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DREEEEA N-FREFIEMIAE A& B B X 4R 4> 22 B A 25B #%
EXERBEFIZE 0 B SER IR EE 1 AVIRIMLRE TR

B#ERFRROLY  FRERAMEEN ZZXREHAGEAR

(R K2 5T BEASE 830046)

WE  UGR FEEN N-F AR, SR FEERWR 1a~1g 5% 3a~3g [N, F-7ESRER A UL =S8k AR B
TR, AT 14 ANRISCERARIE 1) 2-F 3-3- LA -5-T5 H-3a,6a- —5-4,6- AR E S LEIE[3' 4" -d] 77 KEM:
PUS AL BRI ERATAE Y 2a~2g T 2-HIHE-3- 3R L5553 34,60- — A -4,6- “EACE ALK IE[3,4'-d] S e U S Ak Bk R R 67 4
Yy da~4g, HEMZ 'HNMR, IR FICESVHIE, AT 7AW IE. (a9 2 A1 4 BoR T ARIFREE e
TEPE. ARAMUETE IR, SRR 20 ug/mL B, AW 2a~2g Al 4da~4g STAAES R 25B BERR RN
(Cdc25B) M 243 BITE 97.32%~99.94% [A1 A1 97.45%~99.92% [8]. 1b&4 2a~2g 1l 4d~4g X4 SH2 4 fyis &
HR% AR IR IR RE-1 (SHPD)HA RAFR4Mslig 2k, HAMH 2 3 H7E 52.18%~97.15%F1 86.66%~99.45% [A]. A
4a~4c WIHIHIEAE 15.21%~47.11%2 18] (IC5p<<0.5 pmol/L). 7EMIERE b, ¥IEHHE T 1% S WHIRI % &,
FRRE  RIL; BRAL; V- R EEM DU SUL B ER £, AR RSN TETE

Synthesis and in vitro Anticancer Activity of N-Methylisoxazolinium-
Salts with Carboxyl or Ester Groups against Cell Division Cycle
25B Phosphatase and Protein Tyrosine Phosphatase-1

Imerhasan, Mukhtar™ Helil, Setiwaldi

Mahmud, Muhammed Amin
(College of Chemistry and Chemical Engineering, Xinjiang University, Urumqi 830046)

Abstract Fouteen 2-methyl-3-ethylcarboxy-5-aryl-3a,6a-dihydro-4,6-dioxopyrrolino[3',4'-d]-isoxazoliniumtetrachloro-
ferrate derivatives 2a ~2g and 2-methyl-3-carboxyl-5-aryl-3a,6a-dihydro-4,6-dioxopyrrolino[3',4'-d]-isoxazolinium-tetra-
chloroferrate derivatives 4a~4g were synthesized by using dimethylsulfate as a N-methylating reagent and ferric(IlI)-chloride
as anion exchange reagent in hydrochloric acid. The structures of the target compounds 2 and 4 were characterized by 'H
NMR, IR spectra and elemental analysis. The preliminary in vitro anticancer activity on the compounds showed that most
compounds possess anti-cancer activity at some extent. At the test concentration of 20 pg/mL, compounds 2a~2g and 4a~4g
showed inhibition activities in the range of 97.32%~~99.94% and 97.45%~99.92% against cell division cycle 25B phospha-
tase (Cdc25B), respectively. At the test concentration of 20 pg/mL, compounds 2a~2g and 4d~4g showed inhibition activi-
ties in the range of 52.18%~97.15% and 86.66%~99.45% against SH2-containing protein tyrosine phosphatase-1 (SHP1),
respectively. Compounds 4a~4c¢ only have the inhibition activities in the range of 15.21%~47.11%, which is lower than ICs,
against SHP1. Preliminary discussion was carried out on the structure-activity relationship of the target compounds.

Keyword carboxyl; estergroup; N-methylisoxazolinium-tetrachloroferrate; synthesis; in vitro anticancer activity
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SONE B OCRIE TS SN S SRR R 2, Mumm (1) 5
HIBFFCUEN] N-FF 2E-5- 200 SR e Mk BS 1 S R R AR B8 1
TR25 5 A P, Kohler 25! R FLUgh 4t 3-f7 & HY
AR S B e £ 5 SR A T 1) S RE, 228 AR A0 Bk e i) 44
IS ER B PR BUR e SR 3-Afk K 42 B, Feinstein
SE U121 20 ok S R e S 5T R 0 1 e P FEIE W
T N-fe -5 2% 5 e W I 2 2 505 JR 2 1 i R TR U 5 )
AL SR REPE R ER 23 IE LA O 5 B RS 1A )
AR BG5S IR, XA R T LRk h
TS5 PRSI B X)L,
N-HI B R RERE SR EE A LS B 29T R Ko 14540
S T HBRRBR T 0 R A R AR TR LARRTIR —
Pig /2y FR AR, 72 R IR v DL =SB E NI B 158
FeiaF),  EHAF R ) S eIk ) 2% 1 2-FRE-3-(1',2'-—-0-
WiV B3 AR 2 FE)-5-75 H-30,6a- —H-4,6- AN E I
R I [3',4'-d] e WE I DU SUAG R R Eh AT AR R T R )
IR R R N NS B 0 B R o S NS
R TE R, F B IR AU 1 R A7
T 1R — PR L o 3805 % 7K e 5 L] £ 0 2% S P A R A
la~1g 8¢ 3a~3g 1] N-FEEAL I, Gk T 14 /> 2-F
e-3- AR IE-5-75 5 -3a,6a- A -4,6- —HARE K
FF[3'4-d] S WERE DY SAL BR AR ER AT A2 M) 22~ 2g A1 2-FH -
3-FE-5- 05 H-3a,6a- A -4,6- AARE KK IF[3,4'-d]
S NEWE VY AR Eh AT AN da~4dg, FHXMELAEY) 2 1 4
BEAT T WL AEYE I Ik, AT SRR Mk £ 23 1 1
A FEIE R FREL . BEILSEHUIREL IS . S AR P
P EE B B0 70 F AR B3R, MU R T IR
EPE, Bl ARPERARA, AT 58 35 45 - S ek ER
BREE, MEIL 41 DNA 7 Fistkdiism s &, @
S PR, SRS EIE TR ARG Y. BT FEUESE, A
a2 25B WERREERR(Cde25B, cell division cycle
25B phosphatase) A& R PU s 258 i, XA ARRE I
FIANM A ZKEL . AR KRR SRR A TR
SCHERIRGE, B SH2 Z5 44380 A It S IR W R IR -1 (SHPI,
SH2-containing protein tyrosine phosphatase-1)7E i 1] i
21 it 114 184 5 A A B PR R AR HRORVE . SHPL SRR
HTE I DL Ak 8 1R R AR B 6 ARG, Bt SHPT 4171
(RIS A9 T T 20 M AR P O () ) Y T B AR TR
FEBIL LAY 2 A 4 £ 28 WL Scheme 1.

1 &R511R

1.1 AR

1.1.1 RAL A4 Y A %
5-95%-3a,6a- A -4,6- AR LK I3, 4-d]- 7+

WEE-3- R 2B ATAEY) 1a~1g A1 5-953E-34,6a- 4 -
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Ar O (1) (CH3)80,  Ar Q
CHCl3, 100 ~ 102 °C
O-N O-N FeCly
la~1g 2a~2g
Ar. O (1) (CH3),S04 Ar 9

CHCI3,100 ~ 102 °C
CO,H

o%/coz"' (2) HCl, FeCly O~ o
P O-N_ FeCl,

3a~3g 4a~4g
Ar = CgHs (a), p-CH3CgHy (b) p-CH30CgH, (€), p-CICeH,4 (d),

P-NO,CgHy (e), p-CO,HCgH, (f), p-BrCeHy (9)

B 1 HARLamnf

Scheme 1 Synthetic route of the target compounds

4,6- SRR IR K IE 3 4-d]- FIEME-3- R TTAEY) 3a~
3g ZHCHR[16], TE=ZHMERT, 23 3Lh a-F AR5
F RO a-FAGHE: 287 £ A AIE AR AR AR,
N-75 56 By SR Jie Ay s Al A, add 13- (AR I p
MRS, N BRI G Cde25B i RR i B 0441 1k
AN I3 40 A AR A s Ve AT T R A o v
i 1.
1.1.2  BARtebadh ey 4k

LIS B 28 5 M L A, R0 S TR PR k) 555 il 2 A
N-SEAZME, 4 BRAN FE0F BRI A8 141 (CH;),S0,4 1F 98 4%
FEREREIRRE N-FRIEALIRGR), 152000 V- I R gk pk FH
i R #h 7E Eh R 1 FH B B8 22 #3057 FeClye6H,0 Ab 3,
AN N-F L S e DU A Bk BR SR AT A 2 R 4L b
) 2a~2g MIRMNZERER, I SRR T 1) R vEmk
NS R B S L N a3 = 7 N i - =
FE - 35 A 1 R 5 S e ek 2 b, P23 p-CH30C6H, >
p-CH;C¢H, > C¢Hs, p-BrCeH, > p-CICeH,, 753 Fi%EH
NO,, COH &5 B~ 55 [A1 1) e g Wk bk £ 15 e S g e
WRERAH L, S MEARIG, X2 H T NO, COH %
JE A AR A T OB T AR PR IG5, AT AR T
N K N Ay NN e - AL ) VAL I 61 e SO
p-COOH, p-NO, SEARFE A ] 1) S WERE gk ) V- H
HA, BT R AR PR,

ERRREEATAEY) 4da~4g BN RER, 95
A TG AR S g ek Lt 55 A BUAR ) e B Mk ™= IS, 55
R A R TS ] NO, [ S BERE b 3R 7= A
T 070 A HE T P S gk 2, 17 ELid /N TRy
W AR COH [ R REmMemk2h; 53 LIEH NO,,
CO,H 55 Wi FE -~ ik A1 1y e TR A Wk 75 3555 A% 12 ¥ 77 (4l
CHCly) 7 [R5 fif P b L S mE ek #1822 . 2 Rl NO,,
CO,H X —ZEF 3 [ H b P 5 BUBEAN 7 1 B R P ) 38
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151, AT RRAR T VMR, T e P el R A S g ek 25 11
WPz R, B RT =25 s falifh.
1.2 RIBRIES

T i T B X P B AR SR AT T SRAE,
7 'H NMR i, (L&) 2a~2g 1€ 0 4.28~4.92 Fl
1.29~1.37 Abs3 i HABW T i 26 o Y 6 R PR L f 0, 1
EHEB AN 6.4~72 A1 6.8~7.2 Hz Z[A); 1E 3.06~
3.25 B NCH; Bl FRIEES; 16 6 5.31~6.77
H14.03~4.83 A HIL 7 Mk 6a-H 1 3a-H A BB S
M= AP AS R, 5555038 6.8~10.0 Fl
6.0~8.6 Hz Z[f]; 1E 0 6.96~8.40 &bt 375 PR [ i e,
WA 2f BRI IR T I E A RAETE 6 10.52 &b,
T LR IEMAELE, (L& 2f T NCH; it T HIL 2440
At 63.25 A B B T50 1 X, NO,, CO,H FfE 4%
BRI IE A AR AE, DA SR Rk 6a-H
A1 3a-H LA R 5 2a FRRSRMEIAALRS, FE 806 Fl 4
BN 8 0.07~1.35 F1 0.34~0.80, 4753 _EiEH NO, I
PSR E I B B K7 8. IR, thE
) 2a~2g H O—N HIFFER S5 5 BLTE 637~
769 F11375~1395 cm ™', Ar—O—C B A4 AE R I 0 L
BLAE 1057 ~1290 em ', 2K BR [ H 28 0 i b H B 7E
1443~1499 cm ', ve—n MU IE HBLAE 1609~ 1638
em” ', BEREH vemo BRI ZEHREN U BLAE 1713~1721 cm ™',
F5 A IAE 3038~3100 cm ™!, AIRREL A
FaHREh I INAE 2834~2961 cm . tL&W) 2f B FEE bR I
) 58 IR AU AT 3482 cm !,

£ 'H NMR &, (b &4 4a~4g 53 HI7E 6 3.69~
4.86 F113.39~4.28 K I T Hi#fr3k 6a-H Al 3a-H MIAHH
B T = 2B B AN UL U, B A 50 N 6.4~8.4 i
2.4~13.6 Hz ZJil, £ 5 6.83~8.38 4bH I35 HA M U
U, FRIEF R T RS TE 6 13.2~9.92 AbH R, 1b
EW af FRER R T IIEFEALRELE 6 13.2 AT,
1E § 3.23~3.24 4 HiH NCH, FAMZHILRES. |
F43Frh X, NO,, CO,H FIEIE 254 58 I FEL -1~ JE [4] 1 47
16, WA PEIR Rk 6a-H FINLE L 4a UK
Wi, BENTEEIRN 6 0.04~0.51, 3a-H HIALE RS Mot A =
W56 0.06~0.12, 2753 L&A COH B AR LA
M ERIOh A AR sh. 76 IR i, (k&Y 4a~4g
HO—N B [FREAE T g 5 I /E 638~773 em ' Al
1380~1396 cm ' JEE N, £ 1450~1599 cm ' JEFE A H
LY ZRIR B 28RS, 7E 1536~1613 cm ' Ju
WL T ven FITRIIE, 76 1063~1303 cm ' 3 Bl A4 H
BT voc FMZEIRS), 7£ 1013~1036 cm™" JEH A HEL
wc B ZEHRS), £E 1709~1718 cm ' 5 Bl P 3L T ik
&I ve—o FIZEIRS), 76 1780~1825 cm ™' Y 4 HBIL
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TERIEN ve-o MIRZEIRSN, 1E 3067~3108 ecm ' U
HELT AR g, 7F 2839~2961 cm ' Y [l A HIE
THRIRRE I g, #E 3339~3484 cm ' Y A HIEN
TRRFE voy M.
1.3 SLIMRFTGE

tb &%) 2a~2g Fl 4a~4g %F Cdc25B A1 SHP1 ffgi%
PE R0 22 2 ] SCIR[13], K SEER MR AT %, &8
ARAQ)HAT .

VDMSO - Vsample

Inhibition (%) = x 100% (1)

VDMSoO

Vsample &N N2 AL IIVIEE, vomso #7n DMSO 4 (RIA
TNZG20) IRIEFE .

Inhibition (%) = Bottom + — 2 Bo%M 5

1 + 10(0g ICs -X)h

h AR Hill 2%

SHP1 AT DA e A= K 2= 40 3% (S S) 7E 1T 41 i g 4
FH. IX B 7 HI 4 B 200 P PR 39 B R T 47 B 1 R A ke
EH. BB RIAAAERT ARE T SS MR NI TE IR YT AT
IRREI 5. BRI SHPT A&k 25 F0 (4 M35 LA K
IR 1 A B85 M 5. SHPL i 363 5 3504 it o il 2 14
Vi) A5 1 90 EL 980 A () B R AL PRI, [RDR DR /D 1 4 i 5
U A0 M 1 & A2, SHPT W] A 2 [R] 4% M K 41 i vk E2 088
(ki-1 WRER)AED b — A E B, B2 — NS
VEITHE . I/ T3 RNA (siRNA)F A AT LB & 1)k
AU ZERFR. GBI SHP1 A LU S 4 K 132 44 0%
¥z, fF Jak R IL, SHP1 S5 MBI /N R, #2800
ST Sk T LR S R B 5 4 A A K
1.4 HPEMMEEXR

I S 2 e oL A 2 A 4 2 e T T AR AR
Cdc25B Tk i T B 40 1) vi5 14k e A SHP1 #5135 1 0 ik,
MPREHE WK 1. R TR ATLLE H, IEHLEREA(Na;VO,)
T I R R W R ) R A R, DU A R BE X
W, AT TALEW) 2 F0 4 X Cde25B &g i A
SHP1 JEPEFAES. 4K EEN 20 ng/mL W), i
Bt &) 2a~2g F1 4a~4g X} Cdc25B R Ba B It
HIMHI R WM 97.32%~99.94%F1 97.45%~99.92%.
AW 2 A 4 %5 SHP1 V& P38 — & il AE FH, L4l
IR HIN 52.18%~97.15%F1 15.21%~99.45%. 1RIE
WL PRANUE FPURT B R T MER 45 R, AT/ ik
G 2a~2g H, —/NEGER TR ] NO, #HTEARIA
I, frAERE Cde25B A1 SHP FMdIE /N T Hodls
X BARAT A, R — AN I3k o 5 ot v 7 2 ]
U1 CH; 8¢ Br 7E RN, ATAEYI% Cde25B 8% SHP1 1)
HENE TR K. ALEY) 4a~dag T, [7— AT Rt o
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1 ALEY 2 F 4% Cde2SB BRREGAEAT SHP-1 #fi «
Table 1 Inhibition rate of target compounds 2 and 4 against Cdc25B phosphatase and SHP-1

Compound Inhibition rate/% Compound Inhibition rate/%

Cdc25B SHP-1 Cdc25B SHP-1
2a 99.857 55.88 4a 99.436 47.11
2b 99.942 75.72 4b 97.451 15.21
2¢ 99.918 90.36 4c 99.924 29.52
2d 99.832 71.66 4d 99.194 99.45
2e 97.316 52.18 4e 99.844 98.97
2f 99.935 88.91 4f 99.917 99.21
2g 98.591 97.15 4g 99.872 83.66

“ B RPN IERLER SN (NasVO,), F 1Cso 23 5158(1.86+0.16)F1(14.16 £ 1.32) umol/mL. fb &) 2a~2g Fl 4a~4g 1] Cdc25B WFRMELEE A SHP-1 HIVK 1Y

N 20 pg/mL.

Boompt 7R HAn OCH; B4 Cl EZRIRNI, fTAEYIXT
Cdc25B BiXF SHP1 (s i k.

M FEARMGED) 1R 3 2 BIEET T RSk Cde25A
Tk TR I 0 00 ) 5 2 7 2 R AR 0 N 1 1L 995 48 B A (HIL-60)
THENE TR, (S 1a, 1d, 1e M-S 3d, 3e Xt
Cdc25A BEFRIE A AT AN FIFZ R 4 dIE R : i ik
JE°8 20 pg/mL I, L& 1a, 1d A1 1e FIHIH] 2518
18.92%, 22.49%F1 56.43%, 54 3d, 3e (41 451
N 61.47%, 66.23%.

WF 745 FEFR B Cde25 MIEER =4 Cde2S R T & —
Tl SRR S5 1k i R BR B BR IR I, 4 Cdc25A, Cdc25B Al
Cdc25C %5 3 F[EJEY), TERERITHIKF ERAH
50% [ [R5, E5e e PR TR] U M R e AT ) A A DX 3P
Cdc25A Fl Cde25B 1& 2 Fiig i Hid %14, {H Cde25C 5
FEIE R AR A AR KN, ik, s EAMESY 2 A 4
BT T Cdc25B WERRERNG R M iE e T i ik, Mk
REFERMEEY) 1 3 WEIFRH T4 18, 450
R, FIFERIM AT, BDSRESIRE 20 pg/mL
W, 7EALEY 1a~1g 1, B 1e XF Cde25A TR BE BEE P
NN 56.43%4b, HARLA YN Cde25A TR G
T PIHERAN T 50%. (A 2a~2g X Cde25B
Tt TR T T % A (0 4 ) R o K T H AL G 1a~1g.
th&Y) 4a~4ag Kt CAc25B R Fs Ik 1k o 400 1) S8 A
97.45%~99.92%2 [f], KT HFEMLEY)3a~3g, X
FH T R AR ER A R N4 SR S, S E MR A (1) LT
W, B E, AT o T RRE RS, I
LS W bk £ 27 Hp I R AR HR O 5 D e A
FAE58E T HA S FHIRE. 540, H A S RERe kIR - 1)
AL MRS K MR R R A e, AT 5
WEREIBR L 7> 75 Cde25B MFEREEEE A1 SHP1 15 14 45 135
IE .

2 Zhig
ASCUABRHY  FREE A UT BRI — F IS 11 Sy S R Ak
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(1) N-FIEAEH), FRAE SRR b = S B B 58
Bk, BECT 14 Do al A RE. BREK N-HER
MR DU AL BRER Eh AT A 2a~2g FI1 da~4g, H &R
YEMIE . BWGRIBRNY . BEALF SR . PT 6 Ak
KBRS ER T da~4de XA 5 R ARG Ak,
HAR A ER T BRI S P AT R Z1 R 200 7S
P, T8I RS N S RE R 5 X Cde25B B R T A 14
A ) 2080 SR 37 3k DR T A . 1) R B 4 e AR .

3 LIRS
31 B 5I

& R X-6 K% S AU sl e A (R TR AR
1E); BRUKER EQUINOX55 ML AMEREA(KBr JE);
Varian Inova-400 % #% B4 3t 3& 3% X (TMS N W #x,
DMSO-d; NV 7); Perkin-Elmer 2400CHN %475 & /0t
1. TLC: #EERAE S T A= R GFasy
0.5% CMC Hfil, ImTEAEEREREMEH, TERIMT
T, HENER 100~200 H, BIFH V(& H
Ft) : V(FEE)=8 © 2. 5-7555-3a,6a- —5-4,6- — S ANE K
FRIF[34"-d]- S IEME-3- R L BRATAEY) 1a~1g Al 5-0%
#-3a,6a- — 5 -4,6- —FAVE IR TR IF[3',4'-d]- e HEME-3-
FRRTAEY) 3a~3g SR SCHR[16177 V% BiER — W g
i B 2 A0, F B S A T A B 4L
32 2-HE-3-ZHEEKRE-5-FH-3a6a-"5-46-—
SR EREFH[3 4 -0 FIEM IS ILEAELETTEY 2a~
29 AR

7E 50 mL [ A 3.04 mmol 5-75 %-3a,6a-
A A4,6- AARE L K IE[3 4 -d]- FER-3- R LR AT
AW 1a~1g, 7.60 mmol il —HEEAI 2~5 mL 1)
CHCLy(E{ DMF), {EJE 100~102 C&A Tk 24~
29 h. HEEGIERITFN M Z&F k) - V(P lE)=
4 01N RPSEEE SR, Z8FR CHCL; &, #Km
6~12 equiv. 1 molsL™" HCI #1 4.56 mmol FeCl;*6H,0.
I ZIHR 5 min, §ER, #2EKZE, M HO B3
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IR E A, B, M, D E CH.CL R,
WERAE EMraifh, BelifA V(CHLCL) @ V(CH;O0H) =
401, W Ry N 056~0.70 KL%y, IRGE1S 44L&
2a~2g.

2-FHBE-3- S R B Ak -5- 2K Jk -3 a,6a- —A(-4,6- R
REIE I3 4 -d) S REME U S AR R £h(2a): HRARAL A
K, 2% 31%. m.p. 167~168 C;'H NMR (400 MHz,
DMSO-dy) d: 7.50~6.99 (m, 5H, ArH), 5.42 (d, J=7.6
Hz, 1H, 6a-H), 4.46 (q, J=7.2 Hz, 2H, CH,CHj,), 4.03 (d,
Jiaea = 6.4 Hz, 1H, 3a-H), 1.33 (t, J=6.8 Hz, 3H,
CH,CHs), 2.97 (s, 3H, NCH3); IR (KBr) v: 3067, 2934,
1781, 1714, 1597, 1499, 1457, 1387, 1290, 1195, 1070,
755, 693 cm . Anal. caled for CsH;sN,OsFeCly: C 35.96,
H 3.02, N 5.59; found C 36.07, H 3.17, N 5.67.

2-H L -3- 2 B PR L -5 -5 H 2K 5 -3a,6a- — 4 -4,6-
TEAMRE K IE[3 4 -d) T E M P SRR R (2b): AR
AR, 723 52%. m.p. 118~119 “C;'H NMR (400 MHz,
DMSO-dy) J: 7.95~6.96 (m, 4H, ArH), 5.46 (d, J=7.0
Hz, 1H, 1H, 6a-H), 4.30 (q, J=7.4 Hz, 2H, CH,CHj3), 4.06
(d, J346a=7.2 Hz, 1H, 3a-H), 3.06~3.16 (m, 6H, ArCH;
and NCH3), 1.37 (t, J=7.2 Hz, 3H, CH,CH;); IR (KBr) v:
3038, 2957, 1715, 1514, 1447, 1391, 1204, 1057, 762, 665
cm . Anal. caled for C¢H;N,0sFeCly: C 37.32, H 3.33,
N 5.44; found C 37.59, H 3.45, N 5.48.

2-F 3L -3- 2 B B BRI -5 -t AR R B -3, 6a- — & -
4,6- AR L% H 3,4 -d) S EE e U SR K R £6 (2¢):
WEREOEE, 775 62%. mp. 137~138 ‘C; 'H NMR
(400 MHz, DMSO-dg) J: 7.95~6.90 (m, 4H, ArH), 5.31
(d, Jeu3a=6.8 Hz, 1H, 6a-H), 428 (q, J=7.2 Hz, 2H,
CH,CHs), 4.05 (d, J3,6,=7.6 Hz, 1H, 3a-H), 3.85 (s, 3H,
OCH,), 3.06 (s, 3H, NCH;), 1.29 (t, J=7.6 Hz, 3H,
CH,CH;); IR (KBr) v: 3081, 2959, 2841, 1783, 1713,
1609, 1514, 1443, 1395, 1254, 1199, 1060, 761, 665 cm .
Anal. calcd for C¢H;7N,O4FeCly: C 36.19, H 3.23, N 5.28;
found C 36.43, H3.16, N 5.50.

2-F 3 -3- 258 i -5 AU -3a,6a- — E(-4,6-
TEAMREIR K IE[3 4 -d) T E M P S B R £R(2d): AR
tE AR, 723 56%. m.p. 74~75 C;'H NMR (400 MHz,
DMSO-dg) J: 8.32~6.96 (m, 4H, ArH), 5.79 (d, Joy3.=
10.0 Hz, 1H, 6a-H), 4.92 (d, Je,.3,=10.0 Hz, 1H, 3a-H),
437 (q, J=6.8 Hz, 2H, CH,CH3), 1.32 (t, J=6.8 Hz, 3H,
CH,CHs), 3.17 (s, 3H, NCH3); IR (KBr) v: 3100, 2961,
1721, 1598, 1539, 1494, 1389, 1201, 1090, 761, 687 cm .
Anal. calcd for C;5H;4sN,OsFeCls: C 33.65, H 2.64, N 5.23;
found C 33.46, H2.67, N 5.31.

500 http://sioc-journal.cn/
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2- F 3k 3= 7, 480 35 9 O - 556t g ik 2 3 -3a,6a- AL -
4,6- S ARG A R I [3',4'-d) 7 WE e P SUAL AR TR 2 (2e):
RN DMF, fReE G, F23 29%. mp. 151~
152 °C; "H NMR (400 MHz, DMSO-dj) 0: 8.40~7.62 (m,
4H, ArH), 6.77 (d, Je,3.=9.6 Hz, 1H, 6a-H), 4.33 (q, J=
6.8 Hz, 2H, CH,CH3), 4.73 (d, J3,6,=8.6 Hz, 3a-H), 1.37
(t, J=6.8 Hz, 3H, CH,CHj3), 2.12 (s, 3H, NCH;); IR (KBr)
v: 3093, 2935, 1717, 1682, 1598 , 1505, 1384, 1179, 1112,
750, 688, 650 cm ™ '. Anal. caled for C;sHsN;0,FeCly: C
33.00, H 2.58, N 7.70; found C 33.11, H 2.66, N 7.91.

2- F Ik 3. 7, G 36 o O -5 56 R ik PR 3 -3a,6a- AL -
4,6- ARG 24 7% [3',4'-d] 7 WE e DU &AL R R &2 (2f):
NN DMF, JR s EA, 7223 43%. mp. 200~
201 ‘C; 'H NMR (400 MHz, DMSO-dg) &: 10.52 (bs, 1H,
CO,H), 8.10~7.13 (m, 4H, ArH), 4.76 (d, Je,3.=9.2 Hz,
1H, 6a-H), 4.34 (q, J=6.4 Hz, 2H, CH,CH3), 3.89 (d,
Jiaea = 10.4Hz, 1H, 3a-H), 1.32 (t, J=72 Hz, 3H,
CH,CH3), 3.25 (s, 3H, NCH3); IR (KBr) v: 3482, 3040,
2957, 1717, 1607, 1512, 1437, 1382, 1284, 1181, 1019,
769, 699, 637 cm '. Anal. caled for C;¢H;sN,O,FeCly: C
35.26, H2.77, N 5.14; found C 35.33, H 2.90, N 5.35.

2-F JE-3- 2 5A R FE -5 VR A FE -3a,6a- — F-4,6-
TEARE R R IR [34-d) T EME D S AR R B (2g): KR
OEE, P2 57%. mp. 143~144 ‘C; '"H NMR (400
MHz, DMSO-ds) d: 8.32~6.96 (m, 4H, ArH), 6.30 (d,
Joaza=82 Hz, 1H, 6a-H), 492 (q, J=7.2 Hz, 2H,
CH,CHs3), 4.01 (d, J3,6,=6.8 Hz, 1H, 3a-H), 1.32 (t, J=
6.8 Hz, 3H, CH,CHj3), 3.17 (s, 3H, NCH3); IR (KBr) v:
3096, 2957, 1719, 1541, 1491, 1387, 1208, 1095, 1070,
768, 664 cm !. Anal. caled for C;sH;,N,OsBrFeCl,: C
31.07, H 2.43, N 4.83; found C 31.21, H 2.53, N 4.94.

33 2-BHE-3-HRE-5-FE-3a6a-"5-46-“5KA
ZTRH[3 4 -d FIEM NS ERERER ST E Y da~4g G
194

76 50 mL BRESHH AN 2.47 mmol 2-H3E-5-55
$:-3a,6a- 54,6 ZAEARE IR K IF (34 -d] R IE -3 F
FRATA:4) 3a~3g, 6.18 mmol (2.5 equiv.)iiR — H BE A
2~5mL [f) CHCls, £ 100~102 C FHi$kE23~27h. [
2O RIFFN: & ) V(FEE)=9.2 : 0.8]
SR RN SERE SR, 78R CHCL J&, ikin 6~12
equiv. 1 moleL™" HCI Al 3.69 mmol FeCly*6H,0. #& i
W, BFZKE, BEEH HO HEEERZE T, T, H
T, M=V D& CHLCL W iR, FERAEENralifh, Bt
#F29 V(CH,CL) : V(CH;OH)=9 : 1, Y% Ry N 052~
0.67 415y, WRAi1F2LEY) 4a~4g.
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2-FHBE 3R I 5K K 3a,6a- A -4,6- AANVE L
% FF[3',4'-d) B DY S AR R £ (4a): BRBEALE IR, =
. 44%. mp. 113~ 114 ‘C; 'H NMR (400 MHz,
DMSO-dg) 6: 10.32 (bs, 1H, CO,H), 7.53~6.98 (m, 5H,
ArH), 4.35 (d, Jeu3,=6.4 Hz, 1H, 6a-H), 4.02 (d, J3,6,=
7.6 Hz, 1H, 3a-H), 3.23 (s, 3H, NCH,); IR (KBr) v: 3470,
3067, 2953, 1780, 1714, 1597, 1499(s), 1457, 1386, 1290,
1190, 1072, 1028, 759, 697 cm '. Anal. caled for
Cy13H,;N,OsFeCly: C 33.02, H 2.34, N 5.92; found C 32.71,
H2.49,N 5.97.

2- I EE-3- 3R BE 55 Y 2R B -3a,6a- — & -4,6- — AR
B LI [34'-d] 57 WEME Y S AL R TR 25 (4b): KR 41 (5 [
1, PEE 49%. m.p. 141~142 C; '"H NMR (400 MHz,
DMSO-dg) 6: 10.48 (bs, 1H, CO,H), 7.29~7.16 (m, 4H,
ArH), 3.69 (d, Jeu3.=8.4 Hz, 1H, 6a-H), 3.38~3.40 (m,
1H, 3a-H), 3.23 (s, 3H, NCH;); IR (KBr) v: 3455, 3093,
2925, 2885, 1825, 1709, 1586, 1518, 1450, 1391, 1287,
1179, 1075, 1036, 766, 710, 685 cm '. Anal. calcd for
C14sH3N,OsFeCly: C 34.53, H 2.69, N 5.75; found C 34.07,
H2.43,N 5.93.

2- I EE-3-3R BE 550 AR R Jk-3a,6a- —5-4,6-
ARE L EIE[3,4'-d) 7 WEME T AL BR R #h (de): AR TG (0
A, P%% 67%. m.p. 110~111 ‘C; '"H NMR (400 MHz,
DMSO-dg) d: 9.92 (bs, 1H, CO,H), 7.42~6.89 (m, 4H,
ArH), 4.55 (d, Jeu30=7.2 Hz, 1H, 6a-H), 4.03 (d, J3,6.=
2.4 Hz, 1H, 3a-H), 3.85 (s, 3H, OCH3), 3.24 (s, 3H,
NCH3); IR (KBr) v: 3468, 3081, 2959, 2839, 1782, 1713,
1609, 1514, 1443, 1395, 1254, 1199, 1060, 721, 665 cm ™.
Anal. caled for Ci,H,3N,OgFeCly: C 33.43, H2.61, N 5.57;
found C 33.11, H 2.83, N 5.78.

2- IR -3- R AL -5- 0 SR FE -3a,60- —5(-4,6- AR
BA TR I [3,4'-d) 7 WE e PO S AL R R 2 (4d): A 3 0[]
7, FEER 55%. mp. 57~58 C; 'H NMR (400 MHz,
DMSO-dg) 6: 10.7 (s, 1H, CO,H), 7.59~7.36 (m, 4H,
ArH), 4.39 (d, Je,3,=6.4 Hz, 1H, 6a-H), 4.13 (d, J3,6.=
7.2 Hz, 1H, 3a-H), 3.23 (s, 3H, NCH,); IR (KBr) v: 3462,
2955, 2855, 1782, 1714, 1540, 1494, 1456, 1398, 1229,
1090, 1066, 1008, 773, 652 cm '. Anal. caled for
C13H,oN,OsFeCls: C 30.78, H 1.99, N 5.52; found C 30.33,
H2.21,N 5.68.

2-H I 30 B -5- X il JE K 3 -3a,6a- —&-4,6- 5
REIR K IE[3"4'-d) 57 EME P SRR Hh (de): ik 2 100 [
1, PEE 45%. m.p. 233~234 C; '"H NMR (400 MHz,
DMSO-dg) 6: 10.57 (bs, 1H, CO,H), 8.38~7.63 (m, 4H,
ArH), 4.80~4.82 (m, 1H, 6a-H), 4.02 (d, J3,6,=6.4 Hz,
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1H, 3a-H), 3.24 (s, 3H, NCH;); IR (KBr) v: 3484, 3086,
2923, 2852, 1781, 1718, 1613, 1597, 1497, 1380, 1344,
1257, 1177, 1110, 1014, 701, 689 cm '. Anal. caled for
C3H,(N;0-FeCl,: C 30.15, H 1.95, N 8.11; found C 30.5,
H1.67,N 8.18.

2-FR R -3-FR BL -5 AR B R HE -3a,6a- —F-4,6- 5
RIS % T [3,4-d] 7 WE e DU SR IR B (4): A8 20 (0 [
&, P73 62%. m.p. 195~196 ‘C; 'H NMR (400 MHz,
DMSO-dg) 6: 13.2 (bs, 1H, CO,H), 8.11~7.14 (m, 4H,
ArH), 4.85~4.87 (m, 1H, 6a-H), 3.90 (d, J3,6,=13.6 Hz,
1H, 3a-H), 3.23 (s, 3H, NCH;); IR (KBr) v: 3476, 3102,
2958, 1781, 1712, 1603, 1514, 1420, 1383, 1289, 1175,
1063, 1033, 701,638 cm . Anal. calcd for Ci4H;N,O-
FeCly: C 32.53, H 2.14, N 5.42; found C 33.81, H 2.56, N
5.54.

2- F L -3-R BL -5 R 2R B -3a,6a- — & -4,6- AR
BRI [34'-d] - NEME Y ST BR IR #h (dg): R B (il 4,
FEF 67%. mp. 222~223 C; '"H NMR (400 MHz,
DMSO-dg) d: 10.5 (s, 1H, CO,H), 7.70~7.24 (m, 4H,
ArH), 4.71 (d, Je,3,=7.6 Hz, 1H, 6a-H), 3.96 (d, J3,6.=
7.2 Hz, 1H, 3a-H), 3.23 (s, 3H, NCH3); IR (KBr) v: 3339,
3096, 2923, 2852, 1782, 1712, 1536, 1491, 1387, 1303,
1276, 1184, 1070, 1012, 719, 646 cm . Anal. caled for
C3H,(N,OsBrFeCl,: C 28.30, H 1.83, N 5.08; found C
28.74, H1.95,N 5.31.

BOM AL SR MR, 505 R
F 184 5 e G 5 B AT IR SHIP T i (8 st 3o 0 3 ey )
SR 23 i 348 HH 0 52 K.

HBh# Kl (Supporting Information) Hirfb &%) 2a~
2g Fl 4a~4g ] 'TH NMR FIl IR JF45 R, X suppplar L
G B WAST R 3 (http://sioc-journal.cn/) I T %,
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