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Synthesis and insecticidal and acaricidal activities of milbemycins derivatives
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Abstract: In order to find the high activity milbemycins derivatives. With ivermectin as the raw
material, a series of 13-sulfonyl amidine-milbemycins derivatives (7a-7i) were synthesized after
deglycosylation, hydroxy protection, oxidizing reaction, reductive amination and deprotection of C-13
of milbemycins. The preliminary bioassay showed that the compounds exhibited high insecticidal
activity against Tetranychus cinnabarinus and Aphis craccivora. Some of them show a higher
insecticidal activity, the LCjs, value of 7g, 7h and 7i against T. cinnabarinus were 1.04x1072, 9.60x107,
1.44x1072 mg/L in 24 h, respectively, the LCs, value of 7i against 4. craccivora were 7.80 mg/L. The
results indicate that the structural modification of sulfonylation on the C-13 amine of milbemycins are

helpful to improve the activity against spide mite and aphid.
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KR N EE K (milbemycins, ZE#IF LR 1),
WARIRFERE R, HAMMN 4R 2 (ivermectin)
AT PRANKERE DRI G 1 A R RBP4 T R AR E
PRI R 1 RT3 F AT BB 48 3 3R 8 v 1O T
RN, Pk, MRFERRATIBEME, HAERR
W, R, MABLE, A RHE, WA
Gy, R AL, T R IR A
A HFAP KR B R AR AL S y-S TR
WEh AT = ANE, o5 EAE R TS T
JHIE (glutamate-gated chloride) AR, AT 5L
BTN, R s E AR, 2
R HURBIAE TR 0 2 AR B R E A R
TFIR A% KSR,

R = CH; or CH,CH;
B 1 KRINBHEUFEHR

Scheme 1 The chemical structure of milbemycin
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FI R HRR AR DUR R BE RS &) (HL 5
B LI 2K 2) 0 RASRAD i gl A 5 D (il A
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X-4 H7- AU S A bR FR A A R
wE], WHERERIE); Bruker AM-400 1% 4L 4R
FVEA (f [E Bruker A #l, PLTARE T AE ],
PAVY H R ke N N FR); Bruker Esquire 6000 ¥i-Jii
A (72 [F Bruker A F]).

HENT R (T fL12 48~75 um, T SEE

LA RAF =) 97% H4EH & (ivermectin)
JRZ5, DUNATLIE R AR A PR A ] HoAd 7]
BIRG At
1.2 B#RUEY Ta~Ti WERK

AR 2. 3. 4. 5. 6 & SRR T
BRUTIHEAT . AR ARG L Ta .
117 mg (0.2 mmol) *[A]fE 6 T 10 mL 5 H bt
i, N 47.3 mg (0.24 mmol) X H 3E < FE L S
A1 26.5 mg (0.26 mmol) K2k, ERSAT
T, A 3.8 mg (0.02 mmol) AL V4 A1 0.035 mL
(0.25 mmol) =4, ZEimMFE 1.5 he RPVILE
Ja, AEGHR, AR ER, FEHE
N 30 min, AAEHEANZRER . &AL
., HATGKWBREE T8, oI, R ZEBREA
&, M MAE A E T (200~300 H) 4646, H
V(&R EE): V(FEE) =20:1 %, 5 HAR~9
Ta. FAHFEEAE T ERIS To~Ti.

Ta: FRE 63%. HAEE, WA 142~144 C.
'H NMR (400 MHz, CDCl;), 6: 7.79~7.82 (m, 2H,
Ar-H), 6.97~7.14 (m, 7H, Ar-H), 5.65~5.70 (m, 1H,
10-H), 5.43~5.46 (m, 1H, 9-H), 5.26~5.32 (m, 3H, 3-
H, 11-H, 19-H), 4.51~4.64 (m, 3H, 8a-H, 15-H),
4.46~4.49 (m, 1H, -CH,C=N-), 4.30~4.37 (m, 2H, 5-
H, -CH,C=N-), 4.29 (s, 1H, 13-H), 3.79 (m, 1H, 6-H),
3.49 (s, 3H, Ar-CHs), 3.33 (s, 1H, 7-OH), 3.27~3.30
(m, 1H, 17-H), 3.20~3.22 (m, 2H, 2-H, 25-H),
2.59~2.61 (m, 1H, 12-H), 2.18~2.44 (m, 4H, 5-OH,
16-H, 24-H), 1.25~1.99 (m, 17H, 4-Me, 14-Me, 20-H,
26-H, 27-H, 22-H, 23-H, 18-H), 0.69~1.07 (m, 12H,
12-Me, 27-Me, 24-Me, 26-Me). MS-ESI, m/z:
857.4[M+H]".

Tb: T 61%. AR, MR 137~139 C.
'H NMR (400 MHz, CDCl,), : 7.85 (d, 2H, J=8.4
Hz, Ar-H), 7.43 (d, 2H, J=8.4 Hz, Ar-H), 7.18 (d, 2H,
J=8.4 Hz, Ar-H), 7.01 (d, 2H, J=8.4 Hz, Ar-H),
5.67~5.70 (m, 1H, 10-H), 5.52~5.55 (m, 1H, 9-H),
5.30~5.41 (m, 3H, 3-H, 11-H, 19-H), 4.56~4.67 (m,
3H, 8a-H, 15-H), 4.38~4.43 (m, 1H, -CH,C=N-),
4.25~4.30 (m, 2H, 5-H, -CH,C=N-), 4.20 (s, 1H, 13-
H), 3.93 (d, 1H, J=6.0 Hz, 6-H), 3.89 (s, 3H, Ar-
CH,), 3.78 (s, 1H, 7-OH), 3.51~3.53 (m, 1H, 17-H),
3.20~3.23 (m, 2H, 2-H, 25-H), 2.62~2.63 (m, 1H, 12-
H), 2.17~2.31 (m, 4H, 5-OH, 16-H, 24-H), 1.25~1.87
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Scheme 2 Synthesis route of milbemycins derivatives 7a-7i
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(m, 17H, 4-Me, 14-Me, 20-H, 26-H, 27-H, 22-H, 23-
H, 18-H), 0.70~1.19 (m, 12H, 12-Me, 27-Me, 24-Me,
26-Me). MS-ESI, m/z: 891.3[M+H]".

Te: FEE49%. HEMEAK, A 133~135 C.
'H NMR (400 MHz, CDCl,), : 7.40~7.49 (m, 2H,
Ar-H), 7.32~7.39 (m, 3H, Ar-H), 5.67~5.74 (m, 1H,
10-H), 5.53~5.55 (m, 1H, 9-H), 5.11~5.42 (m, 3H, 3-
H, 11-H, 19-H), 4.57~4.67 (m, 3H, 8a-H, 15-H),
4.40~4.48 (m, 1H, -CH,C=N-), 4.27~4.35 (m, 2H, 5-
H, -CH,C=N-), 4.11~4.13 (m, 1H, 13-H), 3.92~3.98
(m, 1H, 6-H), 3.50 (s, 3H, -SO,CHj3), 3.20~3.23 (m,
1H, 7-OH), 3.07~3.12 (m, 1H, 17-H), 3.02~3.04 (m,
2H, 2-H, 25-H), 2.64~2.65 (m, 1H, 12-H), 2.19~2.32
(m, 4H, 5-OH, 16-H, 24-H), 1.26~1.90 (m, 17H, 4-
Me, 14-Me, 20-H, 26-H, 27-H, 22-H, 23-H, 18-H),
0.70~1.05 (m, 12H, 12-Me, 27-Me, 24-Me, 26-Me).
MS-ESI, m/z: 781.6[M+H]".

7d: FEE 52%. A, e 136~138 C.
'H NMR (400 MHz, CDCl;), 6: 7.13~7.31 (m, 4H,
Ar-H), 5.67~5.73 (m, 1H, 10-H), 5.49~5.52 (m, 1H,
9-H), 5.13~5.32 (m, 3H, 3-H, 11-H, 19-H), 4.53~4.67
(m, 3H, 8a-H, 15-H), 4.41~4.50 (m, 1H, -CH,C=N-),
4.29~4.38 (m, 2H, 5-H, -CH,C=N-), 4.17~4.24 (m,
1H, 13-H), 3.93~3.97 (m, 1H, 6-H), 3.46~3.56 (m,
3H, Ar-CH3), 3.23~3.27 (m, 3H, 2-H, 25-H, 17-H),
3.20~3.23 (m, 1H, 7-OH), 3.01~3.07 (m, 3H, -
SO,CHj,), 2.62~2.64 (m, 1H, 12-H), 2.17~2.45 (m,
4H, 5-OH, 16-H, 24-H), 1.26~1.98 (m, 17H, 4-Me,
14-Me, 20-H, 26-H, 27-H, 22-H, 23-H, 18-H),
0.68~1.06 (m, 12H, 12-Me, 27-Me, 24-Me, 26-Me).
MS-ESI, m/z: 750.8[M+H]".

Te: ;7 56%. HEMAK, A 135~137 C.
'H NMR (400 MHz, CDCl;), 6: 7.22 (d, 2H, J=8.4
Hz, Ar-H), 7.01 (d, 2H, J=8.0 Hz, Ar-H), 5.68~5.74
(m, 1H, 10-H), 5.53~5.56 (m, 1H, 9-H), 5.20~5.42
(m, 3H, 3-H, 11-H, 19-H), 4.56~4.68 (m, 3H, 8a-H,
15-H), 4.40~4.44 (m, 1H, -CH,C=N-), 4.29~4.31 (m,
2H, 5-H, -CH,C=N-), 4.20~4.22 (m, 1H, 13-H),
3.95~3.97 (m, 1H, 6-H), 3.88 (s, 3H, Ar-CHj;), 3.80
(s, 1H, 7-OH), 3.56~3.66 (m, 1H, 17-H), 3.21~3.23
(m, 2H, 2-H, 25-H), 3.03 (s, 3H, -SO,CH,;),
2.64~2.65 (m, 1H, 12-H), 2.19~2.32 (m, 4H, 5-OH,
16-H, 24-H), 1.26~1.90 (m, 17H, 4-Me, 14-Me, 20-H,

26-H, 27-H, 22-H, 23-H, 18-H), 0.70~1.05 (m, 12H,
12-Me, 27-Me, 24-Me, 26-Me). MS-ESI, m/z:
811.9[M+H]J".

76 FEE 61%. HAFEE, MFs: 137~139 C.
'H NMR (400 MHz, CDCl3), o: 8.49 (s, 1H, Ar-H),
7.89~7.96 (m, 4H, Ar-H), 7.59~7.64 (m, 2H, Ar-H),
7.57 (s, 2H, Ar-H), 7.48~7.49 (m, 1H, Ar-H),
7.07~7.16 (m, 2H, Ar-H), 5.65~5.71 (m, 1H, 10-H),
5.51~5.53 (m, 1H, 9-H), 5.24~5.40 (m, 3H, 3-H, 11-
H, 19-H), 4.55~4.65 (m, 3H, 8a-H, 15-H), 4.47~4.49
(m, 1H, -CH,C=N-), 4.32~4.40 (m, 2H, 5-H, -
CH,C=N-), 4.28 (s, 1H, 13-H), 3.92 (d, 1H, J=6.0 Hz,
6-H), 3.60 (s, 1H, 7-OH), 3.48~3.50 (m, 1H, 17-H),
3.16~3.22 (m, 2H, 2-H, 25-H), 2.61~2.63 (m, 1H, 12-
H), 2.15~2.37 (m, 4H, 5-OH, 16-H, 24-H), 1.20~1.91
(m, 17H, 4-Me, 14-Me, 20-H, 26-H, 27-H, 22-H, 23-
H, 18-H), 0.71~1.25 (m, 12H, 12-Me, 27-Me, 24-Me,
26-Me). MS-ESI, m/z: 893.3[M+H]".

7g: FEE 67%. HEMEMA, KA. 140~142 C.
'H NMR (400 MHz, CDCly), d: 8.49 (s, 1H, Ar-H),
7.90~7.96 (m, 5H, Ar-H), 7.59~7.62 (m, 2H, Ar-H),
6.96~7.14 (m, 3H, Ar-H), 5.65~5.71 (m, 1H, 10-H),
5.47~5.50 (m, 1H, 9-H), 5.29~5.31 (m, 3H, 3-H, 11-
H, 19-H), 4.54~4.66 (m, 3H, 8a-H, 15-H), 4.44~4.49
(m, 1H, -CH,C=N-), 4.15~4.19 (m, 2H, 5-H, -
CH,C=N-), 4.04~4.13 (m, 1H, 13-H), 3.92 (d, 1H,
J=6.0 Hz, 6-H), 3.48~3.49 (m, 4H, 7-OH, Ar-CHj,),
3.17~3.23 (m, 3H, 17-H, 2-H, 25-H), 2.60-2.62 (m,
1H, 12-H), 2.16~2.44 (m, 4H, 5-OH, 16-H, 24-H),
1.28~1.97 (m, 17H, 4-Me, 14-Me, 20-H, 26-H, 27-H,
22-H, 23-H, 18-H), 0.67~1.25 (m, 12H, 12-Me, 27-
Me, 24-Me, 26-Me). MS-ESI, m/z:907.7[M+H]".

Th: 722 40%. HEFEE, JE5S: 142~144 C.
'H NMR (400 MHz, CDCly), §: 7.98~8.06 (m, 1H,
Ar-H), 7.50~7.52 (m, 2H, Ar-H), 7.32~7.38 (m, 2H,
Ar-H), 6.89~7.20 (m, 3H, Ar-H), 5.65~5.71 (m, 1H,
10-H), 5.51~5.54 (m, 1H, 9-H), 5.24~5.33 (m, 3H, 3-
H, 11-H, 19-H), 4.51~4.63 (m, 3H, 8a-H, 15-H),
4.33~4.39 (m, 1H, -CH,C=N-), 4.26~4.28 (m, 2H, 5-
H, -CH,C=N-), 4.11~4.13 (m, 1H, 13-H), 3.95~3.97
(m, 1H, 6-H), 3.64 (s, 1H, 7-OH), 3.19~3.22 (m, 3H,
17-H, 2-H, 25-H), 2.58~2.60 (m, 1H, 12-H),
2.13~2.30 (m, 4H, 5-OH, 16-H, 24-H), 1.21~1.98 (m,
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17H, 4-Me, 14-Me, 20-H, 26-H, 27-H, 22-H, 23-H,
18-H), 0.67~1.15 (m, 12H, 12-Me, 27-Me, 24-Me,
26-Me). MS-ESI, m/z: 879.8[M+H]".

Ti: FUE 43%. AEEAE, B 144~146 C.
'H NMR (400 MHz, CDCl;), 6: 7.97~8.03 (m, 1H,
Ar-H), 7.21~7.23 (m, 2H, Ar-H), 6.88~7.04 (m, 4H,
Ar-H), 5.65~5.72 (m, 1H, 10-H), 5.51~5.54 (m, 1H,
9-H), 5.23~5.31 (m, 3H, 3-H, 11-H, 19-H), 4.56~4.63
(m, 3H, 8a-H, 15-H), 4.44~4.49 (m, 1H, -CH,C=N-),
4.18~4.28 (m, 2H, 5-H, -CH,C=N-), 4.11~4.13 (m,
1H, 13-H), 3.95 (m, 1H, 6-H), 3.81 (s, 3H, Ar-CH3),
3.66 (s, 1H, 7-OH), 3.21~3.23 (m, 3H, 17-H, 2-H, 25-
H), 2.60~2.62 (m, 1H, 12-H), 2.14~2.31 (m, 4H, 5-
OH, 16-H, 24-H), 1.25~1.97 (m, 17H, 4-Me, 14-Me,
20-H, 26-H, 27-H, 22-H, 23-H, 18-H), 0.68~1.19 (m,
12H, 12-Me, 27-Me, 24-Me, 26-Me). MS-ESI, m/z:
909.2[M+H]".
1.3 SEHEHENE
1.3.1  RBEENE KWW Tetranychus
cinnabarinus WERE, K H H RN & R LR BE H [E
MG, 2 FAO (BE ERAR L) HEFEM
B AR BUEI I LG . K KR DU R AT
Ta~7i {5 FURIE (1 3 mt_E K FRRE K 5 NS RIS
29, TN R ECN 0.1% iR -80 1E A FAL
o CAPYER RONAFINTIR, CURE 4R &= K&
H AR &Y BN 25 A IR . Bide K/ — 3.
e . AT BhTE R I ME SO, K LR SR, 7R XL
BT A — v, &R 347, AT 10 ko TERJE
25+ 1)C. FIXRE 85% A AR 7= 48
BHa4h R EHBEME. BT ERAERAME,
HERA TR 30 k. BNEWH LA 1 IRES,
TR FRE S 3 R R IS I — o IR NI
W, BB S s FHGH, I = AN ELR
WA K LR B 2 RIZGR . BT BB AR s
FeFEh, 24 h 5 W H BTG4
1.3.2 FEFEWNE S8 Aphis craccivora i
H, R HR A LR B RS R . R
FH RRERO 52 o H AR A YV R E IR L
9 10% IR ERZK SRR 1 ¢/L 253, A
JRE N 0.1% FIkiE-80 NFAF], 7EFHRK
(A b, FH KRS C 1) P 24 0 e B TR
k. FRER 3 IRER . HRE SR Iy
TR S TR AR b, AU 0.03 uL. BA

10% PIBRZKEBIN 0.1% iR -80 AXtIR ., % 4b3
S RITRANIEE N (25 £ 1) °C. XTI 85% /A
(IEAIE TR T, 24 h GBS T4 R,

133 #HELHE ] Abbott A XA IET: K
HHATAZIE, WRE645 Bk H SPSS Gt #4F (22.0 i)
AT T, THEBIEHIREE (LCso fH). PAEATAE
WV S5 4ETE R0 LCso LA VEAEXS 3 118

2 GREDH

BAMESS R (K1) BW: A KRNER
ik Tk JDR 218 A0 5 42 5ok 2 T P AR 07 350 4 00 ) 9
P, btk &Y 76, Th R 70 5HARRS I 24 h () LCs,
5354 1.04 x 107, 9.60 x 10° 1 1.44 x 10> mg/L,
T4 &1 LCso 15 (2.76 x 102 mg/L ); L&
) 7i X EF 24 h ) LCso fHN 7.81 mg/L, KT
FRYE B 2 LCs 18 (20.8 mg/L), FILHERAI A
W .

K1 AEY Ta~T SPRBHHME TSN

Table 1 The activities of 7a-7i against 7. cinnabarinus and

A. craccivora

KWPIHE T, cinnabarinus SWF A. craccivora

LB | EOBHIKIE AR BB AT
LCsy/ Relative LCsy/ Relative
(mg/L) toxicity (mg/L) toxicity
Ta 1.18 0.02 543 0.38
7b 2.15x 107 1.28 15.6 1.34
Tc 2.46 %102 1.12 15.9 1.31
7d 9.44 x 107 0.29 224 0.93
Te 122 x 107 0.23 222 0.94
7t 1.04 x 107 2.65 26.6 0.78
7g 9.99 x 107 0.28 16.2 1.29
7h 9.60 x 107 2.88 12.8 1.62
7i 1.44 x 107 1.92 7.81 2.66
(FHAE T ¢ 2.76 x 10? 1.00 20.8 1.00

ivermectin

AN FE LA BRI 2y 15 00 D 48 TR 2R O AR A6 TR R
DURE E 2 BN B, S A AR, 2 Rkth
JE &R T — RV IR N RS (Ta~
7i), BAERRAREE . M BE. R S
= Ze A AR A

B H TSR R N ERITEDW R O A
WG TIRZ 3RS, JUH 2 Takeshiba SE il
lepimectin[13-(a- F 4 E 2 2%) 2K LK R A K]
FIRCEh B, BRI KR & = RGP
AWETE, (HBEIHAT AL, R WOKIR DR 2 i
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BB T — R B S5 R AU K IR DR 2T It K
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PEEC B YR R A R R . AT A R AT KR
DURE BRATAE Mo RIS VE R RO A0 T B2 A
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