& 8 6b HINMfL IR
Table 8 Uptake and translocation test of 6b
i H B E RCR /%

wa%(jf?)uﬁat LARAI A
£ W5 FIRAZ A
200 100 0 100
50 100 0 100
6b 12.50 100 0 100
3.12 100 0 100
0.78 70 0 20
200 100 0 0
50 100 0 0
FKHE 12.50 100 0 0
3.12 60 0 0
0.78 0 0 0

i 9 ARG A2 LA 24 5 B4 B4 TN, 12.5 mg/L (I3
T 6b BEARBEN N T 47%, HtiZ)5 2 h 5 (B4 2 h)FEN
YA YETETCR A, i 6b A B IR R E FH (3R
9).

R 9 6b il MK R
Table 9 Rainfast performance test of 6b

N B 350/ %
FERIH [E/h 200 mg/L 50 mg/L 12.5 mg/L
0 100 100 53
2 100 100 100
4 100 100 100
12 100 100 100
24 100 100 100
48 100 100 100
TR 100 100 100

AP IENE R, FEIEAEELT, 1hE% 6b £E 100
mg/L ¥R PE 6 I R A TR R 6 o R AT B
R ARTEEREAT TR, AU S AL A — 2 ) S
PE 62%, A (R 10).

Chin. J. Org. Chem. 2015, 35, 1342~1347

NOTE
F 10  6b N T B AR 2 45

Table 10 Determination of fungicidal spectrum of 6b in vitro

© 2015 Chinese Chemical Society & SIOC, CAS

T AR i JEL A 1 %/%
BRBUR IS Colletotrichum orbiculare 0
JHEL SR B S Alternaria alternata 0
Z A W T Phytophthora infestans 15
OB A Venturia inaequalis 31
HEE A Sclerotinia sclerotiorum 62
TELEAB BT Cercospora arachidicola 0
[PV RE ST Fusarium oxysporium 16
A 5 JES o Diaporthe medusaea 20
SERBELIER  Alternaria mali 16
NG A Gaeumannomyces graminis 0
1 KB Botrytis cinerea 0
IKFELCA Rhizoctonia solani 0
N FREE Fusarium graminearum 0
R Botryosphaeria berengeriana 20
1% BT Elsinoe ampelina 39
M A 5 79 Xanthomonas axonopodis 0
SR B Pseudomonas syringae 0
2 #Hig

SERART 8 A 2-(HheE-2- F I e g R AL 54,
Tt & Ya K% "TH NMR. °C NMR. HRMS #1E,
ST T E PR BEE N e, g5 R IX R APt
T PRI R 38 TR 25093 A IR B I B R0 X i Ak &
W) 6b IRNTRE, 32BN A EIEE R 1A T i
R 9K RO AN 2 R 6. 45 SRR 6b X B R
A BT T AN TT G, TSI PE ECso A1 ECoo
439978 0.69 F12.89 mg/L, ¥AJT % ECso A1 ECoo 1543 1)
N 0.13 F1 1.6 mg/L, 5xF HRZ5550 2 B R AH 4. 6b F 7
O AL T3 MR AT B (i SRR, RO
15~20 d. ABE SRR E AL, SO 3 I Ry s A i
JFE B AT R 2~ e -2- F k6 g K fb B — 2
AT AR T BRI A, R I AR LT (1 R B IS,
o 2R A A ) /N X 36 30E A IE7E T J2.

3 SRS
31 B 5EHH

Agilent 400-MR DD2 #Z R FEHR % 151X « Agilent 6120
Quadrupole LC/MS % %4; . Shimadzu LCMS-2010EV Jii i
{X~ Shimadzu LC-20AD 7= 2 AH (0 3% (% (BL SIL-20A H
eSS SPD-20A K40/ A] Woeks A . ELSD-LT 11
{RIRZE RO # 28 . Diamonsil C18 #:. Shimadzu
GC-2010 KA i (L. WPSHZ-500 4 F &5 55 £ (H 1L
ANV LA 7). HPLC R S HlE. KBRS N
kel T H Tedia A, KBTI ZR ZIRE K. HAh
TR AT A A 4l i)

http://sioc-journal.cn/ 1345
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3.2 ZLWAHE

4,6-— FH A JE-2- AR A IE (S g, 23 mmol). F LR
FUTHE(3.56 g, 25.2 mmol)FIERFREH (3.8 g, 27.5 mmol) T
100 mL Z A B S 87 24 b R RBA B BIE SR, RN
WEIN 500 mL KKIEEYH, H 1 mol/L FiEhfg %
pH % 3~4, AREE AN H. Bk IET 1515
2-FHE-(4,6- — H L -2- M g ) AR BT BR (5.6 g), UK
% 87.3%.

W RIS F 1) 2-F FE-(4,6- — FAA JE-2-5 0 55 1%
T HEGS.6 g, 20 mmol). Xt HIFEIKREER /K ALEW
(500 mg, 2.6 mmol)¥% T 100 mL FFZE B3 ) N 6 h.
SRR, MEIKYE, RS 4,6- RS- 2-EE R 2
£(2.92 ), WK 83.4%, 15 194~195 COCHRE:
194.8~195.3 C).

4,6- — F A FL-2-m5 g 3 2,15 (2.68 g, 15 mmol)¥ T
200 mL Jo/K NN-ZHIE W, FEEE 0 °C, L8N
A (1.14 g, 28.5 mmol) NaH (60%), 30 min J5 [ 5 MK FF
TIN(1.56 g, 13.6 mmol) 2,3- & MnE, FHEZE 70 Clx
A IV =74 VA 1 = O OB (51159 A ke k2 2 L
50 mL XUEIK(30%), Whnseefa, F %2 %Itk vid
. RBEEYEIN 500 mL vkoK, A EAHT . Bk
ZiLE. TS, 53 2-G-5-2-Mne) b5 -4,6- —
AFEMEIE(1.63 g), WHE 41%. 'H NMR (DMSO, 300
MHz) §: 8.54 (d, J=4.5 Hz, 1H), 8.01~7.92 (m, 1H),
7.80~7.72 (m, 1H), 6.48 (s, 1H), 3.85 (s, 6H).

(1 mmol)iET 20 mL USRI, FFRZE 0 C,
BN 112 mg AT B4R, [ 30 min &, HIA 2-(3-#-2-
Mg ) FH e 5 -4,6- — FH A L 0E (279 mg, 1.06 mmol), F
TRIEA 8 h. JMBREIN 100 mL HIFIfr bk, 482 ZHE
(30 mLX3)AHL, AW K. T ETE
A5, MR TR OB/ A R AT 1S H AR &
) N-{[2-(4,6- — FF %0 25k 1o g -2- Y ) it g -3- B ] 4
FeV-N2- T HHIK L (6a): m.p. 91~93 ‘C; HPLC:
97.9%; "H NMR (DMSO-d,, 400 MHz) J: 8.34 (d, J=4.5
Hz, 1H), 7.89 (d, J=8.6 Hz, 1H), 7.65 (dd, J=8.6, 4.6 Hz,
1H), 7.25 (t, J=7.0 Hz, 2H), 7.19~7.08 (m, 2H), 6.44 (s,
1H), 3.79 (s, 6H), 3.25 (s, 3H), 2.18 (s, 3H); *C NMR (101
MHz, DMSO-ds) &: 189.72, 171.49, 171.30, 161.05,
153.75, 143.91, 142.33, 134.84, 134.37, 130.48, 130.04,
128.18, 126.33, 125.78, 121.76, 91.62, 54.86, 36.34, 19.12;
HRMS calcd for C,H,oN4NaOs [M+Na]+431.1326,
found 431.1334.

2-5-N-{[2-(4,6- — F 48 Sk i g - 2- F gt ks L g -3- 2K ]
S IE }-N- L 2K R % (6b): mup. 93~95 ‘C; HPLC:
99.0%; "H NMR (DMSO-d,, 300 MHz) J: 8.37 (d, J=4.1

1346 http://sioc-journal.cn/
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Hz, 1H), 7.94 (d, J=8.5 Hz, 1H), 7.71~7.61 (m, 1H),
7.55~7.21 (m, 4H), 6.46 (s, 1H), 3.78 (s, 6H), 3.27 (s,
3H); “C NMR (101 MHz, CDCly) &: 189.47, 171.52,
171.43, 160.20, 153.13, 143.95, 143.90, 133.69, 131.08,
130.68, 129.68, 127.77, 126.72, 126.50, 121.09, 92.28,
54.43, 35.62. HRMS calcd for C,oH,;sCIN,Os [M+H]"
429.0960, found 429.0965.

2,5- 5 -N-{[2-(4,6- — F A ke g -2- R B 8 ) bk g -
3-8 A AL - V- Y R K B i (6¢): mup. 128 ~130 C;
HPLC: 97.8%; '"H NMR (DMSO-ds, 300 MHz) J: 8.38 (d,
J=4.0 Hz, 1H), 7.97 (d, J=8.6 Hz, 1H), 7.75~7.57 (m,
2H), 7.45 (s, 2H), 6.45 (s, 1H), 3.78 (s, 6H), 3.29 (s, 3H);
C NMR (101 MHz, CDCl;) d: 189.60, 171.7, 171.63,
160.23, 152.98, 144.31, 144.28, 135.28, 132.95, 131.30,
131.07, 129.28, 127.82, 126.64, 120.94, 92.62, 54.65,
35.82. HRMS caled for C,H;,CLN,Os [M + H] *
463.0571, found 463.0587.

2,6- 5 -N-{[2-(4,6- — F S Jk g -2 R g 28 ) bk g -
3-FE )R L -N-H DR H B 2 (6d): mup. 128 ~131 C;
HPLC: 99.3%; '"H NMR (DMSO-d;, 300 MHz) &: 8.48~
8.31 (m, 1H), 8.00~7.49 (m, 3H), 7.35 (s, 2H), 6.46 (d,
1H), 3.81 (d, 6H), 3.40 (s, 2H), 3.21 (s, 1H); *C NMR
(101 MHz, CDCl;) o: 189.33, 171.39, 168.31, 159.90,
152.60, 144.18, 143.90, 133.34, 131.52, 130.87, 127.60,
126.34, 120.96, 92.22, 5427, 35.23. HRMS calcd for
CaoHsCLN,NaOs [M+Na]" 485.0390, found 485.0409.

N-{[2-(4,6- — F 40 3t M g -2 P i 326 ) ot e -3- 3 40
F O -N- H R - WE Wy 2- F I B (6e): mup. 142~ 144 C;
HPLC: 95.7%; '"H NMR (DMSO-d;, 300 MHz) §: 8.44 (d,
J=4.5 Hz, 1H), 7.95~7.83 (m, 2H), 7.76~7.62 (m, 2H),
7.16~7.07 (m, 1H), 6.46 (s, 1H), 3.84 (s, 6H), 3.29 (s,
3H); *C NMR (101 MHz, CDCly) J: 189.30, 171.55,
164.70, 160.51, 153.04, 144.14, 143.91, 134.46, 133.26,
132.98, 127.45, 126.79, 121.41, 92.02, 54.39, 35.83.
HRMS calcd for CgH;,N,OsS [M+H]" 401.0914, found
401.0921.

3-G-N-{[(2-(4,6- — FH 4 Jk s g -2 B g G ) ik g -3-
By ) -N-FR -y -2- R B (6f): mup. 155~158 C;
HPLC: 99.6%; '"H NMR (DMSO-d,, 300 MHz) o: 8.41
(dd, J=4.5, 1.0 Hz, 1H), 7.90~7.83 (m, 2H), 7.69 (dd,
J=8.6, 4.5 Hz, 1H), 7.13 (d, J=5.3 Hz, 1H), 6.45 (s, 1H),
3.81 (s, 6H), 3.29 (s, 3H); *C NMR (101 MHz, CDCl) ¢:
189.31, 171.51, 163.62, 160.36, 152.95, 144.09, 143.96,
130.88, 129.55, 128.97, 126.61, 124.44, 121.26, 92.11,
54.38, 36.27. HRMS calcd for CisH;CIN,OsS [M+H]"

Chin. J. Org. Chem. 2015, 35, 1342~1347
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435.0524, found 435.0530.

5-50-N-{[2-(4,6- — S FL M g -2- Y A bt g -3- 32 )
AT L-N,1,3- = L1 H-IE -4 B % (6g): oil; HPLC:
85.5%; '"H NMR (DMSO-d;, 300 MHz) 6: 8.44~8.27 (m,
1H), 7.74~7.56 (m, 2H), 6.48 (s, 1H), 3.82 (s, 6H), 3.68
(s, 3H), 3.29 (s, 3H), 2.12 (s, 3H); *C NMR (101 MHz,
DMSO) 6: 189.89, 171.76, 164.30, 160.94, 153.75, 147.44,
143.91, 142.66, 128.14, 126.68, 121.36, 110.65, 91.67,
54.90, 37.27, 36.44, 13.38; HRMS calcd for C1oH,,CINOs
[M+H]" 447.1178, found 447.1157.

2,2- 5 -N-{[2-(4,6- — H 48 5k g g -2 FE i 6 ) it
WE-3-JE 5 5L ) -V, - FF RR IR P B -1- Bt JiZ (6h): mup.
113~115 °C; HPLC: 99.0%; 'H NMR (DMSO-d,, 300
MHz) J: 8.41 (d, J=4.2 Hz, 1H), 7.86 (s, 1H), 7.68 (dd,
J=8.6, 4.5 Hz, 1H), 6.44 (s, 1H), 3.81 (s, 6H), 3.19 (s,
3H), 1.94 (d, J=7.5 Hz, 1H), 1.64 (d, J=7.2 Hz, 1H), 1.33
(s, 3H); ®C NMR (101 MHz, CDCLy) ¢: 189.31, 171.57,
171.52, 160.31, 153.06, 143.86, 143.77, 126.57, 120.83,
92.11, 62.09, 54.36, 36.32, 36.15, 31.21, 18.78; HRMS
caled for C;gH;oCl,N,4O5 [M—}—H]+ 441.0727, found
441.0729.
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