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Kb 410082)
Kb 410007)

DAt RN R, SRR SLETTIR . G, S K G IEE G % S T R (2R)-5-[5',6'- — F A - 1,1'a,2',7'D-

VU IR TR - [c] R Ik g - 7'b- 22 ) (I B 2 52 ) R 6 )-2- (PR -2~ 28)-2,3- R HF kMR -4-3(2), 2 52 P/ I L, &% 16
ANGE M SR FR T 2 B UL &) 3a~3p, Z5H4 "H NMR A1 LRMS #iiiF. ¥B MBS EMRR 2, gzt &9
RSB I B8 R0 B RN 22 O 978 B 0 A 2/ v R . P &4 3d AT 3o 76 500 mg/L ¥ E F X FELL
FI5 T8 B 97 V6 R0 91 55.1%H01 55.5%; 144 3a, 3¢, 3e, 3h £ 3k ££ 25 mg/L W FEE R X5 il S AZ % B 30 24 WA
76.8%, 87.0%, 70.6%, 72.5%F1 65.2%; L&) 3a, 3¢, 3g, 3i 1 317E 500 mg/L WK T 5t /IN 0399 B B 16 N 80.0%~

90.0%.
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Synthesis and Fungicidal Activity of the Cycloproply Derris
Dihydrazone Derivatives

Ye, Jiao™* Yan, Xiaowei”

Zhang, Cuiyang®
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Abstract A novel series of cycloproply derris dihydrazone derivatives 3a~3p were designed and synthesized by reacting
substituted aldehydes/ketones with intermediate (2R)-5-[(5',6'-dimethoxy-1',1'a,2',7'b-tetrahydrocyclopro-pa[c]chromen-7'b-
yl)(hydrazono)methyl]-2-(prop-1"-en-2"-yl1)-2,3-dihydrobenzofuran-4-ol (2), which was synthesized via the reactions of the

rotenone, dimethyloxosulphonium methylide and hydrazine hydrate. Their structures were characterized by 'H NMR and

LRMS. The results of bioassay indicated that the title compounds exhibited potent fungicidal activity against Rhizoctonia

solani, Sclerotonia sclerotiorum and Blumeria graminis. Compounds 3d and 30 showed 55.1% and 55.5% control rates against
Rhizoctonia solani at 500 mg/L, respectively, compounds 3a, 3¢, 3e, 3h and 3k showed 76.8%, 87.0%, 70.6%, 72.5% and
65.2% inhibition rates against Sclerotonia sclerotiorum at 25 mg/L, respectively, and compounds 3a, 3¢, 3g, 3i and 31 showed
80.0%~90.0% control rate against Blumeria graminis at 500 mg/L.
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Hh R T T R £ R T T P I 7R R A S A T 3R TR R
PR A5, Carson Z5U7VR I A20RR - T4 A T i
P, A BRI 1) C PRFT 1 [R)I) 38 5 T8 BSOEA 1A 0 TR T 1.

W A I8 2 05 f BR R T AR MDHEAT T IR AW AT,
R I TA] R ) A £ R A TR T ke o) 22 P s 4 i LA —
SE [PIAIHITE P, DA fa R R S 5 S0 6 BRI 2 5 it e 5 e
KAV BA RGPt S 8@, UL N-T Lt
W £ i R AT AR R R B I 2 PR L A S R BT
3 P RN BT v

XUFRAE P i T H AR ) 4> 74540, TEARZIRIER
IRz A EYE, BRI SRR R
FHRET . TR /NEAR s, A ZG R0 — A 22260,
S SCAE HT IR 7T A FE At _E OIS0 okt R I AT 45 R
&, FTHF C 3R, CREE 7 fiem 2R L SRR T
PR IR AL 2 L e g5 44, X AR AT B, T AU
EMEEEH], WA RS R XUE R &Y, IR
ATHNR I TER L. Wb &6 i 26 1L Scheme 1.

Rotenone 1

NHoNHy* H0 R'COR2
_— —_—
EtOH

3a: R'=CHs;, R*=H; 3b: R'=CHsCH,, R*=H; 3c: R' = CH;CH,-
CH,, R*=H; 3d: R'=CH3(CH,),.CH,, R*=H; 3e: R'=CHs(CH,)s-
CH,, R®=H; 3f: R'=CH;CH=CH, R®=H; 3g: R'=CeHs, R?*=H;
3h: R' = CHs, R®= CH3; 3i: R' = CH3CH,, R? = CHj; 3j: R' = CH3CH,-
CH,, R? = CHg; 3k: R' = CH3(CH,),CH,, R? = CHg; 3I: R' = (CH3),CH-
CH,, R?=CHjg; 3m: R'=CeHs, R*=CHg; 3n: R'=CHsCH,, R’=
CH3CHy; 30: R", R®= C(CH,)s; 3p: R', R?=C(CH,)s

B 1 FAbrfbaia s

Scheme 1  Synthetic route of target compounds
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1 ZR5ie
1.1 BEHRUEMNER

AW 1 A RS IROCHR9], DL fki N R, &
BRI S AEAE R R A 1, YR 90%.

WAV 1 1E LB 57K A 0k b i F ) 15
B fs 2. @R HEGZ RN, L3RI, LUK RN
AT, pHAE N 7T~8 B}, JEkH R NASE4A:, HA R~
A MUV REON LT, BRI pH ER
12~13 B, RMTEA, FEPWREE. X 0T R IR
X N REE ISR, XA EALE R, BREREBUR F1L
i, BR o SR IEEMEIEIE ST, KT 2R
R, SRR ES. R, RN R E—NMEE
H pHAE, FEHVER pH A 12~13, ZEEHER S h, 5
&Y 2, R 90%.

WAV 2 Fi5 2 P T =R N KA E RS
B 16 MAUEFISATED) 3a~3p, UK 34%~83%, N4
R 2.

F2 &Y 3a~3p MEK
Table 2 Synthesis of compounds 3a~3p

Compd. t/h m.p./C Yield/%
3a 0.1 68~73 83
3b 0.3 70~75 82
3¢ 0.3 65~171 80
3d 0.3 58~63 76
3e 0.3 55~59 80
3f 1.0 80~90 75
3g 0.3 50~52 66
3h 0.3 75~80 54
3i 0.5 65~173 38
3j 10.5 59~69 52
3k 0.5 74~78 34
31 0.5 90~92 75
3m 17 85~89 65
3n 17.5 60~68 55
30 7.0 82~89 72
3p 5.0 76~85 65

© 2015 Chinese Chemical Society & SIOC, CAS

M 2 ATEL, AW 2 SIS YIRS 8 B L
R, ROBIET (R, e, Bl anmE s 3a~3d (1)
SN A] 9 0.1~0.3 h, WEN 76%~83%, TMiAHXS B[
Fifz 3h~3k [ METEIZE 0.3~10.5 h, R 34%~
54%; BbAk, A2 58 R SR FE (0.3 h)tHaze fi
T 5K AR M7 h). EEa] L, B R X T R
PRAETE G, S EALRHE N, ROV AR ST
1.2 BirtEYNESEHRRIE

&%) 3a~3p HI45HIZ '"TH NMR 47 RAE, HF
IR £ 0 B A7 — o AR Sx e SR A R0 OB A7 A DI
SR, AR ZRNE A A ik, SH T T
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WEBCR R IR, AREIFL G 3a W, 7E 6 0.95~1.47 X
(] () e ) JE MR 3R B 3 ANE, T 1-H BN A
WA E, F77E AR AL K Rk AR &, 8 e o
1.37~1.47, 120~1.29 LA UL I, AR
BLIIEA 2RI RMEER E I 3-H, ZRIFMEREEE Lt 2-H L
Fle AR ERmANE, AUEMEE E) CH DA i
HIL 6 7.66~7.74, HABMERZAL G CH ) H AL B DAL
R 540G 3a JEA, MEETE £ 08 b i) 5L DL 2 16T
XHIAE 6 1.75~1.85, bl FnXUEMEE A7, 1k
HV0 3a SR IEHf; 16 6 13.24~13.82 AL HIBLK 8 4~ OH
(R F g, B — D IIE: HH T B P e X e S A A A A
C=N XU IS Fe A fE A 50 3a A77E 8 Dt ik, 12
FoAh XULR A & b A A R .

7E LRMS # 1, 65 3a (CogHosNoOs) HEL T miz
449.1 [M+1]" 7 F R, HARA A H I T AR
ST,
13 SIEDEMEMR

DAWE R A BT B, X 6&4 2, 3a~3p #4740
FIE VI I, X /INEE IR EE W B (Gibberella zeae)
W% % 99 B (Phytophythora capsici) ~ M & 7% B 5
(Alternaria alternate). ¥ JNIKFEW i (Botrytis cinerea)~
T8 40K R B (Rhizoctonia solani) « 1M 3% B %
(Sclerotonia sclerotiorum) 1 /N 22 H K3 998 1 (Blumeria
graminis) KN B EVESE R AR 3.

H1%% 3 AT BTl AL &0 i i A% B AN/ 2
¥ I BRI S8 i e, S ARG SO s TR B R 4, 0 At

PRSP 2.

1E 25 mg/L ¥RFET, A& i =2 v A% 973 o $ ) v
PR AT, 24 RN H, R' A 1~5 /N5 A A g s B doe
Feit, LLR4 R CH,, R' A 1~4 /Bt 1A v R0 i 4 Joe
SRR, RBEIETERLT, WA 2, 3a, 3¢, 3e F1 3h X}
S B A0 B MR R 25 KT 70.0%, Hd ik &4 3 M
1) 25 5 151 (87.0%); A WUER N BE R be e i, v P v 45
A 30, 3p HIHNHIZRIIA 50%; 24 R' AAHA G B
FEDCORIRRS, VTR

fE 500 mg/L ¥KET, F AR /INE R
I B ¥ 2 5 Al 2 (80.0%) M1 4B . 24 RPN H, R
N 1~3 ANBRAIHLRIE 7 B SRR, D24 R* N CHG,
R' N CH;CH, 5i(CH,),CHCH, It}, ZEi&ETERLF, ik
&0 3a, 3¢, 3g, 3i Al 31 XF/NEE (ORI B BTG R EIA
80.0% LA I, Hrh 31 (B 76 3 % =1(90.0%); 4 XU EE
NIRRT BE RS . R e B K g 7 B o S il v
PE— MR TS T

E 500 mg/L #E T, A4 3d Al 30 X FE SO
IR 76 2 5T BH X R T 16 (50.0%), 43739 55.1% A1
55.5%.

2 i

A UL R N IR, S IR PRI R R
16 NS5 R B IR TR XU 28 &1, e b2k
A, BRERI. (b &4 'TH NMR F1 LRMS HiiiEZ5 4.
VGG MR R B, IR A UL A Xt R SOk

3 LB 2 Al 3a~3p HOH GG 2 BB AR /%)
Table 3 Data of fungicidal activity of compounds 2 and 3a~3p (inhibitory rate or control rate/%)

WEY) REREC RBE Y RERME Y KERWEC SN EEORE AR

2 25.8 8.5 16.3 27.0 0.0 84.1 80.0
3a 21.0 8.5 16.3 27.0 0.0 76.8 80.0
3b 227 29.4 9.1 34.1 10.8 44.1 50.0
3¢ 4.8 16.9 10.2 6.8 0.0 87.0 80.0
3d 227 29.4 34.1 22.7 55.1 58.8 0.0
3e 227 14.7 11.4 11.4 0.0 70.6 0.0
3f 227 29.4 9.1 11.4 20.5 44.1 0.0
3g 12.9 0.0 10.2 6.8 0.0 36.2 80.0
3h 29.0 13.6 16.3 6.8 40.0 72.5 0.0
3i 21.0 8.5 16.3 6.8 0.0 58.0 80.0
3j 11.4 14.7 11.4 18.2 309 58.8 0.0
3k 21.0 8.5 16.3 0.0 0.0 65.2 0.0
31 12.9 5.1 16.3 27.0 0.0 435 90.0
3m 4.8 0.0 10.2 6.8 0.0 29.0 0.0
3n 11.4 29.4 11.4 15.9 0.0 58.8 0.0
30 34.1 44.1 9.1 22.7 55.5 50.0 20.0
3p 11.4 14.7 6.8 18.2 40.3 50.0 20.0
Azoxys-trobin 65.7 56.1 80.1 47.6 50.0 93.5 100.0

¢ BIRZGFIKEE A 25 mg/L, $0HIEE; O WG AR EE R 500 mg/L, BivE 2, ¢ Ak 2RI EE A 500 mg/L, Bivh .
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B~ THISE A8 TR /IS S DR s B A R 5 3] 5 PR 400 )
RO, Horh, LAY 3d, 30 7F 500 mg/L iR FE T 4R SUR
995 1 TR V6 203 BN 55.1 %A1 55.5%; 1h&4) 2, 3a, 3,
3e F 3h 7E 25 mg/L WX I 5 R A% 93 B A1) 236 4
AN 84.1%, 76.8%, 87.0%, 70.6%A1 72.5%; L&) 2,
3a, 3¢, 3g, 3i F1 31 7£ 500 mg/L W FE T4 /NEE R B 1
BivE %A 80.0 %~90.0%.

3 X
3.1 X5

RY-1 1 RUXOREER /AR ) IE S 7 R1002 1Y
WEHE 78 RAX B M IB AR TG RAR); W2 EHTRER
ROE G TR I KA R A w]); ZF-2 B =8 IMX
(BT 25 XA )Ef; VARIAN INOVA-400 #%
MESEARAN(GE B Varian A7), '"H NMR ZHESHRITER AN
399.970 MHz, TMS AW #R; LCQ-Advantage JAH {3
TR S B A (3E[E Thermo Finnigan /A #]); MAT
95 XP Jf i {X (35 E Thermo Finnigan /A #); VARIO EL
I JeFR AT E); faRREE ) R 30 7 0 5 M
AT, 95%~98%), ¥ I AATRIIE 9 i B 43 A 4l Bl
th2Eat, tEY 1 SRR 57 E .
32 HEYINER
3.2.1  (2R)-5-[(5,6-=F &K -1'1'a,2",7'b-v9 A 3R A 5t
[c] 3R ol -7'b- ) (T BR R L) P A ]-2-(A H -2
#)-2,3-= AR H ok -4 (2) 89 & A%

A1 7.00 g (0.017 mol), L 20 mL, k|
i, EEAENEE 0.3 g, W pH=12~13, IIAKE
(80 %) 5.00 g (3.87 mol), TLC W5ll, 5.0 h [N &5, [
R K, N ERER A AR, M H AR, HhE, TS
HEE Ak 2 7.00 g, IR 90%. mp. 177178 C; 'H
NMR (CDCls, 400 MHz) 6: 1.43~1.47 (m, 1H, 1'a-H),
1.71 (s, 1H, 1'-H), 1.77~1.82 (m, 3H, 3"-CH3), 1.96~
2.05 (m, 1H, 1'-H), 3.01~3.10 (m, 1H, 2-CH,), 3.34~
3.39 (m, 1H, 2"-CH,), 3.65, 3.67, 3.73, 3.74 (s, 3H, OCH,),
3.82 (s, 3H, OCH3), 4.08 (t, J=10.6 Hz, 1H, 3-CH,), 4.44
(t, J=10.6 Hz, 1H, 3-CH,), 4.92 (d, J=10.8 Hz, 1H,
=CH,), 5.09 (d, J=10.8 Hz, IH, =CH,), 5.22~5.29 (m,
1H, 2-H), 6.26~6.60 (m, 3H, ¥ 3XCH), 7.12~7.45
(m, 1H, ¥f CH); EI-MS m/z: 422.2 [M']. Anal. calcd
for Co4HyN,0s: C 68.23, H 6.20, N 6.63; found C 68.35,
H 6.18, N 6.60.
322 HARLA4 3a~3p 494K

A Y) 2 (1.18 mmol) EAAH B 1) % 55 8(20.70 mmol)
NEEFFI MAR, R, TLC M. RS HE,
WL, AEENT[VCAMES) @ (LR OER) - V(=2
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f)=8 1 1 1143 HAx=4).

(2R)-5-[(V. £ FE k3£ )(5',6'- — F 45 FE-1",1'a,2", 7'b- Y
S TH I [C) 28 L IR -7'b- 2 ) H R -2-( i -2"-2,3- &
IR IR -4-3 (3a): M 0.1 h, LF 83%. m.p. 68~
73 °C; '"H NMR (CDCl;, 400 MHz) §: 0.96~1.07 (m, 1H,
1'a-CH), 1.21~1.28 (m, 1H, 1'-CH,), 1.39~1.46 (m, 1H,
1'CH,), 1.61 (s, 3H, 3"-CH;), 1.77 ~1.83 (m, 3H,
2"-CHj), 2.97~3.11 (m, 1H, 3-CH,), 3.32~3.47 (m, 1H,
3-CH,), 3.59, 3.59, 3.61, 3.63, 3.67, 3.68, 3.69, 3.69 (s,
3H, OCH3), 3.81 (s, 3H, OCHj), 4.05~4.19 (m, 1H,
2'-CH,), 4.32~4.40 (m, 1H, 2'-CH,), 4.91~4.95 (m, 1H,
=CH,), 5.03~5.13 (m, 1H, =CH,), 5.25~5.34 (m, 1H,
2-H), 6.28~6.54 (m, 3H, k¥ 3XCH), 7.16~7.97 (m,
2H, ¥ CH, 1"™-CH), 13.24, 13.28, 13.54, 13.58, 13.75,
13.76, 13.80, 13.82 (s, 1H, OH); ESI-MS m/z: 449.1 [M+
H]+. Anal. calcd for C,sH,5N,Os5: C 69.63, H 6.29, N 6.25;
found C 69.51, H 6.32, N 6.28.

(2R)-5-[(IV. TR FE k3£ )(5',6'- — F 48 FE-1",1'a,2", 7'b- 1
SR TH I [C) 28 L IR -7'b- 2 ) H 5 -2-( i -2"-2,3- &
2RI -4-[3(3b): J¥ 0.3 h, IF 82%. m.p. 70~
75 °C; '"H NMR (CDCl;, 400 MHz) §: 0.97~1.14 (m, 3H,
3"-CHj), 1.45~1.56 (m, 1H, 1'a-H), 1.63~1.66 (m, 1H,
1-H), 1.77~1.91 (m, 3H, 3"-CHj), 2.02~2.06 (m, 1H,
1'-H), 2.29~2.44 (m, 2H, 2"-CH,), 3.00~3.10 (m, 1H,
3-CH,), 3.33~3.46 (m, 1H, 3-CH,), 3.60, 3.61, 3.65, 3.65,
3.68, 3.68, 3.73, 3.74 (s, 3H, OCHs), 3.81 (s, 3H, OCH,),
4.12~4.20 (m, 1H, 2'-CH,), 4.34~4.38 (m, 1H, 2'-CH,),
4.92~4.95 (m, 1H, =CH,), 5.08~5.13 (m, 1H, =CH,),
525~5.34 (m, 1H, 2-H), 6.29~6.49 (m, 3H, #¥f
3XCH), 7.40~7.58 (m, ¥ CH), 7.69~7.73 (m, 1H,
1"-CH), 13.58 (brs, 1H, OH); EI-MS m/z: 462.3 [M'].
Anal. calcd for C,;H30N,Os: C 70.11, H 6.54, N 6.06;
found C 70.23, H 6.51, N 6.03.

(2R)-5-[(E. T FE FIE)(5',6'- — F 48 FE-1",1'a,2", 7'b- 1
SR TH I [C) R L IR -7'b- 2 ) H R -2-( i -2"-2,3- &
IR -4-1 (3¢): &M 0.3 h, ILF 80%. m.p. 65~
71 °C; '"H NMR (CDCl;, 400 MHz) §: 0.83~0.92 (m, 3H,
4"-CH;), 1.25~1.36 (m, 4H, 2"-CH,, 3"-CH,), 1.77~
1.80 (m, 3H, 3"-CHj), 1.82~2.08 (m, 3H, 1'-H, 1'a-H),
2.99~3.10 (m, 1H, 3-CH,), 3.30~3.45 (m, 1H, 3-CH,),
3.63,3.63, 3.64, 3.65, 3.67, 3.69, 3.69, 3.70 (s, 3H, OCH;),
3.83, 3.83, 3.84, 3.85 (s, 3H, OCH3), 4.08~4.19 (m, 1H,
2-CH,), 4.39~4.46 (m, 1H, 2'-CH,), 4.93~4.96 (m, 1H,
=CH,), 5.09~5.13 (m, 1H, =CH,), 5.26~5.35 (m, 1H,
2-H), 6.28~6.61 (m, 3H, k¥ 3 X CH), 7.18~7.25 (m,
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1H, %3 CH), 7.52~7.59 (m, 1H, 1"-CH), 11.65, 11.68,
11.69, 11.71, 12.59, 12.61, 12.65, 12.66 (s, 1H, OH).
EI-MS m/z: 476.3 [M']. Anal. caled for CpsH3N,Os: C
70.57, H 6.77, N 5.88; found C 70.44, H 6.81, N 5.90.

(2R)-5-((CIF L HE 3 )(5',6'- — F A E-1',1'a,2,7'b- 1Y
AR FE[) A T ML -7'b-25) F 2L )-2-( I -2"-2,3- =&
PRI -4-T3(3d): [ 0.3 h, EK 76%. m.p. 58~
63°C; "H NMR (CDCls;, 400 MHz) &: 0.81~0.93 (m, 3H,
5"-CHj;), 0.97~1.08 (m, 1H, 1'a-H), 1.17~1.36 (m, 4H,
3"-CH,, 4"-CH,), 1.63~1.71 (m, 1H, 1'-H), 1.77~1.93
(m, 3H, 3"-CHj), 2.01~2.05 (m, 1H, 1'-H), 2.26~2.44
(m, 2H, 2"-CH,), 3.03~3.11 (m, 1H, 3-CH,), 3.34~3.47
(m, 1H, 3-CH,), 3.59, 3.60, 3.60, 3.61, 3.67. 3.68, 3.73,
3.74 (s, 3H, OCHj3), 3.81 (s, 3H, OCHj), 4.12~4.19 (m,
1H, 2'-CH,), 4.34~4.39 (m, 1H, 2'-CH,), 4.92~4.95 (m,
1H, =CH,), 5.08~5.13 (m, 1H, =CH,), 5.25~5.35 (m,
1H, 2-H), 6.29~6.49 (m, 3H, k¥ 3XCH), 7.40~7.73
(m, 1H, X3/ CH, 1"-CH), 13.45 (brs, 1H, OH); EI-MS
m/z: 490.3 [M+]. Anal. calcd for Cy0H34N,Os: C 71.00, H
6.99,N 5.71; found C 71.14, H 6.96, N 5.69.

(2R)-5-[(5",6"- W& 3E-1',1'a,2", 7'b-DU E 3R A IF [ ] 35
FEIE I -7'b- 38 ) F 8 -2-(PR J6-2""-2,3- — % I Wk IR -4- 19y
(3e): JX 0.3 h, W& 80%. m.p. 55~59 C; 'H NMR
(CDCls;, 400 MHz) 6: 0.83 (t, J=7.1 Hz, 3H, 6"-CH,),
0.97~1.08 (m, 1H, 1'a-H), 1.15~1.49 (m, 6H, 3"-CH,,
4"-CH,, 5"-CH,), 1.62~1.68 (m, 1H, 1'-H), 1.77~1.82
(m, 3H, 3"-CHj), 2.00~2.05 (m, 1H, 1'-H), 2.25~2.42
(m, 2H, 2"-CH,), 2.99~3.10 (m, 1H, 3-CH,), 3.33~3.45
(m, 1H, 3-CH,), 3.60, 3.61, 3.67. 3.68 (s, 3H, OCHj), 3.80,
3.81 (s, 3H, OCH;), 4.12~4.19 (m, 1H, 2'-CH,), 4.34~
4.38 (m, 1H, 2'-CH,), 4.91~4.95 (m, 1H, =CH,), 5.08~
5.13 (m, 1H, =CH,), 5.25~5.34 (m, 1H, 2-H), 6.29~
6.49 (m, 3H, #¥ 3XCH), 7.40~7.72 (m, 1H, #3¥f
CH, 1"-CH), 13.50 (brs, 1H, OH); EI-MS m/z: 504.3 [M"].
Anal. caled for CiH3N,Os: C 71.40, H 7.19, N 5.55;
found C 71.27, H7.22, N 5.58.

(2R)-5-((2"- 45 -1™- MF. T 3 Jijk 2 )(5',6'- — H 4 3t -
1',1'a,2',7'b- VY E 3 T I [c] A8 FF: ML R - 7'~ J5 ) FR R 1-2-(TR
W5-2"-35)-2,3- A IR IEIRIR -4-Fy (3F): M 0.1 h, Y
75%. m.p. 80~90 ‘C; 'H NMR (CDCls, 400 MHz) ¢:
0.97~1.08 (m, 1H, 1'a-H), 1.40~1.57 (m, 1H, 1'-H),
1.62~1.70 (m, 1H, 1'-H), 1.78~1.82 (m, 3H, 3"-CHj),
1.89~1.98 (m, 3H, 4"-CHj3), 3.00~3.11 (m, 1H, 3-CH,),
3.36~3.46 (m, 1H, 3-CH,), 3.59, 3.60, 3.66 (s, 3H,
OCHs), 3.81 (s, 3H, OCHj3), 4.08~4.20 (m, 1H, 2'-CH,),
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4.35~4.39 (m, 1H, 2'-CH,), 4.92~4.95 (m, 1H, =CH,),
5.08~5.13 (m, 1H, =CH,), 5.25~5.35 (m, 1H, 2-H),
6.25~6.30 (m, 2H, 2"-CH, 3"-CH), 6.35~6.49 (m, 3H,
IR 3xCH), 7.71~7.75 (m, 1H, %3 CH), 7.88~7.90
(m, 1H, 1"-CH), 13.81 (brs, 1H, OH); EI-MS m/z: 474.3
[M']. Anal. caled for C,sH3N,Os: C 70.87, H 6.37, N
5.90; found C 70.99, H 6.34, N 5.88.

(2R)-5-[(F F FE k3£ )(5',6'- — F 45 E-1",1'a,2", 7'b- Y
SR TH I [C) 28 L IR -7'b- 2 ) H R -2-( i -2"-2,3- &
KRR -4-3 (3g): M 0.3 h, ILE 66%. mp. 50~
52 ‘C; 'H NMR (CDCls, 400 MHz) &: 0.88~1.09 (m, 1H,
1'a-H), 1.26~1.47 (m, 2H, 1'-H), 1.75~1.83 (m, 3H,
3"-CH3), 3.01~3.12 (m, 1H, 3-CH,), 3.37~3.43 (m, 1H,
3-CH,), 3.60 (s, 3H, OCHj3), 3.80 (s, 3H, OCHj3), 4.26 (d,
J=9.8 Hz, 1H, 2'-CH,), 4.39 (d, J=9.9 Hz, 1H, 2'-CH,),
494 (d, J=142 Hz, =CH,), 5.11 (d, J=18.6 Hz
=CH,), 5.29~5.33 (m, 1H, 2-H), 6.32~6.55 (m, 3H, #
¥K 3X CH), 7.41~7.78 (m, 6H, Z3¥f 6 X CH), 8.30, 8.50
(s, 1H, 1"-CH), 13.84 (brs, 1H, OH); EI-MS m/z: 510.3
[M']. Anal. caled for C3H3N,Os: C 72.92, H 592, N
5.49; found C 72.79, H 5.95, N 5.52.

(2R)-5-[2"- . P & B £ )(5L6- = F A -
1',1'a,2',7'b- VU 3 T I [ €] 28 I WL R - 7'b- 255 ) Y KR -2-(A
J5-2"-38)-2,3- A K FFIRIE-4-F(3h): B 0.3 h, IRE
54%. m.p. 75~80 ‘C; 'H NMR (CDCl;, 400 MHz) ¢:
0.78~0.87 (m, 1H, 1'a-H), 1.43~1.51 (m, 1H, 1'-H),
1.59~1.65 (m, 1H, 1'-H), 1.77~2.11 (m, 9H, 1"-CHs,
3"-H, 3"-CHj), 3.01~3.11 (m, 1H, 3-CH,), 3.34~3.47
(m, 1H, 3-CH,), 3.59, 3.60, 3.67, 3.68 (s, 3H, OCHj3), 3.81,
3.82 (s, 3H, OCH3), 4.18 (d, J=10.3 Hz, 1H, 2'-CH,), 4.35
(d, J=9.6 Hz, 1H, 2'-CH,), 4.91~4.95 (m, 1H, =CH,),
5.08~5.13 (m, 1H, =CH,), 5.25~5.34 (m, 1H, 2-H),
6.25~6.52 (m, 3H, ¥ 3XCH), 7.68~7.73 (m, 1H, 7
¥& CH), 13.58 (brs, 1H, OH); ESI-MS m/z: 463.1 [M-+
H]". Anal. caled for C,7H30N,Os: C 70.11, H 6.54, N 6.06;
found C 70.23, H 6.51, N 6.03.

(2R)-5-[(5',6"- W & FE-1',1'a,2',7'b-VUEIN T F [c] K
FEILE I -7'b- 2 ) F A 1-2-( T M -2"- )2, 3- = S K e -
4-3(3i): ] 0.5 h, WCE 38%. mp. 65~73 C; 'H
NMR (CDCls, 400 MHz) §: 0.78~0.79 (m, 1H, 1'a-H),
0.93~1.11 (m, 3H, 1"-CH;), 1.45~1.64 (m, 2H, 1'-H),
1.79 (d, J=6.0 Hz, 3H, 3"-CH;), 1.83~2.10 (m, 3H,
4"-CHs), 2.21~2.42 (m, 2H, 3"-CH,), 3.00~3.11 (m, 1H,
3-CH,), 3.33~3.45 (m, 1H, 3-CH,), 3.60, 3.61, 3.62, 3.63,
3.67, 3.68, 3.73, 3.74 (s, 3H, OCHj), 3.80, 3.82 (s, 3H,
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OCH,), 4.11 (d, J=10.2 Hz, 1H, 2-CH,), 4.34 (d, J=9.5
Hz, 1H, 2-CH,), 4.91~4.95 (m, 1H, =CH,), 5.08~5.13
(m, 1H, =CH,), 5.24~5.33 (m, 1H, 2-H), 6.27~6.51 (m,
3H, ¥ 3XCH), 7.66~7.71 (m, 1H, ¥ CH), 13.53
(brs, 1H, OH). ESI-MS m/z: 477.2 [M+H]". Anal. calcd
for C,3H3,N,Os: C 70.57, H 6.77, N 5.88; found C 70.45,
H 6.81, N 5.90.

(2R)-5-[(2"-V [ FE i FE)(5',6'- — F4H J-1',1'a,2',7'b-
VU &R T4 IF [c] 2K I MRy -7'b- 36 ) 3 J-2-( TR 0 -2
$)-2,3- AR IR -4-By(3): M 10.5 h, F 52%.
m.p. 59~69 ‘C; '"H NMR (CDCls;, 400 MHz) ¢: 0.73~
0.89 (m, 3H, 1"-CHj), 0.97~1.09 (m, 1H, 1'a-H), 1.25~
1.64 (m, 4H, 3"-CH,, 4"-CH,), 1.76 ~2.09 (m, 3H,
3"-CHs, 5"-CHj), 2.18~2.23 (m, 1H, 1-H), 2.33~2.37
(m, 1H, 1'-H), 3.00~3.11 (m, 1H, 3-CH,), 3.34~3.46 (m,
1H, 3-CH,), 3.59, 3.59, 3.60, 3.60, 3.67, 3.67, 3.72, 3.74
(s, 3H, OCHj,), 3.80, 3.81, 3.82 (s, 3H, OCHs), 4.11 (d, J=
10.3 Hz, 1H, 2-CH,), 4.35 (d, J=10.3 Hz, 1H, 2'-CH,),
4.91~4.95 (m, 1H, =CH,), 5.08~5.13 (m, 1H, =CH,),
524~534 (m, 1H, 2-H), 6.29~6.50 (m, 3H, ¥
3XCH), 7.67~7.71 (m, 1H, X3 CH), 12.67, 12.68,
12.71, 12.79, 13.60, 13.63, 13.98, 14.10 (s, 1H, OH);
EI-MS m/z: 490.3 [M']. Anal. caled for CyH34N,Os: C
71.00, H 6.99, N 5.71; found C 71.14, H 6.96, N 5.74.

(2R)-5-[(2"- W & = W % )(5L6- = WO -
1',1'a,2',7'b- VY 3 T I [ €] A8 FF: ML R - 7'~ J5 ) FR R 1-2-(TR
Ji-2"-25)-2,3- A KR IE-4-T3(3k): A 0.5 h, iR
34%. m.p. 74~78°C; 'H NMR (CDCl;, 400 MHz) o:
0.99~1.09 (m, 1H, 1'a-H), 1.25~1.87 (m, 12H, 3"-CH,,
4"-CH,, 5"-CH,, 6"-CHj, 3"-CHj), 2.10~2.14 (m, 1H,
1-H), 2.19~2.27 (m, 3H, 1"-CH3), 2.32~2.36 (m, 1H,
1'-H), 3.03~3.10 (m, 1H, 3-CH,), 3.36~3.45 (m, 1H,
3-CH,), 3.59, 3.60, 3.62, 3.63, 3.68, 3.69, 3.73, 3.73 (s,
3H, OCHj), 3.80, 3.82 (s, 3H, OCHj3), 4.07 (d, J=10.5 Hz,
1H, 2'-CH,), 4.35 (d, J=10.0 Hz, 1H, 2'-CH,), 4.91~4.95
(m, 1H, =CH,), 5.06~5.13 (m, 1H, =CH,), 5.26~5.33
(m, 1H, 2-H), 6.25~6.52 (m, 3H, #¥ 3XCH), 7.66~
7.69 (m, 1H, ZX¥F CH), 13.24 (brs, 1H, OH); EI-MS m/z:
504.4 [M"]. Anal. caled for C30H3N,Os: C 71.40, H 7.19,
N 5.55; found C 71.53, H 7.15, N 5.52.

(2R)-5-[(2"- P -4 F Ik 1 B ik ) (5°,6'- — FH 42k -
1',1'a,2",7'b- WY E 3 TR FF: [¢] K - 1k I -7'b-F5 ) R K 1-2-(TH
Ji-2"-%5)-2,3- A IR IR -4-T(31): &M 0.5 h, WE
75%. m.p. 90~92 ‘C; 'H NMR (CDCls, 400 MHz) ¢:
0.59~0.89 (m, 6H, 5"-CH3, 6"-CHs), 0.97~1.09 (m, 1H,
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'a-H), 1.25~1.38 (m, 1H, 1'-H), 1.44~1.50 (m, 1H,
1'-H), 1.60~1.65 (m, 3H, 1"-CH3), 1.83 (s, 3H, 3"-CH,),
2.01~2.10 (m, 2H, 3"-CH,), 2.12~2.29 (m, 1H, 4"-CH),
3.00~3.12 (m, 1H, 3-CH,), 3.36~3.45 (m, 1H, 3-CH,),
3.59, 3.60, 3.66 (s, 3H, OCHj,), 3.80, 3.81 (s, 3H, OCH,),
4.10~4.21 (m, 1H, 2'-CH,), 4.33~4.37 (m, 1H, 2'-CH,),
4.92~4.96 (m, 1H, =CH,), 5.08~5.13 (m, 1H, =CH,),
527~534 (m, 1H, 2-H), 6.29~6.49 (m, 3H, Z¥f
3XCH), 7.67~7.72 (m, 1H, ¥ CH), 12.68, 12.71,
13.50, 13.54, 13.73, 13.92, 14.18 (s, 1H, OH); ESI-MS
m/z: 505.2 [M+H]". Anal. caled for C30H3sN,Os: C 71.40,
H 7.19, N 5.55; found C 71.27, H 7.22, N 5.57.

(2R)-5-[(2™- W % K= & i P 2k )(5,6'- — F R B -
1',1'a,2',7'b- VY 3 P I [c] 4% FF L R - 7'~ J5 ) FE 6 1-2-(TR
J5-2"-25)-2,3- A K FFIRI-4-F(3m): RV 17 h, IR
65%. m.p. 85~89 ‘C; 'H NMR (CDCl;, 400 MHz) ¢:
0.92~1.10 (m, 1H, 1'a-H), 1.23~1.26 (m, 1H, 1-H),
1.57~1.68 (m, 3H, 3"-CHj), 1.76~1.81 (m, 1H, 1'-H),
2.24~2.51 (m, 3H, 1"-CH;), 2.95~3.13 (m, 1H, 3-CH,),
3.36~3.48 (m, 1H, 3-CH,), 3.62, 3.63, 3.64, 3.65 (s, 3H,
OCHa), 3.78, 3.80, 3.82, 3.82 (s, 3H, OCHs), 3.92 (d, J=
10.4 Hz, 1H, 2-CH,), 425 (d, J=10.3 Hz, 1H, 2'-CH,),
4.87~4.97 (m, 1H, =CH,), 5.05~5.15 (m, 1H, =CH,),
527~536 (m, 1H, 2-H), 6.25~6.59 (m, 3H, ¥
3XCH), 7.34~7.50 (m, 3H, ¥ 3XCH), 7.63~7.89
(m, 3H, F¥ 3XCH), 11.07, 11.12, 12.68, 12.70, 12.78,
13.57, 13.61, 14.02 (s, 1H, OH); EI-MS m/z: 524.3 [M'].
Anal. calcd for C;,H;,N,O5: C 73.26, H 6.15, N 5.34;
found C 73.38, H6.11, N 5.31.

(2R)-5-[3"- W J& H& B % )(5L6- = H O O -
1',1'a,2',7'b- VU 3 P I [ €] 28 I AL R - 7'- 215 ) Y KR -2-( A
J5-2"-38)-2,3- A IE I IRIR-4-W (3n): B 17.5 h, Y&
2 55%. m.p. 60~68 ‘C; 'H NMR (CDCls, 400 MHz) o:
0.94~1.33 (m, 6H, 1""-CHj, 5"-CHj), 1.44~1.53 (m, 1H,
'a-H), 1.57~1.64 (m, 1H, 1'-H), 1.77~1.83 (m, 3H,
3"-CH;), 1.88~1.98 (m, 1H, 1'-H), 2.08~2.59 (m, 4H,
2"-CH,, 4"-CH,), 2.99~3.11 (m, 1H, 3-CH,), 3.33~3.46
(m, 1H, 3-CH,), 3.59, 3.60, 3.67, 3.67 (s, 3H, OCHa), 3.80,
3.81, 3.82 (s, 3H, OCH3), 4.12 (d, J=10.3 Hz, 1H,
2'-CH,), 4.34 (d, J=10.7 Hz, 1H, 2'-CH,), 4.91~4.95 (m,
1H, =CH,), 5.08~5.13 (m, 1H, =CH,), 5.24~5.34 (m,
1H, 2-H), 6.25~6.53 (m, 3H, Z 3XCH), 7.64~7.70
(m, 1H, 73K CH), 13.59, 13.64, 14.05, 14.07 (s, 1H, OH);
EI-MS m/z: 490.3 [M']. Anal. calcd for CyH3N,05: C
71.00, H 6.99, N 5.71; found C 70.88, H 7.02, N 5.73.

http://sioc-journal.cn/ 401



BIHE

R

(QR)-5-[CIL 3R [ )(5',6'- — A SE-1',1'a,2,7'b-1Y
SRR I [c] 2 FF L IR -7'b- 3 ) R 3R -2-(TA s -2"-3%)-2,3-
AR IR -4-13 (30): ] 7.0 h, ULE 72%. m.p.
82~89 C; 'H NMR (CDCl;, 400 MHz) 6: 0.97~1.08
(m, 1H, 1'a-H), 1.43~2.56 (m, 13H, 2"-CH,, 3"-CH,,
4"-CH,, 5"-CH,, 3"-CH3), 3.04~3.12 (m, 1H, 3-CH,),
3.34~3.47 (m, 1H, 3-CH,), 3.59, 3.60, 3.68, 3.68 (s, 3H,
OCHj,), 3.81 (s, 3H, OCHj3), 4.14~4.21 (m, 1H, 2'-CH,),
4.33~4.39 (m, 1H, 2'-CH,), 4.92~4.95 (m, 1H, =CHy,),
5.08~5.13 (m, 1H, =CH,), 5.25~5.34 (m, 1H, 2-H),
6.29~6.52 (m, 3H, ZK¥f 3XCH), 7.70~7.75 (m, 1H, #
¥ CH), 12.80, 12.81, 13.89, 14.30 (s, 1H, OH); EI-MS
m/z: 488.3 [M']. Anal. caled for C,oH;,N,Os: C 71.29, H
6.60, N 5.73; found C 71.15, H 6.63, N 5.75.

(QR)-5-[(ILFA 23 i)(5',6'- — A 2E-1',1'a,2,7'b- 1Y
SR P IF[c] AR I LI -7'b-J5 ) Y 12 (P 4 -2"- ik )-2,3-
A PRI -4-By (3p): AL 5.0 h, ULE 65%. m.p.
76~85 C; 1H NMR (CDCl;, 400 MHz) ¢: 0.96~1.08
(m, 3H, I'H, 1'a-H), 1.36~227 (m, 13H, 2"-CH,,
3"-CH,, 4"-CH,, 5"-CH,, 6"-CH,, 3"-CH3), 2.93~3.10
(m, 1H, 3-CH,), 3.19~3.45 (m, 1H, 3-CH,), 3.58, 3.59,
3.59, 3.60 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 4.07 (d, J=
10.2 Hz, 1H, 2-CH,), 4.35 (d, J=10.4 Hz, 1H, 2'-CH,),
4.91~4.95 (m, 1H, =CH,), 5.08~5.13 (m, 1H, =CH,),
526~533 (m, 1H, 2-H), 6.35~6.52 (m, 3H, X
3XCH), 7.63~7.69 (m, 1H, #¥ CH), 13.30 (brs, 1H,
OH); EI-MS m/z: 502.3 [M']. Anal. calcd for C3yH34N,Os:
C71.69,H 6.82, N 5.57; found C 71.82, H 6.79, N 5.54.
33 REIEMML

MERBEF: N2 IRE2 i B (Gibberella zeae)~ FRFE
F293 TR (Phytophythora capsici)~ %75 2.9 T (Alternaria
alternate)~ & JNKB97 B (Botrytis cinerea). FESUMIH B
K % Wi (Sclerotonia
sclerotiorum) F1/N32 FAKY 9 B (Blumeria  graminis). it
T AN 2 BT DL SCHER[27].

(Rhizoctonia solani)

% Bi# &l (Supporting Information) H ¥rib &4 fl
A4 "H NMR FI MS Hii. ix Sep4 kb nl LG 2 AT
WX 3k (http://sioc-journal.cn/) I T %%,
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