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ARTICLE

(1 aRS,?aRS)—7-¥éE’§LE%-1 1a,7,7a-4H-3R G [b] & Ii-1a-FER 2B
HITEIN B EE K

rF# AR 7] P
(“ B R AR 2 R ARG ST ) 510632)
C T HRE Th 2R R LR K B 2 T S S I 510632)

WE VRN SRS RRE N RE, SEEBREL. L # T FRRHE, BN, B, )5 s
(1aRS,7aRS)-7- 2 L & W Hk-1,1a,7, Ta-4 H- I IR B [b] €405 - 1a- F R T8 S FATTAE M I 3804 6 LB HE R A AT AR ). AR
FLOGH T R SR R, R A AR B S ] SRR S R AT R R BRI e R R A R AR A
KBRS i "H NMR, °C NMR 1 ESI-MS HHilE. %4k 5 5 RS RN 20.1%~29.5%.

FE  mGLuR A7, &6 BEHSET; HRL

An Efficient Total Synthesis of Ethyl 7-(Hydroxyimino)cyclopropa-
[b]Jchromen-1a-carboxylate and Their Derivatives

Xu, Nanhui” Chen, Heru®“?
(“ Institute of Traditional Chinese Medicine and Natural Products, College of Pharmacy,
Jinan University, Guangzhou 510632)
(¢ Guangdong Province Key Laboratory of Pharmacodynamic Constituents of Traditional Chinese Medicine and
New Drugs Research, Jinan University, Guangzhou 510632)

Abstract Ethyl 7-(hydroxyimino)cyclopropa[b]chromen-1a-carboxylate and their derivatives have been synthesized through
directed acylation, intramolecular cyclization under the catalysis of iodine, cyclopropanation, esterification and oximation by
using phenol and maleic anhydride as starting materials. In the current invetigation, the construction of chromone scaffold was
improved and the cyclopropanation upon the treatment of Corey’s dimethyloxosulfonium methylide was applied. The struc-
tures of all the intermediates and final products were confirmed by 'H NMR, ">C NMR, and MS, respectively. The overall

yields of these 5-step procedures were 20.1%~29.5%.

Keywords mGIluR modulators; total synthesis; iodonium; cyclopropanation

(+)-CPCCOEt, Hi#MH el &%) CPCCOEL [(1aRS,
7aRS)-7-¥XJi§\Jz% 1,1a,7,7a-4H- N SR B [b] ()5 - 1a-
B .1, Bl 1], H455k B9 SCAFR Ethyl 7-(hydroxyl-
imino)cyclopropa-[b]chromen-1a-carboxylate, 451k
CPCC b la-frMtEprEEi BN 45, =R aY)
CL IR 2 AR B 2R 3244 1 (metabotropic gluta-
mate receptor 1, mGIluR1)IFEHFIM; A THIAT A
(—)-PHCCC #N AR B AT A 4mGluR4)H)
E A AR 7 (B 1Y, mGluR1 Al mGluR4 43 %142 8
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FhAR I 28 B R 52446 5 (G luRs) 1 (I P RDIE Y %57
WFEEN R T G EABBZAR ¢ &40, Tk, BT
HIZ HRTT I /7, mGluR4 SZARAE IS BRR . iR

AR P R PV T AT 2 R R )
9%/5 BARNF T mGluR4 FHF 708 itk — 25 AL,
C4H B L H(—)-PHCCC AT ITA Kk, Hh—
SEAT A W AE B BE S it — 5 3 iR H mGluR4 SZ AR )R
ST R A R,
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BLLE
OH -OH
\ \

<

0 0 0 o)
o HN.

> Ph
(+)-CPCCOEt (—)-PHCCC

Bl 1 (&)-CPCCOEt #l(—)-PHCCC k2245 =
Figure 1 Chemical structures of ( X )-CPCCOEt and
(—)-PHCCC

HA5—R 152, BAR(+)-CPCCOEt Fil(—)-PHCCC
TE AR 4-5A - IR (] )i~ 1a- FH R R 5 A1
2 (R FAE Y mGluRs WAL RANFE). X%
B, AN TR EEXS 1a-F R BT o5 330 47 7 B0 AR A& 4 sk T LA K
RIS ZARRIE R, B, BATEMBIRER — %A
XA R £)-CPCCOEt K HATAM ik, LMEIRE
FFTAD, R8O R

Wi (£)-CPCCOEt {3 & AT, RWZHKN T
Al DL 4-5 0 I - R IR B[] (- 1a- R ER(3) M 2, 3 T
B R -2- F IR Q) SR H1743, 2 AT LLH(E)-4-2-#%
FERER)-4- S -2- T IR (1)l 1 73 1 9 SR e B 3R
1%, MAGEY) 1 R LLE 3 BRI 55 13 1 2K 15 A ) Sk g 15T
i % (Scheme 1).

N‘/OH o o
CLx = L% ST
o) o O o) O o}
HO
o> 3 HO ,
= @@ié

B 1 L EY(E)-CPCCOEL I & M T
Scheme 1 Retrosynthetic analysis of (& )-CPCCOEt

1 &HR510R

WA 5a~5k HIE LN Scheme 2 AT78. B 4G
SRR ALY 12 18 VA TS R IS L T 5 1 SRR I 7
To/K = EACER (AICL) AL AR R R A -5 B, IR
A 63%. 1,1,2,2-VU5 LK 2 1% A 3 AR 1 7;
SR, =& HEH(DCM). 1,2- 5 L Le AR
FOREE, M MR AN AR

— M, PR AN SRR I R AR - e IR B2 R AR
[ R e o AL N BN < S R v S R Y e e
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R, SEBr_b, AT, 2-fr BE AL 2K By 1 2 2
BRIP4, X W] REERAE IR B N RSP K 1 RERE T B4
THNEENTAE =S INEE A K. 01 NI TE R
B R A AR AR FE 36 11.79) AT LAAS 24k
WE. FWRESRH IR, 400540 T, BRIt ] i
5y 5 Je 4G Bilis, B len] DL o BT = A S
(Fries rearrangement)f5 2-FtAL(1)F1 4-BE 40 7= 4; #Hig b

2-BRAL = — R AR T 80 CHIR M A1 /35N,
AR LA T, B2 T2 4-1A =), B,
AT LAHERR 1 A A B Fries EHEIE4E

o
O & w2 o0y
OH " Cl,CHCHC, oy ©
60°C 1

o}
10 mol% I, (CH3)3SOI/NaH
| Tovso
OH DMSO, rt.
o)

DMSO, 120°C

2 (0]
(e} 0}
RXH/EDCI
DMAP
o OH CH2C|2, r.t. 0 X\R
(o) (0]
3 4a ~ 5k
N/OH
NH,OH-HCI |
Pyridine 8 .
ACN, r.t.
07aN*~gr  X=0orNH
O
5a ~ 5k

B 2 (+)-CPCCOEt K IHATAMIMI A&k
Scheme 2 Total synthesis of (3-)-CPCCOEt and its derivatives

B -2- R (2) W] Ak &9 1 15 5 (L) fE Ak 1
T DL HEWHR(DMSO)NEFINE 120 C M3k
3, W 70%. 1, (AN B fE L e g, B
10 mol%, it &/ 1, 2 5 8l 3-MAR - i -2- F R &5 il 7=
M.

1 AN 2 R RSN, KA L& — Sk
(12 BT, 8 T 504 &R P B R A S LN Rl I 2
AR TE SR B 7, — L6 e IS 25 T AF/E O &
3B SCHR BOAE SEPL BT AR LS B T AT B S T
BB 7> T i) OH, NH,, NH M SH Z535A% L #E 1,
Rk, L #2) ZRAHTa s &Y. sk, x+F
WA 2 BITEREATE H—F e o LEL (& 2). B %,
WEW 15 LR —MER S S 7, BG 2-B Rk
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S5 B R A T P SEAZ U 3 T3 A4 Pk g
B, Bt pIHREEMLEY 2. T, AN fE Sl
SUER(HDTE 120 C I T # DMSO A b SLH.

(Na
o] (V Q15
CﬁWOH T ww
OH 0 OH ©
H+
o) o (
OH
+ OH o)
& H

H O 0
'

(0]

T @fﬁY
-2 HI OH
\‘DMSO ©
(0]

|2 + H20 + M628

B2 Ci-2-H R R T REHLEE

Figure 2  Putative mechanism of the formation of chro-

mone-2-carboxylic acid

PEFRATFT RN, T BRIG I S P R0 R =4 N A
[b] € 45 - 1a- F2 P2 G B 22 10 SC ik 3 A 2 L) Annoura
2N 3 7 R P P 3R Y PR R A e 7 A g T EE AT 3R 1A
B AL SN ) S A %k Tk, FRATT LA = R AL T
B/NaH/DMSO A [ B2 - 2- YRR A R e A B A
EY 3, I 76%. WHIURIN, W R B AR AR R
LR IR AT, (AR — 1R, & tl-2- FH ER 2K 3R
FARERUR IR IR, 7EFREI 2604 T A S B RA1FT
R IR I BeAb =4, T 7 SRR AT A,

B 3 HR R FE T DR J7 (8 ML Ak B AH B (1) R R

PEFIIE L da~4k. SCERZE R, 1- L 5:-3- WA A
PR ) B Tk — 0 i 2 % 25 (EDCI) & — 7 (o B A 250 1) 48
Be7, E 4- W LM e (DMAP) 1L T REIE 45 Hi
SRR A Annoura ZEUHRGE 7 v T DU Tl
BB Y) da~ak FARWEY) Sa~5k, ERTE 70%~
88% 2 [H]. Fraffs wI g & A e JUT e dd Ak, Eefsl ok
Zi3E E L Z=20 01, EAEERE SCERRIERAETE. 4o
1R, L770) Sa~Sk BININETL S, (B2
DALF 4 22 A S ] 5 AR 78 T AR (B 58 Lux Su Cel-
lulose-2), X L& 418 e A4 G 435 m] J7 (6 R FH = 80 AR
ORI TTET U B, B EAE 2.11~5.04 Z[A].

2 i

AR T —2 5 B(£)-CPCCOEt K HATED
(115 206 Rk 2. 1% 28 LARRANY 20 15 16 2K 15 A 5 SRR T
ECUE R, R MRS OB B W (B)-4-(2-FR R
F)-4-F W2 T IGIR, 75 S B AV T 3RS
LS, LLRIE 20.1%~29.5%345 H bR -&4;
RIS R J& T A 00K 93 B 2 S AL R PR S 36 T 1.

3 SRS
3.1 X5

Bruker-AV300MHz BYZ#EIEARAX (it Bruker 2
F]); DHG-9140A BYE R T4 (i AR R FE R 23S
AR, CLIBQ-3 HUH IR /1 4 H 22 R MK IR T
A MRAF]); EYELA RYJEHs 28 R AX (R st ERAL Ao 2%
T.J7); LGI-12 AT LIS SIS T A F PR 2
7]); FA2104 B 7 RSP (B HE PR RS G R A 7);
TU-1810S KA e AL T rd {25 A IR A #]);
LC-UV100 A i (LR 2R A IR A ),

# 1 (F)-CPCCOEt KHATAEY 5a~5k & K
Table 1 Synthesis of (£)-CPCCOEt and their derivatives S5a~5k

Compd. X R 'Ratio Retention. time/min Resolutioan Overall yield"/%
H: =) (H) (=) Rate ()
Sa 0] Me 50.3 1 49.7 10.1 0 11.3 3.28 27.5
5b 0] Et 50.1 2499 123 1 14.1 3.81 29.5
S¢ 0] n-Pr 51.0 2 49.0 16.3 1 18.8 3.91 26.1
5d 0] n-Bu 50.1 2499 22.9:27.0 4.48 24.2
Se 0] i-Pr 50.0 : 50.0 13.3:16.0 5.04 23.8
5f 0] i-Bu 51.0 2 49.0 21.9:232 3.89 27.1
Sg 0] t-Bu 50.1 2499 13.5:16.3 4.83 20.1
5h 0] c-Hex 50.4 : 49.6 3931484 3.94 27.8
Si O Bn 50.2 149.8 43.8 1 50.1 2.62 26.5
5j NH Ph 50.0 2 50.0 21.0 : 24.8 2.42 20.4
Sk NH Bn 50.3 1 49.7 25.8 1288 2.11 25.8

“Resolution rate was defined as the ratio of the difference between retension times of (+)- and (—)-isomers and the sums of their half band widths in RP-HPLC

analysis. b Overall yield refers to the 5-step procedure shown in Scheme 2.
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BIHE

R

Cosmosil 5C18-MS-II {4+ (Nacalai Tesque Inc., HA);
Phenomenex Lux 5u Cellulose-2 A EGER 1A H], 3%
[E); DZF-150 Z4/NA B 25 e A O PN 3R T 52 A FR
AF]); KQ3200E A A5 i i e 2 (B LU i e A A 3 A B
AT K KT R AT L TER A .

32 &mFEE

321 (E)-4-Q-BAFRK)4-A LK 2-THER1)4 &
R

G TS EOCER[17]. FRELE SRR 118 mg (1.2
mmol) FIZE [} 94 mg (1.0 mmol)i% T 5 mL 1,1,2,2-P15 Z
B, ERART M T 40 CHFERM 1 h, b5
TN =& 1L 45 320 mg (2.4 mmol), FHEZE 60 CxM 2
h. KM ERGEEHERRAHE 0 C, LML EE A
1.0 mol/L FIEERVAWE 10 mL, VEKIN. 4B H 1,1,2,2-
Rk E, KEH Z&HHEDCM)ZE(15 mL X 3).
GBI, BHUES 20%0IBRNER 30 mL HRE,
3B KA G FEH 1.0 mol/L #:% 30 mL Ak, A [
WALEY), HIEFHTRRE AL G, B TRAREA
B4R 120.9 mg, WF 63%. m.p. 220.8~222.1 ‘C(CCHR
E1'7: 221.5 °C); "H NMR (DMSO-dq, 300 MHz) 6: 11.79
(s, 2H), 8.10 (d, J=15.6 Hz, 1H), 7.98 (dd, J=7.8, 1.8 Hz,
1H), 7.68 (ddd, J=8.7, 7.2, 1.8 Hz, 1H), 7.21~7.06 (m,
2H), 6.84 (d, J=15.6 Hz, 1H); >C NMR (DMSO-d;, 75
MHz) 6: 192.3, 166.6, 160.3, 137.7, 136.3, 132.4, 130.9,
122.2,119.6, 117.7, 40.4, 40.1, 39.8, 39.5, 39.2, 39.0, 38.7;
ESI-MS m/z: 191.3 [M—H] .

322 4-B LK -AH-E1H-2-F BR(2)89 & &

G R ES R CHR[18]. FREUE &4 1200 mg (1.04
mmol)iF T 10 mL [ —FEIFHDMSO)F, FHEFREL
it 25.3 mg (0.1 mmol)I B Mk ZH. TER IR
T, KR RIN#E] 120 °C, [ 30 min. SN EEH )
RN 20% AR 5 mL, F/5EH L8 B
(EtOAC)ZEH (10 mL X 3), & A MR 5 A A1 &
AN (20 mL X 10)R = Fr % DMSO, A WU H
ToKERER AN T4, U8, LT 28 bR RV 7). AR YA
PO E T A R, Wt V(MeOH) © V(CHCLy)=
1:10], BRI AEA 133 mg, BF 70%. m.p. 259~
262 C(4 ) X k"™ 260 C (dec.)]; 'H NMR
(DMSO-d,, 300 MHz) §: 8.02 (dd, J=7.8, 1.5 Hz, 1H),
7.85 (ddd, J=8.7, 7.2, 1.8 Hz, 1H), 7.70 (dd, J=8.4, 1.2
Hz, 1H), 7.56~7.46 (m, 1H), 6.88 (s, 1H); “C NMR
(DMSO-d,, 75 MHz) 8: 177.7, 161.5, 155.5, 153.3, 135.2,
126.1, 125.0, 123.8, 118.9, 113.5, 40.4, 40.1, 39.8, 39.5,
39.2,39.0, 38.7; ESI-MS m/z: 189.2 [M—H] .
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323 7-AXH-1,1a,7,7a-4H-A F B[] & H-1a- F R
(3)89 & A%

G TT kS IR OSCHR[16]. FRH = F3E A A T 50
[(CH;);SOI] 220 mg (1.0 mmol)¥& T 5 mL DMSO H, fiti
JEFREX NaH 60 mg (2.5 mmol) I Z [ itk R, &S
3N TR B 15 min, BEEFREULEY 2 190
mg (1.0 mmol)¥# AN E R Rtk R, FEBFERMN 3 h
FpNEE IR JE A 1.0 mol/L 2R 10 mL ¥ K i, DCM
ZEHL(10 mL X 3), & A HUAHIF A S AT e %
J& ORI R AN T4, FLBRIA T, Bk B A AR A
ENTAAL RS, WREF V(MeOH) : M(CHCl)=1 : 10],
HEREEE A 155 mg, U 76%. m.p. 182~183 C; 'H
NMR (Methanol-d,, 300 MHz) d: 7.83 (dd, J=7.8, 1.6 Hz,
1H), 7.64~7.54 (m, 1H), 7.12 (t, J=8.1 Hz, 2H), 2.73
(dd, J=11.1, 6.6 Hz, 1H), 2.19 (dd, J=11.1, 6.6 Hz, 1H),
1.57 (t, J=6.3 Hz, 1H); “C NMR (Methanol-d,, 75
MHz) 6: 190.5, 158.0, 137.5, 127.8, 123.4, 119.2, 118.7,
49.8, 49.6, 49.3, 49.0, 48.7, 48.4, 48.2, 33.8, 15.0, 9.2;
ESI-MS m/z: 203.4 [M—H] .

324 7-RIEH-1,1a,7,Ta-4H-7 L F[b] & Hh-1a-F B8R
¥ 5 (42) 9 & A%,

HROTIES OCHR[19]. FREUE A 3 204 mg (1.0
mmol)PL & DMAP 22.4 mg (0.2 mmol), T 5 mL ]
DCM #FH, FEIIA 2 mL (9 HEE, SRR T KA
PEAEREE 2. FRELEDCI 286.5 mg (1.5 mmol)AF|
VAR Z T, PREFIE 0 ‘C M. 2 h, BEEFFEEIRX
MIER. RNEEHE, N 5 mL 2GR KN, T
WEZEBR 2 2 RV, DCM FHL(10 mL X 3). A IA LA,
FH RN AN e, TR BREA T, T8 28 PRI
A FREVA ML EER T TP =B (&) 4b~
4k FHAHE TV L.

3.2.5 A& 5a~5k 694 %

BT 1EZ BOCHR[20]. FREUCH B 4L &4 4a~4k
(1.0 mmol) /2 0.5 mL [FIERESE T 5 mL i LG, 5K
HY R FR ¥ A% 138.9 mg (2.0 mmol) I Bk MAK R . 7E
BRI N T4 CRIZAM N RS20 h. OB 455 ks
WEZEBR S, N S mL Z8187K, H DCM AEH(10 mL X
3). AIFANUHE, MM SRS, ToKBR RN
TFHE, AT RS, FH= A RP-HPLC Aifh[He /i 7
N V(MeOH) : ¥ (H,0)=70 : 30], i+E M5 &M IR,

(E)-7-$2 R R W 3E-1,1a,7,7a-4H- R A B [b] (. 45 - 1a-
FR H BB (E-5a): A EfR 191.1 mg, #2 S8IE 82%,
4 98.7%. m.p. 155~156 ‘C; '"H NMR (CDCls, 300
MHz) 6: 7.72 (dd, J=17.8, 1.8 Hz, 1H), 7.33 (ddd, J=8.7,
7.2, 1.8 Hz, 1H), 7.07~6.93 (m, 2H), 3.87 (s, 3H), 3.42
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(dd, J=10.8, 7.2 Hz, 1H), 2.07 (dd, J=10.8, 6.0 Hz, 1H),
1.50 (dd, J=7.2, 6.0 Hz, 1H); *C NMR (CDCls, 75 MHz)
5: 169.9, 151.5, 148.7, 131.9, 124.4, 122.4, 118.0, 114.5,
77.4, 772, 71.0, 76.6, 613, 53.1, 21.4, 16.1. MAL-
DI-TOF-MS caled for C,H;;NO, [M+H]" 233.06881,
found 233.06884.

(2)-7-FF A W F-1,1a,7,7a-4H- 5 SR B [b] (1) - 1 a-
R I (Z-5a): A EAEE 9.3 mg, FiP SR 4%.
m.p. 161~163 ‘C; 'H NMR (CDCl;, 300 MHz) : 7.72
(dd, J=7.8, 1.8 Hz, 1H), 7.33 (ddd, J=8.7, 7.2, 1.8 Hz,
1H), 7.07~6.93 (m, 2H), 3.87 (s, 3H), 2.92 (dd, J=10.5,
7.2 Hz, 1H), 2.07 (dd, J=10.8, 6.0 Hz, 1H), 1.50 (dd, J=
7.2, 6.0 Hz, 1H); *C NMR (CDCl;, 75 MHz) ¢: 169.9,
151.5, 148.7, 131.9, 124.4, 122.4, 118.0, 114.5, 77.4, 77.2,
77.0, 76.6, 61.3, 53.1, 21.4, 16.1; MALDI-TOE-MS calcd
for C1,H;;NO,4 233.06881, found 233.06884.

(E)-7-$2 3 W 3 -1,1a,7,7a-4H-TH PR Bk [b] €0 )7 - 1 a-
H R L IE(E-5b): 13 AR 2174 mg, W5 L8IE
88%, 4l 97.0%. m.p. 164~166 C; 'H NMR (CDCl;,
300 MHz) d: 9.40 (s, 1H), 7.72 (dd, J=7.8, 1.8 Hz, 1H),
7.36~7.27 (m, 1H), 7.09~6.92 (m, 2H), 4.32 (qd, J=7.2,
1.2 Hz, 2H), 3.42 (dd, J=10.8, 7.2 Hz, 1H), 2.07 (dd, J=
10.8, 6.0 Hz, 1H), 1.49 (dd, J=7.2, 6.0 Hz, 1H), 1.34 (t, J
=7.2 Hz, 3H); “C NMR (CDCl;, 75 MHz) 6: 169.4,
151.6, 148.7, 131.9, 124.4, 122.4, 118.1, 114.5, 62.3, 61.3,
21.4, 16.0, 14.2; MALDI-TOF-MS calcd for C;3sH;3NO,
247.08446, found 247.08449.

(2)-7-3 I = W H-1,1a,7,7a-4H- 15 SR P [b] {215 - 1 a-
R 2. l6(Z-5b): 15 A AaEE 7.9 mg, PP EIICE 3.2%.
m.p. 173~174 °C; '"H NMR (CDCls, 300 MHz) 6: 9.40 (s,
1H), 7.72 (dd, J=7.8, 1.8 Hz, 1H), 7.36~7.27 (m, 1H),
7.09~6.92 (m, 2H), 4.32 (qd, J=7.2, 1.2 Hz, 2H), 2.92
(dd, J=10.5, 7.2 Hz, 1H), 2.07 (dd, J=10.8, 6.0 Hz, 1H),
1.49 (dd, J=7.2, 6.0 Hz, 1H), 1.34 (t, J=7.2 Hz, 3H); °C
NMR (CDCl;, 75 MHz) 6: 169.4, 151.6, 148.7, 131.9,
124.4, 122.4, 118.1, 114.5, 62.3, 61.3, 21.4, 16.0, 14.2;
MALDI-TOF-MS calcd for C,3H,;NO, 247.08446, found
247.08449.

(E)-7-$2 3 W 3 -1,1a,7,7a-4H-TH PR Bk [b] €0 )7 - 1 a-
F R IE A BE (Se): 759 A B4k 203.5 mg, W2 B lE
78%, 4HFE 97.6%. m.p. 176~178 °C; '"H NMR (CDCl,,
300 MHz) d: 9.66 (s, 1H), 7.71 (dd, J=8.1, 1.8 Hz, 1H),
7.37~7.23 (m, 1H), 7.08~6.88 (m, 2H), 4.20 (td, J=6.9,
2.4 Hz, 2H), 3.41 (dd, J=10.8, 7.2 Hz, 1H), 2.05 (dd, J=
10.8, 6.0 Hz, 1H), 1.71 (q, J=7.2 Hz, 2H), 1.47 (dd, J=
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7.2, 6.0 Hz, 1H), 0.96 (t, J=7.5 Hz, 3H); “C NMR
(CDCl;, 75 MHz) d: 169.5, 151.6, 148.5, 131.8, 124.4,
122.3, 118.1, 114.6, 67.7, 61.2, 21.9, 21.3, 18.6, 10.3.
MALDI-TOF-MS calcd for C4H;sNO, 261.10011, found
261.10009.

(E)-7-$2 R R W H-1,1a,7,7a-4H- T A B[ b] (0. 45 - 1a-
HIRIE T Be(5d): 15 H A4k 200.7 mg, WP R
73%, 4HRE 96.1%. m.p. 185~187 C; '"H NMR (CDCl;,
300 MHz) 0: 9.60 (s, 1H), 7.71 (dd, J=8.1, 1.8 Hz, 1H),
7.35~7.24 (m, 1H), 7.06~6.90 (m, 2H), 4.23 (tt, J=7.2,
3.6 Hz, 2H), 3.41 (dd, J=10.8, 7.2 Hz, 1H), 2.05 (dd, J=
10.8, 6.0 Hz, 1H), 1.74~1.60 (m, 2H), 1.47 (dd, J=6.9,
6.0 Hz, 1H), 1.46~1.32 (m, 2H), 0.94 (t, J=7.5 Hz, 3H);
C NMR (CDCls, 75 MHz) d: 169.5, 151.6, 148.6, 131.8,
124.4, 122.3, 118.1, 114.6, 66.0, 61.2, 30.5, 21.3, 19.1,
16.0, 13.7; MALDI-TOF-MS caled for C;sH;;NOy,
275.11576, found 275.11573.

(E)-7-$2 R R W 3 -1,1a,7,7a-4H- T A B[ b] (0. 45 - 1a-
TR 7 A R (Se): 13 A E 4K 185.4 mg, Wil mli s
71%, 4ERE 94.4%. m.p. 177~179 C; '"H NMR (CDCl;,
300 MHz) d: 7.72 (dd, J=7.8, 1.8 Hz, 1H), 7.35~7.27 (m,
1H), 7.08~6.91 (m, 2H), 5.23~5.08 (m, 1H), 3.38 (dd,
J=10.8, 7.2 Hz, 1H), 2.04 (dd, J=10.8, 6.0 Hz, 1H), 1.46
(dd, J=6.9, 6.0 Hz, 1H), 1.31 (d, J=6.0 Hz, 6H); °C
NMR (CDCl;, 75 MHz) J: 168.9, 151.7, 148.9, 132.0,
1245, 122.4, 1182, 114.6, 77.6, 77.2, 76.7, 70.1, 61.4,
21.9, 18.8, 16.0; MALDI-TOF-MS calcd for C4H;sNO,
261.10011, found 261.10013.

(E)-7-3 R R W 3-1,1a,7,7a-4H- T 3R B [b] (. 4 - 1a-
IR = T IR(Sh: 19 F Ak 222.7 mg, WD Rl
81%, ZlifF 95.0%. m.p. 169~171 C; 'H NMR (CDCl;,
300 MHz) d: 9.62 (s, 1H), 7.72 (dd, J=7.8, 1.8 Hz, 1H),
7.34~7.26 (m, 1H), 7.07~6.92 (m, 2H), 4.08~3.95 (m,
2H), 3.41 (dd, J=10.8, 7.2 Hz, 1H), 2.06 (dd, J=10.5, 6.0
Hz, 1H), 2.03~1.95 (m, 1H), 1.49 (dd, J=7.2, 6.0 Hz,
1H), 0.96 (d, J=6.6 Hz, 6H); *C NMR (CDCl;, 75 MHz)
5: 169.5, 151.7, 148.7, 131.9, 124.5, 122.4, 118.1, 114.6,
77.2, 72.1, 61.3, 27.8, 21.3, 19.1, 19.1, 16.0. MALDI-
TOF-MS CisH;NO,  275.11576,
275.11582.

(E)-7-3 R R W 3-1,1a,7,7a-4H- T A B [b] (. fii - 1a-
FEREE T IR (Sg): A3 A AR 165.3 mg, PP B
60%, 4HFE 94.2%. m.p. 165~167 ‘C; '"H NMR (CDCl,
300 MHz) ¢: 7.72 (d, J=7.8 Hz, 1H), 7.32 (t, J=7.8 Hz,
1H), 7.07~6.91 (m, 2H), 3.33 (dd, J=10.8, 6.9 Hz, 1H),

caled for found
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2.00 (dd, J=10.8, 6.0 Hz, 1H), 1.53 (s, 9H), 1.43 (t, J=
6.3 Hz, 1H); *C NMR (CDCl;, 75 MHz) d: 168.2, 151.9,
149.3, 132.0, 124.5, 122.3, 118.2, 114.6, 83.2, 77.6, 77.2,
76.7, 61.5, 28.1(3); MALDI-TOF-MS calcd for CsH;NO,
275.11576, found 275.11572.

(E)-T-$2 3 E W 3 -1,1a,7,7a-4H-TH IR Bt [b] {045 - 1 a-
R CLBR(Sh): 15 B (Ul 4 249.8 mg, Wi sz
83%, 4l 94.8%. m.p. 192~193 C; 'H NMR (CDCl;,
300 MHz) d: 9.46 (s, 1H), 7.72 (dd, J=7.8, 1.5 Hz, 1H),
7.31 (ddd, J=8.7, 7.2, 1.8 Hz, 1H), 7.09~6.93 (m, 2H),
4.92 (tt, J=9.0, 3.9 Hz, 1H), 3.40 (dd, J/=10.8, 6.9 Hz,
1H), 2.05 (dd, J=10.8, 6.0 Hz, 1H), 1.87 (t, J/=4.2 Hz,
2H), 1.81~1.65 (m, 2H), 1.61~1.19 (m, 7H); *C NMR
(CDCls, 75 MHz) J: 168.8, 151.7, 148.9, 131.9, 124.5,
122.4,118.2, 114.6,77.6,77.2,76.7, 74.8, 61.4, 31.5, 25 4,
23.7, 21.3, 16.0; MALDI-TOF-MS calcd for C;;H;oNO,
301.13141, found 301.13139.

(E)-7-$2 3 Z W 3 -1,1a,7,7a-4H-TH IR Bk [b] {045 - 1 a-
IR EER(SI): 15 ABREAK 244.1 mg, FA IR 79%,
4 97.5%. m.p. 185~187 C; 'H NMR (CDCl;, 300
MHz) &: 8.89 (s, 1H), 7.72 (dd, J=7.8, 1.8 Hz, 1H),
7.44~17.28 (m, 6H), 7.08~6.94 (m, 2H), 5.39~5.15 (m,
2H), 3.44 (dd, J=10.8, 7.2 Hz, 1H), 2.08 (dd, J/=10.8, 6.0
Hz, 1H), 1.50 (dd, J=7.2, 6.0 Hz, 1H); *C NMR (CDCl;,
75 MHz) o6: 169.4, 151.6, 148.8, 135.2, 132.0, 128.8,
128.7, 128.6, 124.5, 122.5, 118.2, 114.6, 77.6, 77.2, 76.7,
67.8, 614, 214, 162. MALDI-TOF-MS caled for
CysHsNO,4 309.10011, found 309.10014.

(E)-N-2R - 7- 32 I A W FE-1,1a,7, Ta-4 H- TN A B [ b] 2
Ii-1a- AL (S)): 138 A ElFE 14 180.0 mg, Wil miiis
61%, #1iJF 91.3%. m.p. 193~195 ‘C; 'H NMR (DMSO-
de, 300 MHz) 0: 11.48 (s, 1H), 10.11 (s, 1H), 7.73 (dd, J=
12.6, 8.1 Hz, 3H), 7.38 (dt, J=15.6, 7.8 Hz, 3H), 7.22~
7.09 (m, 2H), 7.05 (t, J=7.5 Hz, 1H), 3.08 (dd, J=10.8,
6.9 Hz, 1H), 1.96 (dd, J=10.8, 5.7 Hz, 1H), 1.44 (t, J=6.3
Hz, 1H); *C NMR (DMSO, 75 MHz) ¢: 166.72, 150.72,
145.97, 137.95, 131.07, 128.60, 124.30, 123.81, 122.31,
121.02, 118.20, 115.31, 62.55, 40.35, 40.08, 39.80, 39.52,
39.24, 38.96, 38.69, 19.67, 14.65; ESI-MS m/z: 295.0
[M+H]". %45 SCEk[31RIEHATA.

(E)-N-"E3E-7- 32 A W FE-1,1a,7, Ta-4 H- N A B [b] 2
Ii-1a- FBERZ(SK): 3 A EFEE 237.5 mg, WP
77%, #JE 97.1%. m.p. 191~192 ‘C; 'H NMR (DMSO-
de, 300 MHz) 0: 11.48 (s, 1H), 10.11 (s, 1H), 7.73 (dd, J=
12.6, 8.1 Hz, 3H), 7.38 (dt, J=15.6, 7.8 Hz, 3H), 7.22~

1038 http://sioc-journal.cn/
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7.09 (m, 2H), 7.05 (t, J=7.5 Hz, 1H), 4.40 (s, 1H), 3.08
(dd, J=10.8, 7.2 Hz, 1H), 1.96 (dd, J=10.8, 5.7 Hz, 1H),
1.44 (t, J=6.3 Hz, 1H); °C NMR (DMSO-d,, 75 MHz) ¢:
166.72, 150.72, 145.97, 137.95, 131.07, 128.60, 124.30,
123.81, 122.31, 121.02, 118.20, 115.31, 62.55, 44.2, 40.35,
40.08, 39.80, 39.52, 39.24, 38.96, 38.69, 19.67, 14.65;
ESI-MS 309.1 [M~+H]". 55 CHR[31RIEH .
3.3 &%

S AFREL 1.0 mg tL &Y 5a~5k AET 1.0 mL [
B/ 7KV 2 VYRR IE A, 4% DAt 2 R adb AT 43t
HE: =R, %4 Phenomenex Lux 5u Cellulose-2,
250 mmX4.6; FENAH: V(FFREL) @ V(K)=70 : 30; JiHE:
0.5 mL/min; #FERE: 10 pL; MK 220 nm; #)E:
12.5 MPa.

IR o 4% R AR

a= Ry—RH

Weny+ W,

Hort, Ry R-y30 SR AR R BRI I8 R W
AR R S MU o EAITE 1,
e RSB % P LB e

4 Bh#1 %l (Supporting Information) F7 7 # b &1
NMR i, LR A 270 153 5 HPLC o3 &
X e R} AT DA 4 B AAAS T I 35 (http://sioc-journal.cn/) b
TR
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