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Abstract: To study the chemical constituents from a culture of the genetically engineered strain Streptomyces bingchenggensis
BCJ60. All compounds were isolated and purified by various column chromatographies ,including silica gel , Rp-18 and Sepha-
dex LH-20,and their structures were elucidated through the interpretation of NMR and MS spectroscopic data. Eleven milbe-
mycin derivatives were isolated from methanol extract of Streptomyces bingchenggensis BCJ60 ,which were identified as 3 ,4-di-
hydro-3-hydroxy-5-oxomilbemycin A3 (1) ,3,4-dihydro-3-hydroxy-5-oxomilbemycin A4 (2) ,seco-milbemycin C (3) ,seco-
milbemycin A (4) ,milbemycin H (5) ,milbemycin 3,5 (6) ,milbemycin ST906 (7) ,milbemycin B, (8) ,25-ethylmilbemycin
B5(9) ,milbemycin B¢ (10) and milbemycin 8, (11). Compounds 1 and 2 were new compounds. Compounds 1 and 2 pos-
sessed potent activities against Tetranychus cinnabarinus (LCy, = 0.121 % 0.010 mg/L and 0. 116 = 0.015 mg/L) and
Bursaphelenchus xylophilus (LCsy = 5.217 £ 0.064 mg/L and 5.581 + 0.059 mg/L) ,which were comparable to those of
commercial pesticide milbemycins A3/A4.
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RERAA Wy T2 20 b TR B AL R
PR 30 2o % S A A G BN 7 A B — 2 KRR ), A 4
KERPAITG DUPREE R AR EE S . 2B
BT, REAL G YRR R 25 W) 0 S 2R YR,
SEFVEDUAE R A 30 ) P A A= He | B [ s A
MR . B A A A R D e AR
IR AE R B R DG ZR PRI, T LA s A
Xof IO 56 e G 4 AR )5 URE TR, AT 835 1800
H O A — 20 B IS 40— SR A5 Tl 1) 2
AAEE S B T D N R
SRR Tl F) A e R AR P v R 45 R Sl ke 45 7 A Y
FEY, Q038 i X4 FF # Streptomyces avermitilis W B
)5 Tl S PR 7 ave LAT-ACP EAT B 3145 — PR L A
TRRRE , NI TR B IR G A P v 03 8 3R A5 A
Y B2 T R AT AR ) 25-H BE O ME TR R N 25-2 ik
R .

AR TE T RS, X UKIEE R 18] Strep-
tomyces bingchenggensis BC-120-4 H 4 ith B2 il 5 B 1)
milF 3 PR R AT A 1 A5 2 L I T AR BRI AR Streptomyces
bingchenggensis BCJ60 , iZ & PR AN g 4t C-5 i 1 id
DU, DA T BEL W K R DL &g 3R A3/A4/B2/B3 1 &
ST e R PR 1 B R A A I R A
A8 A AT BBV 1 A W) B R AR A 2R A A
FE . L, AR SE B SE D T AR B Rk Streptomy-
ces bingchenggensis BCJ60 14 IR 2% AX i r= ¥y ik 47 F
I, A ARAS HA I I B A SRR TR R
1 #HEE57F=E
1.1 UE5EH

1 BB X Agilent 1260 ( G ZHEAEFHY
AR ) 5 TR I AR AL Bruber AVANCE-400
(1 Bruker 2w ) 5 Jighs 28 & AL RE2000 (i 7.2
ICERATBRA R ) 5 ZBERE 100 L (B OR24EY &
HIRANHE]) 5 BEK Sephadex LH-20 ( 22 [E Pharmacia
AT 5 TEHIRERE (100 ~ 200 ) (1 8 i AL T
J7) s W2 24T (TLC) FHRE AR (4R 5 58 A T A R
] s I CmE A R e SR 248 A A 4t T

BT AL T A BRA A 5 MR R R
HIAIHE R SZ DR S5 55 I 0 T R 24 Ak T )
WFFEIT s NaCl (KNO, S5 TCHLER I8 T Wi VL 22 4k T30
AT
1.2 EHKR

L TR B Bk Streptomyces bingchenggensis
BCJ60, i A 5256 % PR A7, 2 18 Wk I i oK Ok % %5 A

Streptomyces bingchenggensis %175 7% F1 3 K 2t & 3k
e,
1.3 HEHRIER
1.3.1 #@ii

Bidr B AL nTIE PR VE RS 20 ¢, NaCl 0.5 g,
KNO,1 ¢,K,HPO, - 3H,0 0.5 g,MgSO, - 7H,0 0.5
& Bl 15 g, 2K 1000 mL, T 121 C F 5 HE
TR 20 min, R0 )5 1E 28 C R R 7 K,
1.3.2 #rFiki

B SR LG HENE 10 o, IR IHY 1 o, BERESRIK
Y5 e, EAM 3.5 g, K,HPO,0. 5 g, Z&4 K 1 000
mL,pH 7.0, FJ 1 000 mL /) = ff i 45 23 2% 250
mL () bR R IR AL, A R R b, A9
mL JERR 7K, FJCIE 3R R B e 3R h rY 71
il A T B W R T AT R B B R 28 °CL,250
rpm 52 TR 24 he
1.3.3  K@Eh

B SR ELL I B LR 20 ¢, RENE 80 ¢, BB W)
¥ 1 g,FeSO, + 7TH,0 0.1 g, K,HPO, - 3H,0 1 g,
CaCO,3 g, Z€18/K 1 000 mL,pH 7.0 ~7.2, KM
100 L. & THRE , $4 8% Hefhit R 51 e A2 100 L
KEEREF (60 L 153E4L) ,28 °C,100 r/min E %1555
6~7 XK,
1.4 B HB5EE

R 60 L 280G B 22448 12 L, 221K 1]
EBETOKRGIG P 40 L P EOR PR, AR B
4 h, i uEE I BRI, 50 CRERA =T ,15
F)52.0 g AR BT K P A5 B AR P BT b R
(100 ~200 H) JZ#r, A ihEE: IER = 100: 0—60: 40
(V/V)BEREVERG, 32 30 mL/min, U505 P I, 45
iy 250 mL, JEJZZ B (TLC) K60 (A1 g N = 2
(1) ARREIUAA Sy Fro 1 ~4, Fro1(12.5 g) FBERE
Sephadex LH-20( 4 be: HlE = 1: 1) ZHrk15
A 3(7.5 mg) 4(6.8 mg) 5(8.3 mg) F6(7.9
mg), Fr.2(9.7 g) ¥ Sephadex LH-20 ( 4 H
b i = 1D RESALEY 12 KRS
20 I Agilent 1260 & & W AH €35 2 4, 35
Agilent Zorbax SB C3 column (5 pm,250 mm x 9.4
mm) , PR CfiF: K = 42:42:16(V/V/V),
FH 1.5 mL/min, &P A = 240 nm 13 BL5
Y1(9.5 mg,t, = 19.4 min) FIfL54) 2(8.3 mg, ¢,
= 23.2 min), Fr.3(8.3 g) &K Sephadex LH-20

TR R = 1) B RASE Y 7(6.3



Vol. 34

ZR R4 JL K TR 1A Streptomyces bingchenggensis BCI60 [ IR A F= it 7 1729

mg) 8(7.3 mg) F19(6.7 mg), Fr.4(5.6 g) &Sl
FEREAT: £ 1546 B R ( HH B 7K = 30% —90% ) 1%
Ffb A9 10(6.5 mg) F111(8.4 mg) . LAY
K4 AR T | o T A
2T UL RO G SCRREICHE EA T 245
1.5 FHFHER
1.5.1  Z%h &M K

YA AW F R B, 3 0. 01 % 2 1 176 14 7
Jot oy SR 480 A Tk () 7K B8 10 A%, il ¢ 100 mg/mL
PV, PR A B 1521 1.,0.5.0.25.0.1.,0. 05 A1l
0.025 mg/mL FAE AR SR B XA HLIE S
A W BURA AR A R B UL S AR b 2
P — K5 B IL G FIREAERERIAR T 1 ~2 s,
WBEtF7E 25 ClitE 3 KJa , H BB WA Al
BB T IET- (% ) o BB X IR, DIK IR U
R A3 F1 A4(30: 70, V/ V) FER FEEXT
1.5.2  F & kEHnX

VAL W FH H s i, 7 FH KR B A 100 mg/
mL [, AR A RS 8] 10.5.,2.1.,0.5.,0. 25,
0.1 F10.05 mg/mL A9 . 53 51 AN [7] v B8 ¥ R
10 pL AR 90 L E{EFAA £ K E W . TRE
MR IR AE 25 CHCE 15 h, 7 BAEE N ITHECR )
2 H P RTINS A B, TR e ) E
TR (%), B EX IR, LOKR B A3 fl A4
(30:70,V/V) VR BHPEXT IR
1.5.3 3¥mam

DA b B2 S i = A AT SR IR A, A5 RO
BB, RS 5E SPSS 13. 0 142 53 4t & LG,
(mg/L) ,Student’ s t-test 56 P {H , WMLEX-5 FHPEXT AR
KIRDUFEZ A3/A4 BTG PEZE S iR P >0. 05 J3A

PRI EGIS
2 HRESH
2.1 hAMSHER
BB PR ACRIE TR 5 TR

] | R, SV T K HEBEEE [a] T + 101 (e 0. 38,
EtOH) ; 22 4R UV (ELOH) A nm (log &) : 240
(4.22) ;217N W TR (KBr) ;333 7,292 5 286 9,171
1.1453 137 9 124 5,105 6 993 ¢cm™ ; HR-ESI-MS;
m/z545.3080 [M + H]*,567.2903 [M + Na]*
(caled for C;, H,,NaO,,567.287 0) , 53 T2H C;, Hy,
Oy 'H NMR /R A A5 8, 0. 82(3H,d,J
— 6.5 Hz,H30),1.02(3H,d,J = 6.5 Hz,H-28),
1.12(3H.d,J = 6.5 Hz,H31),1.34(3H,d,J =

6.7 Hz ,H-26) F11.55(3H,s,H-29) ; — %} S =X W4kt
A EYS §,5.43(1H,dd,J = 9.9,14.3 Hz, H-
11),5.93(1H,dd,J = 14.3,11.0 Hz,H-10) , 4}¥7
BB s o 31 {55 4345 5 AT EE(6.10. 2,
16.1.17.8.19.6 £1122.0) ,7 . H % (5.27.8.34. 7,
35.7.36.0.40.6 48.4 F160.5) ,9 /g i 1 v 3L
(6.36.0.36.5 46.2.51.8 67.3.70.3.71.2.75.0 Fl
81.1) ,1 AR (5. 77.6) ,1 Al {5 5 (8.
97.5),6 4~ sp” Z4bik{ES (85, 120.9,122.6 .128.6,
130.6.,135.9 A1 144.3) F1 2 i FE(5.171.4.209.2)
SUEAC 4% (TH-"H COSY) & m PUA™ H E &
H-2/H-3/H-4/H,-26, H-9/H-10/H-11/H-12/H,-13,
H-15/H,-16/H-17/H,-18/H-19/H,-20 1 H,-22/H,-
23/H-24/H-25/ H,-31, NIRRT T PS5 1) 2037 3%
5 A 2 C2-C26,C9-C-13, C-15-C-20 I C-
22-C-31, BREIEFEAHOCHE (HMBC) H WL 4¢3 — &
PR AR5 - H;-26(8,1.34) 55 €-3(8.75.0) .
C4(8.46.2) .C-5(8.209.2),H,-29(5,1.55) 5 C-
13(8.48.4) .C-14(8.135.9) .C-15(5.120.9) ,H-19
(8,5.42) 5 C-1(8.171.4) .C-17(8.67.3) .C21 (8,
97.5), i@t 4#r 1D ('"H NMR.” C NMR) #1 2D
NMR('H-"H COSY HSQC .HMBC) 9 )@ 42 i %5 4 Ui,
1,950 %164 5-oxomilbemycin A3 X} A%
TGRSR I — 5 SR AR AL, 7E Rl S AR AH OG5 ( HM-
BC) 1 H,-26 5 C-3 .C4 . C-5 fA7EM AR5, UL
C-3 .C4 Z[A] LA B A 342 , S U AH O 4 3% ('H-'H
COSY) ' H-2/H-3/H-4/H,-26 i 155 i — L iF
W7 C-3/C4 W47 X, N C-3 fifb2=fi 8 (6,
4.61,5,75.0) #EWr C-3 (A — 1, 5& 0¥
it HR-ESI-MS: m/z 545.308 0 [M + H]",
567.290 3 [M + Na]" (caled for C;, H,, NaO,,
567.287 0) 153295312 Cy H, Oy AHW)E o AT
INTALE 1 TS5 4 (WL 1) , 28 SciFinder 6
K Hoh B L& Y I fm 44 4 3, 4-dihydro-3-hy-
droxy-5-oxomilbemycin A3,

78 NOESY 3 H-2/H-4 f#4F & Sm B A O
5, Ul H-2 A1 H-4 23 (6] 5 ] — 3 H-3/H,-26 771E
AEEBEAOCAF S, Ul B H-3 F1 H;-26 25 [A] 5] [a] —
FH; H-10 F1 H-11 Z [A1ACK I HR G 7 %05, 14. 3 Hz)
Pl &% H,-27/H-10,H,-29/H,-16 2 [i] NOESY {553
B C-8/C9, C-10/C-11, C-14/C-15 2 =4 [z 2 A
H, H-17/H-25, H,-30/H-25, H-17/H-19 Z [a] 1Y
NOESY {5538 H-17 (H-19 'H-25 I H-30 £3 fH 7]
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()23 ()5 . C-6 ,C-7 ,C-12 H1 C-21 fof F-H o i)
AEXF4 5 3E 3 5 S-oxomilbemycin A3 X FLAfIA .

wEW2 PR ARRER s TE0 N

F1 kAW 1In2H HF"C NMR #1E

Table 1 NMR data of compounds 1 and 2

M B, RV T K HEBERE [« ]) + 81 (c 0. 40,
EtOH) ; 4 i UV (EtOH) A, nm (log &) :236
(4.28) ;2T HMJ i TIR(KBr) :344 1 295 1,292 3 170 7.,

8y (mult. ,J in Hz) 3¢
Position
1 2 1 2
1 171.4 171.4
2 3.62(1H,br s) 3.62(1H,br s) 51.8 51.8
3 4.61(1H,br s) 4.61(1H,d,3.7) 75.0 75.0
4 2.63(1H,m) 2.64(1H,m) 46.2 46.2
5 209.2 208.8
6 4.37(1H,s) 4.36(1H,s) 81.1 81.1
7 77.6 77.7
8 130.6 130.0
9 6.38(1H,d,11.0) 6.39(1H,d,11.1) 128.6 128.7
10 5.93(1H,dd,14.3,11.0) 5.94(1H,dd,14.3,11.1) 122.6 122.7
11 5.43(1H,dd,14.3,9.9)  5.45(1H,dd,14.3,10.0) 144.3 144.0
12 2.39(1H,m) 2.40(1H,m) 36.0 36.0
1 ) S 8.4 .4
14 135.9 135.8
15 4.85(1H,d,10.0) 4.82(1H,br d,9.9) 120.9 120.8
16 2.27(2H,m) 2.26(2H,m) 34.7 34.5
17 3.59(1H,m) 3.56(1H,m) 67.3 67.3
18 01 T 3.0 3.0
19 5.42(1H,m) 5.41(1H,m) 70.3 70.3
: et O
21 97.5 97.3
s oS s
23 1.55(2H,m) 1.51(2H,m) 27.8 27.9
24 1.23(1H,m) 1.31(1H,m) 36.5 34.5
25 3.26(1H,m) 3.01(1H,m) 71.2 76.1
26 1.34(3H,d,6.7) 1.34(3H,d,6.8) 10.2 10.2
: R e
28 1.02(3H,d,6.5) 1.01(3H,d,8.1) 22.0 21.8
29 1.55(3H,s) 1.57(3H,s) 16. 1 16.1
30 0.82(3H,d,6.5) 0.82(3H,d,6.3) 17.8 17.7
31 1.12(3H,d,6.5) 1238&2; 19.6 25.7
32 0.96(3H,1,7.3) 10.2
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1 L&MW1 ~11 MLz5H4

Fig. 1 Chemical structures of compounds 1-11

145 6,137 0,126 9 105 9 985 cm™ ; H 43 HE i3 HR-
ESI-MS:m/z 581.306 4 [M + Na] " (caled for C,,
H,NaO,,581.308 5) , /0 Fx\N C,, Hy Oy, dHIT S
AW 1% FoA il B s A B — 3 a5 A AL, FE AU
X 4E1% ("H-"H COSY) v H-25/H,-31/H,-32 f¢
FEARDCAR S, U] C25 (e i — A~ LM
I, WA TG 2 IE5H , 28 SciFinder K &R i &
HoAE b &Y It 44 M 3 ,4-dihydro-3-hydroxy-5-ox-
omilbemycin A4, LAY 2 TPk 0 (Y AH X Y 3
W E5AEY 1 X k. (LG 1A 2 MEREEE
W, ZHEAHCAE 5 WA 2 FIEL 3,

HEW3 HEBARENRE; ZETE0 0
Pt (DB, XEAS 1K ESI-MS :m/z 509. 1 [M -H 7,

B2 {&¥1F2gEE H-'H COSY fn HMBC HXES
Fig.2 Key 'H-'H COSY and HMBC correlations of 1 and 2

3 LEW1KEE NOESY HXfES
Fig. 3 Key NOESY correlations of compound 1

TRk €, H, 0, .'H NMR (400 MHz, CDCL, ) §8:
7.77(1H,s,H-3) ,7.01 (1H,s,H-6) ,6.48 (1H,d, J
= 11.0 Hz,H-9) ,6.19(1H,dd,J = 14.8,11.0 Hz,
H-10),5.96(1H,dd,J = 14.8,6.6 Hz,H-11),5.05
(2H,s,H-27) ,4.24(1H, m,H-19) ,3.60 (1H, m, H-
17),3.25(1H,m,H-25) ,2.53(1H,m,H-12) ,2.28
(2H,m,H-16) ,2.20(2H,m,H-13) ,2.20(3H, s, H-
26),2.11(1H,m,H-18) ,2.08 (1H, m,H-20) ,1. 65
(1H,m,H22),1.62(3H,br s,H29) ,1.54(1H,m,
H-22),1.50(2H,m,H-23),1.34(1H,brt,J = 12.0
Hz,H20),1.24 (1H, m, H24),1.20 (1H, m, H-
18),1.10(3H,d,J = 5.8 Hz,H-31),1.08(3H,d,J
= 6.2 Hz, H28),0.82(3H,d,J = 6.5 Hz, H-
30);"C NMR (100 MHz, CDCL, ) §:165. 8 (C-1),
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114.5(C-2),133.2(C-3),126.1(C4),160.5(C-
5),107.5(C-6),138.2(C-7),123.6(C-8),128.0
(C9),121.7(C-10) ,146.4(C-11),33.8(C-12),
48.2(C-13),135.4(C-14),122.3(C-15),34.3 ( C-
16),68.1(C-17),40.3(C-18),65.8 (C-19),44.7
(C20),97.6(C-21),35.8(C-22),27.8(C23),
36.6(C-24),71.3(C25),15.6(C-26),66.7 ( C-
27),19.4(C-28),16.1(C-29),17.9(C-30),19. 4
(C-31) o DA b #1530k 4 34— 54, I %
FEEY 3 M seco-milbemyein C,

waw4  HEmARE R 5T A0 H
Pt PR, X Tk ESI-MS :m/z 523.3 [M -H] ™, 4%
F= 2k C,H,,0,.'H NMR (400 MHz,CDCL,)5:7. 78
(1H,s,H-3),7.02(1H,s,H-6),6.51 (1H,d,J =
11.0 Hz,H9) ,6.17(1H,dd,J = 14.8,11.0 Hz, H-
10),5.97(1H,dd,J = 14.8,6.6 Hz,H-11),5. 11
(1H,t,J = 7.0 Hz,H-15),5.05(2H,s,H-27) ,4. 24
(1H,m,H-19),3.63(1H,m,H-17),3.25(1H,m, H-
25),2.53(1H, m,H-12),2.28 (2H,m, H-16) ,2. 20
(2H,m,H-13),2.20(3H,s,H-26),2. 11(1H,m, H-
18),2.08 (1H,m,H20),1.65(1H, m,H-22),1. 62
(1H,m,H-31),1.62(3H,br s,H29) ,1.54(1H,m,
H-22),1.50(2H,m,H-23),1.34(1H,brt,J = 12.0
Hz,H20),1.24 (1H, m, H24),1.25 (1H, m, H-
31),1.20(1H,m,H-18) ,1.08 (3H,d,J = 6.2 Hz,
H-28),0.92(3H,t,J = 6.2 Hz,H-32),0.82(3H,
d,J = 6.5Hz,H-30) ;°C NMR(100 MHz,CDCI,)§:
165.6(C-1),114.5(C2),133.1(C-3),126.2( C-
4),160.6(C-5),107.4(C-6),138.3(C-7),123.5
(C8),128.1(C9),121.8(C-10),146.6 (C-11),
33.7(C-12),48.3(C-13),135.5(C-14),122.5(C-
15),34.2(C-16),68.0(C-17),40.1(C-18),65.7
(C-19),44.8 (C-20),97.5(C-21),35.7(C-22),
27.8(C-23),36.5(C24),71.4(C-25),15.6 ( C-
26),66.8 (C-27),19.5(C-28),16.1(C-29),17.9
(C-30),25.6(C31),10.3(C-32), LI %45
Wk R A — B, K E A ) 4 8 seco-mil-
bemycin A,

wEaE®m s BEBARENRE; 55 TE0 T
B TN B, MEVE T K ESI-MS: m/z 541.1 [M +
H]*, 4 F Xk C; Hy O,.'H NMR (400 MHz,
CDCl,)8:6.42 (1H, br s, H-3),6.25(1H,d,J =
11.8 Hz,H9) ,6.03(1H,dd,/ = 14.8,11.8 Hz, H-

10),5.38 (1H,d,J = 14.8,9.1 Hz, H-11),5.36
(1H,m, H-19),4.83 (1H,br d,J = 10.0 Hz, H-
15),3.75(1H,m,H-17) ,3.61 (1H,br d,H-2) ,3.38
(1H,s,H-6),3.06 (1H,dd,J = 9.6,2.0 Hz, H-
25),2.50(1H,m,H-12),2.43(1H, m,H-13) ,2.42
(1H,s,H-6),2.31 (1H, m, H-16),2.23 (1H, m, H-
16),2.01 (1H, m,H-18),1.98 (1H, m,H-20),1.94
(3H,s,H-27),1.87(1H,m,H-13) ,1. 84 (3H, s, H-
26),1.65(1H, m,H22),1.64 (3H,s,H29),1.53
(1H,m,H-22),1.52(2H,m,H-23),1. 50 (1H,m, H-
31),1.43(1H, m,H20),1.32(1H, m,H24) ,1. 03
(3H,d,J = 6.7 Hz,H-28),0.89(3H,d,J = 6.2
Hz,H-32),0.84(3H,d,J = 6.2 Hz, H33),0.79
(1H,q,J = 11.8 Hz,H-18),0.79(3H,d,J = 6.5
Hz,H-30) ;" C NMR (100 MHz, CDCl,)§:173.5(C-
1),49.2(C-2),118.1(C-3),139.6(C4),198.1(C-
5),41.6(C-6),75.9(C-7),124.0(C-8),123.8( C-
9),126.4(C-10),144. 6 (C-11),36.1(C-12),48.3
(C-13),137.5(C-14),122.3(C-15) ,34.2(C-16) ,
67.0(C-17),36.6 (C-18),70.0 (C-19),41.3 ( C-
20),97.5(C-21),35.7(C-22),27.8(C-23),31.5
(C24),78.2(C-25),18.8(C-26),19.8(C27),
14.2(C-28),16.3(C-29),17.9(C-30),28.6 ( C-
31),14.2(C-32),20.9(C-33) . LA I %d 5 cik
B HA L, IS E LAY 5 AR &R H,

LEWe P ARARENR ZETEMH
i P, e T K ESI-MS :m/z 509.3 [M -H]™, 4>
Tk €y H,, 00" H NMR (400 MHz, CDCI,)$§:7. 38
(1H,s,H-3),6.70(1H,s,H-6) ,6.24(1H,dd,J =
14.9,11.0 Hz,H-10) ,5.82(1H,d,J = 11.0 Hz, H-
9),5.50(1H,m,H-19) ,5.42(1H,dd,J = 14.9.,6.6
Hz,H-11),4.91 (1H,t,J = 9.7 Hz, H-15),4.56
(1H,d,J = 10.0 Hz,H-27) ,4.53(1H,d,J = 10.0
Hz,H27),3.71 (1H, m, H-17),3.30 (1H, m, H-
25),2.53(1H, m,H-12),2.34(1H, m,H-16) ,2.25
(1H,m,H-13),2.25(1H,m,H-16) ,2.22(3H,s, H-
26),2.14(1H,m,H-18),2.02(1H, m,H-20),1. 86
(1H,brt,J = 12.4 Hz,H-13),1.65(1H,m,H-22) ,
1.64(3H,br s, H29),1.54 (1H, m, H22),1.54
(2H,m,H-23) ,1.44(1H,br t,J = 12.0 Hz,H-20) ,
1.24(1H, m,H24),1.15(3H,d,J = 6.2 Hz, H-
31),1.07(3H,d,J = 6.2 Hz,H-28),0.87(1H,m,
H-18),0.85(3H,d,J = 6.5 Hz, H-30) ;" C NMR
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(100 MHz, CDCL, ) §:169.2 ( C-1),123.7 (C-2),
132.1(C-3),123.2(C4),156.6(C-5),114.4 (C-
6),140.6 (C-7),136.1(C-8),131.8(C-9),123.8
(C-10),143.1(C-11),35.7(C-12),48.7 (C-13),
135.5(C-14),121.5(C-15),33.8(C-16) ,67. 6 ( C-
17),36.6 (C-18),68.7(C-19),41.3(C-20),97. 8
(C-21),35.8(C22),27.8(C-23),36.5(C-24),
71.3(C-25),15.5(C-26),61.5(C-27),20.9 ( C-
28),16.1(C-29),17.9(C-30),19.3(C-31), VI I
B 5 S0k SR AR — L, I E A 6
KIRNEEE Biso

LEWT AahARREGER SETEDH
P PN FR L, ME % T K ESI-MS: m/z 539.3 [M +
H]*, 4+ kN C, H, 0,,'"H NMR (400 MHz,
CDCL,)5:7.74 (3H, s, H27),7.57 (1H, s, H-3) ,
6.83(1H,d,J = 15.6 Hz,H9),6.15(1H,dd,J =
15.6,8.9 Hz,H-10),5.63(1H,m,H-19) ,5.33(1H,
t,] = 7.7 Hz,H-15) ,4.39(1H,d,J = 8.9 Hz, H-
11),3.93(1H, m,H-17),3.12(1H, m,H-25) ,2. 42
(1H,m,H-16),2.31(3H,s,H-26),2.30(1H, m, H-
16),2.16 (1H, m,H-20),2. 14 (1H,m, H-18),2. 10
(2H,m,H-13) ,1.84(1H,m,H-12) ,1.73(3H,br s,
H-29),1.67 (1H, m, H31),1.65 (1H, m, H22),
1.54(1H,m,H-22),1.50(2H, m,H-23),1.40(1H,
m,H-18),1.35(1H,m,H-31),1.34(1H, m,H-20) ,
1.34(1H,m,H=24),1.03(3H,d,J = 6.9 Hz, H-
28),1.01(3H,t,J = 6.2 Hz,H-32),0.85(3H,d,J
= 6.5 Hz, H-30) ;" C NMR (100 MHz, CDCl,) §:
167.3(C-1),117.2(C-2),129.6(C-3),119.6 ( C-
4),142.4(C-5),142.3(C-6),123.5(C-7),120.0
(C-8),126.8(C9),126.4(C-10),86.6(C-11),
40.1(C-12),43.3(C-13),137.5(C-14),122.3(C-
15),33.2(C-16),67.0(C-17),35.6 (C-18),70.0
(C-19),41.3(C-20),97.5(C21),35.7(C=22),
27.8(C23),34.5(C24),76.2(C25),14.8 ( C-
26),144.4(C27),14.2(C-28),18.3(C29),17.9
(C-30),25.6(C-31),10.2(C-32), DI F¥iEE X
Bk R AR S AL A T KR L B
2 ST906,

LEWS P ARRERE ZETEMH
P TN M, ME % T K ESI-MS: m/z 495.1 [ M+
H]", %+ +xX M C, H, O,,'H NMR (400 MHz,
CDCL,)8:7.37(1H,s,H-3) ,6.61 (1H,s,H-6) ,6. 15

(1H,dd,J = 15.0,10.9 Hz,H-10),5. 71 (1H,d,J
= 10.9 Hz,H9),5.49(1H,m,H-19),5.29(1H,d,
J =15.0,9.1 Hz,H-11) ,4.90(1H,br d,J = 10.1
Hz,H-15),3.63 (1H, m, H-17),3.10 (1H, m, H-
25),2.60(3H,s,H26),2.50 (1H, m, H-12) ,2.31
(1H,m,H-16) ,2.23(1H,m,H-16) ,2. 21 (1H,m,H-
13),2.07(3H,s,H27),2.01 (1H, m, H-18),1.98
(1H,m,H-20),1.87(1H,m,H-13),1.65(1H,m, H-
22),1.64(3H,s,H29),1.53(1H, m, H22) ,1.52
(2H,m,H-23),1.43(1H,m,H-20),1.32(1H,m, H-
24),1.10(3H,d,J = 5.8 Hz,H-31),1.03(3H,d,J
= 6.7 Hz,H-28),0.85(3H,d,J = 6.5 Hz,H-30),
0.79(1H,q,J = 11.8 Hz, H-18);"” C NMR ( 100
MHz,CDC,)8:169. 1(C-1),123.5(C-2),132.0( C-
3),123.2(C4),156.4(C-5),114.3(C-6),140.7
(C-7),136.2(C-8),131.7(C-9),123.6 (C-10),
143.2(C-11),35.7(C-12),48.7(C-13),135.6( C-
14),121.4(C-15),33.8(C-16) ,67.5(C-17) ,36.6
(C-18),68.8(C-19),41.2(C-20),97.9 (C-21),
35.8(C-22),27.7(C-23),36.6(C-24),71.2 (C-
25),15.5(C26),16.8(C-27),20.8(C-28),16.2
(C-29),17.9(C-30),19.3(C-31), DI ¥4 5 X
Bk R AR — B, NS E A 8 9K IR I 3
£ Bso

HEWY HEBARENL, L T840 1
Pt (PR, X T K ESI-MS :m/z 507.4 [M -H] ™, 4
F= 2k C,H,,0,."H NMR (400 MHz,CDCI,)8§:7. 37
(1H,s,H-3),6.62(1H,s,H-6) ,6. 14 (1H,dd,J =
15.0,10.9 Hz,H-10),5.72(1H,d,J = 10.9 Hz, H-
9),5.49(1H,m,H-19),5.28(1H,d,J = 15.0,9.1
Hz,H-11),4.90 (1H,br d,J = 10.1 Hz, H-15),
3.63(1H,m,H-17),3. 10(1H, m,H-25) ,2. 60 (3H,
s,H-26),2.50 (1H, m,H-12),2.31 (1H, m, H-16) ,
2.23(1H,m,H-16),2.21 (1H,m,H-13) ,2. 07 (3H,
s,H-27),2.01 (1H, m,H-18),1.98 (1H, m, H-20) ,
1.87(1H,m,H-13),1.67(3H,m,H-31) ,1.65(1H,
m,H-22),1.64(3H,s,H-29),1.53(1H, m,H-22),
1.52(2H,m,H-23),1.43(1H,m,H-20),1.35(2H,
m,H-31),1.32(1H,m,H-24) ,1.03(3H,d,] = 6.7
Hz,H28),1.01 (3H,t,J = 6.2 Hz, H-32),0.85
(3H,d,J = 6.5 Hz,H-30),0.79(1H,q,J = 11.8
Hz,H-18) ;" C NMR (100 MHz, CDCL, ) §:168.9 ( C-
1),123.9(C-2),132.1(C-3),123.4(C4),156.7



1734 KIRF=YIBE R 5T K

Vol. 34

(C5),114.4 (C-6),140.8 (C-7),136.3 (C-8),
131.8(C-9),123.9(C-10),143.0(C-11),35. 7 (C-
12),48.8(C-13),135.6(C-14) ,121.6(C-15) ,33. 8
(C-16),67.6 (C-17),36.7 (C-18),68.8 (C-19),
41.4(C-20),97.6 (C-21),35.7(C-22),27.9 (C-
23),34.4(C24),76.3(C-25),15.5(C26),18.5
(C-27),20.9(C28),16.1(C-29),17.9(C-30),
25.8(C-31),10. 1(C-32) , L I Hde 5 30k i
FEAR—F, HNILSE G 9~ 25-ethylmilbemycin
Bso

LEWI0 O AR B 55 T &5
fies TN, XE 7 T /K ESI-MS:m/z 525.3 [M - H],
Ak C,H, 0, .'H NMR (400 MHz, CDCL, ) §8:
6.38(1H,s,H-3),6.28(1H,d,J = 11.9 Hz,H-9),
6.01(1H,dd,J = 15.0,11.9 Hz, H-10),5.38( 1H,
d,J = 15.0,9.1 Hz, H-11),5.34 (1H, m, H-19) ,
4.84(1H,brd,J = 10.1 Hz,H-15) ,3.63(1H,m,H-
17),3.59(br d,H-2),3.38(1H,s,H-6) ,3. 10( 1H,
m,H-25),2.50 (1H, m, H-12) ,2.40 (1H,s,H-6) ,
2.31(1H,m,H-16),2.23(1H,m,H-16) ,2. 21 (1H,
m,H-13) ,2.01(1H,m,H-18),1.98 (1H, m, H-20) ,
1.94(3H,s,H-27),1.87(1H, m,H-13),1. 84 (3H,
s,H26),1.67(1H,m,H-31),1.65(1H,m,H22),
1.64(3H,s,H-29),1.53(1H, m,H22),1. 52 (2H,
m,H-23),1.43(1H,m,H-20),1.35(1H, m,H-31),
1.32(1H, m,H=24),1.03(3H,d,J = 6.7 Hz, H-
28),1.01(3H,t,J = 6.2 Hz,H-32),0.85(3H,d,J
= 6.5 Hz,H-30),0.79(1H, q,J = 11.8 Hz, H-
18);"” C NMR (100 MHz, CDCl,) §:173.1(C-1),
48.6(C-2),136.1(C-3),136.4(C4),196.6(C-5),
47.6(C-6),75.6(C-7),135.1(C-8),148.6(C-9),
121.6(C-10) ,153.1(C-11),36.7(C-12) ,48.6( C-
13),136.5(C-14) ,121.4(C-15) ,34.4(C-16) ,67.5
(C-17),36.6(C-18),68.8 (C-19),40.7 (C-20),
97.8(C-21),35.7(C-22),27.6 (C-23),36.6 (C-
24),71.2(C25),15.5(C26),16.6 (C-27),21. 1
(C-28),16.1(C-29),25.7(C-31),10.2(C-32), Lk
R SRR R AR — 5, N E R A
10 SRR R B o

LEWIL [ AR E S 5 T &0 H
P TN, e T 7K HR-ESI-MS:535.306 1 [M +
Na] * (caled for C,;; H,,NaO,,535.307 4) , 530 T2 N

C5H,,0,.,'H NMR (400 MHz,CDCl,)5:6.38(1H,s,
H-3),6.28 (1H,d,J = 11.9 Hz,H9),6.01 (1H,
dd,J = 15.0,11.9 Hz,H-10),5.38 (1H,d,J =
15.0,9.1 Hz,H-11),5.34(1H,m,H-19) ,4. 84 (1H,
brd,J = 10.1 Hz,H-15) ,3.63(1H,m,H-17) ,3. 59
(1H,br d,H-2),3.38(1H,s,H-6),3.25(1H, m, H-
25),2.50 (1H, m, H-12),2.40 (1H,s, H-6) ,2. 31
(1H,m,H-16) ,2.23(1H,m,H-16) ,2. 21 (1H,m, H-
13),2.01 (1H,m,H-18) ,1.98 (1H, m,H-20) ,1.94
(3H,s,H-27),1.87(1H, m,H-13),1.84 (3H, s, H-
26),1.65(1H, m,H-22),1.64 (1H,s,H-29),1.53
(1H,m,H-22),1.52(2H,m,H-23),1.43(1H,m, H-
20),1.23(1H,m,H-24) ,1. 11 (3H, m,H-31),1.03
(3H,d,J = 6.7 Hz,H-28),0.85(3H,d,J = 6.5
Hz,H-30),0.79 (1H,q,J = 11.8 Hz, H-18);"C
NMR (100 MHz,CDCIL;)§:173.0(C-1) ,48.5(C-2),
136.0(C-3),136.2(C4),196.4(C-5) ,47.6(C-6) ,
75.7(C-7),135.2(C-8),148.7(C9),121.6 (C-
10),153.2(C-11),36.7(C-12) ,48.7(C-13) ,136.6
(C-14),121.4(C-15),34.4(C-16) ,67.5(C-17),
36.6(C-18),68.8 (C-19),40.7 (C-20),97.9 (C-
21),35.8(C-22),27.6(C-23),36.6(C-24),71.2
(C-25),15.5(C-26),16.6 (C27),21.1(C-28),
16.1(C-29),17.9(C-30),19.2(C-31), LI -%¥R
R R AR — B NS A 11 ok
IRIEER B o
2.2 LEHMRAFEMNL

XA 1A 2 A HUE IR R (R 2) B
TNILH A PR AKD I i FIAS A 42 R LA
IR I , 5 PR BRZDOK R DU R A3/ A4 T
T W EEZR(P > 0.05)
3 Wit54it

ASGE I XS FE TRER Streptomyces bingchenggen-
sis BCJOO RZA W ikAT T R HIWTSE, 133 11
MeEY, Kb &Y 1 M2 Z2WAF e, 78
Z ARG A PRI E 0 L R T RE TR Streptomy-
ces bingchenggensis BCJ60 IR BAIH F= W47 T 04
MIWTFEARAT T 12 SHL Y, OF HERZ KR N8 R
ARG I g R D 1 s, R A
JSCHE PR A W3 VTG T R A Y R AR A5 E
BB A B T — 20 TR K ILZRAE G W)
AW AL o X B A OTE PR S R B Ak
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Table 2 The acaricidal and nematocidal activities of compounds 1 and 2

PR = LCso ( mg/L)

a7 .
Compound Atb it PABFLR L
Tetranychus cinnabarinus Bursaphelenchus xylophilus
1 0.121 + 0.010" 5.217 + 0.064 "
2 0.116 + 0.015" 5.581 + 0.059"
KRN FEZE A3/ A4 Milbemycins A3/A4 0.107 + 0.007 4.900 + 0.068

T SR AL, © P > 0.05,

Note ; Compared with positive control, * P > 0. 05.

BV 12 X AR A LR R I T BER 9
AR, I B SRR KR IR A3/A4 T
FEES UL E Y 1 2 AR SRR IR I
R A3/A4 BYRR H BA T] RESE AL X L ZE A
AB A 38095 1 B e A — A R Tl A &R

S 3k
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