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- LH-WERY-2,6- B(Tp) B S A5 A, RS VEI S RN, H ARSI 2 X /NS (Plutella xylostella LMK J5
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Studies on the Synthesis, Structural Characterization and Biological
Activities of Novel Caffeine Derivatives Containing Substituted-
Piperazine Moiety

Zhang, Shuyun Liu, Hang Wang, Lei Li, Zhengming Wang, Baolei™*
(State Key Laboratory of Elemento-organic Chemistry, College of Chemistry, Nankai University, Tianjin 300071)

Abstract Based on a strategy of introducing the “piperazine” bioactive group into 8-position of caffeine, sixteen novel caf-
feine derivatives containing substituted-piperazine moiety (Ia~Ip) have been synthesized using 8-chlorotheophylline and
substituted-piperazine as materials, via multi step reactions of N-methylation, nucleophilic substitution, (protec-
tion)deprotection, efc. The structures of the title compounds were confirmed and characterized by melting point, 'H NMR, '3C
NMR, and HRMS. The single-crystal structure of 8-(4-(3-bromo-1-(3-chloropyridin-2-yl)-1H-pyrazole-5-carbonyl)piperazin-
1-y1)-1,3,7-trimethyl-3,7-dihydro-1H-purine-2,6-dione (Ip) was obtained. The bioassay results showed that most of the title
compounds possess good insecticidal activities against Plutella xylostella L. and Mythimna separata Walker. In particular,
some of the compounds exhibited better larvicidal effect towards Plutella xylostella L. than that of control caffeine, among
which 8-(4-(4-fluorophenyl)piperazin-1-yl)-1,3,7-trimethyl-3,7-dihydro-1H-purine-2,6-dione (Ie) and 1,3,7-trimethyl-8-(4-(4-
nitrobenzoyl)piperazin-1-yl)-3,7-dihydro- 1 H-purine-2,6-dione (In) at a test concentration of 100 mgeL ! held lethality rate of
60% and 53%, respectively. In addition, partial compounds at 50 mgeL ™! concentration possessed >50% fungicidal activities
against Physalospora piricola, Rhizoctonia cerealis, Sclerotinia sclerotiorum, etc. The research results in this paper provide
useful reference for further design of novel agrochemicals based on the natural product structure of xanthine.

Keywords xanthine; caffeine; piperazine; synthesis; insecticidal activity; fungicidal activity
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P AR T BARGE, R Wk, RIRTL TR
TN AR A 2 R SRR A, 5 e A
Wl A AECL XSRS AT R & AT D)
M, XENARP R BEEIRAR. 5348, HH TR 500
MIZG I BB RN, SRR RARAIN T4 ) 3 e
L HATAEDN AT TR YT RPIROBE . AR AT PRI,
PR OY e I s Ao ML P L. LA AR 24 A R 7
A RIS, (H 32 B T8 D ] 48 2R R R S R e A W
MBIk 75 1, B0 BRI, WL 8 9% 2% 46
Sl 8 R ARAN Gl 4 ] B B 2k B RIS RTAE M REAS 00
i B g By, AR SRR LR AT I B IR IR b
il P A 280 0RO, TR I R B R R JE T S A K O
FRNOL B AR IX IR 4 3R W B M SR AL A W0 T e R A R
A R A YE, SR OG T UL T T AT T ARE A 2
T DR T S R B R A AT BT R AR 2 T 1k 20T iR
THA BRI T R A

DR P SR A B ) D) VRS 1 A2 W 3 PR A R 2 Uy
HITZMNHL FR, IR EAKEE. HERE DA
BEE T REMRE R, AR 25 7K 23 P 2R HORT IR Bl
T BEEDIRE, WA AT 2 R R G A FIA
[FI ST (¥ S5 4 v LA KA B S A PR PR SR 12T, HLAE R 2
ISR RIS T EAR B R IG5 T, o, % R R
i R (Triforine)! 145 44 f B 35 A R R 25 4. JRAT TR I 4
IBEFE R B, — LB R RE (A ) 2 AT AL 0 T 22
H A B FR R I B DS SR R TR,
H 73 K LA B PR B L S-16), of R I RO S S A
Bl (KARD) R L R 45 B4 il pEve), —sefp & 450 A
AT AR SR, X AEA A dUR S Th A 2 L
gity BRI L5 TH, ANSCAE F WA A e X] 9 45
PR SRS b, G VE PR P R, X 8- (kAT
i, I NBRIRER B, A 1 — R0 LS R
BEEIMHER TR, R ST S5 RAL . Rl
AR EARZFETEM R, FHEMBORR. b aYai
S AT BB R AN TR ECA IR P 2 A A 4 1 P T o
T& B SR/ B TSR AR SRt T 5 D e, K 5
N F Wi R B S5 A 28 v DUBR R i 1
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Figure 1 Design of the title compounds I
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1 HERER
1.1 EYHEK

41 Scheme 1 Frosigek, PAFEA 1-Boc-AkEE 1 A1
4/5-BUR-2- e 2a~2¢ NIEEL, S5 CHR[201 7514,
Jeil I A U R ML A R E A 3a~3e, FEH =8O
FRAE S e (DCMYH B, Bt 25 Boce R4 5:45 215 s
nE B IR IE ) A da~4e. 1% 18 Scheme 2 TRk, 8-
SRHE 5 FIT R 8 LAIJG /K BRI VR, V,N-— FF 2 R
[lZ(DMF) N7 IR T R B 3 S R 44 8-Sk
(Kl 6. HpIE A 6 5 A R HUAR R IR g HH TR TE KoCOs FE B
DMF 1RV, 80 CA&MFT B 24 h, WA E] H b5
&P Ta~L A~ FE4E 6 £ [FFE %4 T 5 1-Boc-
MRIEE 1 RNASE]E Boc WRIBEHUAR AR R 2k i Nt n o i) 44
7, FH{E CF;COH/DCM 1k & H i 2 Boc Ry H1F 2]
[k 8. gk 8 ki 5 M SR A SEAZ N B B IR,
RIAT 5577 #(69%~90%) 3K 153 B A5 7= 4 Im~1p.

/~/ RN EN RN/
Boc—N_  NH + <\_ Sl —— <\_ Y—N  N-Boc
- —N EOH \—=p\ \_/

1 2a~2c 3a~3c

CFCOH RN/
R b <\_ YN NH
DCM =N

4a ~ 4c
4a: R = 5-Me; 4b: R = 5-MeO; 4c: R =4-CF3

R 1 Ik da~de & 2L

Scheme 1 Synthetic route of the intermediates 4a~4c
1.2 LEYREEIE S

HARLEY) Ta~TIp BRHEEHEIS Q4541 &
AR I BRIR G N T IR S, L TH NMR He i A ()
JRFILIRIGEABLIENRIRIA - CH, K2 B £ EE, X
J2 HH TR IR B R F 2R O e i s poA s R (F R
ARG BRI, S OuER RN RS R
MELETAFERESRE S, HAEABAE 6 4.05~
3.18. thEY To St & IFERESE, H “CH=CH”
MR E AN E B G EECON 154 Hz, RIZULED
WX N E A,

£ HAME &Y 13C NMR 1, § 151 #1155 44351
DR B VR SR AR PR A B Bk (SO, 5 IR R B A I
IS 8- AL IRAE 5 HHILTE 6 161.5~154.5 &b, IR
R IR 4 ANE A S (CH) Ak 25 7 B2 UAE 6 50.8~44.1
b, BeAh, A Ig 1) 13C NMR H{E § 124.6 (q, J=
271.5 Hz)Ab iy DY H 06 Sy i 28 1 — 5 A Bk 1) R 4R I Ui
I, 5 121.4 (q, J=33.0 Hz)Z W DY EIE N IHJE T 5 =5
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la: R = 2-MeOCgHy,, Ib: R = 4-CNCgHy,
Ic: R = 2-CICgHy, Id: R = 2,3-Cl,CgH3,
le: R = 4-FCgHy, If: R = 2-NO,CgH,,
Ig: R = 4-CF3CgHy, Ih: R = pyridin-2-yl;
li: R = 5-chloropyridin-2-yl

Ij: R = 5-Me
Ik: R = 5-MeO
II: R = 4-CF,

/

R
Im ~ Ip

B2 HAMLEY) Ta~Ip &R
Scheme 2 Synthetic route of the title compounds Ia~1Ip

FH S 2 R O 1) R B B ) SR IR IR W U, 7E S 126.6 (q,
J=3.7 Hz)&b, 5 =50 EAH T ) 2R B0 4B AL Tkt
T RTIE.
1.3 Gkl

M 2 KIS ARZERI(CCDC 5 2080768) 7 & 1,
OO WAL IR 4L — ANIRIEIR . — AR EER
AT — AN nHb e B, N A B SR (1) 1 g R N oG BR ST T
C(6)-C(5)-C(3)-N(2)-C(2)-N(1) 5 mk M F. 7t ¥ °F
C(3)-C(5)-N(4)-C(4)-N) 1 T /124 3.116°, K
WLFIEH. Z TR C(14)-C(15)-C(16)-N(7)-
N(®) 5HEIEFR N(9)-C(18)-C(19)-C(20)-C(21)-C(17) ] —
THI AN 48.683°, AT HE A PN 1R &1 A7 35 5 A7 B KA AR
BRI 2 AL TH, T4 R A — 5 A B T bR s
[Pt 2 A A, 2= TIRER A 5 A, i NGS)—
C(12) — C(11) 3 111.621°, N(6) — C(11) — C(12) N
111.335°, H(12B)—C(12)—H(12A)N 107.978°, LLKIE
e B A AR BT 109.5°, RIFZ 7 T IIRIEIR 5
W OLEIAL, ANTeH KRR E A Y R, TIRIGR A
PR N b e FR) U i A e PP T kA0 e e 2 s 4]
YT e .

1.4 SEYGEMNRERBIX RN

1T BAME A Ta~Tp X405k RATNE
W AEDE TENASE A, T RUE R 2 H A IAE 500
A1 250 mgeL MR EE R /N SRl R B R R
W, LAY Ib. ey In Al Ip 7€ 100 mgeL ' Xf/NSEIK
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Figure 2 Crystal structure of compound Ip
Ty EAT 42%~60% LR, BIfL T3 Sk,
Forh G It e i A S Te BUE AR 1L 60%. HIFYRR R o7
FrRT AN, 2 SRR B RAH I R L [R 07 FE S, J5 X
AR AL B P 2% HOE PRI T Dy B s g A AR
WE RIS, TS YIZRIA bR g i 7 IR CHs0

B T RS ON A F YRR 33U s RS 1, DRIGRER
EUREE A XS N A VIS VEIUT R 4-F R > 4-5
FEORFE >0 FE ORI MR b A AR AR AR A
X SHRAEMER T E RS, H SRR
FEPABIETER T S S T8, B an s R i PR i
T O R RS T M. 25 B A I 11 2 A D AR it e
F(Ip) MK IF o)), thEPITE 100 mgeL ™! B X/
AT M EA 42%A1 37% M58 R, Ak, ik
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K1 HFMEEY T AEDEE
Table 1 Biological activities of the title compounds I
JHEM, BUEE% B ARAN R G PE(S0 mgeL ), HIHIZY%
Compd.  FRJiHid /N TR OBRUE O WSERE BN ERR DhELQ
500 mgeL ! 500 mgeL ! 250 mgeL ! 100 mgeL ! N B BFE EBFE SUR i
Ia 5 100 70 28 294 13.9 30.4 18.2 71.1 554
Ib 50 100 80 47 5.9 5.6 17.9 4.5 474 27.7
Ic 45 79 43 NT 17.6 5.6 7.1 13.6 63.2 29.2
Id 60 70 32 NT 29.4 13.9 50.0 27.3 71.1 40.0
Ie 0 100 92 60 5.9 13.9 3.6 27.3 52.6 56.9
If 20 90 63 NT 17.6 11.1 17.9 4.5 53 323
Ig 0 88 55 NT 11.8 13.9 8.9 13.6 44.7 30.8
Th 30 43 NT NT 23.5 8.3 7.1 27.3 31.6 24.6
Ti 20 65 NT NT 17.6 13.9 26.8 13.6 57.9 41.5
Ij 15 53 NT NT 353 22.2 26.8 18.2 31.6 29.2
1k 60 18 NT NT 5.9 8.3 25.0 27.3 52.6 27.7
1 5 58 NT NT 5.9 19.4 7.1 27.3 13.2 53.8
Im 20 30 NT NT 11.8 13.9 32.1 18.2 0 52.3
In 0 100 87 53 17.6 11.1 8.9 4.5 0 29.2
To 10 100 71 37 23.5 5.6 7.1 13.6 23.7 21.5
Ip 50 100 77 42 17.6 8.3 143 22.7 57.9 27.7
C-14 65 88 30 NT 53 8.8 8.3 94 373 13.2
C-2b NT? NT NT NT 100.0 824 100.0 50.0 98.5 75.0
C-3¢ NT NT NT NT 26.3 73.5 91.7 81.3 91.0 81.6
@ C-1=caffeine.” C-2=azoxystrobin. “C-3=chlorothalonil. “NT=not test.
BYITE 500 mgeL " I ZRJ7 R H s B 2 2 R HUE 2 i

P, HrP &Y b Id Ik A Ip (IBBERIE 50%~60%,
5 e R P

1T Hbs LAY Ta~1Ip XF 6 FPtiiEs
I3 R ) AE D TE M AR 45 SR, R KR Z L&A 50
mgeL ™! WA FE R 3 SR S0 B 2 A H B A A
W, Z2HULE YRR E SO0 E i 2R T 50%,
FHALEY) Ta. Id B 71.1%M30H) 2, 35 M5 18
A g DR, R A T St HER 2 s R S T . AR
KEHITTAEL, 25 0RGE B A R 2R ] 2% 07 HE 0T
AR T e 3, %) 3 S S0 B I A 35 1 3, HL 3K
WAEYEHEEIT 50%; 4 B A &R A 9l EEn, CF
&) Tp MR TEEE 50%; 24555 FEURE N
S BRSSO B A RS PO T e
T AL TEPE. SRR, IR B AR IE R R P 2
75 I, WREIA b AR IR AR T R A S 4 )3 PRI A
2-HAR L FE ~0 3- T A E R > 2- S B > 5- S e -2-
B> 5-FUE L g 2B ~ 4 ORI > 4L IR I >4-—
S0 HR 3R R I > 5o R s g -2- > 4 = R R L g -2-
FE>0-MEIRE. Ha AR N E SRR A — E M
HENENE, i eEY) Ta. Teo T AT Im O30 EPER
It 50%. FAk, AW Td SR BE R B AR AT R
50% I B 15 1
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DL 8-S AR B AR IR e M ik}, ik N-FRAEAK S
REURS (RIS 20 OBV, G RCT 16 AR LS
HR AR I (10 284 25 B A QR s Fry il PR B 26 42 Ta~Tp, JE I
'H NMR. 3C NMR Fl HRMS #iE T @i &4,
PR TIEY) Ip MR ALEi. ARG Rk,
KB4 B AR A3t /N SRR A 7R 05 G B3R B0 R 2
A G M, BTN, A S TR T 6 R
& mmEE, A& Te 1 In 7€ 100 mgeL ' 435
HA 60%F1 53%MIBILER. Ak, e E st E R
U T~ /INF2 SO I3 T R 2 T A% 0 T 5 L 50% DA L
MG, AR SR 7 25 SRS 3 T+ F 2 B P &35 ) 1)
AR TR A — NS EME
3 XIES
31 UE5IRA

X-4 BB R B A (IR TH AR AR IE); Bruker
Avance 400 ZUAZREIEHRIC(LL TMS NN FR); Bruker so-
lariX XR Y7 F AR 3 5 40 B, 007HF XtaLAB
P200 (Mo #E)7 B S A7 5S040y [ 7= 3 4t
i AT AR LA H.
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3.2 ZLWAHE
32.1  FREMARRAE AR da~dc 196K

Hh A A I g SE DR B da~de 1418 SCHR[20] 4 K.

5-FE-2-(WR R -1-28 )W 0E (d4a): B CLTHDIRYD, P23
70.4%. IZREFAREE B 5 SCHER[20]— 2L

5- AR -2-(WR R - 1- 25 ) 5 0 (4b): 3ty iRY, 7=
2 63.8%. MZHESLRE L B 5 SCHR[20]— 2L

4- =G I -2-(WIR MR - 1- 5 ) 5 BE (4e): 28 B0 RG B 40,
P22 19.6%. 'H NMR (400 MHz, CDCl3) 0: 8.55~8.45
(m, 1H, pyrimidine-H), 6.78~6.73 (m, 1H, pyrimidine-H),
3.95~3.80 (m, 4H, piperazine-CH), 3.10~2.85 (m, 4H,
piperazine-CH,), 2.14 (s, 1H, NH).

322 #EMKR 1,3,7-=FHK-3,7-—A-1H-"%%-2,6-—
B (6) 494 A%,

i) 250 mL R B 8- F508(5) (10.7 g, 50
mmol). JC/KEREESH(13.8 g, 100 mmol)F1 150 mL N,N-—
H JE H T i (DMF), 1 095 FEAE SR &35 50, FR A
FkE(14.1 g, 100 mmol), EJBEFE 1 h. 138, JEGHKIX
KR 2Bk, TS 211 g Ak 6, 723 92.4%.
A FE A, mp. 186~188 C (lit2) mp. 188 C); 'H
NMR (400 MHz, CDCl;) 6: 3.95 (s, 3H, NCH3), 3.54 (s,
3H, NCH3), 3.39 (s, 3H, NCH3).

323 PR 4-((1,3,7-=F H-2,6-— A %-2,3,6,7-19
S 1H-"27%-8-10)) 9% 1- F BRAR T B5(7) 496~

M 100 mL [REFMHAMAFEE 6 (2.28 g, 10
mmol). TC/KFREREH(2.76 g, 20 mmol). 1-Boc-kIE(1.86 g,
10 mmol)#1 15 mL DMF, ¥R &Y T 80 C NEL itk
SN 24 h[3# R GRE(TLO) M. 5 R M54 s, B4,
AR R RN 100 mL K, JREH & F R EEEL30
mL X 3), AIFENA, F KB EREN T4, I80% iR 46
24y 2/3 BT, R BAATH, e, FKPRE,
T, Bk 7, PR 72.3%. AMGEAE, mp. 200~
201 ‘C; 'H NMR (400 MHz, CDCl3) 6: 3.79 (s, 3H,
NCH3), 3.66~3.58 (m, 4H, piperazine-CH»), 3.55 (s, 3H,
NCHs), 3.41 (s, 3H, NCH3), 3.28~3.21 (m, 4H, pipera-
zine-CH,), 1.50 (s, 9H, 3 X Boc-CH3); '*C NMR (101
MHz, CDCLy) 6: 155.9, 155.0, 154.6, 151.71, 105.5, 49.6,
32.4, 29.7, 28.4, 27.8; HRMS (Maldi) caled for C7Hy-
N¢O4 [M+H]" 379.2089, found 379.2088.

3.2.4 4R 1,3,7-= F K -8-(FkH-1-4)-3,7-— A
| H-"%7%-2,6- =B (8) 495 A%,

[ 100 mL [REFMHAMAFEE 7 (3.78 g, 10
mmol)F 20 mL 5 H ke, L8k A0 AR VE#E, Fm
A5 mL =R, itk 2 h, HIREWH#E] 250
mL FEAR . AR I 50 mL /KA1 50 mL 2R 2.1,
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FHRE N, ROIRG, 7 EKM. KR
BRYEFTZKAH pH A 10 J5, A & PR 2EH(30 mL X 3),
HIANUAE, FTCKBREREN T8, W, 159 ik
8, F7% 83.7%. H[E M, mp. 180~181 C (lit.*
179 ‘C); '"H NMR (400 MHz, CDCly) 6: 3.75 (s, 3H,
NCH3), 3.53 (s, 3H, NCH3), 3.39 (s, 3H, NCH3), 3.27~
3.21 (m, 4H, piperazine-CHs), 3.09~3.02 (m, 4H, pipera-
zine-CH,), 1.72 (s, 1H, piperazine-NH); 3C NMR (101
MHz, CDCls) d: 156.6, 154.9, 151.8, 147.5, 105.4, 50.9,
45.6,32.6,29.7,27.7.

3.2.5 B AMLAY Ia~11 946K,

i) 25 mL [ EGENR A 1 [8]44 6 (1.1 mmol). 7
IKBREREH(2 mmol). 1-HUfRIREE s [E]4A 4 (1 mmol)Fl
15 mL DMF, KiE&EYT 80 C ML/ HE XN 24 h
(TLC Y5, fMisessfa, Wi, ¥MiRamERE 250
mL FEAR R, R R N 150 mL /K, A 50 ke R HL
(50 mLX3). &IANAH, HIOKRERATE, WEik
ik L4) 2/3 PRAERBIVE IR AT, HhoE, /KPR
%, T, BEHEAED la~1L

8-(4-(2- A FE A FE ) IR IR - 1-35)-1,3,7-= H 3£-3,7-
S -1H-ME 0 -2,6- i (Ta): % 85 (B B4R, 7R 42.1%.
m.p. 165 ‘C; 'H NMR (400 MHz, CDCl;) 6: 7.08~7.03
(m, 1H, PhH), 6.99~6.94 (m, 2H, PhH), 6.91 (d, J=7.8
Hz, 1H, PhH), 3.89 (s, 3H, OCHs), 3.79 (s, 3H, NCHa),
3.55 (s, 3H, NCH3), 3.50~3.47 (m, 4H, piperazine-CH>),
3.40 (s, 3H, NCH3), 3.25~3.21 (m, 4H, piperazine-CH>);
13C NMR (101 MHz, CDCLy) d: 156.4, 154.9, 152.2, 151.7,
147.5, 140.7, 123.4, 121.0, 118.36, 111.4, 105.4, 55.4,
50.1, 49.9, 32.6, 29.7, 27.7; HRMS (Maldi) calcd for
C19H25N4O3 [M+H]" 385.1983, found 385.1980.

4-(4-(1,3,7- = F 3£-2,6- 5 4%-2,3,6,7- VU & -1 H-M%
14 -8- L) IR IR -1-36) 5 (Ib): B E A, 7% 45.9%.
m.p. 248 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.49~7.47
(m, 2H, PhH), 6.87~6.84 (m, 2H, PhH), 3.74 (s, 3H,
NCH3), 3.47 (s, 3H, NCH3), 3.42 (dd, J=6.8, 3.2 Hz, 4H,
piperazine-CHs>), 3.36 (dd, J=6.8, 3.2 Hz, 4H, piperazine-
CHy), 3.33 (s, 3H, NCH;); '*C NMR (101 MHz, CDCl) ¢:
154.5, 154.0, 152.1, 150.6, 146.2, 132.5, 118.7, 113.6,
104.5, 100.3, 48.3, 45.9, 31.4, 28.7, 26.8; HRMS (Maldi)
caled for CioHnN70, [M + H] ©  380.1829, found
380.1825.

8-(4-(2- A A I IR R -1-3E)-1,3,7- = H 3£-3,7- -
1H-VEWS 2 6- — i (Ie): [ B [E &, 7% 68.9%. m.p.
229~230 ‘C; '"H NMR (400 MHz, CDCL) : 7.40 (dd,
J=17.9, 1.5 Hz, 1H, PhH), 7.25 (d, J=7.7, 1H, PhH), 7.08
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(d, J/=38.0, 1H, PhH), 7.02 (t, J=7.7 Hz, 1H, PhH), 3.80
(s, 3H, NCHs), 3.55 (s, 3H, NCH3), 3.50~3.45 (m, 4H,
piperazine-CHy), 3.40 (s, 3H, NCH3), 3.25~3.18 (m, 4H,
piperazine-CH,); '3C NMR (101 MHz, CDCls) &: 155.2,
154.0, 150.7, 147.7, 146.4, 129.7, 127.9, 126.6, 123.2,
119.4, 104.4, 49.7, 48.9, 31.5, 28.7, 26.7; HRMS (Maldi)
caled for Ci;sH»CINgO, [M + H] ' 389.1487, found
389.1486.

8-(4-(2,3- A HL) IR IBR-1-35)-1,3,7- = H £-3,7-—
H-1HENS2.6- —Fi(1d): A EREE, 75%R 67.4%. m.p.
265~267 C; 'H NMR (400 MHz, CDCL3) J: 7.25~7.17
(m, 2H, PhH), 7.01 (dd, J=7.5, 2.0 Hz, 1H, PhH), 3.81 (s,
3H, NCH3), 3.56 (s, 3H, NCH3), 3.52~3.46 (m, 4H, pi-
perazine-CH,), 3.41 (s, 3H, NCH3), 3.26~3.19 (m, 4H,
piperazine-CH,); '3C NMR (101 MHz, CDCl;) §: 156.2,
155.0, 151.8, 150.7, 147.4, 134.2, 127.8, 127.5, 125.2,
118.7, 105.5, 50.8, 49.9, 32.5, 29.7, 27.8; HRMS (Maldi)
caled for C;sH»CLNgO, [M + H] " 423.1098, found
423.1103.

8-(4-(4- TR I IR WE-1-9E)-1,3,7- = I 3L -3,7- — A -
LH-VE W4 -2 6- il (Te): M & [ &, /=% 45.3%. m.p.
168~170 C; 'H NMR (400 MHz, CDCl;) J: 7.48 (d, J=
9.0 Hz, 2H, PhH), 6.86 (d, J=9.0 Hz, 2H, PhH), 3.74 (s,
3H, NCHa3), 3.47 (s, 3H, NCH3), 3.42 (dd, /=6.8, 3.3 Hz,
4H, piperazine-CH>), 3.36 (dd, /=6.8, 3.3 Hz, 4H, pipera-
zine-CH,), 3.33 (s, 3H, NCH3); *C NMR (101 MHz,
CDCl;) 6: 156.0, 155.0, 151.7, 147.6, 147.4, 118.3 (d, J=
7.7 Hz), 115.8, 115.6, 105.5, 49.9, 49.7, 32.5, 29.7, 27.8;
HRMS (Maldi) caled for CisH»FNgO, [M + H] ©
373.1783, found 373.1780.

1,3,7- = I B -8-(4-(2- i 2 2R R ) R R -1- 2%)-3,7- —
S-1H-E0%-2,6- —FH(I): MBI E, % 61.6%. mp.
224~225 °C; '"H NMR (400 MHz, CDCls) J: 7.81 (dd,
J=38.1, 1.5 Hz, 1H, PhH), 7.58~7.50 (m, 1H, PhH), 7.22
(dd, J=8.2, 1.0 Hz, 1H, PhH), 7.17~7.10 (m, 1H, PhH),
3.79 (s, 3H, NCH3), 3.54 (s, 3H, NCH3), 3.45 (dd, J=5.9,
3.7 Hz, 4H, piperazine-CHs), 3.40 (s, 3H, NCH3), 3.23 (dd,
J=5.9, 3.7 Hz, 4H, piperazine-CHy); '*C NMR (101 MHz,
CDCl;) 6: 154.7, 153.8, 150.5, 146.1, 144.4, 142.8, 132.3,
124.6, 121.6, 120.3, 104.2, 50.1, 48.5, 31.3, 28.5, 26.5;
HRMS (Maldi) caled for C1sH»N;04 [M+H]"™ 400.1728,
found 400.1728.

1,3,7- = H1 2 -8-(4-(4-( = % HH 3k ) 2R 2 ) IR 1R -1-
$)-3,7- “E-1H-MEVS 2.6- —Fi(Ig): Ak, =R
49.6%. m.p. 186 C; 'H NMR (400 MHz, CDCl;) 6: 7.53
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(d, J=8.7 Hz, 2H, PhH), 6.98 (d, J=8.7 Hz, 2H, PhH),
3.81 (s, 3H, NCH3), 3.54 (s, 3H, NCH3), 3.44 (s, 8H, pi-
perazine-CHy), 3.40 (s, 3H, NCH3); *C NMR (101 MHz,
CDCl3) 0: 155.8, 155.0, 153.0, 151.7, 147.3, 126.6 (q, J=
3.7 Hz), 124.6 (q, J=271.5 Hz), 121.4 (q, J=33.0 Hz),
114.9, 105.5, 49.5, 47.8, 32.4, 29.7, 27.8; HRMS (Maldi)
caled for CioHnFiN¢O, [M + H] " 423.1751, found
423.1748.

1,3,7- = H J-8-(4- (ML IE -2- 5 ) IR IR - 1- 3% )-3,7- & -
1H-VE WS 2, 6- — i (Th): [ (L[ 44, 723 54.7%. m.p.
223 C; 'H NMR (400 MHz, CDCl;) J: 8.24~8.20 (m,
1H, pyridine-H), 7.58~7.50 (m, 1H, pyridine-H), 6.73~
6.66 (m, 2H, pyridine-H), 3.81 (s, 3H, NCH3), 3.73~3.68
(m, 4H, piperazine-CHz), 3.54 (s, 3H, NCH3), 3.42~3.38
(m, 7H, piperazine-CH,+NCH;); *C NMR (101 MHz,
CDCl3) 0: 159.2, 156.1, 155.0, 151.8, 147.9, 147.4, 137.7,
114.1, 107.4, 105.5, 49.5, 44.9, 32.5, 29.7, 27.8; HRMS
(Maldi) caled for C17H»N;0, [M+H]" 356.1829, found
356.1829.

8-(4-(5-FMEmE -2- 2R IEE-1-8)-1,3,7- = F 36-3,7-—
H-1H-VEW 2 6- —J(1i): B, 7% 49.8%. m.p.
184 °‘C; 'H NMR (400 MHz, CDCl;) &: 8.10 (s, 1H,
pyridine-H), 7.43 (dd, J=8.8, 1.6 Hz, 1H, Pyridine-H),
6.61 (d, J/=9.2 Hz, 1H, pyridine-H), 3.77 (s, 3H, NCH3),
3.66~3.63 (m, 4H, piperazine-CH,), 3.49 (s, 3H, NCH3),
3.35 (br, 7H, piperazine-CH, +NCHj3); 3C NMR (101
MHz, CDCl3) o: 157.5, 155.9, 155.0, 151.7, 147.3, 146.4,
137.3, 120.9, 107.9, 105.5, 49.4, 44.9, 32.5, 29.7, 27.8;
HRMS (Maldi) caled for C;7H2CIN;NaO, [M—I-Na]+
412.1259, found 412.1257.

1,3,7- = FH 8- (4-(5- F BE M g -2- IR - 1 - 3%)-3,7-
TE-TH-ES 2 6- —EAT): AGBER, 72K 41.6%. m.p.
245~247 °C; 'H NMR (400 MHz, CDCl) 6: 8.21 (s, 2H,
pyrimidine-H), 3.99~3.93 (m, 4H, piperazine-CH,), 3.82
(s, 3H, N-CH3), 3.54 (s, 3H, NCH3), 3.42 (s, 3H, NCH3),
337 ~ 332 (m, 4H, piperazine-CH,), 2.17 (s, 3H,
pyrimidine-CH3); *C NMR (101 MHz, CDCL) 6: 157.8,
156.2, 155.0, 151.8, 147.4, 119.0, 105.5, 49.6, 43.6, 32.5,
29.7, 27.8, 14.6; HRMS (Maldi) calcd for Ci7H22NsNaO,
[M-+Na]" 393.1758, found 393.1753.

8-(4-(5- 4 L M g - 2- Jk IR PR - 1 - 3 )- 1,3, 7- = F k-
3,7- & -1H-EW 2 6- —fi(1k): AGEE, 7R 51.5%.
m.p. 265~267 ‘C; 'H NMR (400 MHz, CDCl;) : 8.14 (s,
2H, pyrimidine-H), 3.93~3.88 (m, 4H, piperazine-CH>),
3.84 (s, 3H, OCH3), 3.82 (s, 3H, NCH3), 3.55 (s, 3H,
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NCH3), 3.41 (s, 3H, NCH3), 3.37~3.32 (m, 4H, pipera-
zine-CH,); *C NMR (101 MHz, CDCl;) 6: 157.7, 156.2,
155.0, 151.8, 147.4, 146.8, 144.8, 105.5, 56.9, 49.6, 44.1,
32.5, 29.7, 27.8; HRMS (Maldi) calcd for C;7H2NsNaOs
[M-+Na]" 409.1707, found 409.1709.

1,3,7- = F 5 -8-(4-(4-( = % FF 25 ) M g -2- 5K ) IR 1 - 1 -
3)-3,7- ZE-1H-TEVS 2,6- A IN): A E AR, PR
47.3%. m.p. 210~211 °C; '"H NMR (400 MHz, CDCI;) d:
8.54 (d, J=4.8 Hz, 1H, Pyrimidine-H), 6.83 (d, /=4.8 Hz,
1H, Pyrimidine-H), 4.05 (t, J=5.2 Hz, 4H, piperazine-
CH>), 3.82 (s, 3H, NCH3), 3.53 (s, 3H, NCH3), 3.40 (s, 3H,
NCH3), 3.34 (t, J=5.2 Hz, 4H, piperazine-CH,); '3*C NMR
(101 MHz, CDCls) 6: 161.5, 160.2, 156.2 (q, J=35.4 Hz),
155.9, 154.9, 151.7, 147.3, 120.5 (q, J=276.7 Hz), 105.5,
105.2, 49.5, 43.2, 32.4, 29.7, 27.7; HRMS (Maldi) caled
for C;7H;oF3NgNaO, [M + Na] ©  447.1475, found
447.1473.

3.2.6 HARLS4 Im ~ Ip 496K,

A 25 mL BRI P I E 4 8 (1 mmol). S
(1 mmol) M 5 mL 5 e, A1 HEAd [ AV A%, Fn
A= W3 mmol), FHLHEHE 5 h. KA R BN 30 mL K
W, B A REREEL(Q0 mL X 3), &AL, HTK
TR AN T S5 DR R v, TR A (i 5, A
HBE/HIEE(V - V=30 @ DB, B2 HrEEY Im~
Ip.

8-(4-(4- FH Sk 4 I ) Wi 1R - 1- 8 )-1,3,7- = F -
3,7- A -1H-FE2,6- —Fi(Im): A G, 7% 90.3%.
m.p. 210~213 °C; 'H NMR (400 MHz, CDCl3) §: 7.42
(d, J=8.7 Hz, 2H, PhH), 6.94 (d, J=38.6 Hz, 2H, PhH),
3.85 (s, 3H, OCH3), 3.82~3.66 (m, 7H, piperazine-CH,+
NCH3), 3.52 (s, 3H, NCH3), 3.39 (s, 3H, NCHj3), 3.36~
3.17 (m, 4H, piperazine-CH,); *C NMR (101 MHz,
CDCl) 0: 170.6, 161.0, 155.5, 155.0, 147.2, 129.2, 127.1,
113.8, 105.5, 55.4, 49.9, 32.3, 29.7, 27.8; HRMS (Maldi)
caled for CyH2N¢NaOs [M 4+ Na]' 435.1751, found
435.1749.

1,3,7- = 1 - 8-(4-(4-FiF FE 2K F I 68 ) R 13- 1 - )3, 7-
TA-1H-MES 2 6- i (In): #E A E AR, EE 96.2%.
m.p. 206~207 °C; 'H NMR (400 MHz, CDCls) J: 8.30
(d, J=17.6 Hz, 2H, PhH), 7.59 (d, J=7.7 Hz, 2H, PhH),
3.95 (br, 4H, piperazine-CH,), 3.77 (s, 3H, NCH3), 3.54
(br, 2H, piperazine-CH>), 3.49 (s, 3H, NCHs), 3.37 (s, 3H,
NCH3), 3.28 (br, J=31.6 Hz, 2H, piperazine-CHy); "*C
NMR (101 MHz, CDCls) d: 168.2, 155.1, 155.1, 151.7,
148.6, 147.1, 141.3, 128.2, 124.1, 105.6, 49.9, 32.3, 29.7,
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27.8; HRMS (Maldi) calcd for CyH,sNgOs [M+H]"
428.1677, found 428.1677.

8-(4- A EE it FE IR R - 1- 55 )-1,3,7- = H JE-3,7- ~&L-
1 H-WE W -2,6- — fill (To): A [ &, =% 79.6%. m.p.
212~213 °C; 'H NMR (400 MHz, CDCl;) d: 7.72 (d, J=
15.4 Hz, 1H, CH=CH), 7.59~7.49 (m, 2H, PhH), 7.47~
7.33 (m, 3H, PhH), 6.89 (d, J=15.4 Hz, 1H, CH=CH),
3.87 (br, 4H, piperazine-CH,), 3.80 (s, 3H, NCHa), 3.53 (s,
3H, NCH3), 3.40 (s, 3H, NCH3), 3.32 (br, 4H, piperazine-
CH,); 3C NMR (101 MHz, CDCl;) : 165.7, 155.4, 155.0,
151.7, 143.6, 134.9, 1299, 128.8, 127.8, 116.4, 105.6,
99.9, 49.8, 32.4, 29.7, 27.8; HRMS (Maldi) calcd for
C21H25N6O; [M+H]" 409.1983, found 409.1983.

8-(4-(3-1R-1-(3-F ML e -2- 3L )- 1 H- ML Mk -5 - FF g 35 ) IR
25 -1-3)-1,3,7- = F 3E-3,7- A -1H-ME 142, 6- — fiii (Ip):
WO EAK, P2 68.7%. mp. 229~230 C; 'H NMR
(400 MHz, CDCl3) J: 8.46~8.39 (m, 1H, pyridine-H),
7.92 (d, J=8.0 Hz, 1H, pyridine-H), 7.37 (dd, J=38.0, 4.7
Hz, 1H, pyridine-H), 6.57 (s, 1H, pyrazole-H), 3.84 (br,
4H, piperazine-CH,), 3.78 (s, 3H, NCH3), 3.53 (s, 3H,
NCH3), 3.39 (s, 3H, NCH3), 3.31 (br, 4H, piperazine-CH>);
BC NMR (101 MHz, CDCl) §: 159.5, 155.2, 155.0, 151.7,
147.6, 147.1, 146.5, 140.1, 138.8, 127.8, 127.2 125.2,
110.2, 105.6, 49.6, 32.35, 29.7, 27.8; HRMS (Maldi) calcd
for C21H»BrCINgOs [M+H]" 562.0712, found562.0718.
3.2.7 BARAS 1a~ Ip 69 £ % MK

A B S IEOSCER 5 A2 AN 3~4 W R TT
M B (Mythimna  separata Walker) F1 /N 32 1 (Plutella
xylostella L)HEAT MG, 400 B MK A B9 4~ Ly 129),
fE 50 mgeL ' BT, 73 % 5 K %5 99 B (Botrytis
cinerea) VMR H (Sclerotinia sclerotiorum) 3ER
¥ 9 Wi B (Physalospora piricola) < 7& Hi 5 & Wi
(Alternaria solani Sorauer). /INZZ8UNiIR W (Rhizoctonia
cerealis) F MU 2299 B8 (Phytophthora capsici) 6 FH T,
o B EAT 1 I

#H BI#1KL (Supporting Information) 1 [al{A 7. 8 (1) 'H
NMR. "*C NMR K|, Hixtta% 1a~Ip () 'H NMR.
BC NMR #% &, PLAAGED) Ip B Sa R E0E. X Eepp Rl )
LG B AR 1) R 38 (http://sioc-journal.cn/)_ F %%,
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