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Synthesis and Bioactivity of Aspernigerin Analogues
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Abstract Using natural product aspernigerin as the lead compound, fifteen new compounds were designed and synthesized
by replaced one 1,2,3,4-tetrahydroquinoline group of aspernigerin with aromatic amine. Those structures were confirmed by
"H NMR, IR spectra and elemental analysis. The preliminary bioassay showed that most of the compounds exhibited certain
fungicidal activities and insecticidal activities. In particular, compound 2n showed the most potent bioactivity against Plutella
xylostella with the rate of 100% at the concentration of 200 pug/mL, better than aspernigerin and commercial insecticide thia-

methoxam, and compounds 2d, 2e, 2j, 2k showed higher inhibition effects against Botrytis cinerea than aspernigerin.
Keywords aspernigerin; analogues; synthesis; 1,2,3,4-tetrahydroquinoline; aromatic amine; bioactivity
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SEATH R S P AR, Berk A T 15 > Aspernigerin
Ky, VIAEL A B YRS ALE Y, IR
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2a: Ar=C¢Hs, R=H; 2b: Ar=4-F-3-NO,C¢H3, R=H; 2c: Ar=
C6H5CHCH3, R:H, 2d: Ar:4-N02-3-CF3CeH3, R:H, 2e: Ar=
2-N0206H4, R:H, 2f: Ar:2,6-(CH3)205H3, R:H, 29 Ar =
4,6-(CH30),C4sHN,, R=H; 2h: Ar=4-NO,-2-CF3;C¢H;, R=H; 2i:
Ar = C6H5, R = C@H5; 2] Ar = 2,6-F2C6H3, R = H, 2k: Ar =
4-CH30C¢Hs, R=H; 2I: Ar = 4-CH3C¢Hs, R=H; 2m: Ar =
4-CF3-2-NO,C¢Hs, R=H; 2n: Ar=3-NO,C¢Hs, R=H; 20: Ar=Cg¢Hs,
R:CH:;

Scheme 1

1 SRIEERS
1.1 B RIRF

Y5 I 5E AL Yanagimoto MFG, it R IE; #
i SLPR1%: Bruker Avance DPX300, YA TMS 4 IN#5, 1
PR EH; L0 E1E X Shimadzu TR-435CK B
1£); JLEHTL: ST-Carloerba.Co(CKJH Flash EA 1112
1£); HPLC: 5yt LC-10A PDA, {&i%4}: Agilent Extend
C18, 250 mm X 4.6 mm, 5 pm.

JIT F TR 243 0t 350 by T A 1) 3 dr el f 2 20, R ol v
WAk, Redt— L ab B,
1.2 ERRE
1.2.1 N-F TBE-1,2,3,4-19 8%k 094 5%,

+ 500 mL = FUBEH, I 26.6 g (0.2 mol)
1,2,3,4- DU MEmkAT 300 mL 40 W4, vKERVA IR 2
—5~0 C. 22183 25.0 g (0.22 mol)& L L&A 100
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mL BB R, e e, Bk RV 10 min,
SRIGOEIEIIN 21.2 g (0.21 mol) = Z K%, hnse e m, 14
T —5~5 CIN 5~8 h, 2kt i e
SN . RN SEAS)R, N 50 mL 5%[%) £ /K I,
PiFE 30 min, FESE, HHAHUZE, FH 100 mL 5%
() ER R /K ek — i, Ar A HLZ, MoK B 1
B, BLE, JEVRSEE R AR, ARG, R
K, WCE 162~164 “C/130 Pa (W85 38.8 g, HI N-
A LWE-1,2,3,4- DY Wemk, B2 92.8%. mp. 52~53
‘COCHkER: 53~54 °C); "TH NMR (300 MHz, CDCls) 6:
1.88~1.97 (m, 2H, CH,CH,CH,), 2.71 (t, J=6.6Hz, 2H,
ArCH,), 3.71 (t, J=6.3 Hz, 2H, NCH,), 4.55 (s, 2H,
CH,CI); EI-MS, m/z (%): 209 (M, 48), 174 (42), 132
(100), 77 (26).

122 N-(1,2,3,4-v9 S8k 3L -N-F B F K)ok 694
P,

500 mL = e, A 36.2 g (0.42 mol)IRIE
42.0 g (0.3 mol) E/KFRIREIA 100 mL N,N-— F 5 F ik
i, BEFE, PRI T 80~100 CZIH]. N 44.0 g
(0.21 mol) N-5 L1-1,2,3,4-VUSE MWk FT 50 mL N,N-—
FH G PR IR AT B, T nse ¥e s, DRI T 80~100
TN 4~6 h, i JZHER AR Wi S W & . )
NoEA G, BRilh A s, fhuk, BRI R, I8
WK DRI L7808, 78 NN- R H kR, i
100 mL =& F e, IElR 10 min (ER e 4, RG
[ e S W | SR TR oD (U I 1 7 A S R N
IR EREIR, RN, 53] N-(1,2,3,4-PU Sk
BE-N- PR FEES )RR FEL . Ll — DA 2 AT (2 1R
Big) - Vi) =1 214tk N-(1,2,3,4-PU S bR A -
N-FAE L) URIER 39.3 g, W% 72.0%, HPLC 47 IH—%
4 =98%. 'H NMR (300 MHz, CDCL3) J: 1.86~1.95
(m, 2H, 6-H), 2.62 (brs, 4H, pip-H), 2.65 (t, J=10.2 Hz,
2H, 5-H), 2.95 (brs, 4H, pip-H), 3.27 (s, 2H, 8-H), 6.42 (s,
1H, NH) 7.06~7.14 (m, 3H, ArH), 7.62 (brs, 1H, 3-H);
ESI-MS m/z (%): 260 (M ", 100). Anal. caled for
CsHyN;0: C 69.47, H 8.16, N 16.20; found C 69.28, H
8.18, N 16.31.

123 R GBRBAR Bz 69 AR

A OB T 2 B8 SCHR[41 777 A . T 500 mL
=g, A 0.1 mol BT AT 200 mL 4
K, UKERBIRIRE —5~0 C. 228w 12.5 g (0.11
mol) S Z A 100 mL 40 BRI v, i hn e
B, Pt SOV 10 min, AR50 11.0 g (0.11 mol) =
N, WnseeE, T —5~5 CIMN 5~8 h, #)=
ek e B B W A M o S N L OV SE AR, TIN50
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mL 5%[1) K, ikt 30 min, #ESZE, SHA
HUZ, FH 100 mL 5% h B /K Stk —i, 2 ha
BUZ, FCKGRERE T4 198, JERm, F R s,
b, LIEHET, R SRR IT AL A .
124 B AFLs4 N-(1,2,3,4-19 S0k -N-F 5t F
F)-N"-(BRAR 35 e 2 -N- 1 B 9 2 )9k 04 A0 %,
CLHARME S 2a 6] T 500 mL = FGEEAH, N
A N-(1,2,3,4-PUSPEIRSE-N- FE FRBG)IRIE 1.3 ¢ (0.01
mol). = 2% 1.2 g (0.012 mol)Fl 50 mL =5 F%z, ni

A, %W 0.012 mol 58 ZBEHUL 75 F1 50 mL
SRR, W SERe, IR, 2~3 h, #
SRR A OV K L RV e AR, BRI E
Hi, TR R O dhgE, AR5 A =& b
WRPERERR, JEVRGA A H bR =k . FH Sk — DA
EMA SR TR - VA ) =1 : 912tk 15 Hbs =4
afi i, HPLC T H— 5 4 =99%. K R kG
T A 2b~20, HLEWIRIEAL TOE T AXHEFD
IR i 73 5l WL 1 FIE 2.

K1 AW 2a~20 MITTHEIHT LA TH

Table 1 Physical data and elemental analysis of compounds 2a~20o

Elemental analysis (calcd.)

Compd. Formula m.p./C Appearance Yield/%
H N
2a Cy3HpsNLO, 43~45 Yellow solid 69.5 70.12 (70.38) 7.18(7.19) 1431 (14.27)
2b Cy3H,6FN50O4 134~135 Yellow solid 66.0 60.46 (60.65) 5.87(5.75)  15.08 (15.38)
2¢ C,5H3,N40, 36~38 Yellow solid 75.8 71.43 (71.40) 7.76 (7.67)  13.22(13.32)
2d C,4H,6F3N5O, 60~62 Yellow solid 71.6 56.91 (57.03) 526(5.18)  13.76 (13.85)
2e Cy3H,7N50,4 126~127 Yellow solid 66.8 63.19 (63.14) 6.18(6.22)  15.88(16.01)
2f C,5H3,N40, 38~39 Yellow solid 68.6 71.18 (71.40) 7.79 (7.67)  13.45(13.32)
2g C,3H;30NGO,4 34~35 Yellow solid 70.5 60.55 (60.78) 6.46 (6.65)  18.81(18.49)
2h C,4H,6F3N50, 152~154 Brown solid 78.2 56.98 (57.03) 524 (5.18)  13.61(13.85)
2i CyoH3,N40, 35~36 Yellow solid 68.0 74.21 (74.33) 6.94 (6.88)  11.83(11.96)
2j Cy3H,6FoN4O, 115~117 White solid 66.5 64.20 (64.47) 6.12(6.18)  12.89 (13.08)
2k C,4H30N40; 53~55 Yellow solid 73.0 68.43 (68.22) 7.18 (7.16)  13.09 (13.26)
21 C,4H30N40, 47~49 Yellow solid 82.6 70.68 (70.91) 7.65(7.44)  13.55(13.78)
2m C,4H,6F3N50, 110~112 White solid 68.8 57.05 (57.03) 531(5.18)  13.72(13.85)
2n C,3H,7N50,4 115~117 White solid 65.5 63.22 (63.14) 6.20(6.22) 1599 (16.01)
20 C,4H;30N4O, 100~102 White solid 61.0 71.23 (70.91) 7.25(7.44)  13.64 (13.78)
F2 LAY 2a~20 1) 'HNMR Hl IR B4
Table 2 'H NMR and IR spectral data of compounds 2a~20
Compd. 'HNMR 6 IR v/em '

1.86~1.90 (m, 2H, 6-H), 2.35 (brs, 8H, pip-H), 2.62 (t, J=6.3 Hz, 2H, 5-H), 3.12 (s, 2H,

92 NHCOCH,), 3.36 (s, 2H, 8-H), 3.79 (t, J=6.2 Hz, 2H, 7-H), 7.08~7.21 (m, 4H, ArH), 7.30 (t,
J=8.1 Hz, 2H, ArH), 7.42 (brs, 1H, 3-H), 7.54 (d, J=8.1 Hz, 2H, ArH), 9.10 (s, 1H, NH)

3256, 2936, 2821,
1699, 1650, 1521, 760

1.99~2.01 (m, 2H, 6-H), 2.66 (brs, 8H, pip-H), 2.71 (t, J=6.3 Hz, 2H, 5-H), 3.16 (s, 2H,

2b NHCOCH,), 3.38 (s, 2H, 8-H), 3.80 (t, J=6.2 Hz, 2H, 7-H), 7.10~7.29 (m, 4H, ArH), 7.41 (brs,
1H, 3H), 7.94 (t, J=8.1 Hz, 1H, ArH), 7.20 (d, J/=8.1 Hz, 1H, ArH), 9.33 (s, 1H, NH)

3268, 2942, 2821,
1697, 1649, 1537, 760

1.47 (d, J=17.5 Hz, 3H, CH,), 1.95~1.99 (m, 2H, 6-H), 2.52 (brs, 8H, pip-H), 2.71 (t, J=6.3 Hz,

2H, 5-H), 2.98 (d, J=6.2 Hz, 2H, NHCOCH,), 3.31 (s, 2H, 8-H), 3.78 (t, J=6.2 Hz, 2H, 7-H),
2¢ 5.12~5.17 (m, 1H, CH), 7.08~7.19 (m, 3H, ArH), 7.23~7.36 (m, 6H, ArH), 7.40 (d, J=8.1 Hz,

1H, NH)

3271, 2939, 2820,
1701, 1650, 1539, 763

1.98~2.00 (m, 2H, 6-H), 2.70 (brs, 8H, pip-H), 2.70 (t, J=6.3 Hz, 2H, 5-H), 3.23 (s, 2H,

NHCOCH,), 3.37 (s, 2H, 8-H), 3.79 (t, J=6.2 Hz, 2H, 7-H), 7.13~7.22 (m, 3H, ArH), 7.26 (brs,
2d 1y, 3H), 7.85 (d, J=8.7 Hz, 1H, ArH), 8.52 (s, 1H, ArH), 9.08 (d, J=9.0 Hz, 1H, ArH), 12.10 (s,

1H, NH)

3269, 2938, 2821,
1711, 1656, 1516, 750

1.99~2.01 (m, 2H, 6-H), 2.69 (brs, 8H, pip-H), 2.70 (t, J=6.3 Hz, 2H, 5-H), 3.21 (s, 2H,

2e

ArH), 11.86 (s, 1H, NH)

NHCOCH,), 3.38 (s, 2H, 8-H), 3.79 (t, J=6.2 Hz, 2H, 7-H), 7.16~7.19 (m, 4H, ArH), 7.26 (brs,
1H, 3H), 7.68 (t, J=0.9 Hz, 1H, ArH), 8.21 (d, J=8.4 Hz, 1H, ArH), 8.85 (d, J=8.7 Hz, 1H,

3240, 2939, 2823,
1698, 1656, 1500, 745
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Compd.

"H NMR 6

IR v/em ™!

2f

2g

2h

2i

2j

2k

21

2m

2n

20

1.98~2.00 (m, 2H, 6-H), 2.21 (s, 6H, CHs), 2.68 (brs, 8H, pip-H), 2.71 (t, J=6.3 Hz, 2H, 5-H),
3.19 (s, 2H, 8-H), 3.35 (s, 2H, 8-H), 3.79 (t, J=6.2 Hz, 2H, 7-H), 7.08~7.18 (m, 6H, ArH), 7.26
(brs, 1H, 3H), 8.64 (s, 1H, NH)

1.98~2.00 (m, 2H, 6-H), 2.66 (brs, 8H, pip-H), 2.70 (t, J=6.3 Hz, 2H, 5-H), 3.19 (s, 2H,
NHCOCH,), 3.35 (s, 2H, 8-H), 3.79 (t, J=6.2 Hz, 2H, 7-H), 3.95 (s, 6H, CHs), 5.80 (s, 1H, Py-H),
7.12~7.19 (m, 3H, ArH), 7.26 (brs, 1H, 3H), 9.39 (s, 1H, NH)

1.97~2.01 (m, 2H, 6-H), 2.68 (brs, 8H, pip-H), 2.72 (t, J=6.3 Hz, 2H, 5-H), 3.21 (s, 2H,
NHCOCH,), 3.34 (s, 2H, 8-H), 3.80 (t, J=6.2 Hz, 2H, 7-H), 7.13~7.22 (m, 3H, ArH), 7.27 (brs,
1H, 3H), 8.43 (d, J=9.0 Hz, 1H, ArH), 8.52 (d, J=2.7 Hz, 1H, ArH), 8.83 (d, J=9.0 Hz, 1H,
ArH), 10.40 (s, 1H, NH)

1.91~1.96 (m, 2H, 6-H), 2.52 (brs, 8H, pip-H), 2.67 (t, J=6.3 Hz, 2H, 5-H), 3.06 (s, 2H,
NHCOCH,), 3.24 (s, 2H, 8-H), 3.75 (t, J=6.2 Hz, 2H, 7-H), 7.08~7.14 (m, 4H, ArH), 7.16~7.34
(m, 10H, ArH)

1.87~1.93 (m, 2H, 6-H), 2.50 (brs, 8H, pip-H), 2.70 (t, J=6.3 Hz, 2H, 5-H), 3.12 (s, 2H,
NHCOCH,), 3.35 (s, 2H, 8-H), 3.69 (t, J=6.2 Hz, 2H, 7-H), 7.12~7.18 (m, 5H, ArH), 7.36~7.40
(m, 1H, ArH), 7.58 (brs, 1H, 3H), 9.42 (s, 1H, NH)

1.97~1.99 (m, 2H, 6-H), 2.64 (brs, 8H, pip-H), 2.71 (t, J=6.3Hz, 2H, 5-H), 3.11 (s, 2H,
NHCOCH,), 3.35 (s, 2H, 8-H), 3.79 (s, 3H, CHs), 3.79 (t, J=6.2 Hz, 2H, 7-H), 6.85~6.88 (m,
2H, ArH), 7.16~7.22 (m, 3H, ArH), 7.45 (d, J=9.0 Hz, 2H, ArH), 8.97 (s, 1H, NH)

1.98~2.00 (m, 2H, 6-H), 2.31 (s, 3H, CHs), 2.64 (brs, 8H, pip-H), 2.7 (t, J=6.3 Hz, 2H, 5-H),
3.11 (s, 2H, NHCOCH),), 3.35 (s, 2H, 8-H), 3.79 (s, 3H, CHs), 3.79 (t, J=6.2 Hz, 2H, 7-H), 7.11~
7.16 (m, SH, ArH), 7.42 (d, J=8.1 Hz, 2H, ArH), 9.02 (s, 1H, NH)

1.96~2.00 (m, 2H, 6-H), 2.67 (brs, 8H, pip-H), 2.73 (t, J=6.3 Hz, 2H, 5-H), 3.18 (s, 2H,
NHCOCH,), 3.39 (s, 2H, 8-H), 3.79 (t, J=6.2 Hz, 2H, 7-H), 7.13~7.22 (m, 3H, ArH), 7.26 (brs,
1H, 3H), 7.96~8.02 (m, 3H, ArH), 9.58 (s, 1H, NH)

1.98~2.02 (m, 2H, 6-H), 2.67 (brs, 8H, pip-H), 2.71 (t, J=6.3 Hz, 2H, 5-H), 3.16 (s, 2H,
NHCOCH,), 3.38 (s, 2H, 8-H), 3.80 (t, J=6.2 Hz, 2H, 7-H), 7.13~7.22 (m, 3H, ArH), 7.26 (brs,
1H, 3H), 7.48~7.52 (m, 1H, ArH), 7.96 (d, /=8.4 Hz, 1H, ArH), 8.01 (d, J=8.4 Hz, 1H, ArH),
8.3 (d, J=1.8 Hz, 1H, ArH), 9.38(s, 1H, NH)

1.93~1.97 (m, 2H, 6-H), 2.52 (brs, 8H, pip-H), 2.68 (t, J=6.3 Hz, 2H, 5-H), 2.91 (s, 2H,
NHCOCH,), 3.25 (s, SH, 8-H,CHs), 3.76 (t, J=6.3 Hz, 2H, 7-H), 7.09~7.20 (m, SH, ArH),
7.33~7.43 (m, 4H, ArH)

3241, 2939, 2819,
1668, 1654, 1492, 764

3312, 2937, 2822,
1676, 1654, 1514, 763

3306, 2942, 2826,
1716, 1654, 1511, 749

2926, 2810, 1667 1491,
750

3276, 2940, 2821,
1713, 1654, 1513,
1011, 763

3300, 2937, 2822,
1715, 1654, 1514,
1245, 763

3301, 2937, 2820,
1708, 1655, 1521, 750

3298, 2936, 2822,
1709, 1657, 1521,
1324, 1275, 750

3302, 2938, 2821,
1702, 1649, 1529, 750

2921, 2810, 1655,
1494, 1275, 1260, 750

1.3 BfRhE 2a~20 BEYEENE 1.3.2
131 #Fds B (Plutella xylostella)® £ 4z LOTE)
(Zrtix)

Xt 3 R I (Spodoptera exigua)®) & 4 & PN

K B PtE T a2 L (IRAC)BEH IR L. H

KM BRivEAT 8 2% 0125 (IRAC)# Hh i ik, 1
S HR R~ I H W - 332 953 21 T 1) e 14D AR 0 2 9
o, BTE 3~5s, JHREA. BRI A, BAEERIL3 A
FERE PRI AR DOBAE AL AR b R 25T 5, RN
HAFRCH 10 em K ERE N, BN 2 /N4
30 3k, M8 1. Kl A B E T FRuEAb 2 =
W, 96 h A A gl LA ARl deth, ABhE AAET. iF
HAETIER, SLIi 3 ERE, BCFIIME. R X,
IR FH T it A 3% LRI kg R R BR A4 Ay 36 R 24 751,

750
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TS MR ARHERE 7 S BB H T Py 352 35 280 1 ) e P 5 00 24 9
t, IR 3~5s, JRERW. B, BEAAERES A
FRE SRR DOBAE AL BRAR b 25T )5, N
HAFRCH 60 cm KHIFEFRILA, A 3 WAk a)
H030 3k, wilfdif. RARKAR L E T EAL B N, 96
h F A 4R DR B il AUk, Ash gseTs. wHHAET:
M3 ER, BOFEE. RS AR, JERA]
TR i A A% LR E R FREIHEE LB A Sy 0 245 7).
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1.3.3 3t R (Mythimna separate) @ 2 4 7 MR 2
(=rtix)

A ot FH DA I 5 T A T R B2 PRI, R v S
K, BTN 7 om BRI, 2N 4 W4l EZ
2~4 R0 RO IR R o TR R SR 4 L 24 h JS
W I8 DT A (1 K . 7 24, 48, 72, 96 h WL
i, B2 A HUE T W AR B 5 e, LIRS 4y e 4
Fers, Rz AN 8 R AET AR dE. THRAET 2, 5L
M 3 RER, BOFME. SRS A, IR AT R &
A 77 HFR W ELgR RTIEG FRWR A DA o) HE 2 71
1.3.4 3t E R (Pyrausta nubilalis) b 2 4 7 PN 2
(& Ri%)

VA ot FH AT I T T A T R S PRI A, a4k o
TR A N T 2R 35 s, TN A N kL
T fLFE U S TR TR U R SR, AR EE S 72 h A
BOE G AR, TSR, SER A 3 IR, IR
A K S P D B S AT TIY R e K S Y S
hy ks B2 7).

1.3.5 xJ4%45 R (Helicoverpa armigera) . 4% P m &
(PhZ &%)

K FAO AR RO, A RS S5 2 R
4~5 MRV, ERCORE —S0MiX A Robbins
Scientific Tl fUi 2% K 24900 UG 21 2 dL i BT A, 3
WA Rk 0.5 pL, 4 §84h ifEsk 1.0 pL, AAFEJE 72 h A
BOE G R, TSR, LR 3 IR, IR
A K S P D B S AT TY R L K S R
hy ks B2 51
1.3.6 ¥#%) R(Culex pipiens pallens Coquillett) 9 24
My 7 ] S

YR st FH AT T G S e — s IR FE TR BEE, /E 100 mL
BRI 90 mL i Se/K (A RKEHE 15d KLE), 2
BIMAANFVE R S B, 500 10 mL &4 10 3k 4 &%
g du2 HEg, dUA IR R EFRK. AR BRI BRI
VR, H RIS AR AR B e T A
(28+2) C. BEMRALIOIAE, METHDy 8 d, T4
PET R, S 3 A, WOFAME. RS AXE, Jf
SR FH T it A o7t ER R RTIEE H R AR 2k o) B 24 71
1.3.7 B ARMLA a5 B E R

SR AT LAY, DAY Bl DL R4 975 i B /KRB L
¥4 B (Thanatephorus cucumeris) « 3% JI\ 7K 7% & (Botrytis
cinerea)~ /NZZ NP W (Fusarium graminearum)~ i
%99 (Tomato Early Blight). N 7529 [Alternaria al-
ternata (Fries) Keissler] 3% JRBRIEIH B (Colletotrichum
acutatum) A X G, X PTG A G WD REAT 2 B 1
SE. L NN-FE AR 77, S8 24U E R 50
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pg/mL. FERCHNF I 1 mL T COK R RS IR L
W, FREUAEIE] 45 CAEA ) PDA K583k 9 mL BIAES
FRIL, 785090450, BTHALRERE. AR5 T FL2s ks e
D, W AN TS R R L, BRI, T
A, B59R 2 d FINERER AR, Wi el A
2.

I 2 % = O B BT 7 145 — A BRIV AR + X
V& HAE X 100%

FEAFEME R 3R, LU TCBE K 1857738 0 % 1,
I3 BRI 70% FFIEFEATHE WP, 40%# 4% WP, 75% 1
BIE WP 1 50%% B R WP 4%t HEZ4 7).

2 HR5iHE
2.1 Aspernigerin Z¥89E K
2.1.1 B AMCEY 2 A mIL KA R TF

BT EHBRGED 2 (GRS, A R IR IL 4 i 2
— R DANRIE IR O R BRI A . DR, 7E H bRk
YA R R b, BATA P RIERE: —ESH
A= R AR 4 ik Aspernigerin [ 7712, DUWRIEE b J5ORL
RV IZ D [a) A R H 5V (Scheme 2), 17 1A ER T
K, BAEBON S, BORBAR, 0N 47.3%, F=Paifh A
M, JEHRLE G b )4 TR0 IR, DR A I S 45 4,
IRAT e, HIEULhm b e X Arde, XLk raif,
He— LB AR 2 J5 fokdbTalith. — s
AT TAE R 58 5iff) Aspernigerin 44 i 7k, K
AN S & O, 66 U S HE-1,2,3,4- DU A
WA IR R Sl S WS 0 fi v B, T S5 RIS oo 42, ANHE
SREAE, 1M HAE D p (e A A 5 T2l (Scheme 1). 203
PIRIOTEIRR, fe)h, FAT1E T Scheme 1 FiR A
HARME A 2 & M 2%
2.1.2 4R N-R T BE-1,2,3,4-79 S50k 09 A A%

Z:JSCHR(6, 710726 e R AR N-S 4 1%-1,2,3,4-D4
SEMRIE, A AN Ak T TR Ak
M. AHZ, MEATHAZ LA V- 4WE-1,2,3,4-0U
SEME R TR b ROV, BB AR E 2,
ANfatith, FFELEE 2 AR RN A A BE1S Bl B LT
B, WORARAK, A 2ifbir i) V- S%-1,2,3,4-00
SEMRAE JSURHS, RN RO, ik, BATTE
XK N-50 4 WE-1,2,3,4-DU S bk (1) Ak BEAT T 412
PIBESE, w56, TATRMAEENT 0t AT 4k, v e
AR AP N-S 2 0-1,2,3,4- DU Sk, {H 2%
BAK, —XERIM AR, mE, RATRIALR)
N-5 L 1E-1,2,3,4- DU S MERRAE 5 T T2 vAA, S5 th
HEAT i L2520, W4 162~164 °C/130 Pa [H) =%
Ty, GRS N F=Y), MBS m, T B CRR
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BHlLE

)k/BI' o)
N HO N ONa o N c
L_NH EQK/NV&O e YUVO&HO ok, LNCA,
|
(0] o) 8 R Ar
N ANHR s YN W

O
0

] 4

Scheme 2

FEZAT WA B m, BRAETIE, e — RS 2R EM
N-5 L WE-1,2,3,4- DU S k.

2.1.3  N-(1,2,3,4-v9 S5 I -N-F BL F AL )0k %49 &
A,

TEE R N-(1,2,3,4-PU S bk - N- FF I PR G )R W 1)
RNt R, 5 kAP N-S L 8E-1,2,3,4- DY S
Wbk — 35 [ A Aspernigerin I SONE, T JURHIR B
3k 8 T FR A SO ()R A, R,
D) AR RN T e RESE S, B INRIE [ S0 A
(AR Atk B JSURIR IR R =S PR S, 45 2R AR oK
RBEIN. LIS R, EERPORIE BIRER A N-50 & 19E-
1,2,3,4-DUSMEmR ) 2 5 e e

SN FIE R, %R N EE R B SR AR AR
SNV, AR SCHR[8 ~ 10T+ IE [ 71, FRAlTHE S %)
TR CTE N,N- I PR JPe R0 PR ARG T v B S 58, DA
RBIESE N-SLME-1,2,3,4- VU S0 T 2% A S I 2% s,
gk 3 Pos.

R3 EFIFBCR 0

Table 3 Influence of reaction solvent on the yield

RNV 7/°C t/h I %
ToK LI 80 4.0 46.6
N,N-— FF 3 gt fl 80 4.0 72.0
FH R 80 6.0 36.2

M 3 TBAE H, BAAERR P 77 AR AR A A
SNV IR, 1 FLCRRARAR, 32 R Y R R
10 2R TR R R R 2, AR =45 by N-# ST -
1,2,3,4-PU Sk gt — 20 e W 2B BRI 7= 4 Aspernigerin;
PATGIK ZBEAE ¥ 7010 B SO 2R E LY N, N- PR R fr
(1) S AR, T2 B2 A i ARV A A 5 L e
SRV BEAR L OB 1, TR T —ER A ROkl BEUERE T
W, Mg iZob IOV A N,N-— FE .
214  HAMLEH K

e B GBI B, T T BA &9 o
Eaife, AR N-(1,2,3,4-PU S0k 3L - V- BT A L)
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WRIGR J I 584, R, fERCREEE B, DUSURNA S5 %
REEONE. N T RNV, [T 5 A, £EaERR A ik
b, BATERE T WU — £ A a5 77, 350
i HAR. IR BRI A =& e
N,N-Z HI L B fie 12 SR RO R N=(1,2,3,4- DU
WK I - V- FF I PP G W R (1) 9 A IR 8 2, B B T,
PRIk, o B A R, ORI, NN-T I A
YRR BAFAE N,N-— FIE e ol o v, X DA,
HAZ A b PR B A ), e A Tk T =S
VERFEAT RN, AMECR =, i HG A FEfR B, 755
S Em Al B A ).
22 BiRUEYRIELER

CLEFMEA Y 2a 961, fEAAD) 2a (K20 AME S,
7E 3256 cm 'AbHHIL T N—H gEiRshmlils, LEw
WO RS CH, BRBRE 43R 3Rl i/ 2936, 2821
em AL, 1699, 1651 ecm ' Ak ky # A K] C=0 {H4EIR5h
W, TOAE 1491 em ' Ab BRI K CH, b AIRRELES
PRSI, C—N AR 45 4R S IEAE 1298 cm ' Ab.

LA 2a 1) 'TH NMR 1, 8 T8 Tf@br, A 1%k
&P AR TR Scheme 3 45 s, L&
M — [ 30 Tk SR R T AL A B A AE 6 9.1 A BoRs Ay
B 5 7.5 Jh IR EE AN 5 7.3 Ab I = ERIE Sk RS ER |
SR R AE, A 3 R AR R AEAE 0 7.4
Aoty RS BRSO T IR L, AT 3
20T BRI AL 5%, FE o 1 PN /N TG IR 45 4,
AR kSR, PR RN, SECRIE
3 {7 C—H B F = ERK, AMBLL AR K
B, i HHA T MGk E R, AR g, 55
WA R FAEAC AN RS 0 7.0~7.2 b iR o & i
7 LR B N JRF IS A2 RS R B, I
2 6L G 2y, (iR 6 3.7 i los =
T, 8 7T 52 BRI IE K s Ak 24 B R AR IA R 3,
AR 6 3.4 R EoR Mg, itk &b A&
BRI CH, IR TFAEAZERS 6 3.1 AR [IRE IRy s, 5
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REJFCT S AN AL A A AEARRHRIA 0 6 2.6 /o
AL UREEIA_ B SE A 0 2.3 A SR N BEDE 1
B, 6 fr T A AR A 0 1.9 ik, TR
5, 7R NGRSy, Wonh 2 Hig

Scheme 3

2.3 BRUEYHEDEMYE
23.1 BAMLAYE R RiEM®

YRR R ML Biuk. Bk, S s
& T HEsbE) 2a~20 78 600 pg/mL (KK JE XN
Wk, FSEACH o ZTWRR . R R L. FOKIE,
USC4)) PR AR, R P T A A 7 g AL
WRAE A 6f B2 570, L5 45 41135 4 .

& 4 g Rnran: K His AW 600
ug/mL (R R Xt/ TEERoik. kiR, AR IR,
FORMEANS L HER I T — @ R gk, sy
2n SN EIRAIEIERAE 600, 200 pg/mL IR E R X}/
KR I 100% M) 4 G, & TR &
Aspernigerin FIX JE2FIBE vk (A5 500 E R, Al
TR I 20=2i=2a, VLU R JEFI R dUE R
BRI SR, B CHa=CgHs=H RIi&s, ik, 7

LR & et w58 R ORI DUAS R R b
£R.
232 BAMLEMO KA E R

KB IER, e T HAsb &9 2a~20 1
100 pg/mL [ 9 FE R X K 40 0 I K R S0k R
B N K % W (Botrytis
cinerea)~ /NZZ 7B H (Fusarium graminearum)~ i
J% 95§ (Tomato Early Blight) . 4 %% 7% 2 % (Alternaria
alternata (Fries) Keissler). % JNIRIE IR B8 (Colletotrichum
acutatum) 2 EPE . FER R Ak AR B R R TR HH A
PR Aonr 2450, L sE 25 R A1 138 5 .

H# 5 45 R AT A5 2d~2k 11 100 pg/mL 1]
WREE R AP S5 R /N 22 AR K RESORETR . BT
B AR BB R . B TCRIE T B AR R IR
T B R, BT A S R BT 0 R I
T ARSIk A 2d, 2e, 2j, 2k AL T
oA O b RGP, IR 75%, 67%, 75%,
62%, T BHALL G ) Aspernigerin FOFIHTE M, {HZHS
L XoT R 247 700 A ik PR A I [ T o 22 (R DG (1)
S, REEE IR 2i=20=>2a, W R FEEIN AR
WA R s, HAT CHs=CH;=H [P, R &
AT TE B, PR, 76 DU e &t b, i %
J& R AR F LA A HUAR.

DL ST 45 K B, Aspernigerin £5 K] 8, 7EPSZY
LRI T R 0 A B e A R T, E AR AR
RN B RUARAT HiE. FRATTLA Aspernigerin by BEAASE

(Thanatephorus —cucumeris) -

# 4 Aspernigerin 2RI HUIG T (%) TR &5
Table 4 Insecticidal activity (%) of aspernigerin’s analogues

/J\ﬂﬁéﬂﬁ( A L oa L a N a N/ =] N b

Compd. 600 pmL 200 pgimL R B0 R FRg% H FoKIE %)) o

Aspernigerin 100 75 21 20 20 40 50
2a 0 0 16 30 20 40 20
2b 0 0 19 40 50 30 20
2¢ 0 0 24 10 30 10 20
2d 0 0 31 20 20 40 40
2e 0 0 29 30 40 20 20
2f 52 29 20 20 30 30 10
2g 0 0 17 30 20 60 20
2h 0 0 25 40 20 50 40
2i 36 14 21 20 30 30 50
2j 42 14 29 10 40 20 10
2k 38 14 27 20 50 20 30
21 76 57 22 20 50 30 40
2m 0 0 28 50 50 20 60
2n 100 100 26 10 20 30 30
20 58 43 24 20 20 30 50

98%WE HL I 100 86 42 100 100 100 100

98% ML HHLIbk 100 100 35 100 100 100 100

C PR % 600 pg/mL; * IRHSE 4 S pg/mL.
Chin. J. Org. Chem. 2012, 32, 747~754 © 2012 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 753



BHULE MRIEX
R 5 Aspernigerin PRI (A8 15 PEINRR S R G0 /%)
Table 5 Fungicidal activity (inhibition rate/%) in vitro of aspernigerin analogues
Compd. NI TR BN IKFESUA PR FIN A i BT JH SRR BY\VSIER T

Aspernigerin 33 58 51 28 0 0
2a 0 0 51 25 0 0
2b 0 0 49 0 0 0
2¢ 22 0 51 0 0 0
2d 49 52 75 58 47 46
2e 61 43 67 40 28 29
2f 36 0 49 35 29 25
2g 37 37 51 42 25 23
2h 36 0 43 41 24 25
2i 55 48 52 55 25 46
2j 32 35 75 58 33 50
2k 42 39 62 36 24 27
21 0 0 52 25 0 0
2m 0 0 33 0 0 0
2n 35 0 59 38 25 25
20 0 43 30 32 0 0

T FH 3A e 100 83 84 100 100 100

Hey, 0T IR S R T,

KWL AT P AE % U T L

FORNETETT AT IR LRI, SeRE A S vl R

5 RGNS, (At —

AW
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