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Study on the Synthesis and Insecticidal Activity of
Spinosyn A Derivatives
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Abstract Spinosyns are a novel kind of biopesticide produced by Saccharopolyspora spinosa. Spinosyns have been widely
applied in pest control because of their broad insecticidal spectrum, high insecticidal activity, low environmental impact, and
low toxicity. To identify spinosyn compounds with improved insecticidal activity, a series of D-forosamine replacement deriv-
atives of spinosyn A were synthesized. The insecticidal activities of the synthetic derivatives were evaluated against 3rd-instar

larvae of Plutella xylostella. All derivatives exhibited good insecticidal activity to P. xylostella.
Keywords natural product; spinosyn A; semi-synthetic derivative; insecticidal activity
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(D-forosamine) i1 2',3',4'- = FF 42 35k il 2 pL7).

H 1990 LIk, 2 R R M 2R AN 2 22
FREVE— B2 E N AN AN ROTER A AL AR T,
RO 2 R B 3 Re A B e W0 H A2l H 3 L, Rg iR
U 3 7 ¥ 3 5 AN B H e R R B R R
HOR SR m R T 7 A LB . U R I
F RIS RER A, 5K NERER LA
VI, FEZ R R B AGMEFRERNER. FEZR
P 20 B B O A R A B B R ARRAE, B AR
ML i P B e 2 R 48, SEEEDREMERIVLIK
i\ ZEu, JFPEBEERRARRE, 2o H A 2 H
2 A (NChR) # 15 82005 512 Z I IEAR (N Ach) KB i
KN HEEZ R W R FEIN AR T p-2 5T BR(GAGB)
AR, B R U M R AR L AR,
FIL 2 R 3 il 2 Mo b AT PR A, 2R 0I5 AR
FIAEYIBRR, AT K CO,, HO FIEEALS, %t
WEfEFIR/AN. WA, WEZ REEN Hir B REA &
FERE S, TR AL AN 2 R R FE MR AR AR (Rl
HEEZ R R T 1999 3G RE “agag s Hhig
a7 120]

HH T 25 % R 3R U 45 48 DA B o) 6 5 e 1) v 2%
TETE, X EZRE RSB IRAE P IREZ R =
(V1 P,V 2 AR P IR AR P 1) A i v
W T EATRIRERUR LS R I AR, X e IR
AU =W ) A0S Pt 22 Bl 2 R AR AR Ak 5] G i B 4 T
FWE I oy AT A AR 1 B (1 PR ik i 4 R 2R R
i A P R SRR R 5 B 4 R 45 B B S B
WFFLR A, XT 2 2% B 3R I B 45 A8 i v i vy Lo RS
PEFEY KR B2 R, W2 e RN S R ek
AEWEIE A AR Z R R RN D48 SRR, &k
TR ZAREERAEY, FERHIR dE AT 7
FETOU BRRKZHE AR EMEARNZ RHER
BHRL, B — AT AR A & dustE, v H
T HEMPIEDO. ZERBELZRERS FrHo A bt
FDSEN, W H S 2R MEK S &, g K B &
BT RE, PR L AT M AR A 5 R, 2 KA F st
[A], T H BB 2 Mz S & P e A e T AR AR e 1k,
FEKIEAZE A, SN, RS20 431 [A) 1Y) HA AT 43 AT
MG 58 5 2 A4 R PR SE SR, Semnidtt, Hodh o530
I EUARAN DS PR =6 B A A AL A () BIAR A 24,
5 ) e LR 24 1) BB B R 11, 5] NER R AR
BN 2 AW R BWEW T HIRIEE, WA, A
A R DL Rk, A TR DARESS. 5 A Ak
SARNAEY o EE T BMEFIREIE R B, B2
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KR AW D-AEIREEIER], Gl T —SEZREE A
HIRT A (Scheme 1), FEXFH AT T 2% HUE M IR,
DAHIGRASVE VR TE o R RSB T PR S PE A (1
tE4).

1 HEREWR

1.1 &/

DIZREER A KIKIEREY 17-BIFEH R (A) PR
JERE, JEIEXT 17 467 R R AT R AL TR AL AN Ak S,
BT 12 MR EZ AR R A FTED; rai ey
JEIT 'TH NMR, PCNMR a9 F ST /AL, #iE T
WA AL SR EE 1.

TEERAED 1 e, Fra iR A E ok
7 1,8-"F Ak -+ —-7- % OBUKEMERA T, 5
SR OKERPBATIEN, ERPEEEE, RES5HEY
A HATHEE R B, F=E35 5T 70%.

TEG A G 2 Pt RE A, R 75 ZELE Bl I il B gk
17, MRS N5 R B ARET, N ASREREAT. SR
M SCHRIRIEY, 2R R A M - RIS 9 £ ¥
BT SR A YR IR T RN, R 9 MRS 17
PR BT R LG M I 2 5, 1% 5 SCHR[3 1] A4 IE — 2.

EABRAEY) 3 M T, [N AT7E R i R T,
{HH 0 DR RS, FE R N s R R, [
IEBEAE IR E B N, NN 2~6 h, LAY 3
72 2 ITE 85% LA L.

1.2 FRHEM

DA H 5 BN = 8 4 o g, SR 2
JIEE355 3 G B S P 2 RS PR T . B A AL
BYIIFRE G ARG, FRBEESECN 0.01%0)
Triton X-100 7KW AN [V B AL 25 (1.1, 2.2,
4.4, 8.8 1 17.6 mg/L), F¥eT- 13 HEM F 2RI
10, HEENBTETE 9 cm BEFRILH, BN =1
Nk 20 Sk BMEEMREANIREENE 3 IR,
BN ILIGE 60 Sk A AT, 48 h R GEiHA0T- %K. G 18
i Probit 73T 7 E T AR EUEUIEH FE(LCs) 1 95% B A5
X [8](95% CI), Z5HRaE 1 FiR.

WE 1 PR, ZREER ARTEDRIHE K
X 8], B8 & AT AR 50 NSk L HE B, R
EREZHATED BT THEZ AERENHTLH
LR RIK 10~50 (5 E1E), (H—2AT4EH(2¢, 2d,
2e F1 3d)KILH R AP dUig PR 2R 2 R B &R AK 2~
S ERIEENE). (LAY 2¢ R BA I, SJEIKIKE 3d, 2d
1 2e.
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HaCO oH H3CO
357 o, : 0|-L720CH,
k\%cm OCH,
o BF3'CzH5002H5, Ar, r.t. ,\\“O
. NH
Ri—oH CNCls: DBU_RY )J\CCI NaH, CHZfFI2 RE—Br or
CH,Cl, 8 (R3)R2\O retlux | R3—c
 _CH " S och,
® k\%cm
~0
H,C
OAc o)
R O o coy O HsC O zors
AcO N)J\o) (1a),  AcO T e ocH, (19)
OAc OAc OCH,CH;
HsCO FsC
Re- (2a), m (2b), (20), @ﬂt (20), ©\/“(2e)
H3C HSCO F
OCH;
A P
R®= HSCA”Oﬁ (3a), Q\W’ (3b), Q—{i (3¢), D-{ié (3d)
o] F o)
Scheme 1 Synthesis of spinosyn A analogues
K1 ZREE ARV RGN
Table 1 Insecticidal activities of spinosyn A derivatives
C"7-O-substituent LCsy/ 95% CI/ C-O-substituent ~ LCsy/ 95% CI/
Compd. - 1 Compd. - 1
structure (mgeL ) (mgeL ) structure (mgeL ) (mgeL )
FsC
Spinosad[34] — 0.627 0.509~0.771 2d \©/‘% 2.4005 2.015~2.785
OAc
© o ccl
la )J\ ) 3 10.018 8.011~13.379 2e ©\/ﬁ% 2.778 2.440~3.137
AcO N~ ~O F
OAc H
HsC.__O
1b I(\( 7302 5.705~9.888 3a HsC™ Y™ 25266  20.053~34.518
AcO OAc o)
OAc
HsC.__O 7
\
1c H3COLIOCH3 3.749 3.131~4.464 3b S 32.582  27.317~40.068
OCH,CHs o
o]
2a H30& 18.558 15.097~23.481 3c Q% 28.348  24.062~32.882
F
2b H3CO& 9.403 7.459~12.660 3d >—< 2.218 1.925~2.511
o)
HsCO
2¢ @ 1.618 1.356~1.856
OCH;
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WEEE V2 IR = BB A G5y, 5
AT A P 3 A 52430 [k, CV-0-FE AT A
BN TATRES HEZ R E R TR RSO i), SR
i, Wk 1 P, C7-0-FER L E4(1a, 1b A 1¢)3 45 1
TRHA SRR R H AR 5 0 % Uk B

H 22 R T 2 MU RS 2B v /i, 1 BT LA
TERMERCERE R, Ml BIEERk. RHSoRm
JHZEROMR . M . BRI R L) i (2R
B KB, WERIES), PAZE RS, ., 8
VAL B AR U . IR SR BIACT. Rk, A
W55 o BT B B PRk B Pt ] R ot oAt B i % Ry
BEAh, X AT AR A AT RE LA S B R G g S 14 .

2 ZEig

AWTUZRER A KBV R, G
B AR SN SR T — BRI Z R R A AT,
Hs FoR BOE PR HEAT IS, T AT A 0 N R B
AR SR E, BRI HRT A /N S R % B PR
AL R, (H—SefT AR T AV AR
WEVE, AR HUE BB E A RO BN A A S R, Ok
AAKIE FEMTCAHT BT T AT UE BT A, ATRE SR BARRE 1L
EPNEACKIA Y B S (o 24 T 2 A 25 2% 18 30) OB
S —MOTROB R BRI TR AT T3, TR, AHE 7T e
N T PR AT (A 2 D5 1 R AB U 250 5 AT R B O
R

3 IS
3.1 X5

HEILIREVE ARG K Varian mercury-plus 400
FUFD Avance DRX 500 BUZHEILHRIIZ R, CDCl NG
A, TMS NN FR; @5 HE s R Autoflex 11T 2
MALDI JFiS . A6 50 5T ORI N B K AR =4 A
T M SCHR 34148 1 77 R4S, iR o i & 4 i
AL AR S, R — 2P alifh.
3.2 LWHE
32.1 2-(CBEAM T H)-6-((9-T A-14-F K -7,15-=
AAMK-2-((3,4,5-=F A HA-6-F A v9 R -2H-77H-2- ) £
#)-2,3,3a,5a,5b,6,7,9,10,11,12,13,14,15,16a,16b- + ><
R -1H-Ym 3K 5t =20 5 [3,2-d|[1] & =2 3F + = ke-13- %)
AHA)-5-(Q22-=a e a ) E L) A L)@ A -2H-t
h-3,4- = — CERBS(1a) 89 A A&

7E 50 mL $. VB II 15 mL #8 - CH,Cl, Fi2>
BT, ZJEMAEEY A (0.28 g, 00.47 mmol). D-
M i T 2 B -2- I AR -2-[[(2,2.2- = A LR ) BRI 1R
$£1-3,4,6- = L 1R-2,2,2- —H LW JE R (0.32 g, 00.52
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mmol) 1 0.2 mL =AM 40k, [ NRTE Ar R T, =
WPEFE 18 h. RINEEH G, B2 70, RMBIMA 10
mL R RERRRE, S e R IR S A 7 YR T R 4
BN T =R, ToKEREREN T A ML, H 2 ik4YE
AR . R A E AT 2 AR B TS IR, 732
N 12%. FEESTHIRIFRA VOAEE) @ V(2R Z1E)=
411 (R=0.23). '"H NMR (400 MHz, CDCl;) 6: 7.67 (s,
1H, NH), 6.76 (s, 1H, C"-H), 5.83~5.81 (m, 1H, C°-H),
5.80~5.78 (m, 1H, C°-H), 5.58~5.55 (m, 1H, C"-H),
5.33~5.14 (m, 4H, C*-H, C¥-H, C*-H, C*-H), 4.78 (s,
1H, C'-H), 4.75 (s, 1H, one of CCl-CH), 4.71~4.68 (m,
1H, C*'-H), 4.38~4.37 (m, 1H, C°-H), 4.22~4.15 (m, 3H,
C%-H, one of CCl;-CH), 3.75~3.73 (m, 1H, C*-H),
3.63~3.60 (m, 1H, C"-H), 3.57~3.55 (m, 1H, C°-H),
3.47~3.45 (m, 1H, C*-H), 3.50 (s, 3H, C*-OCHj3), 3.49 (s,
3H, C*-OCHj;), 3.44 (s, 3H, C*-OCHj3), 3.45~3.42 (m,
1H, C*-H), 3.28~3.25 (m, 1H, C'*-H), 3.13~3.09 (m,
1H, one of C*H), 3.04~3.00 (m, 1H, C*-H), 2.97~2.95
(m, 1H, C*-H), 2.88~2.84 (m, 1H, C'*-H), 2.42~2.38 (m,
1H, one of C*-H), 2.32~2.30 (m, 2H, C'°-H), 2.22~2.19
(m, 1H, C’-H), 2.07~2.05 (m, 9H, OAcX3), 1.93~1.91
(m, 1H, one of C*-H), 1.66~1.37 (m, 7H, C'*-H, one of
C*-H, one of C"”-H, one of C**-H, C**-H), 1.32~1.28 (m,
2H, one of C"-H, one of C*-H), 1.26~1.24 (m, 3H,
C%-H), 1.22 (s, 3H, C'°-CH3), 0.93~0.90 (m, 1H, C"-H),
0.75 (t, J =7.6 Hz, 3H, C*-H); >C NMR (101 MHz,
CDCl3) 6: 202.36, 171.37, 170.79, 170.64, 170.40, 154.18,
148.23, 143.49, 129.55, 128.75, 102.27, 95.37, 95.10,
91.56, 83.03, 81.62, 80.49, 77.36, 74.39, 72.18, 71.95,
71.53, 71.38, 70.47, 62.44, 60.41, 59.11, 58.56, 57.96,
5425, 49.58, 47.48, 46.79, 41.44, 40.98, 40.48, 39.77,
34.39, 34.07, 30.38, 28.12, 20.82, 20.77, 20.73, 20.61,
17.81, 14.16, 9.39; HRMS (MALDI) caled for CsHgs-
C3NOgNa [M+Na]" 1074.3394, found 1074.3398.
322 2-((9-T #-14-F #£-7,15- = A AX-2-((-3,4,5-=
¥R A -6-F A w A -2H-wvH-2- ) &K
2,3,3a,5a,5b,6,7,9,10,11,12,13,14,15,16a,16b- + >~ £, -
1 H-4e K H =20 H[3.2-d][ 1] & A2 3+ — a5 -13- 8 5 )-6-
P V9 f-2H-H-3,4,5- = 2 = CERBS (1b) 89 A 5k

7E 50 mL H B H I 15 mL T CH,Cl, #i2b
BOTIE, ZJEIMAEEY A (0.31 g, 0.53 mmol). D-tt
VR 87 7 A R -2 Bt GEC-2-[[(2,2,2- = A Z H ) BRI 1R
#£1-3,4,6- = LR HE-2,2,2- = LW E TR EE(0.25 g, 0.58
mmol) 1 0.1 mL = 5L 2Bk, BRAE Ar R4, =
IRAEHE 24 h. RESRSE, BRI, MBIA 10
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mL BRI, St 5 R IR S A RN T R 4
ARG =R, ToKIRBREN T A WA, 3L ik4i
AR . R AR R AT 2 AR B TC IR Y, 7R 2
N 72%. AEJENTRITFA VO HEE) @ V(LR LBR)=
41 (R=0.21). '"H NMR (400 MHz, CDCl3) 6: 6.77 (s,
1H, C"-H), 5.80 (s, 1H, C®-H), 5.74~5.72 (m, 1H, C*-H),
531 (s, 1H, C"-H), 521~5.20 (m, 2H, C*-H, C*-H),
5.18~5.15 (m, 1H, C*-H), 4.75 (s, 1H, C"-H), 4.62~4.60
(m, 1H, C*'-H), 4.28~4.25 (m, 1H, C°*-H), 4.11~4.09 (m,
1H, C*-H), 3.86~3.84 (m, 1H, C*-H), 3.67~3.65 (m, 1H,
CY-H), 3.57~3.55 (m, 1H, C°-H), 3.53~3.52 (m, 1H,
C*-H), 3.50 (s, 3H, C*-OCHj,), 3.49 (s, 3H, C*-OCH,),
3.43 (s, 3H, C*-OCHj3), 3.39~3.37 (m, 1H, C*-H), 3.31~
3.28 (m, 1H, C'*-H), 3.08~3.05 (m, 1H, one of C*-H),
3.02 (s, 1H, C*-H), 2.98~2.96 (m, 1H, C*-H), 2.84 (s, 1H,
C'*-H), 2.37~2.35 (m, 1H, one of C>-H), 2.27~2.24 (m,
2H, one of C*-H, one of C'"-H), 2.18~2.16 (m, 1H,
C’-H), 2.02 (s, 9H, OAcX3), 1.85~1.82 (m, 1H, one of
C%-H), 1.61~1.39 (m, 7H, C'®-H, one of C*H, one of
C"-H, one of C*-H, C*-H), 1.34~1.31 (m, 2H, one of
C"-H, one of C*-H), 1.29~1.24 (m, 3H, C*-H), 1.22~
1.20 (m, 3H, C'°-CH3), 1.17~1.14 (m, 3H, C*-H), 0.86~
0.8 (m, 1H,C,;-H), 0.75 (t, J=7.4 Hz, 3H, C*-H); "°C
NMR (101 MHz, CDCly) &: 202.17, 172.41, 170.40,
170.00, 169.78, 147.70, 143.44, 129.33, 128.84, 99.57,
95.38, 82.17, 80.90, 77.37, 76.01, 71.13, 70.80, 70.66,
70.12, 68.91, 67.85, 60.89, 60.32, 58.93, 57.60, 49.48,
47.50, 46.60, 46.22, 41.37, 41.02, 37.35, 36.31, 34.42,
34.00, 30.57, 27.91, 20.99, 20.74, 20.62, 17.74, 17.42,
16.94, 14.14, 9.36; HRMS (MALDI) calcd for Cy4sHgO16-
Na [M-+Na]" 885.4243, found 885.4244.
323 13-(4-TaAL-35-—F A H-6-F A w9 5-2H-7
H-2- 1) A H)-9-T A -14-F K -2-((2R,3R.,4R,5S,65)-
345- =% 8 & 6-F A w R 2H-w v -2- ) AR
#)-2,3,3a,52,5b,6,9,10,11,12,13,14,16a,16b- + @ %, -
1H-42 3K 5F = 30 - [3,2-d|[ 1] R 22 3 + =k -7,15- —BR
(1e)#9 &A%,

£ 50 mL B VAN 15 mL - CH,Cl, FiZb
BOTIE, ZJEMALEYI A (0.36 g,0.61 mmol). 3-24
AF-24- T HEE RN -2,22- =R 4 TR RAE(0.26 g,
0.72 mmol)f1 0.1 mL =HALM 2Tk, SPBIRAE Ar fR9°
T, EiRBEHE 16 h RNESHR)E, BRE01, RS
BN 10 mL ZSUHGeioRe, S Ja PR AN B R S AN VA VR
AN S BN IR I =k, TOKBRREN T A NI, ]
TRARAT R . R AR JE BT 40 5515 3034 1 i iR
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W, TEELINTAY%. FEEMTRITRN VA ) - (&
TR ZHiE8)=4 : 1 (R;=0.24). "H NMR (400 MHz, CDCl5) 6:
6.76 (s, 1H, C"-H), 5.85 (s, 1H, C*-H), 5.80~5.77 (m, 1H,
C’-H), 4.84 (s, 1H, C"-H), 4.65~4.63 (m, 1H, C*-H),
429~426 (m, 1H, C°-H), 3.80~3.44 (m, 26H, C*-H,
C"-H, C*-H, C*-H, C*-OCH;, C*-OCH;, C*-OCH;, C*-H,
C*-H, C-H, C"-H, C”-H, C*-OCH,;, C"-OCH;,,
C*-OCH,-), 3.28~3.26 (m, 1H, C'°-H), 3.13~3.04 (m,
3H, one of C*-H, C*-H, C*-H), 2.87 (m, 1H, C'*-H),
2.41~2.38 (m, 1H, one of C*-H), 2.26~2.22 (m, 2H,
C'"-H), 2.15~2.13 (m, 1H, C’-H), 1.93 (s, 1H, one of
C%-H), 1.71~1.44 (m, 7H, C'®-H, one of C*H, one of
C"-H, one of C**-H, C*-H), 1.39~1.26 (m, 8H, one of
C"-H, one of C**-H, C®-H, C'®-CH;), 0.94~0.91 (m, 1H,
C'-H), 0.75 (t, J=8.0 Hz, 3H, C*-H); >C NMR (101
MHz, CDCl;) 0: 203.40, 172.57, 147.42, 143.51, 133.89,
129.17, 117.33, 96.21, 95.85, 82.17, 82.05, 79.66, 78.52,
78.22, 76.25, 75.87, 74.53, 68.04, 67.95, 67.81, 65.60,
61.03, 59.24, 49.49, 48.70, 47.69, 46.47, 41.52, 41.09,
37.53, 36.70, 36.40, 34.74, 31.22, 27.92, 19.42, 18.31,
18.25, 17.87, 17.81, 15.76, 12.87, 9.46; HRMS (MALDI)
caled for CyHeO3Na [M + Na] © 815.4552, found
815.4553.
324 9-T A -14-F KA -13-((4-F A F ) A H)-2-
((345- =7 & A -6-F A v [ 2H-=-2- %) &
# )-2,3,3a,52,5b,6,9,10,11,12,13,14,16a,16b- + 9 £, -
1H-42 3R 7 =20 31 [3,2-d][1] & F2 32 + = )2-7,15- —FR
(22) 89 & A&,

7E 50 mL G A 20 mL #-F CH,Cl, F2>
BT, ZRRITKIIAAEY) A (0.29 g, 0.49 mmol).
4-FAEEFEIR(0.11 g, 0.60 mmol)fl NaH (0.0129 g, 0.54
mmol). £ Ar TR T, K BRI AR E, RN
18 h. RMNEWRE, BRE0Tif, REBIMA 10 mL —
SR BEMRE, S FH R B B S B R T AN S A
WG =R, KRR TR A VU, Bkt
ain . FH d AR JE AT 40 B A5 B0k B R, PR RN
68%. FEEMTHIEITFIN VO ik @ MR LBE)=3 :
1 (R/=0.26). '"H NMR (400 MHz, CDCl3) 6: 7.31~7.14
(m, 4H, C*-H, C*-H, C*-H, C"-H), 6.66 (s, 1H, C"-H),
5.86 (s, 1H, C%-H), 5.79~5.75 (m, 1H, C*-H), 4.87 (s, 1H,
C'-H), 4.74~4.71 (m, 1H, C*'-H), 4.65 (s, 2H, C"-H),
432~426 (m, 1H, C*-H), 3.61~3.55 (m, 4H, C*-H,
C'-H, C°-H, C*H), 3.52 (s, 3H, C*-OCHj,), 3.51 (s, 3H,
C?-OCH;), 3.47 (s, 3H, C*-OCHj3), 3.39~3.36 (m, 1H,
C*-H), 3.19~3.16 (m, 1H, C'®-H), 3.14~3.11 (m, 1H, one
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of C%-H), 3.09~3.06 (m, 1H, C*-H), 3.01~2.97 (m, 1H,
C*-H), 2.92~2.88 (m, 1H, C'*-H), 2.56~2.52 (m, 1H,
one of C*-H), 2.45~2.40 (m, 2H, C'’-H), 2.32 (s, 3H,
C*-CH3), 2.13~2.10 (m, 1H, C’-H), 1.95~1.91 (m, 1H,
one of C*-H), 1.72~1.46 (m, 7H, C'®-H, one of C*-H, one
of C"-H, one of C**-H, C*-H), 1.37~1.33 (m, 2H, one of
C"-H, one of C*-H), 1.31~1.28 (m, 3H, C°-H), 1.26 (s,
3H, C'°-CHj3), 0.99~0.96 (m, 1H, C'-H), 0.84 (t, J=7.2
Hz, 3H, C*-H); >C NMR (101 MHz, CDCl3) 6: 203.07,
17221, 144.57, 144.17, 136.13, 133.21, 130.13, 129.10,
129.01, 127.60, 127.48, 106.38, 95.58, 82.32, 81.13, 80.45,
77.73, 76.22, 73.500, 73.41, 67.97, 60.94, 59.0, 57.66,
50.67, 49.55, 47.64, 47.01, 41.44, 41.07, 39.29, 37.54,
36.38, 34.94, 31.08, 27.60, 21.18, 21.01, 17.81, 14.20,
9.59; HRMS (MALDI) calcd for C4HssO0oNa [M+Na]"
717.3973, found 717.3974.
325 9-TA-13-(4-F A A FH)AE)-14-F K-
2-((34,5- = F A Hk -6- F K va A -2H-#1 v -2- ) A
#£)3,3a,5a,5b,6,9,10,11,12,13,14,16a,16b- + v9 £, -1H-
o338 B/ 5F[3,2-d][1] & 4 3+ = 4%-7,17- —FA(2b) &9
AR

7£ 50 mL 5 BN 20 mL T CH,CL, filzb
WO TIE, ZFRTIMAEY) A (033 g, 0.56 mmol).
4- IR H(0.12 g, 0.60 mmol)Al NaH (0.0168 g, 0.70
mmol). 7E Ar RIF, K RPN B, R
15 h. MG, BR20F0f, REEMA 10 mL —
ARG, o a AR IR S i A AN S i
WP =R, JToKRBRIATIRA NI, AR5 15H ™
fn. R AR E AT o B A BR S EHCR Y, PER AN
63%. FEENTIRIFRIN VCAME) @ (LR LB8)=3
1 (R=0.27). '"H NMR (400 MHz, CDCL3) J: 7.65 (s, 2H,
C*-H, C"-H), 7.46 (s, 2H, C"-H, C*-H) 6.59 (s, 1H,
C"-H), 5.85 (s, 1H, C°*-H), 5.68~5.66 (m, 1H, C’-H), 4.84
(s,1H, C'-H), 4.64~4.62 (m, 1H, C*'-H), 4.39~4.37 (m,
1H, C°-H), 4.02 (s, 2H, C"-H), 3.87~3.84 (m, 1H, C*-H),
4.09 (s, 3H, C*-OCHj3), 3.69 (s, 1H, C""-H), 3.52~3.50
(m, 1H, C°-H), 3.44~3.41 (m, 1H, C*-H), 3.1 (s, 3H,
C*-OCHj), 3.02 (s, 3H, C*-OCHj), 2.91 (s, 3H, C*-OCHj,),
2.82~2.75 (m, 3H, C*-H, C'°-H, one of C*-H), 2.72~2.54
(m, 2H, C*-H, C*-H), 2.47~2.45 (m, 1H, C'*-H), 2.36~
2.35 (m, 3H, one of C*-H, C'°-H), 2.23~2.20 (m, 1H,
C’-H), 2.13~2.10 (m, 1H, one of C%-H), 2.04~1.77 (m,
7H, C"-H, one of C*H, one of C"-H, one of C*-H,
C*-H), 1.31~1.28 (m, 2H, one of C"*-H, one of C*-H),
1.25 (s, 3H, C*-H), 0.98~0.95 (m, 3H, C'°-CH;), 0.91~
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0.88 (m, 1H, C'-H), 0.81 (t, J=7.6 Hz, 3H, C*-H); "*C
NMR (101 MHz, CDCly) &: 204.70, 171.16, 166.68,
145.23, 143.12, 131.33, 129.89, 128.90, 128.81, 127.83,
108.25, 88.64, 86.18, 84.61, 82.61, 77.26, 74.84, 71.31,
70.79, 67.17, 64.55, 50.48, 47.15, 46.31, 46.08, 41.86,
40.63, 40.14, 39.95, 39.50, 37.74, 35.57, 32.42, 29.57,
29.36, 26.73, 25.02, 21.97, 18.16, 12.71, 9.23; HRMS
(MALDI) calcd for C4HsgOq9Na [M—|—Na]+ 733.3922,
found 733.3923.
32.6 13-(3,5-=F AKX FH)AHL)9-T HK-14-F A&-
2-((3,4,5-=F A A -6-F &K -v9 R -2H-7H-2- ) &
#)-2,3,32,5a,5b,6,9,10,11,12,13,14,16a,16b- + @ % -
1H-F"31 5 5 [3,2-d|[ 1] R A 3R+ = e-7,15- =B (2¢) %%
AR,

7E 50 mL 5B i 20 mL #+ CH,Cl, Fizb>
BT, ZJERMAEY) A (0.36 g, 0.61 mmol).
3,5- “HAFERU(0.15 g, 0.66 mmol)Fl NaH (0.0172 g,
0.72 mmol). 7E Ar fRF°F, ¥ MBI FAZ [R1 A i
RN 19 he RBGEHRIE, BRE5:T0, MBI 10
mL AR BRI, Sl e R R R S A 7 YR T D
ARG = IR, ToKRBRTIE8A VA, B2 WYE
PR . R A JE AT 2 B AR B B IR Y, PR R 2
N 61%. FEENTRIEIFFN V(A ) @ (LR LBE)=
411 (R=0.22). '"H NMR (400 MHz, CDCl5) 6: 6.65 (s,
1H, C"-H), 6.41~6.33 (m, 3H, C*-H, C*"-H, C"-H), 5.88
(s, 1H, C%H), 5.79~5.77 (m, 1H, C°-H), 4.86 (s,1H,
C'-H), 4.77~4.74 (m, 1H, C*'-H), 4.35~4.32 (m, 1H,
C°-H), 4.09 (s, 2H, C"-H), 3.85 (s, 1H, C*-H), 3.78 (s, 6H,
C*-OCHs, C*-OCHjy), 3.72~3.70 (m, 1H, C""-H), 3.66~
3.65 (m, 1H, C°-H), 3.61~3.59 (m, 1H, C*-H), 3.55 (s,
3H, C*-OCHj), 3.50~3.47 (m, 6H, C*-OCH,, C*-OCHj),
3.44~3.41 (m, 1H, C*-H), 3.35~3.33 (m, 1H, C'®-H),
3.16~3.12 (m, 1H, one of C*-H), 3.07 (s ,1H, C’-H),
3.00~2.97 (m, 1H, C*-H), 2.92~2.90 (m, 1H, C'*-H),
2.51~2.47 (m, 1H, one of C*-H), 2.33~2.29 (m, 2H,
C'""-H), 2.15~2.12 (m, 1H, C’-H), 1.93~1.90 (m, 1H, one
of C3-H), 1.66~1.48 (m, 7H, C"*-H, one of C*-H, one of
C"-H, one of C*-H, C*-H), 1.34~1.32 (m, 2H, one of
C"-H, one of C**-H), 1.30~1.27 (m, 6H, C*-H, C'°-CHj,),
0.92~0.95 (m, 1H, C'"'-H), 0.85 (t, J=7.2 Hz, 3H, C*-H);
5C NMR (101 MHz, CDCl) 6: 206.52, 172.26, 160.62,
160.61, 144.59, 144.17, 138.62, 130.89, 129.61, 108.48,
108.41, 106.99, 98.72, 98.63, 95.58, 82.33, 81.15, 77.75,
76.19, 75.42, 71.78, 60.93, 58.99, 57.66, 55.23, 53.29,
49.50, 46.78, 46.08, 45.09, 41.06, 40.29, 37.53, 37.21,
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36.36, 32.25, 27.75, 26.84, 19.20, 17.80, 9.57, 8.24;
HRMS (MALDI) caled for C,;HgO;Na [M -+ Na]
763.4027, found 763.4024.
327 (B-(=RFH)FH)AI)-2-((3.4,5-=F & H-6-
¥ A v A -2H-w v -2- ) # K)-2,3,3a,53,5b,6,9,10,11,
12,13,14,16a,16b- -+ v9 £,-1H- 5 "3 i B [3,2-d][1] & %4
Tt = kw-7,15- =B —ER(2d) &9 A Ak

7E 50 mL VB ID 20 mL #8F CH,Cl, Fi2>
HO T, 2SRRI AEY) A (033 g, 0.56 mmol).
3-(ZH I 3E)TEIR(0.15 g, 0.63 mmol)Fl NaH (0.0158 g,
0.66 mmol). 7E Ar TRIF T, ¥ MBI FE [A1 i
KRB 18 he RLZEH G, BR2sr1f, RAMBMA 10
mL BRI, S e R R S A RN T R 4
BN G =k, ToKIRBREN T A WA, 3125k 4i
AR . R AR R AT 2 B AR 2R s R, e
298 52%. FEETRIFFRS vCamE) - MO
fig)=4 : 1 (R;=0.25). "H NMR (400 MHz, CDCl;) J: 6.64
(s, 1H, C"-H), 6.49~6.20 (m, 4H, C*-H, C*-H, C*-H,
C"-H), 5.83 (s, 1H, C®-H), 5.80~5.78 (m, 1H, C>-H), 4.82
(s, 1H, C"-H), 4.73~4.71 (m, 1H, C*'-H), 4.29~4.27 (m,
1H, C°-H), 3.78~3.75 (m, 1H, C*-H), 3.54~3.51 (m, 2H,
C"-H, C°-H), 3.46~3.36 (m, 11H, C*-H, C*-OCH;,
C?-OCH;, C*-OCH;, C*-H), 3.28 (s, 1H, C'°-H), 3.10~
3.08 (m, 1H, one of C*-H), 3.06~3.04 (m, 1H, C*-H),
3.02~2.99 (m, 1H, C*-H), 2.87~2.83 (m, 1H, C'*-H),
2.61 (s, 2H, C"-H), 2.43~2.39 (m, 1H, one of C*-H),
2.26~2.21 (m, 2H, C'°-H), 2.10 (s, 1H, C’-H), 1.93~1.89
(m, 1H, one of C*-H), 1.68~1.41 (m, 7H, C'*-H, one of
C3-H, one of C"-H, one of C*-H, C22—H), 1.31~1.28 (m,
2H, one of C"-H, one of C*-H), 1.24~1.20 (m, 3H,
C%-H), 1.04 (s, 3H, C'°-CH3), 0.94~0.91 (m, 1H, C"-H),
0.83 (t, J=7.8 Hz, 3H, C*-H); “C NMR (101 MHz,
CDCl3) d: 202.0, 172.23, 144.43, 144.26, 140.88, 130.88,
129.68, 129.56, 129.26, 129.08, 122.69 (Jor=303 Hz),
108.40, 108.33, 107.15, 106.93, 95.53, 82.26, 81.07, 77.66,
77.35, 76.15, 75.36, 74.65, 67.90, 60.88, 58.94, 57.60,
55.17, 49.45, 46.74, 46.01, 45.96, 43.45, 41.06, 37.46,
36.32, 32.80, 32.16, 26.84, 17.76, 9.57; HRMS (MALDI)
caled for CyHssFsOoNa [M+ Na] ™ 771.3690, found
771.3688.
32.8 9-TA-13-(2-AFH)AAL)-14-F £-2-((3,4,5-
=W A A-6-F A A 2H-wH-2- ) A H)-3,3a,5,
5b,6,9,10,11,12,13,14,16a,16b- 1 9 &,-1H- 53] 3£ B F
[3.2-d|[1] &4 3+ = }2-7,17- =B (2e) 49 A A%,

7E 50 mL . B i 20 mL #8T CH,Cl, F1/>
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H T, ZRRITKIMAEY) A (0.29 g, 0.49 mmol).
2-F N (0.12 g, 0.64 mmol)F1 NaH (0.0139 g, 0.58
mmol). 7E Ar R4 T, K RPIRINFAZ IR, R
20 h. RMER)E, BRESTI/, RESEMA 10 mL —
AR GERRE, S e F AN G IR SN A AN S BN
WG =R, ToKRBRIN T IRA VU, B lkda e~
dn. R AT E AT 7 B AR BE B R, 7 ER 4008 52%.
RN RIFRN VA B @ (LR ) =511
(R=0.23). "H NMR (400 MHz, CDCl3) 6: 7.29~7.17 (m,
4H, C*-H, C¥-H, C*-H, C"-H), 6.79 (s, 1H, C"*-H), 5.88
(s, 1H, C%H), 5.83~5.80 (m, 1H, C’-H), 4.86 (s, 1H,
C'-H), 4.69~4.65 (m, 1H, C*'-H), 4.55 (s, 2H, C"-H),
434~431 (m, 1H, C°-H), 4.13~4.10 (m, 1H, C*-H),
3.57~3.42 (m, 13H, C"-H, C°-H, C*H, C*-OCH,,
C?-0OCH;, C*-OCH;, C*-H), 3.34~3.32 (m, 1H, C'®-H),
3.15~3.12 (m, 1H, one of C*-H), 3.08~3.06 (m ,1H,
C’-H), 3.04~3.01 (m, 1H, C*-H), 2.91~2.88 (m, 1H,
C'2-H), 2.45~2.43 (m, 1H, one of C*-H), 2.35~2.31 (m,
2H, C'°-H), 2.26~2.23 (m, 1H, C’-H), 1.94~1.91 (m, 1H,
one of CS-H), 1.70~1.51 (m, 7H, CIS—H, one of CS-H, one
of C"°-H, one of C**-H, C**-H), 1.29~1.27 (m, 5H, one of
C"-H, one of C**-H, C®-H), 1.17 (s, 3H, C'°-CH3), 0.95~
0.92 (m, 1H, C'"-H), 0.83 (t, J=7.6 Hz, 3H, C*-H); "°C
NMR (101 MHz, CDCly) &: 203.10, 172.49, 163.61,
147.26 (Je.r=20.2 Hz), 143.91, 137.30, 135.50, 130.90,
129.32, 129.05, 128.83, 127.97, 95.57, 91.99, 82.32, 81.12,
80.50, 77.82, 76.25, 71.77, 67.98, 60.83, 58.97, 57.69,
49.58, 47.66, 46.85, 46.36, 41.48, 41.13, 37.45, 36.36,
34.52, 31.72, 30.67, 28.03, 20.44, 17.81, 13.69, 9.35;
HRMS (MALDI) caled for C4HssFONa [M + Na] *
721.3722, found 721.3719.
329 9-TH-14-F & -7,15- = #KR-2-(3.,4,5-= F &
A -6-F A v R -2H-wtvH-2- ) & #)-2,3,33,52,5b,6,
7,9,10,11,12,13,14,15,16a,16b- + >~ £ -1H- ¢ 3| ik
[3,2-d]-[ 11824 2F + = #% - 13- 25 79 BR B (3a) 69 & A%

E 50 mL VBRI 10 mL - CH,CL, izl
H TR, ZRERITKIMAAEY) A (032 g, 0.54 mmol).
AL E((0.06 g, 0.65 mmol)Fl NaH (0.0156 g, 0.65 mmol).
16 Ar BR97F, BRI E RIRERE, &M 2 h K&
MR G, BRED TR, RNEIMA 10 mL & Pt
FE, b 0% TR S N VS VR R S A T R 5 = UK
TR BREAT- AN, LR A5 15K ™ . A vt A
AN AR RNR B R Y), TEERLN 92%. KEEHTH
JRIFFN VOEhE) © (R ZER)=5 1 1 (R=0.21). 'H
NMR (400 MHz, CDCl;) 0: 6.78 (s, 1H, C"*-H), 5.87 (s,
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1H, C°-H), 5.82~5.80 (m, 1H, C>-H), 4.85 (s, 1H, C'-H),
4.67~4.64 (m, 1H, C*'-H), 4.32 (s, 1H, C’-H), 3.58~3.53
(m, 4H, C*-H, C"-H, C°-H, C*-H), 3.51~3.48 (m, 9H,
C*-OCH;, C?-OCH;, C*-OCH;), 3.46 ~3.42 (m, 1H,
C*-H), 3.16~3.13 (m, 1H, C'°-H), 3.12~3.10 (m, 1H,
one of C*-H), 3.03 (s, 1H, C*-H), 2.98~2.96 (m, 1H,
C*-H), 2.88~2.85 (m, 1H, C'*-H), 2.45~2.42 (m, 1H,
one of C*-H), 2.36~2.34 (m, 2H, C'°-H), 2.16~2.14 (m,
1H, C’-H), 1.94~1.91 (m, 1H, one of C*H), 1.73~1.46
(m, 7H, CIS-H, one of CS—H, one of C19-H, one of CZO-H,
C*-H), 1.31~1.25 (m, 5H, one of C"’-H, one of C*-H,
C®-H), 1.18 (s, 3H, C'°-CH3), 0.92~0.89 (m, 1H, C''-H),
0.81 (t, J=7.4 Hz, 3H, C*-H); C NMR (1001 MHz,
CDCly) d: 201.29, 173.90, 172.54, 147.33, 144.10, 129.35,
128.77, 95.52, 82.28, 81.07, 77.69, 76.38, 76.18, 74.90,
67.94, 60.96, 59.00, 57.67, 49.51, 47.64, 46.07, 45.52,
41.52, 41.15, 37.42, 36.33, 34.17, 32.58, 30.15, 28.18,
27.75, 21.08, 17.80, 16.33, 9.38, 9.27; HRMS (MALDI)
caled for CiHssO10Na [M + Na]* 669.3609, found
669.3605.
32.10 9-T A-14-F #-7,15- = A AK-2-((3.4,5-=F &
H-6-F A v R -2H-vh-2- K ) #)-2,3,3a,52,5b,6,7.9,
10,11,12,13,14,15,16a,16b- + >< A, -1H- "3 % 3 [3,2-
d[11 823+ —ax-11- 2Ky -2- R B2 TBE(3b) 89 & %
7F 50 mL $ B I 10 mL #8-T CH,Cl, F1/>
B TIH, ZJFRITKIMAEY) A (0.43 g, 0.73 mmol).
2-EW) FEE50(0.16 g, 1.09 mmol)Fl NaH (0.0223 g, 0.93
mmol). 7E Ar R R, KBRS BRI E, RN
6 h. RMZEWE, BREaT0f, REEMA 10 mL 4
FE R RE, P T RH B B S BV VRN VR S AL B TR o %
=R, ToKERBEN T 1A WA, BRI  . H
i FAE JZ AT 20 B9 A9 2R B8 BOHPIR Y, PR 2208 86%. AT
ENTHEIFF N VR E) © MR OEE)=5 1 (R=
0.23). "H NMR (400 MHz, CDCl3) d: 7.81 (d, J=4.8 Hz,
1H, C*-H), 7.57 (d, J=4.4 Hz, 1H, C*-H), 7.11 (t, J=4.8
Hz, 1H, C*-H), 6.83 (s, 1H, C"-H), 5.89 (s, 1H, C°-H),
5.83~5.80 (m, 1H, C’-H), 5.24~5.20 (m, 1H, C'*-H),
4.85 (s, 1H, C'"-H), 4.70~4.67 (m, 1H, C*'-H), 4.34~4.31
(m, 1H, C’-H), 3.58~3.44 (m, 14H, C*-H, C"-H, C°-H,
C*-H, C*-OCH;, C*-OCH;, C*-OCH;, C*-H), 3.15~3.12
(m, 1H, one of C*-H), 3.08~3.05 (m ,1H, C’-H), 3.03~
3.00 (m, 1H, C*-H), 2.88~2.85 (m, 1H, C'*-H), 2.44~
241 (m, 1H, one of C*-H), 2.25~2.21 (m, 2H, C'*-H),
2.04~2.00 (m, 1H, C’-H), 1.92~1.87 (m, 1H, one of
Cg-H), 1.72~1.47 (m, 7H, C'®-H, one of C*-H, one of
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C"-H, one of C**-H, C*-H), 1.32~1.29 (m, 2H, one of
C"-H, one of C*-H), 1.28~1.24 (m, 3H, C®-H), 1.19 (s,
3H, C'°-CH,), 0.94~0.91 (m, 1H, C"-H), 0.81 (t, J=7.4
Hz, 3H, C*-H); °*C NMR (101 MHz, CDCl;) d: 201.11,
172.49, 161.69, 147.51, 144.06, 133.86, 133.41, 132.36,
129.37, 128.77, 127.80, 95.63, 82.31, 81.09, 77.72, 76.40,
76.30, 76.14, 67.95, 60.88, 58.97, 57.64, 49.56, 47.70,
46.08, 45.70, 41.53, 41.16, 37.45, 36.38, 34.16, 32.58,
30.17, 28.15, 21.07, 17.79, 16.38, 9.35; HRMS (MALDI)
caled for C3Hs5,010SNa [M + Na]© 723.3173, found
723.3168.
32,11 9-TH-14-% A-7,15- — AMK-2-((3,4,5-=F &
K -6-F v R -2H-# 7% -2- ) £)-2,3,32,53,5b,6,7,9,
10,11,12,13,14,15,16a,16b- + >~ &, -1H- "3 & H [3,2-
d[1RZ 3R+ = —Hi-13- K -3- A K P BRBE(3¢) 89 &
R

7E 50 mL $ G A 10 mL #-F CH,Cl, FiZb>
BT, ZJERIOMAEY) A (0.52 g, 0.88 mmol).
3-F K FFEES0(0.19 g, 1.19 mmol)Fl NaH (0.0315g, 1.31
mmol). £ Ar R T, W SBIEINFAE BIARFE, RN
3 h. RMZEWR)E, BRES TR, REEMA 10 mL 4
FGERRRE, FH R R SN YRR T AN S A B TR e %
=R, KRBT RGN, R .
i AL Z AT 20 B AR 2R B R, P2 208 95%. 1
EMIRIFFIN VA HER) @ MR AR =5 1 (Re=
0.23). "H NMR (400 MHz, CDCl5) 8: 7.51~7.36 (m, 4H,
C*-H, C*-H, C*-H, C"-H), 6.84 (s, 1H, C"-H), 5.87 (s,
1H, C%-H), 5.79~5.76 (m, 1H, C’-H), 5.28~5.24 (m, 1H,
C*-H), 4.89 (s, 1H, C'-H), 4.71~4.66 (m, 1H, C*'-H),
4.32~430 (m, 1H, C*-H), 3.61~3.46 (m, 14H, C*-H,
C"-H, C’-H, C%-H, C*-OCH;, C*-OCH;, C’-OCH,,
C*-H), 3.18~3.14 (m, 1H, C'S-H), 3.12~3.10 (m, 1H,
one of C*-H), 3.05~3.02 (m, 1H, C*-H), 2.87~2.84 (m,
1H, C"*-H), 2.43~2.38 (m, 1H, one of C*-H), 2.28~2.25
(m, 2H, C'°-H), 2.04~2.01 (m, 1H, C’-H), 1.97~1.91 (m,
1H, one of C*-H), 1.74~1.45 (m, 7H, C"*-H, one of C*-H,
one of C"-H, one of C**-H, C**-H), 1.36~1.32 (m, 2H,
one of C"-H, one of C**-H), 1.28~1.23 (m, 3H, C°-H),
1.20 (s, 3H, C'°-CH;), 0.95~0.93 (m, 1H, C"-H), 0.81 (t,
J=7.4 Hz, 3H, C*-H); "C NMR (101 MHz, CDCl;) :
201.17, 172.62, 170.25, 163.74 (Jor=4.8 Hz), 147.67,
144.04, 131.66, 131.58, 130.18, 130.10, 128.74, 125.90,
120.86, 120.65, 116.84, 95.50, 82.36, 81.02, 77.69, 76.51,
76.28, 60.94, 58.96, 57.65, 49.57, 47.68, 46.07, 45.64,
41.52, 41.15, 37.41, 36.36, 34.18, 32.59, 30.16, 28.15,
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Chinese Journal of Organic Chemistry

NOTE

21.05, 17.75, 16.45, 9.36; HRMS (MALDI) calcd for
C4oHs3FO oNa [M+Na]" 735.3515, found 735.3509.
3.2.12 9-T A-14-F #-7,15- — A X-2-((3,4,5-=F &
H-6-F A v R -2H-vh-2- K ) #)-2,3,3a,52,5b,6,7.9,
10,11,12,13,14,15,16a,16b- + >< A, -1H- "3 % 3 [3,2-
d[1]& Z 30+ = a-13- 2 20 79 b2 22 PR BE (3d) 49 - A%,

7E 50 mL H: B IIA 10 mL #8-+ CH,Cl, Fi/>
B TIH, ZJFRITKIMAEY) A (038 g, 0.65 mmol).
FRTA 5 R 4(0.09 g, 0.87 mmol) A NaH (0.0229 g, 0.95
mmol). 7E Ar R R, KBRS BRI E, RN
2h MGG, BESTIH, RMBINA 10 mL —5&
FBERRRE, P RN B IR S BV VRN VR S AL B TRk %
=R, ToKEREEN T 1A WA, BRI  &. H
i FAE JZ AT 20 B9 A9 2R B8 PR, P22 2008 91%. A
ENTHEIFF N VR ME) @ MO ) =4 1 1 (R=
0.27). '"H NMR (400 MHz, CDCl;) 8: 6.76 (s, 1H, C"*-H),
5.83 (s, 1H, C%-H), 5.76~5.72 (m, 1H, C>-H), 4.97~4.93
(m, 2H, C'°-H), 4.81 (s, 1H, C"-H), 4.66~4.61 (m, 1H,
C*'-H), 4.28~4.21 (m, 1H, C*-H), 3.61~3.46 (m, 14H,
C?-H, C"-H, C°-H, C*-H, C*-OCH;, C*-OCH;, C*-OCH,
C’-H), 3.21~3.17 (m, 1H, C'®-H), 3.09 (dd, J=13.6, 5.0
Hz, 1H, one of C*-H), 3.05~3.01 (m, 1H, C*-H), 2.97~
291 (m, 1H, C*-H), 2.84~2.79 (m, 1H, C'%-H), 2.39~
235 (m, 1H, one of C%-H), 2.25~2.20 (m, 1H, C’-H),
1.89~1.84 (m, 1H, one of C%H), 1.68~1.43 (m, 7H,
CIS—H, one of C%-H, one of C19—H, one of CZO—H, C22-H),
1.31~1.26 (m, 2H, one of C"-H, one of C*-H), 1.23~
1.20 (m, 3H, C°-H), 1.09 (s, 3H, C'°-CH3), 0.99~0.95 (m,
2H, one of C’-H, one of C*-H), 0.90~0.85 (m, 1H,
Ci1-H), 0.83~0.80 (m, 2H, one of C¥-H, one of C*-H),
0.75 (t, J=7.6 Hz, 3H, C*-H); "C NMR (101 MHz,
CDCly) d: 201.51, 174.59, 172.65, 147.64, 143.98, 129.33,
128.64, 95.45, 82.23, 80.93, 77.56, 76.52, 76.26, 74.97,
67.86, 60.88, 58.88, 57.56, 500.29, 47.58, 45.98, 45.53,
41.47, 41.09, 37.34, 36.26, 34.12, 32.40, 30.07, 28.09,
20.96, 17.67, 16.18, 12.92, 9.27, 8.38, 8.24; HRMS
(MALDI) caled for C3;Hs4O0Na [M+Na]™ 681.3609,
found 681.3606.

45 Bh#f Kl (Supporting Information) L4 1~3 () 'H
NMR, “C NMR, HRMS B &, ix L] LA G 2 A
F1 X 3k (http://sioc-journal.cn/)_F T #k.
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