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W EERLL AT, HE5HZ 'THNMR, C NMR RIMS AL, StE AL A HEAT T A I, &5 5k, X254k
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Study of Synthesis and Biological Activities of a Novel
Macrolide Derivatives
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Abstract Modification of molecular structure of pesticides is a common method to seek new efficient broad-spectrum insec-
ticides. This study focused on modifying the structure of deglycosylated or partially deglycosylated spinosad. Eight new mac-
rolide derivatives had been synthesized by acylation. Their structures were characterized by "H NMR, '*C NMR and MS tech-
niques. Their fungicidal and insecticidal activities were also evaluated. The results showed that all compounds synthesized had
excellent insecticidal activities against lepidoptera, coleoptera, diptera, hemiptera and nematoda. Compound 3e at the concen-
tration of 100 mg/L presented 100% insecticidal activity against hemiptera (e.g. Myzus persicae) and compounds 3f and 3h
loading 200 pg presented certain inhibition against pseudomonas.

Keywords macrolide; acylate; insecticidal activity; fungicidal activity
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MRIEX

BT AE AT B AT AL s TR ST AR A= i R
e RENETE, DU S R, I
RN HE PR &)
1 GRS
1.1 &Rt

AL Z R = MM~ 5 1) ek, i
HERIR N BEIR L R IR B TR S N, Sl T 8 i Y
KIFNBERTAES 3a~3h (Scheme 1); it 'H NMR, "*C
NMR FF 2 R A T 0 & = 4514
1.2 NREHIEEF

2 8B KIN N BRI S5 MRS OE, Tk S W S 2
JCR, DRI I N I A AR ) S 3 4R A AR T (a5 T
VK BRI, FF I N BEAT — B )L AR i, nliE Y
Tl DU e B R T. A9 2R DMAP 1EfE(L
A, AR I (). H BT RIR NS R K,
SRR BHAR R, WA s N 4w EAT; il
JEREINE 28 b7 B AN RS R I A, ) R A

AR i F S Roe BB AL I, 7522 NaH 4k, W)
JEUR I S N AR ARV, A T B A R R AR BRI
TR e, DR A A 1 S N IR
TR N BRIC AR, R Ak i 32 222 8k
A7) 149 223 B o7 BRI S5 FEL 2k 7 7 T PRI R, P A3k ) () 7
BHACR, SierPRlkys, &V 1= 26 ik; anir PR KT
S W F LS D BRI, 7= 3e A1 3h (117 A
XPIRAR; i FE 10 3-MLEme P RS IR I AL = ) 7= e 1.
1.3 FEYIEMRAE

"H NMR ¥ & sp oK IR g REER R A %
1E 6 1.00~4.00, XA LA ALFE 73 TH4E 6 5.90 F116.80
i, BC NMR % ] b KR A T REER_ AR R A 2243
FAE 6 10.00~50.00, XU AIFEAE 6 130.00~
145.00 /4, $FERRAE 6 170.00~200.00 4. Btk
I 5N IR 3 A 18 5 R 3% 11 45 5 0 5 3K A T
H S 15 S I X 2. Db&49 3F i, '"H NMR i
B AL E A R AE 6 2.05 AL BRIk KIR N BRATAEY) 17-
LW LIS T, 0 2.02 AbR B K IR N BRAT A4

H

CO CH
37 L ocH,
OCHs
.‘\\\O

R = —CH, (3a),/© (3b), @ (3¢), \(j (3d), (3e)
N

R= —CH, (3f), —CF3 (39)1@ (3h)

o)
R)kCI Base, 24 h
?H H4CO o oo,
0

| Spinosad Pseudoaglycone

MeO
oM ome
OMe

B At

Il Spinosad Aglycone

Scheme 1
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Table 1 The effect of different catalysts on synthetic reaction

ARTICLE

Compd. Stucture Catalyst Yield
o)
>¥ CHs
o) HyCO
: "0l L70Hs
3a ° DMAP 95%
0
HsCO
H
3b ° DMAP 80%
.0
3¢ DMAP 85%
3d DMAP 86%
3e DMAP 80%
3f DMAP 95%
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Bk

Compd. Stucture

Catalyst Yield

3h

NaH 80%

9-Z WK EA R T °C NMR i B b6 % 6
170.82 F1170.47 &by LBEIE I FREE ik, AL 2200 F% 6 21.29
FI 21.05 Aby LRI FIE AR, R HEEHE R WIE IR N
BEFR_E RIS I 2. £E MALDI TOF J5ii oo &
L H PR A [M+Na] .
1.4 H¥EMN

X BT R IR W BRRTAE AT T R L RS T
AR, Horb 28 S PR bR A 8 H L B
RO H . P H g g SRS PR TR
AR, e S5 R BOR, A KIS N ERATAED DA A
) P () % R B TG . A8 B IR 1 K3 N R AT A2 4
o, B H AR A ER IR AL A P50 /N SE RO 1)
HOEPER . WA 100 mg/L I, 144 3a, 3e, 3f, 3g
) B AR = R (24 h). SRR R B s PR ST
WoR: WA 100 mg/L B, th&4) 3e 1) 24 h R KL
H100%, A 3¢ 1) 24 h R HUR KT 50%. 57500 4k
BT A4 IR KR P AT 26 B AT B 1R s
324 h XTI R APEIER], 48 h WA AR HUENE
ABETEI e g5 5 5o (5 3b, 3¢, 3d, 3f, 3h X}
A B0 TR 1 A K o BARIE

TP SRR, A M P I R R DY SRR
B J R R IR A T, A I LR T % R RTis k. JH
o DY SRS A AT AE A T RE R T S &
B ERED A A, A 5 B R AR, K
ZiMIAE TR AR T TR, OSOE T R AR, &R
PRI S A — SESE PR T S T, A SOk T (1)
B — AN AT A3 TR T Y, T ASHIE 5T A K 38 Py 1 )
G WIE A IR ATT A2 40 mT L[] B 3R 0 HE 82 e 1) o O B
TEE.

2 it

PLZ AT 2 A= o IRk, Wit IR T Bk
SN, 58 T B A 4 2F ) 40~60 “C, DMAP X,
NaH k. AT 8 Bl W SCHRIRIE i IR N BERT 2B,
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B A SR 4 R)iE i "TH NMR. °C NMR Al MS %
TERfE. S PTE KA N BRRT A AT T R . R
TEPENRR, 45K 8 Pk xR H . W E . X
H W AR R R, G 3e
o238 H 5 Lokl (1) 8% HORIA F) 100%; 1654 3¢ HA
— B L BANEIER. & 36 AT 3h KB M R AT —
SE TR .

3 XBEH
31 B 5IRFT

AHIFT I ORI N R A 40) 1N T 42 R SC R[22 F0
(2314038 1) T ik FLaR R4 A i 5 40 i 4l 5k 2
alipg i, R Al g e A XT4 S0 sl
TR IE); 44861 Thermo Fisher Scientific
Nicolet iS10 ZUAd HLH-AR 4 B 21 SMY(KBr Hs i), 1%
AL 4R S0 A% K ] Varian mercury-plus 400 %4 F1
Avance DRX 500 BAZ@EILHRAIE K, CDCly A #,
TMS 4 AR, JRiER ] Autoflex I MALDI TOF Ji i
G 5E; B4y e K Bruker Apex FTMS Fl Bruker
Daltonics Inc. APEXTI % FT-ICR Jiii{X.
3.2 KIRAHBEATEMRIE L
32.1  (2R,3aS,5aR.,5bS.,9S,138,14R,16aS,16bR)-9- T
H-14-F HK-7,15- =3 K -2-((2R,3R,4R,55,65)-3,4,5- =
AR -6- T A w9 S -2H-vk v -2-) BAK)-2,3,3a,54,5b,
6,7,9,10,11,12,13,14,15,16a,16b-+ 5% &.-1H-as-5| i5 4
F[3,2-d|[ 11 A Fe+ = TER-13- LB BE (3a) 89 6 A%,

TARYE, IAZ REEEME ™~ 1 (03 g 0.5
mmol). DMAP (0.305 g, 2.5 mmol). J&/KEA5(10 mL).
KR LBES mL), HEFE S Emin. s
TN ZFEEF(3 mL, 2.5 mmol), [P [N 24 h, TLC Wil
BN, 45 R G 5% NaHCOs . 1941 NaCl
WU, SIFAVAE. APAHIITEK Na,SO, T,
ENT S, RIFFA VOAMEE) - LR LR =3 1 1
(Re=0.27). Jie T¥% 743 8 R4k, "H NMR (400
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MHz, CDCl5) d: 6.81 (s, 1H, Cj5-H), 5.92~5.90 (m, 1H,
Cs-H), 5.84~5.81 (m, 1H, Cs-H), 4.88 (s, 1H, C,-H),
4.72~4.70 (m, 1H, Cy-H), 4.36~4.31 (m, 1H, Co-H),
3.69~3.62 (m, 1H, C,-H), 3.62~3.60 (m, 1H, C,-H),
3.59 (s, 3H, C4-OCHa), 3.55 (s, 3H, C,-OCHj3), 3.51 (s,
3H, C;-OCHj3), 3.50~3.48 (m, 2H, C,-H, Cs-H), 3.42 (dd,
J=9.4, 3.3 Hz, 1H, C3-H), 3.18~3.16 (m, 1H, Cs-H),
3.14~3.13 (m, 2H, one of C,-H, C4-H), 3.08~3.05 (m,
1H, Cs-H), 2.93~2.89 (m, 1H, Cy,-H), 2.44 (dd, J=8.0,
2.0 Hz, 1H, one of C,-H), 2.39~2.38 (m, 1H, one of
Ci-H), 230 ~ 226 (m, 1H, C;-H), 2.09 (s, 3H,
C1700CCHs3), 1.95 (dd, J=13.4, 7.0 Hz, 1H, one of Cg-H),
1.78~1.42 (m, 10H, one of Cg-H, one of Cip-H, Cs-H,
Cio-H, Cao-H, C2-H), 1.31~1.29 (m, 3H, C¢-H), 1.15 (dd,
J=16, 7.5 Hz, 3H, C,s-CHs), 1.02~0.98 (m, 1H, C,;-H),
0.84 (t, J=7.5 Hz, 3H, Cx-H); *C NMR (100 MHz,
CDCl) 0: 201.60, 172.78, 170.93, 147.67, 144.62, 129.31,
128.70, 95.59, 82.70, 81.83, 77.41, 77.00, 75.53, 68.04,
59.39, 58.07, 49.93, 48.06, 46.41, 45.51, 41.56, 36.74,
32.93, 30.63, 28.59, 21.44, 18.20, 16.24, 9.70; FT-MS
(ESI) caled for C3sHsgNO;o [M+NH,]" 650.38987, found
650.39004.
32.2  (2R,3aS,5aR,5bS,9S5,13S,14R,16aS,16bR)-9- T
F-14-F H-7,15- = L -2-(((2R,3R,4R,55,65)-3,4,5- =
WAL -6- T A v S -2H-vb v -2-) B4K)-2,3,3a,54,5b,6,
7,9,10,11,12,13,14,15,16a,16b-+ < &.-1H-as-5 | £ 4 7+
[3,2-d|[ 1182+ = 7LIR-13-3F TEBLBS (3b) 49 A A%,
VAR JoK S EE(10 mL), BEAL R S5Ok 3
L EE(0.36 g, 2.5 mmol). FJZHTIHIEIFHRIN V(A
WER) D MR =6 1 (R=0.2). g TVAHI13 8 {h
MERBAR. Heg H)_E. "H NMR (400 MHz, CDCls) 6: 6.79
(s, 1H, C,5-H), 5.89~5.87 (m, 1H, C¢-H), 5.81~5.78 (m,
1H, Cs-H), 4.85 (s,1H, C,-H), 4.72~4.63 (m, 1H, C,;-H),
4.34~429 (m, 1H, Cy-H), 3.67~3.61 (m, 1H, C;;-H),
3.61~3.58 (m, 1H, C»-H), 3.56 (s, 3H, C4~OCHj3), 3.51 (s,
3H, C,-OCHjy), 3.50 (s, 3H, C;-OCHj3), 3.50~3.45 (m,
2H, C,-H, Cs-H), 3.39 (dd, J=9.4, 3.3 Hz, 1H, Cy-H),
3.18~3.14 (m, 1H, Cs-H), 3.12~3.09 (m, 2H, one of
C,-H, C4-H), 3.07~3.02 (m, 1H, C5-H), 2.91~2.89 (m,
1H, C»-H), 2.43 (dd, J=8.0, 2.0 Hz, 1H, one of C,-H),
2.34~2.13 (m, 3H, one of C-H, C,-H, C;;O00CC-H),
1.92 (dd, J=13.4, 7.0 Hz, 1H, one of Cs-H), 1.78~1.41
(m, 15H, one of Cg-H, one of Cyp-H, C3-H, C9-H, Cy-H,
Cy-H, C¢Hs), 1.31~1.29 (m, 3H, C¢-H), 1.12 (dd, J=16,
7.8 Hz, 3H, C;s-CH;), 0.96~0.88 (m, 1H, C,;-H), 0.84 (t,
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J=17.5 Hz, 3H, Cy-H); °C NMR (100 MHz, CDCl;)
201.14, 175.22, 172.34, 147.13, 143.89, 129.16, 128.59,
95.34, 82.09, 80.88, 77.49, 76.49, 76.24, 74.33, 67.75,
60.78, 58.82, 57.48, 47.46, 45.90, 45.33, 43.28, 41.33,
40.96, 37.25, 34.01, 32.50, 28.00, 25.26, 20.88, 17.62,
16.21, 9.21, 8.88; FT-MS (ESI) calcd for C4oHg 010 [M+
H]" 701.42592, found 701.42718.
3.23  (2R,3aS,5aR,5bS,95,13S,14R,16aS,16bR)-9- T
H-14-F 3-7,15- = K -2-(2R,3R,4R,55,65)-3,4,5- =
AL -6- T w9 A -2H-vb v -2-) BAR)-2,3,34a,5a,5b.,6,
7,9,10,11,12,13,14,15,16a,16b-+ < &-1H-as-5| ik 4 5
[3.2-d|[ 1184+ —FTER- 13- BL B5 (3¢) 89 - Ak,
WEAG R S 2- DY SR S2(0.25 mL 2.5 mmol),
ST IR VOR M) © (SR OlE)=3 1 1
(Re=10.2), g T#mA ARk e B 'H
NMR (400 MHz, CDCl3) d: 6.77 (s, 1H, Cj5-H), 5.88~
5.85 (m, 1H, C¢-H), 5.79~5.76 (m, 1H, Cs-H), 4.83 (s,
1H, C;-H), 4.71~4.60 (m, 1H, C,-H), 4.46~4.29 (m,
1H, Co-H), 4.03~3.90 (m, 1H, C;-H), 3.66~3.59 (m, 1H,
C,-H), 3.54 (s, 3H, C,4-OCH3), 3.53 (s, 3H, C,-OCHjy),
3.48 (s, 3H, C3-OCHj), 3.46~3.43 (m, 2H, C,-H, Cs-H),
3.42 (dd, J=9.4, 3.3 Hz, 1H, Cy-H), 3.18~3.13 (m, 1H,
Cis-H), 3.12~3.10 (m, 2H, one of C,-H,C4-H), 3.08~
3.02 (m, 1H, C5-H), 2.92~2.82 (m, 1H, Cj,-H), 2.42 (dd,
J=38.0, 2.0 Hz, 1H, one of C,-H), 2.31~2.19 (m, 1H, one
of Cy-H), 2.19~2.12 (m, 1H, C;-H), 2.01~1.88 (m, 2H,
C17;00CCHOCH,CH,C-H, one of Cg-H), 1.78~1.42 (m,
12H, one of Cg-H, one of Co-H, Cs-H, Ci9-H, Cy-H,
C»-H, C;;O00CCHC-H, C;;O00CCHOCH,C-H), 1.28 ~
126 (m, 3H, C¢-H), 1.12 (dd, J=16.0, 8.4 Hz, 3H,
Ci-CHs), 0.93~0.84 (m, 1H, C,,-H), 0.79 (t, J=7.5 Hz,
3H, Cy,-H); “C NMR (100 MHz, CDCl;) &: 200.91,
172.76, 172.40, 147.27, 143.95, 129.52, 128.57, 95.54,
82.40, 81.12, 77.47, 76.84, 75.37, 69.45, 68.07, 61.18,
60.90, 59.04, 57.50, 49.55, 47.67, 46.17, 45.53, 41.26,
36.44, 34.31, 32.66, 28.08, 20.75, 17.91, 9.47; FT-MS
(ESI) caled for CigHs:0,, [M+H]" 689.38954, found
689.39130.
3.2.4  (2R,3aS,5aR,5bS,95,135,14R,16aS,16bR)-9- T
H-14-F F-7,15- =8 -2-(((2R,3R,4R,5S,65)-3,4,5- =
A -6-F B w9 S -2H-wvd-2-) BAX)-2,3,3a,5a,5b.6,
7,9,10,11,12,13,14,15,16a,16b-+ < &.-1H-as-5 | £ & 5+
[3,2-d][1] &2+ = 7LIR-13- /B BA B (3d) 492 A%,
BRI 28CA R F, F K & e
FHEES(0.354 ¢ 2.5 mmol)JI A 100 mL P I,
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TN Z R E KM= 1 (03 g, 0.5 mmol), DMAP
(0.305 g, 2.5 mmol), DCC (0.515 g, 2.5 mmol) [ T /K 5
FBE(10 mL) . FEZHTIIEIFRI V(A aig) @ W&
TR AHE)=1:1 (Re=0.2), JET 715 2] 1% 35 0 [ 44,
HEFE E. mp. 105 °C; 'H NMR (500 MHz, CDCl;) o:
923 (s, 1H, C;;00CCC-H), 8.78 ~ 8.66 (m, IH,
C,700CCCHNC-H), 8.31~8.32 (m, 1H, C;00CCCHN-
CHCHC-H), 7.86~7.32 (m, 1H, C;;00CCCHNCHC-H),
6.84 (s, 1H, Ci3-H), 6.31~6.35 (m, 1H, C¢-H), 5.36~5.30
(m, 1H, Cs-H), 4.85 (s, 1H, C;-H), 4.71~4.70 (m, 1H,
Cy-H), 4.37~4.30 (m, 1H, Co-H), 4.15~4.11 (m, 1H,
C,-H), 3.61 ~3.58 (m, 1H, C,-H), 3.55 (s, 3H,
C4-OCH;),3.50 (s, 3H, C»-OCHj3), 3.49 (s, 3H, C3-OCH3),
3.47~3.45 (m, 3H, C4-H, Cs-H, C3-H), 3.18~3.13 (m,
1H, Cis-H), 3.11~3.09 (m, 2H, one of C,-H, C4-H),
3.08~3.05 (m, 1H, C5-H), 2.94~2.86 (m, 1H, Cj,-H),
2.42 (dd, J=8.0, 2.0 Hz, 1H, one of C,-H), 2.30~2.24 (m,
1H, one of Cyp-H), 2.16~1.49 (m, 16H, C;-H, Cg-H, one
of Cyo-H, Cy5-H, C19-H, Cao-H, Co-H, C¢-H), 1.26 (dd, J=
16.0, 8.5 Hz, 3H, Cj-CHs), 1.07~1.01 (m, 1H, C,;-H),
0.83 (t, J=7.5 Hz, 3H, Cy-H); “C NMR (500 MHz,
CDCl3) 6: 201.03, 172.51, 168.10, 164.72, 153.72, 153.65,
153.49, 151.42, 150.83, 147.87, 147.70, 144.02, 137.17,
134.36, 132.81, 129.41, 128.71, 126.16, 123.41, 123.16,
95.49, 82.26, 81.03, 77.66, 76.45, 76.14, 67.93, 60.99,
59.02, 57.68, 56.87, 49.87, 49.56, 47.65, 46.07, 45.56,
41.50, 41.14, 37.43, 36.33, 34.18, 32.65, 32.31, 30.95,
30.78, 30.13, 28.17, 26.09, 25.25, 25.19, 24.55, 21.06,
17.81, 16.51, 9.40; FT-MS (ESI) caled for C3Hs4sNO,,
[M-+H]" 696.37422, found 696.37250.
3.2.5  (2R,3aS,5aR,5bS,9S,138,14R,16aS,16bR)-9- T
H-14-F 2 -7,15- =3 A -2-((2R,3R,4R,585,65)-3,4,5- =
WAL -6- T A v A -2H-vb vl -2-) B4K)-2,3,3a,54,5b,6,
7,9,10,11,12,13,14,15,16a,16b-+ < &-1H-as-5 | £ 4 7+
[3,2-d][1]8Z+ = FLER-13-4 R ke F 8% B8 (3e) 49 A %
BEAL R 5 4 NI 40(0.5 g, 2.5 mmol), AEZEHT
FIETTHI N VA MEE) @ (L8R LHEE)=5 11 (Ry=0.2),
S TS Rk, e S 3.2.2 95, '"H NMR
(400 MHz, CDCLy) 6: 6.74 (s, 1H, C,5-H), 5.82~5.79 (m,
1H, C¢-H), 5.73~5.71 (m, 1H, Cs-H), 4.90~4.88 (s, 1H,
C,-H), 4.71~4.59 (m, 1H, Cy-H), 429~4.22 (m, 1H,
Co-H), 4.07~3.98 (m, 1H, C;;-H), 3.61~3.57 (m, 1H,
C»-H), 3.56 (s, 3H, C4~OCH3),3.48 (s, 3H, C,-OCHj), 3.45
(s, 3H, C3-OCHj3), 3.41~3.37 (m, 2H, C4-H, Cs-H), 3.35
(dd, J=9.4, 3.3 Hz, 1H, Cy-H), 3.13~3.09 (m, 1H,
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Cis-H), 3.09~3.04 (m, 2H, one of C)-H, C4-H), 3.01~
2.94 (m ,1H, C;-H), 2.81~2.78 (m, 1H, Cy,-H), 2.36 (dd,
J=13.6, 3.2 Hz, 1H, one of C,-H), 2.24~2.18 (m, 1H, one
of Cyp-H), 2.10~2.08 (m, 1H, C;-H), 2.04~1.54 (m, 26H,
Cs-H, one of C,p-H, C;3-H, Ci9-H, C,-H, C,,-H, adaman-
tane-15H), 1.18 (d, J/=6.3 Hz, 3H, C¢-H), 1.13 (dd, J=6.8
Hz, 3H, C,-CH3), 1.11~0.98 (m, 1H, C;-H), 0.75 (t, J=
7.5 Hz, 3H, Cx-H); °C NMR (100 MHz, CDCl;) o:
201.13, 178.03, 172.68, 147.39, 144.26, 129.32, 128.24,
95.66, 82.30, 80.73, 77.41, 74.90, 74.15, 67.97, 60.86,
59.93, 58.96, 57.61, 51.44, 45.69, 40.52, 38.89, 38.79,
36.56, 32.51, 28.15, 27.98, 21.04, 17.19, 14.20, 9.37,
FT-MS (ESI) caled for Ci;;HgsN,Oyg 767.47874, found
767.47691.

32.6 (2R,3aS,5aR,5bS,95,135,14R,16aS,16bR)-9- T
A -14-F K -7.15- = % K -2.3,3a,5a,5h,6,7,9,10,11,12,
13,14,15,16a,16b-+ >~ &.-1 H-as- 5| £ 4 F+[3,2-d|[1]1 &
Z+ ZUIR-2,13-= LELES (3F) 49 B A%,

AR, ZARERBEM Y I (02 g 05
mmol), DMAP (0.6 g, 5 mmol)#{ A E TG /K — & F e
(10 mL)H IERiFE 2 A dRu i, e 2R8I LR
fi(0.5 mL, 5 mmol), [FI%E /N 24 h, TLC Bl V. &
N 25 A JE ] 5% NaHCOs 8 WL R NaCl i ek,
GIFANAE, AHATHTIK NaSO, T4, A 24T 73 i,
JEIFFHIR VAl @ MCIR LR =4 1 1 (R=0.3), JiE
THFAFH A AFEE. mp. 95 °C; 'H NMR (500 MHz,
CDCly) 6: 6.77 (s, 1H, C3-H), 5.91~5.88 (m, 1H, C4-H),
5.81~5.79 (m, 1H, Cs-H), 5.19~5.13 (m, 1H, C,-H),
5.03~4.94 (m, 1H, Cy-H), 4.71~4.68 (m, 1H, C;;-H),
3.50~3.48 (m, 1H, C4-H), 3.40~3.32 (m, 1H, Cs-H),
3.12 (dd, J=15.0, 2.5 Hz, 1H, one of C,-H), 3.07~3.02
(m, 1H, C;-H), 2.92~2.86 (m, 1H, Ci,-H), 2.43 (dd, J=
13.6, 2.5 Hz, 1H, one of C,-H), 2.24~2.18 (m, 1H, one of
Ci-H), 2.18 ~ 2.16 (m, 1H, C;-H), 2.05 (s, 3H,
C700CCH3;), 2.02 (s, 3H, COOCCHj3;), 1.98~1.94 (m,
1H, one of Cg-H), 1.73~1.42 (m, 9H, one of Cs-H, C;o-H,
Cy-H, Cp-H), 1.32~1.23 (m, 2H, one of Cj4-H, Cjo-H),
1.23~1.20 (m, 2H, one of C;y-H, one of C;o-H), 1.11 (d,
J=10.0 Hz, 3H, C;,--CH;), 1.02~0.98 (m, 1H, C;;-H),
0.80 (t, J=10.0 Hz, 3H, C,-H); *C NMR (500 MHz,
CDCly) ¢: 201.19, 172.52, 170.82, 170.47, 147.06, 144.17,
128.98, 12891, 77.34, 77.29, 77.09, 76.84, 75.05, 49.46,
47.59, 46.27, 45.45, 41.53, 41.34, 37.17, 37.06, 34.14,
32.51, 30.12, 28.18, 21.29, 21.05, 16.29, 9.32; FT-MS
(ESI) caled for CosH30; [M+H]" 487.26903, found
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487.26815.
3.2.7  (2R,3aS,5aR,5bS,9S,138,14R,16aS,16bR)-9- T
Fo-14-F 3 -7,15- = 3 -2,3,3a,54,5h,6,7,9,10,11,12,
13,14,15,16a,16b-+ 5% &.-1H-as- 5| 3£ 4 5 [3.2-d|[1] &
2+ ZUIR-2,13- = = R L ELES (3) 49 A A%,
FEALAR TS A = 3 S BRIF(0.8 mL 5 mmol), )24
WRFTFFIA V(AT @ LR OER)=3 11 (R=0.9),
JET-H AR B R A, He ] E "H NMR (400
MHz, CDCL) d: 6.79 (s, 1H, Ci5-H), 5.91~5.89 (m, 1H,
C¢-H), 5.86~5.83 (m, 1H, Cs-H), 5.41~5.37 (m, 1H,
Cy-H), 5.22~5.17 (m, 1H, Co-H), 4.73~4.69 (m, 1H,
Ci7-H), 4.34~429 (m, 1H, C4;-H), 3.56~3.49 (m, 1H,
Ci-H), 3.13 (dd, J=15.0, 2.5 Hz, 1H, one of C,-H),
3.08~3.05 (m, 1H, Cs-H), 2.99~2.92 (m, 1H, C»-H),
2.57~2.51 (dd, J=16.0, 9.0 Hz, 1H, one of C,-H), 2.46~
2.41 (m, 1H, one of C,o-H), 2.34~2.24 (m, 1H, C,-H),
2.15~2.09 (m, 1H, one of Cg-H), 1.71~1.48 (m, 6H,
C15-2H, one of Cg-H, Cyo-H, Cy-H, C-H), 1.37~1.29 (m,
2H, one of C,o-H, Cjo-H), 1.20~1.17 (m, 2H, one of
Cyo-H, one of Cyo-H), 1.06 (d, J=10.0 Hz, 3H, C,,-CHs),
0.98~0.94 (m, 1H, C,,-H), 0.82 (t, J=8.0 Hz, 3H, C,3-H);
C NMR (100 MHz, CDCls) d: 199.69, 173.36, 171.94,
146.73, 128.87, 127.82, 80.05, 79.88, 76.89, 75.95, 48.89,
47.34, 45.84, 40.71, 40.16, 36.16, 31.74, 29.53, 27.68,
20.10, 15.88, 8.93; HRMALDI caled for CyqH3,FsNO;Na
[M+Na]" 617.194443, found 617.195090.
3.2.8  (2R,3aS,5aR,5bS.,9S,138,14R,16aS,16bR)-9- T
A -14- F K -7,15- = & K -2,3,3a,54,55,6,7,9,10,11,
12,13,14,15,16a,16b-+ 5% £.-1H-as-5| 35 5 5F[3,2-d][1]
A+ —5TIR-2,13- =4 R bz T BA S (3h) 49 &A%,
AR SOk S RIEBES(1.0 g, 5 mmol), 24T
KT VAR MER) @ MO LEE)=1 1 (R;=0.8),
JiE T A B AL e [ B "TH NMR (400
MHz, CDCLy) d: 6.81 (s, 1H, Cy5-H), 5.90~5.88 (m, 1H,
Ce-H), 5.82~5.79 (m, 1H, Cs-H), 5.17~5.12 (m, 1H,
Cy-H), 5.96~4.96 (m, 1H, Co-H), 4.74~4.66 (m, 1H,
Ci7-H), 3.67~3.63 (m, 1H, C,;-H), 3.45~3.39 (m, 1H,
Ci-H), 3.14 (dd, J=15.0, 2.5 Hz, 1H, one of C,-H),
3.10~3.04 (m, 1H, Cs-H), 2.92~2.87 (m, 1H, C»-H),
2.44 (dd, J=13.6, 2.5 Hz, 1H, one of C,-H), 2.27~2.18
(m, 1H, one of C,o-H), 2.15~1.42 (m, 38H, C,-H, C5-2H,
Cs-H, C9-H, one of C,yp-H, Cy-H, Cy-adamantane-15H,
Cy7-adamantane-15H), 1.35~1.23 (m, 4H, C,o-H, C;¢-H),
1.10 (d, J=6.0 Hz, 3H, C;-CHs), 0.85~0.79 (m, 4H,
Ci1-H, C3-H); "C NMR (100 MHz, CDCl;) o: 183.02,
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179.51, 178.92, 176.94, 146.20, 128.34, 128.10, 76.80,
76.48, 76.17, 75.39, 73.95, 59.43, 50.55, 48.75, 46.73,
45.60, 44.66, 38.43, 36.96, 35.74, 33.30, 31.25, 29.15,
27.31, 27.10, 21.87, 20.34, 15.70, 13.65, 8.44; FT-MS
(ESI) caled for Cy4Hg0; [M+H]™ 727.45683, found
727.45492.
3.3 FHFMHARMR A AR
331 F RERGNKF &

KA 2B g2y e > BT R, AR
1 1% Triton-100 Fi%E 22384 100 mg/L, 1% Triton-100
AR, B IR, BRI 10 Sk d T BOR i
Tois I fE NN 2 i 10 s S, BT, 8Y
PIRIES KNI R FRIL b, AR 2R AR,
AR EEFRIE PR I D HK; 28 BB AR/ AR —2
POAREI R RS B, S EHLFL; S RCE 24 h 5L
48 h 5, WL RIS IR, UM BT R
Hutk, AERYMEIZ SR IET .
332 FEFMEAM K

K BEAC A V20E T &5 1 8 B H bk & kAT A
TP, SR A X R B 8 FRL A5
T N ERL I 2000 me/L [, 4 FH; U PDA 714
B gy, EHEL L, 5 PDA BRI B IR L
EAH, BE GRS AR BAMTERE TR, e
PDA 5B E TR IR & A e BN FR L, 13 m
KANBEREA; K258 0 100 pL RIEREECLmA
P EFFRIRRE SR, X IR DB ACANIR 25, B 4 R
28 CHAMF FEEFE, 48 h o WEE 2% 4 g i s
H.
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