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Abstract Two series of milbemycin analogues containing ester and methoxy oxime groups were designed according to ana-
log synthesis and sub-structure ligation from deglycosyl ivermectin, which is the analogue of milbemycin. The analogues reac-
tion was carried out with the corresponding aromatic chloride, and the structures of the target compounds were confirmed by
'H NMR and high resolution mass spectra (HRMS). The insecticidal activities of 18 analogues against Tefranychus cinna-
barinus, Mythimna sepatara and Aphis fabae were tested. The results showed that all analogues had different degree of insec-
ticidal activity, especially compounds 4I1a and 4IIb showed the highest insecticidal activities against Mythimna sepatara and
Aphis fabae .
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Lipemectin
R= CH3 or CHQCH3

Scheme 1
WAEH HZ A E A 2 KR A A FIEE, HOMSEIL. A
13 R VE I 2 ok FE 5 3R 5 Ml 25 M9 S B ik 1R A 4 R R
(Ivermectin Aglycone) i 5t AR 45 #4) (Scheme 2).

Milbemycin Ivermectin Aglycone

R = CH3 or CH20H3

Scheme 2

Sk, ANSCUIAR R B 2R SRR, R 2K () B i F
VGRS B, KRR AT /K AR, 2% P A,
S A TR, BT — RICHE R FER =
K4 (41la~411d, 5Ila~>51Id, Scheme 3). %3 AR 4
PR L — AW, AR, ST R
b1 SR R FE RS 22 (41a~41d, 51a~5Id, Scheme 4).
B BRI 5 45894 "TH NMR, HRMS 75 21 i
HE, JEXFICREAT A BRI T . ZERTH A, iRk
21, 201, 31 A1 310 CAEIRIEDY, HAIL 13-2,2- ) T
i 356 % i 2% A 5 A o e R e s LA AR G
28 S . b A g5 b BoRtb &4 51d~511d
JUT-BAT A HGE T, & 4la~411d RIH B
A UM, JUHRALA Y 4lla K 410b bR HORTEF e
s HUE 1 5 .

1 LEESHL

1.1 A0

XRC-1 Al s A (AL s 28 s A A AT R A D), T
KAZTE; ¥t LR A% A (Bruker AVANCE 111 500),
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TMS 24 Wbk, CDCl; 4y #%57); Bruker Esquire 3000 &1 Jiff
WAR RS A P AR o et el fk 21, 211,
31 F1 3IX ()il TE WL 225 SCHR(S, 91 T A It S 4% i 2
2 SCHR[10]714%

1.2 IR

12.1 #HAEHEEMY 4la—~41d 4= 41la—~411d 498
J %) &k

25 mL [BJELH A 5-O-TBDMS-F TR FE 85 2%
K3, 0.25 mmol)Ei# 5-O-TBDMS-JCHE IR iR 5%
EW(3, 0.25 mmol). = Zf%(50.5 mg, 0.5 mmol)Fl
DMAP (1.22 mg, 0.01 mmol), FIA 8 mL T 4
F . 221830 N 5 mL BE&0(0.5 mmol) &0 e, =
W AR RN 8 he [ M H & BE(30 mL)Fi RS,
PR 215 mL X 3, 5%). NaHCO; (15 mL X 3, 5%)¥%
LRI Eh7K(15 mL X 3)PEsk, KBBR8, W4
WAL 5 =4 A

¥ ER ) A BT 25 mL BURESHRAF, A 15 mL
o PRI P V(0,020 gemL™"), iR HEFE RN 30
min. # 1A NaHCO; (30 mL, 5%)J&, £ ZfiE(30
mL X 3)$2H, A HLZE R EEE/KQ0 mLX3) MLk,
IKTRBREN T . W4, SRERAE[N( LR LHR) © VA
fif) =20 : 60]214b. 15 H b5 =4 41a~41d FI 411a~411d.

4R ER AL VR = R (41a): 775 87.1%.
A6 K. mp. 110~114 ‘C; '"H NMR (CDCls, 500
MHz) : 7.80~7.83 (m, 1H, H-Ar), 7.32~7.48 (m, 3H,
H-Ar), 5.85~5.87 (m, 1H, H-9), 5.73~5.77 (m, 2H, H-10,
H-11), 5.43 (s, 1H, H-3), 5.34~5.36 (m, 1H, H-19),
5.01~5.07 (m, 1H, H-15), 4.93 (t, J=9.5 Hz, 1H, H-4"),
4.86~4.88 (m, 1H, H-1'), 4.65~4.69 (m, 2H, H-8a),
4.27~430 (m, 1H, H-5), 4.17 (s, 1H, 7-OH), 4.02~4.07
(m, 1H, H-5"), 3.97~3.98 (m, 2H, H-6, H-13), 3.67~3.88
(m, 2H, H-17, H-3"), 3.45 (s, 3H, 3'-OCHj), 3.22~3.30 (m,
2H, H-2, H-25), 2.53~2.56 (m, 1H, H-12), 2.30~2.57 (m,
5H, H-16, H-2', H-24), 1.74~1.88 (m, 5H, 4-CH,, H-18),
1.17~1.65 (m, 12H, 14-CH;, H-20, H-26, H-27, H-22,
H-23), 1.16~1.26 (m, 6H, 5-CHj, 12-CHj), 0.79~0.96
(m, 9H, 24.,26,28-CH;). HRMS (ESI) calcd for CssHgsCl-
O,Na (M+Na)" 891.4062, found 891.4058.

448 AR R L Ok B 2 R (41b): PR
75.3%. JLtAEhE, mp. 103~106 ‘C; 'H NMR (CDCl;,
500 MHz) §: 7.78 (d, J=8.0 Hz, 1H, H-6-Ar), 7.47 (d, J=
8.6 Hz, 2H, H-4,5-Ar), 6.98 (d, J=7.9 Hz, 1H, H-3-Ar),
5.86~5.87 (m, 1H, H-9), 5.71~5.81 (m, 2H, H-10, H-11),
5.43 (s, 1H, H-3), 5.32~5.34 (m, 1H, H-19), 5.00~5.02
(m, 1H, H-15), 4.92 (t, J=9.5 Hz, 1H, H-4'), 4.85~4.88
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HO/,,

TBDMS-CI/CH.ClI,
DMAP, imidazole, r.t.

(1) Pyridinium dichromate/DMF

O/CH3
e
o V/,/O//,
V(methanol):V(conc. sulphuric acid ) = 97:3
18h, rt.

(1) R?COCI, N(CH,CHg)3/DMAP, CH,Cl,

(2) p-toluene sulfonic acid/methanol

4lla~ 4Iid

(2) CH30H, CH30ONH3*CIr

5lla~ 5lId

Scheme 3

(m, 1H, H-1'), 4.63~4.64 (m, 2H, H-8a), 4.26~4.29 (m,
1H, H-5), 4.11 (s, 1H, 7-OH), 4.07~4.08 (m, 1H, H-5"),
3.96~3.98 (m, 2H, H-6, H-13), 3.90 (s, 3H, Ar-2-OCH;),
3.69~3.83 (m, 2H, H-17, H-3'), 3.45 (s, 3H, 3-OCH,),
3.22~3.30 (m, 2H, H-2, H-25), 2.53~2.56 (m, 1H, H-12),
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2.17~2.35 (m, 5H, H-16, H-2", H-24), 1.73~1.87 (m, 5H,
4-CH,, H-18), 1.34~1.68 (m, 12H, 14-CHs, H-20, H-26,
H-27, H-22, H-23), 0.93~0.99 (m, 6H, 5-CHj, 2-CHy),
0.73~~0.80 (m, 9H, 24,26,28-CH;). HRMS (ESI) calcd for
CaoHgsO13Na (M+Na)* 887.4558, found 887.4554.
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OCHj; OCH3
HO,,, HO,,,
o o
TBDMS-CI/CH,Cl,
DMAP, imidazole, r.t.
OCHj
OYO/,,
R

(1) Pyridinium dichromate/DMF

(1) R'COCI, N(CH,CH3)3/DMAP, CH,Cl,

(2) p-toluene sulfonic acid/methanol

(2) CH30H, CH3ONH,*CI

Scheme 4

4'- 405 R R R KR OR FE A R SR U (41e): R
80.9%. IOk, mp. 145~147 ‘C; '"H NMR (CDCl;,
500 MHz) d: 7.91~7.81 (m, 1H, H-6-Ar), 7.26~7.35 (m,
1H, H-3,4-Ar), 7.02~7.04 (m, 1H, H-5-Ar), 5.88~5.90
(m, 1H, H-9), 5.74~5.78 (m, 2H, H-10, H-11), 5.43 (s,
1H, H-3), 5.37~5.42 (m, 1H, H-19), 5.01~5.09 (m, 1H,
H-15), 4.90~4.96 (t, J=9.5 Hz, 1H, H-4"), 4.88~4.90 (m,
1H, H-1'), 4.68~4.69 (m, 2H, H-8a), 4.22~4.30 (m, 1H,
H-5), 4.15 (s, 1H, 7-OH), 4.07~4.10 (m, 1H, H-5",
3.97~3.99 (m, 2H, H-6, H-13), 3.82~3.86 (m, 1H, H-17),
3.67~3.69 (m, 1H, H-3"), 3.43 (s, 3H, 3-OCHj3), 3.22~
3.30 (m, 2H, H-2, H-25), 2.56~2.59 (m, 1H, H-12), 2.62
(s, 3H, Ar-2-CHj), 2.30~2.55 (m, 5H, H-16, H-2', H-24),
1.77~1.99 (m, 5H, 4-CH,, H-18), 1.34~1.65 (m, 12H,
14-CH;, H-20, H-26, H-27, H-22, H-23), 1.17~1.23 (m,
6H, 5'-CHs, 12-CHj3), 0.79~0.96 (m, 9H, 24,26,28-CH,).
HRMS (ESI) calcd for C4HgO1oNa (M—I—Na)+ 871.4609,
found 871.4611.

4120 AR HE-3- FE T I o7k o 5 2 R4 (414):
FEE 59.4%. LA, mp. 170~173 C; 'H NMR
(CDCls, 500 MHz) 6: 7.72~7.31 (m, 4H, Ar-H), 5.82 (m,
1H, H-9), 5.72~5.74 (m, 2H, H-10, H-11), 5.33~5.34 (m,
2H, H-3, H-19), 4.96~4.98 (m, 1H, H-15), 4.81~4.86 (m,
1H, H-1"), 4.57~4.70 (m, 3H, H-8a, H-4"), 4.44~4.48 (m,
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1H, H-5), 4.25 (s, 1H, 7-OH), 3.92~3.93 (m, 2H, H-5',
H-3), 4.83~4.85 (m, 1H, H-6), 3.63~3.70 (m, 3H, CH-
C=0, H-17, H-3"), 3.38~3.39 (m, 1H, H-2), 3.29 (s, 3H,
3'-OCHj), 3.20~3.24 (m, 1H, H-25), 2.52~2.54 (m, 1H,
H-12), 2.22~2.32 (m, 5H, H-16, H-2', H-24), 1.80~2.00
(m, 5H, 4-CHs, H-18), 1.33~1.66 (m, 14H, 14-CH,, H-20,
H-26, H-27, H-22, H-23), 1.03~1.25 (m, 12H, (CH;),CH-
C=0, 5-CH,, 12-CHj), 0.77~0.95 (m, 9H, 24,26,28-
CH;). HRMS (ESI) calcd for Cs,H73C10,Na (M+Na)®
947.4688, found 947.4684.

13- 408 S8 Y IE ik o FE 27 35 S8 U (41Ta): 77
81.6%. HEAK, mp. 110~114 ‘C; '"H NMR (CDCls,
500 MHz) d: 7.90~7.93 (m, 1H, H-6-Ar), 7.44~7.45 (m,
2H, H-3,4-Ar), 7.37~7.40 (m, 1H, H-5-Ar), 5.85~5.88
(m, 1H, H-9), 5.79~5.83 (m, 2H, H-10, H-11), 5.42 (s,
2H, H-3, H-13), 5.27~5.30 (m, 1H, H-19), 5.15~5.19 (m,
1H, H-15), 4.65~4.69 (m, 2H, H-8a), 4.28~4.31 (m, 1H,
H-5), 4.08 (s, 1H, 7-OH), 3.96~3.97 (d, J=6.5 Hz, 1H,
H-6), 3.59~3.62 (m, 1H, H-17), 3.27~3.31 (dd, J=2.0,
4.5 Hz, 1H, H-2), 3.15 (d, J=8.0 Hz, 1H, H-25), 2.74~
2.78 (m, 1H, H-12), 2.49 (d, J=8.5 Hz, 1H, H-24), 2.26~
2.29 (m, 2H, H-16), 1.74~2.04 (m, 5H, 4-CHs, H-18),
1.24~1.86 (m, 12H, 14-CHs, H-20, H-26, H-27, H-22,
H-23), 1.16~1.18 (m, 3H, 12-CHj3), 0.76~0.87 (m, 9H,

http://sioc-journal.cn/ 1087
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24,26,28-CH;); °C NMR (100 MHz, CDCl;) J: 168.59
(C-1), 165.31, 166.10 (OC=0, ArC=0), 139.80, 135.24,
133.00, 132.76, 132.01, 131.63, 130.01, 129.85, 129.74,
129.39 (C-1,2,3.4,6-Ar, C-8, C-11, C-14, C-4), 125.80,
121.73 (C-5-Ar, C-10), 115.21 (C-9), 113.08, 112.92 (C-3
or C-15), 99.14 (C-21), 75.29, 74.15, 74.10, 71.88 (C-25,
C-13, C-7, C-6), 63.65, 63.39, 62.68, 62.13 (C-8a, C-19,
C-17, C-5), 40.65, 36.25, 33.87, 31.72 (C-2, C-12, C-20,
C-18), 27.56, 27.49 (C-26, C-16, C-22), 29.11, 26.75,
26.23 (C-24), 24.67, 23.94 (C-23), 17.60, 15.22, 14.90,
12.95, 12.42, 10.31, 9.57 (C-27, C-4a, C-12a, C-24a,
C-14a, C-26a, C-28). HRMS (ESI) calcd for C4Hs3Cl-
O¢Na (M+Na)" 747.3276, found 747.3280.

13-408 ARk PR R I R R 7 2 2RI (410b): 7~
% 79.4%. LRy, 'TH NMR (CDCl;, 500 MHz) 6:
8.04~8.06 (m, 1H, H-6-Ar), 7.73~7.75 (m, 1H, H-4-Ar),
7.20~7.25 (m, 2H, H-3,5-Ar), 5.86~5.89 (m, 1H, H-9),
5.80~5.85 (m, 2H, H-10, H-11), 5.61 (s, 1H, H-13), 5.38
(s, 1H, H-3), 5.30~5.32 (m, 1H, H-19), 5.16~5.19 (m,
1H, H-15), 4.58~4.60 (m, 2H, H-8a), 4.29~4.33 (m, 1H,
H-5), 422 (d, J=6.5 Hz, 1H, H-6), 4.08 (s, 1H, 7-OH),
3.89 (s, 3H, Ar-2-OCH3), 3.60~3.62 (m, 1H, H-17), 3.47
(dd, J=2.0, 4.5 Hz, 1H, H-2), 3.13 (d, J=8.0 Hz, 1H,
H-25), 2.71~2.73 (m, 1H, H-12), 2.52 (d, J=8.5 Hz, 1H,
H-24), 2.26~2.29 (m, 2H, H-16), 1.78~2.04 (m, 5H,
4-CH;, H-18), 1.26~1.66 (m, 12H, 14-CHs, H-20, H-26,
H-27, H-22, H-23), 1.13~1.16 (m, 3H, 12-CH3), 0.75~
0.87 (m, 9H, 24,26,28-CH,); *C NMR (100 MHz, CDCl5)
5: 168.61 (C-1), 165.30, 166.23 (OC =0, ArC=0),
158.91 (C-2-Ar), 135.24, 134.63, 132.76, 130.01, 129.85,
129.39 (C-4,6-Ar, C-8, C-11, C-14, C-4), 121.73, 120.9,
120.6 (C-1,5-Ar, C-10), 115.21, 114.23 (C-3-Ar, C-9),
113.08, 112.92 (C-3 or C-15), 99.14 (C-21), 75.29, 74.15,
74.10, 71.88 (C-25, C-13, C-7, C-6), 63.65, 63.39, 62.68,
62.13 (C-8a, C-19, C-17, C-5), 55.90 (OCH;), 40.65,
36.25, 33.87, 31.72 (C-2, C-12, C-20, C-18), 27.56, 27.49
(C-26, C-16, C-22), 29.11, 26.75, 26.23 (C-24), 24.67,
23.94 (C-23), 17.60, 15.22, 14.90, 12.95, 12.42, 10.31,
9.57 (C-27, C-4a, C-12a, C-24a, C-14a, C-26a, C-28).
HRMS (ESI) calcd for C4,Hss019Na (M—I—Na)+ 743.3771,
found 743.3775.

13- 48 B R G 35 % B 57 35 R AL (4e): 7= 3%
80.6%. LK, mp. 100~102 C; 'H NMR (CDCl;,
500 MHz) 0: 8.03~8.05 (m, 1H, H-6-Ar), 7.44~7.46 (m,
1H, H-4-Ar), 7.28~7.32 (m, 2H, H-3,5-Ar), 5.89~5.91
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(m, 1H, H-9), 5.77~5.87 (m, 2H, H-10, H-11), 5.43 (s,
1H, H-3), 5.39 (s, 1H, H-13), 5.30~5.32 (m, 1H, H-19),
5.14~5.16 (m, 1H, H-15), 4.66~4.68 (m, 2H, H-8a),
4.30~4.33 (m, 1H, H-5), 4.08 (s, 1H, 7-OH), 3.97 (d, J=
6.5 Hz, 1H, H-6), 3.56~3.58 (m, 1H, H-17), 3.29 (dd, J=
2.0, 4.5 Hz, 1H, H-2), 3.13 (d, J=8.0 Hz, 1H, H-25),
2.75~2.78 (m, 1H, H-12), 2.64 (s, 3H, Ar-2-CHj,), 2.50 (d,
J=8.5 Hz, 1H, H-24), 2.25~2.27 (m, 2H, H-16), 1.75~
2.04 (m, 5H, 4-CH,, H-18), 1.26~1.64 (m, 12H, 14-CH;,
H-20, H-26, H-27, H-22, H-23), 1.13~1.15 (m, 3H,
12-CH3), 0.74~0.88 (m, 9H, 24,26,28-CHs). HRMS (ESI)
caled for Cyu,Hs¢OgNa (M + Na) * 727.3822, found
727.3819.

13-(2- %) G AR HE )-3- AL T W FE ok FE 4 = 2K W
(411d): K, 77 68.6%. mp. 122~125 'C; 'H
NMR (CDCls, 500 MHz) d: 7.72~7.31 (m, 4H, ArH),
5.85~5.88 (m, 1H, H-9), 5.64~5.79 (m, 2H, H-10, H-11),
5.41 (s, 1H, H-3), 5.26 (m, 1H, H-19), 5.18 (s, 1H, H-13),
5.03 (s, 1H, H-15), 4.62~4.28 (m, 2H, H-8a), 4.28~4.31
(m, 1H, H-5), 3.93 (d, J=6.5 Hz, 1H, H-6), 3.66~3.69
(m, 2H, H-17, CHC=O0), 3.27 (dd, J=2.0, 4.5 Hz, 1H,
H-2), 3.17 (d, J=8.0 Hz, 1H, H-25), 2.52~2.56 (m, 1H,
H-12), 2.22~2.32 (m, 5H, H16, H-2', H-24), 1.80~2.00
(m, 5H, 4-CHs, H-18), 1.33~1.66 (m, 14H, 14-CH;, H-20,
H-26, H-27, H-22, H-23), 1.03~1.25 (m, 12H, (CH;),CH-
C=0, 5-CH,;, 12-CH3), 0.77~0.95 (m, 9H, 24,26,
28-CH3). HRMS (ESI) calcd for C45Hg C1OsNa (M+Na)*
803.3902, found 803.3906.

122 HwFEE £ Sla~51d F= SIla~5IId 49
J 4 &k

50 mL [B B I TS Ak (1) B B G HE R R 2R
ZEAH(0.25 mmol)Fl HF &S FRIEIE £h(188 mg, 0.5 mmol),
B 30 mL 15 DMF 1E M%7, =ilafid: [ Y 40 min.
SV 100 mL 7K, 5 L3 X 50 mL)#H, £7
HUZ IR 2h 8220 mL X 3, 5%)Ukisk, Jo/KBR AN T4
WA EA ) B.

25 mL [ B I =41 B (0.25 mmol )l 44 fi%
HEER IR ER (42 mg, 0.5 mmol), JIA 20 mL FEEAE A7,
FEWBFER N1 h, RNVEH I 30 mL K, LIRS
PR30 mL X 3)$HN, HHLZHMERQ20 mLX3, 5%)ik
o, KRBT R4, SREIRA[V(LIR LTR) -
VA ) =20 : 100)2i1k 4 H #5774 Sla~5Id Fl
511a~5IId.

5- PP 24 25 -40- 40 UK R RS R FE 27 2 2R L)
(51a): 72K 77.1%. L AA, mp. 89~92 C; 'H NMR
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(CDCls, 500 MHz) J: 7.80~7.83 (m, 1H, H-6-Ar), 7.41~
7.43 (m, 2H, H-3,4-Ar), 7.29~7.33 (m, 1H, H-5-Ar), 5.92
(d, J=15.0 Hz, 1H, H-9), 5.75~5.79 (m, 3H, H-3, H-10,
H-11), 5.37~5.40 (m, 1H, H-19), 5.00~5.03 (m, 1H,
H-15), 4.93 (t, J=9.5 Hz, 1H, H-4'), 4.88~4.91 (m, 1H,
H-1'), 4.60~4.63 (m, 2H, H-8a), 4.56 (s, 1H, 7-OH),
4.07~4.09 (m, 1H, H-5"), 4.00 (s, 3H, NOCH3), 3.97~
3.99 (m, 2H, H-6, H-13), 3.67~3.84 (m, 2H, H-17, H-3"),
3.45 (s, 3H, 3'-OCHj3), 3.38 (t, J=2.5 Hz, 1H, H-2), 3.25~
3.27 (m, 1H, H-25), 2.54~2.58 (m, 1H, H-12), 2.01~2.38
(m, 5H, H-16, H-2', H-24), 1.76~1.90 (m, 5H, 4-CH;,
H-18), 1.40~1.69 (m, 12H, 14-CH;, H-20, H-26, H-27,
H-22, H-23), 1.18~1.22 (m, 6H, 5'-CH;, 12-CH3), 0.79~
0.96 (m, 9H, 24,25,28-CH;). HRMS (ESI) caled for
Cy4oHgCINO,Na (M+Na)™ 918.4171, found 918.4175.

5- PSP 2 6 -4 50 RO PR G R 8 32 R L)
(5Ib): 723 68.0%. LA, mp. 97~99 ‘C; 'H NMR
(CDCls, 500 MHz) d: 7.98 (d, J=7.6 Hz, 2H, H-2,6-Ar),
7.26 (d, J=7.9 Hz, 2H, H-3,5-Ar), 5.94 (d, J=14.9 Hz,
1H, H-9), 5.76~5.81 (m, 3H, H-3, H-10, H-11), 5.41~
5.43 (m, 1H, H-19), 5.02 (d, 1H, H-15), 4.92 (t, J=9.5 Hz,
1H, H-4"), 4.87~4.89 (m, 1H, H-1'), 4.67~4.58 (m, 2H,
H-8a), 4.58 (s, 1H, 7-OH), 4.01~4.03 (m, 1H, H-5,
3.99~4.00 (m, 2H, H-6, H-13), 3.99 (s, 3H, NOCH,),
3.69~3.84 (m, 2H, H-17, H-3"), 3.41 (s, 3H, 3-OCH,),
3.39 (t, J=2.5 Hz, 1H, H-2), 3.22~3.25 (m, 1H, H-25),
243 (s, 3H, Ar-CHj), 2.56~2.59 (m, 1H, H-12), 2.28~
238 (m, 5H, H-16, H-2', H-24), 1.74~2.00 (m, 5H,
4-CH;, H-18), 1.39~1.68 (m, 12H, 14-CHs, H-20, H-26,
H-27, H-22, H-23), 1.18~1.22 (m, 6H, 5'-CHj, 12-CHj),
0.79~0.96 (m, 9H, 24,26,28-CH3). HRMS (ESI) calcd for
CsoHeoNO ,Na (M+Na)* 898.4718, found 898.4723.

5- FAE0 0 28 B -40- 408 FH R R R L ok R 2 32 XA
(5Ic): P73 77.8%. gk, mp. 112~1165 C; 'H
NMR (CDCl, 500 MHz) d: 7.90 (d, J=8.5 Hz, 1H,
H-6-Ar), 7.40 (d, J=8.0 Hz, 1H, H-4-Ar), 7.26~7.29 (m,
2H, H-3,5-Ar), 5.93 (d, J=15.0 Hz, 1H, H-9), 5.75~5.79
(m, 3H, H-3, H-10, H-11), 5.37~5.39 (m, 1H, H-19),
5.01~5.04 (m, 1H, H-15), 4.92 (t, J=9.5 Hz, 1H, H-4"),
4.88~4.90 (m, 1H, H-1'), 4.66~4.69 (m, 2H, H-8a), 4.57
(s, 1H, 7-OH), 4.06~4.09 (m, 1H, H-5'), 4.00 (s, 3H,
NOCH;), 3.98~4.00 (m, 2H, H-6, H-13), 3.67~3.84 (m,
2H, H-17, H-3"), 3.43 (s, 3H, 3'-OCHj3), 3.38 (t, J=2.5 Hz,
1H, H-2), 3.23~3.25 (m, 1H, H-25), 2.62 (s, 3H, Ar-CH;),
2.54 (m, 1H, H-12), 2.28~2.38 (m, 5H, H-16, H-2', H-24),
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1.74~2.00 (m, 5H, 4-CH;, H-18), 1.39~1.68 (m, 12H,
14-CH;, H-20, H-26, H-27, H-22, H-23), 1.18~1.22 (m,
6H, 5'-CHs, 12-CHj), 0.79~0.96 (m, 9H, 24,26,28-CH,).
HRMS (ESI) caled for CsgHe@NO;;Na (M + Na) *
898.4718, found 898.4720.

5- FF 4 TV B0 S5 -4 0 S0MH R 1 5 R R A R R
(5Id): 7% 27.1%. FHRY). '"H NMR (CDCls, 500
MHz) §: 7.97 (s, 1H, Py-H), 5.95~5.96 (d, J=14.8 Hz,
1H, H-9), 5.73~5.86 (m, 2H, H-10, H-11, H-3), 5.42~
5.46 (m, 1H, H-19), 5.01~5.06 (m, 1H, H-15), 4.87~4.95
(m, 2H, H-1', H-4"), 4.74~4.76 (m, 2H, H-8a), 4.06~4.08
(m, 1H, H-5"), 4.00 (s, 3H, NOCHy), 3.92 (s, 1H, H-6),
3.87~3.89 (m, 1H, H-13), 3.71~3.86 (m, 2H, H-17,
H-3"), 3.58 (t, J=2.5 Hz, 1H, H-2), 3.42 (s, 3H, 3'-OCHs),
3.22~3.25 (m, 1H, H-25), 2.56~2.58 (m, 1H, H-12),
2.28~2.34 (m, 5H, H-16, H-2', H-24), 1.89~2.05 (m, 5H,
4-CH;, H-18), 1.41~1.79 (m, 12H, 14-CHs, H-20, H-26,
H-27, H-22, H-23), 1.22~1.41 (m, 6H, 5',12-CH3), 0.79~
0.97 (m, 9H, 24.26,28-CH;). HRMS (ESI) caled for
CusHesCLFN,OpNa (M + Na) © 971.3640, found
971.3644.

5- FAR T 20 - 13- AR UK R SE R FE R R 2R
(5IMa): 7% 42.3%. JGCEOMPIRY). "H NMR (CDCls, 500
MHz) 6: 7.90~7.93 (m, 1H, H-6-Ar), 7.47~7.51 (m, 2H,
H-3,4-Ar), 7.38~7.40 (m, 1H, H-5-Ar), 5.91~5.61 (d,
J=153 Hz, 1H, H-9), 5.78~5.87 (m, 3H, H-3, H-10,
H-11), 5.41 (s, 1H, H-13), 5.34~5.37 (m, 1H, H-19),
5.14~5.16 (m, 1H, H-15), 4.70~4.73 (m, 2H, H-8a), 4.57
(s, 1H, 7-OH), 4.00 (s, 3H, =NOCH;), 3.89 (s, 1H, H-6),
3.57~3.59 (m, 1H, H-17), 3.38 (dd, J=2.0, 4.5 Hz, 1H,
H-2), 3.13 (d, J=8.0 Hz, 1H, H-25), 2.75~2.78 (m, 1H,
H-12), 2.28~2.30 (m, 2H, H-16), 1.77~2.29 (m, 6H,
H-24, 4-CH5, H-18), 1.35~1.70 (m, 12H, 14-CH,, H-20,
H-26, H-27, H-22, H-23), 1.16~1.18 (m, 3H, 12-CHj),
0.77~0.86 (m, 9H, 24,26,28-CH;). HRMS (ESI) calcd for
C4Hs54CINOgNa (M+Na)™ 774.3385, found 774.3389.

5- FRVAE Y 2 25~ 1350 FH 62 PR It R R R 8 2 R A
(5IIb): 773 45.6%. LaukY. 'H NMR (CDCls, 500
MHz) §: 8.01 (m, 2H, H-2,6-Ar), 7.28~7.30 (m, 2H,
Ar-H), 5.92~5.94 (m, 1H, H-9), 5.77~5.89 (m, 3H, H-3,
H-10, H-11), 5.38 (s, 1H, H-13), 5.34~5.36 (m, 1H,
H-19), 5.10~5.12 (m, 1H, H-15), 4.67~4.69 (m, 2H,
H-8a), 4.56 (s, 1H, 7-OH), 4.00 (s, 3H, =NOCH;), 3.87
(s, 1H, H-6), 3.58~3.60 (m, 1H, H-17), 3.38 (dd, J=2.0,
4.5 Hz, 1H, H-2), 3.12 (d, J=8.0 Hz, 1H, H-25), 2.76~
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2.78 (m, 1H, H-12), 2.64 (s, 3H, Ar-CH;), 2.24~2.26 (m,
2H, H-16), 1.77~2.27 (m, 6H, 4,24-CH;, H-18), 1.26~
1.65 (m, 12H, 14-CH;, H-20, H-26, H-27, H-22, H-23),
1.12 ~ 1.14 (m, 3H, 12-CH;), 0.76 ~ 0.89 (m, 9H,
24,26,28-CH3). HRMS (ESI) calcd for C43Hs;NOgNa (M+
Na)™ 754.3931, found 754.3936.

5-H AR 2 2 - 1340 FH R I L R FE B = 2Rl
(SIe): 7734 55.7%. LR, '"H NMR (CDCls, 500
MHz) 6: 8.02 (m, 1H, H-6-Ar), 7.44~7.46 (m, 1H,
H-4-Ar), 7.29~7.31 (m, 2H, H-3,5-Ar), 5.93~5.95 (m,
1H, H-9), 5.78~5.88 (m, 3H, H-3, H-10, H-11), 5.39 (s,
1H, H-13), 5.34~5.36 (m, 1H, H-19), 5.10~5.13 (m, 1H,
H-15), 4.68~4.70 (m, 2H, H-8a), 4.58 (s, 1H, 7-OH), 4.00
(s, 3H, =NOCH,), 3.88 (s, 1H, H-6), 3.58~3.61 (m, 1H,
H-17), 3.39 (dd, J=2.0, 4.5 Hz, 1H, H-2), 3.12 (d, J=8.0
Hz, 1H, H-25), 2.75~2.78 (m, 1H, H-12), 2.64 (s, 3H,
Ar-CHj), 2.25~2.27 (m, 2H, H-16), 1.76~2.26 (m, 6H,
H-24, 4-CHs, H-18), 1.26~1.65 (m, 12H, 14-CHs, H-20,
H-26, H-27, H-22, H-23), 1.13~1.16 (m, 3H, 12-CHj),
0.75~0.86 (m, 9H, 24,26,28-CH;). HRMS (ESI) calcd for
C43Hs:NOgNa (M+Na)® 754.3931, found 754.3930.

5- AP 2 - 13-l UM e PR BESE R 25 2 2K

(5ITe): 7= 35.8%. LEMRY. '"H NMR (CDCl;, 500
MHz) 6: 8.05 (s, 1H, Py-H), 5.71~5.95 (m, 3H, H-9, H-3,
H-10, H-11), 543 (s, 1H, H-13), 5.35~5.37 (m, 1H,
H-19), 5.06~5.08 (m, 1H, H-15), 4.68~4.70 (m, 2H,
H-8a), 4.57 (s, 1H, 7-OH), 4.00 (s, 3H, =NOCHj3;), 3.89
(s, 1H, H-6), 3.62~3.65 (m, 1H, H-17), 3.38 (dd, J=2.0,
4.5 Hz, 1H, H-2), 3.15 (d, J=8.0 Hz, 1H, H-25), 2.79~
2.83 (m, 1H, H-12), 2.27~2.29 (m, 2H, H-16), 1.73~2.04
(m, 6H, 24,4-CH,, H-18), 1.35~1.66 (m, 12H, 14-CHs,
H-20, H-26, H-27, H-22, H-23), 1.14~1.16 (m, 3H,
12-CHj3;), 0.77~0.88 (m, 9H, 24,26,28-CH3). HRMS (ESI)
caled for C4Hs;CLFN,OsNa (M+Na)" 827.2853, found
827.2858.
1.3 HEYEMNE

MR IR Pk, MENAY) 4la~51d 73 5))
Xt 2K Wb W Wl (Tetranychus  cinnabarinus) < 4 77 Kl 1
(Mythimna sepatara) F & 5.0 (Aphis fabae)iX = Fi U #
g =N AEYE . R AR5 £ C, #FE
W8 T 4330 4 0.006, 200 T 200 mgeL ™", AN
WIKEEAT 3 k. DURYER = AERT ], R IEJE T3 LG
IKAXIRE, 4% Abbott 23 X HFLAH, WESE R ILE 1 F
2 .

R PrA S P8 BE PEEN R /%)

Table 1 The insecticidal activities (inhibition rate/%) of title compounds

=t R' or R? P HH§5(0.006 mgeL ™) FE A HR(200 mgeL ) %% 515200 mgeL ")

KAEP 2 — 57.9 100 100
4la Cii 36.2 89.6 76.1
411a o 11.8 100 100
4Th Cii 19.5 90.5 68.6
41Ib o 16.4 100 100
4lc s 24.5 88.9 61.6
411c 23.5 95.2 100
41d - 14.6 70.5 87.2
411d 15.2 88.5 98.2

Cl
SIa Ci« 183 0 7.9
51Ia o 9.1 0 11.2
5Ib s 15.5 0 0
51Ib 6.3 0 12.4
5lc b 6.7 0 23
51Ic 5.2 0 22.1
1090 http://sioc-journal.cn/ © 2012 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2012, 32, 1084~1092
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&Y R' or R? P 5(0.006 mgeL ™) FIJ (200 mgeL ) % (200 mgeL ")
51d F ‘ N 53 0 0
511d o NG 6.3 0 8.9
PRI S
R2 LAY 4lla, 410 FRYE T 353 5158 5 7 Rl HORT AR F 1) LCso 8
Table 2 The larvicidal LCs, values of compounds 411a, 411b and ivermectin against Mythimna sepatara and Aphis fabae
) P J3 Rk %5 o
= — ST S Y, — N — SET Y, — N
LCso/(mgeL ") PRI SE /(mgeL™") T H % LCso/(mgeL ") RIS /(mgeL™") O Y%
1 100.0 2 100.0
0.5 89.3 1 86.2
0.25 70.1 0.5 75.0
4la 015 0.125 45.6 031 0.25 458
0.0625 25.9 0.125 103
0.03125 0 0.0625 0
1 94.5 2 100.0
0.5 70.6 1 90.4
0.25 43.1 0.5 78.2
4t 0-29 0.125 223 0.19 0.25 57.6
0.0625 10.2 0.125 38.5
0.03125 0 0.0625 21.0
1 100.0 0.5 91.0
0.5 90.9 0.25 80.3
N 0.25 66.7 0.125 69.8
.
e 0.19 0.125 29.1 0.05 0.0625 58.6
0.0625 6.4 0.03125 432
0.03125 0 0.015625 25.6
2 HER5FE 5-O-TBDMS- It §f 5% F % 28 2K LW 310 1) i % 5
L 5-O-TBDMS-HUi 54 2= AU 3TARLL (RCHE
21 EBRF*E

KA A A2 o BB R FE RS 2 2, 71
SRS IS ) FH A FE A 23 0] e A AR KR . i T
SN 5 [ sl 2R 25 AN R I A O R DR FE 7 2 230, i
IS 5 326 FH AR P SRR TR S PR AR ), AR KoK HER
JE/NT 3%, [NIFEZINT 18 h (444 R ALK filt il 15
FORE R FE R M. TR I ()R A AE ST AL BRI
Oy RAEFACIRG, AT ARG NG R NaCl Fioki A
AR LS. Tob VR FE R 22 U W 45 ik
R S B IR FE RS R IR AR, JUE I PRl
SR ) PR A DA R, S s IR (), 3 ORI 1) s I ik
BE. 514k 5-O-TBDMS-HUBE5R FE 55 22 AL 31 il 45 ik
] TBDMS-CI 1E MRS HEI, T s, Ky x
V7845, TBDMS-Cl Mo il &, HBETRFER 2Ry
L TBDMS-CI PR 10 2.2, BpHoRFE 225400
M WA R, RN B C-5-OH 199 I 2w T
C-4'-OH, {Hil# TBDMS-CI{/i4 5 C-4'-OH ¥, FrlA
P R 0 SN IR ] (29 6 h) S U820 Ik 1) 7 A O it
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FERBI C-13-OH i bl FE 8 £ 5B C-4'-OH
R, BS5 RINVIEREF=Y), SOV NI R 6 E
5h, BEONEIE.
22 BRUEYRIFRHEMS

KRR ik, Sl W 0 AR 0 I 5 #4054 53 )
XF IR Wb W Wl (Tetranychus  cinnabarinus) ~ B 77 kb M
(Mythimna sepatara)F7g W (Aphis fabae)lP) 3 HIE k.
2 1 M2 2 W40, 7 0.006 mgeL ™ HIMRIRE R T
AR A G 40 0,455 K 24 1T 35 7 P 3580568 A T ok g 2 B0 1 62
ZEMIE M, BR T AKR4E R 2, AL A A E] 50%
IR HOETE. BAME 200 mgeL ™" IR E F &9
4la~4I1d FIAHHE R 200 R 7RG HURD 2 e 1) 3 AL HH At
UFIR G, JEHAL S 411a AT 4T0b [ UG ME B
. B OGE KBRS 41T (LC5p=0.29 mgeL ™)
X 7 R HUR S OSP4 S AR, (LA
411a (LCso=0.15 mgeL ") g J5 Kl B0 3% Sl v b Ak 4
W (LCsp=0.19 mgeL "YE . b5 411d 7 200 mge
L ARG ) B kG HURN 2 B R I R R AR
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HEE, JETR 10N 88.5%F1 98.2%. M 1 A%, H
BEALA D) (41a~41d) i PRk LTRSS I, JEAR Bk
IEF) 90%. 4 5P PRI A R B AU 2 R 1 TR RE
ik, B2 0 g

3 it

DAORFE 25 2 AU AR 28 B 2= 0 JsOkE, R AN [+
TR S S ) 602 ) F88 o) A A4 1 2R 70 ol i 25— P A
ANBESE, ARG S AHR e AT IR A, Al A AR
BRI R IR FE R = R &) 4la~510d. LA
TCHERE RV 7R R 2K 4lla~51d b Hisfb &
Yy, FRRERER DR IF R RIS 41a~51d 1EELAL, 7>
X A b W (Tetranychus  cinnabarinus) 76 77 Kl HL
(Mythimna sepatara)F1 4z 5. 8f (Aphis fabae)i#t AT % W 4%
HUEHEIE. A EE R, JoRERE RS IR R R
) 4X0a~SI0d X g 5ok HURT S 6 00 () %t PE L 2
PRI SRR 2R 4la~51d &iRZ, JUHE
13 47 b2 AR GUAS T 1 5 (4 a) R 05 Y 4 6 4 F I
(41Ib) AL S, HLAS I J it I AT A R 2R o
FERE R IR I WA ), At AR
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