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Fig 1 Synthesis of 3, 4-dihydro-hainanensine analogs IXA and IXB.
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Tab 1 Properties and analytical data of target compounds

Compd MP Yield :
No R MW e /9 HNMR / 8
XA n-CHyy 341 5153 252 341M'D 6.24Css 1H: 16-HD» 5.86Caqs 2H, 2 X 18-HD, 3.50 — 2.96

IX;B  n-CyHs- 341 67-68  44.6
leA H—Clonl— 397 42~44 16.1
leB H—Clonl— 397 52~54 30.1
IX;A  CsHo- 325 84.5-86.5 17.4
IX;B CsHo- 325 107—109  18.5
IX4A C(JH”— 339 73”75 21 . 8
IXyB  GiHyy- 339 133~135  32.2
IXsA -Ph-OMe-p 363 111—113  12.3
IXsB  -Ph-OCH;-p 363 146—147  19.7
IX,A -Ph-Clp 367 125—128  10.3
X3 -Ph-Clp 367 141—143  27.9

IX;A  -Ph-CCH;),Cp 389 146—148  21.7

341(M "D

397(M "D

397(M "D

325(M "D

325(M "D

339(M "D

339(M "D

363(M')D

363(M')D

367(M'D

367(M'D

389(M "D

(ms6HY,2.70(d, 1H)» 2.60~2.26(m>2H),2.26~1.52
(m>8HY»1.24(brss SHY» 1.00~0.76(m,3H>

6.24Cs, 1H> 16-H), 5.84(q, 2H, 2 X 18-H), 3.40 ~ 2.80
(m>,6H,2.72(d> 1HY» 2.60~1.56Cm, 10H>,1.56 ~ 1.0
(brss 8HY»1.00~0.76(m,3H>

6.40Cs, 1H, 16-H), 5.82(q, 2H, 2 X 18-H), 3.40 — 2.88
(m>,6H,2.68(d> 1H?,2.62~1.20(m,27H),1.00~0.70
(m, 2HD

6.46Cs, 1H, 16-H), 5.86(q, 2H, 2 X 18-H>, 3.40 ~1.10
(m>34H>,1.00~0.76(m, 2H)

6.46Cs, 1H, 16-H)», 5.86 (s, 2 X 18-H)» 3.40 ~ 2.80 (ms
4H),2.80~1.10(m,20H)

6.44Cs, 1TH, 16-H)» 5.84 (s, 2 X 18-H)» 3.46 ~ 2.90 (ms
4H),2.90~1.00(m,20H)

6.35Cs, 1H,16-H), 5.84(brd, 2H, 2 X 18-H),3.36 ~2.76
(m>6H),2.78~0.90(m,20H)

6.44Cs, 1H, 16-H), 5.86Cq: 2H, 2 X 18-H), 3.40 — 2.84
(m>6HY,2.70Cbrds 1HY,2.60~0.80(m, 19H)
6.98(dt,]J=9 Hz, 2H,2 X Ar-H),6.74(dt, ] =9 Hz, 2H, 2
X Ar-H),6.50(s, 1H, 16-H), 5.78(s, 2H, 2 X 18-H), 4. 40
(t»1H-1-H>, 3.74(s; 3H, Ar-OCH; ), 3.40~2.90(m, 41D,
2.76(d, 1H),2.64~2.00(m,5H),2.00~1.52(m, 4H)
7.130dt, ] =9 Hz, 2H, 2 X Ar-H),6.80(dt, ] =9 Hz, 2H,2
X Ar-H),6.50(s, 1H, 16-H), 5.70(s, 2H, 2 X 18-H), 4.26
(t»1H-1-H>, 3.78(s, 3H, Ar-OCH; ), 3.40~2.86(m, 41D,
2.86~2.12(m,4H),2.12~1.50(m, 6H>
7.30~6.84Cm, 4H, 4 X Ar-H>,6.50Cs, 1H, 16-H), 5.78
($,2H,2 % 18-H),4.40(t, 1H, 1-H>,3.40~2.88(m, 4H),
2.80~2.45(m,2H),2.45~1.40(m, 8H>
7.35~7.13Cm, 4H, 4 X Ar-H>,6.55Css 1H, 16-H), 5.74
($s2H,2 % 18-H),4.29(t, 1H, 1-H>,3.36~2.80(m, 4H),
2.72~2.58(m»2H>,2.41 ~2.17C(m» 2H)5 1.98 ~ 1.56
(m, 6HD

7.24(d,J=7 Hz»2H,2 X Ar-H>,6.98(d, ] =7 Hz, 2H, 2 X
Ar-HD,6.50(s, 1TH, 16-H),5.82(s, 2H,. 2 X 18-H>, 4.44( g,
1H,1-H)» 3.52~2.96(ms 4H), 2.92 ~ 1.60(m, 10H),
1.28Cs: 9H, (CHy)3C)
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continued

Compd

No R

MW

MP
/C

Yield
/ %*®

MS

"HNMR / &

IX7B —Ph—(CH3 )3C-p

IXgA —Ph—CH3—p

IXgB —Ph—CH3—p

IX()A —Ph—(CH3 )2—(). P

IX()B —Ph—(CH3 )2—(). P

lX]()A —Ph—OCH3—p—Cl—m

IX]()B —Ph—OCH3—p—Cl—m

lX]]A —Ph—Br—p

IX]]B —Ph—Br—p

lX]zA —Ph—(OCH3 )2—O.m

IX]zB —Ph—(OCH3 )2—O.m

IX13A —Ph—F—p

IX13B —Ph—F—p

389

347

347

361

361

397

397

411

411

393

393

351

224~226

102~104

136~138

174.5~176

117.5~119

172~174

185~187

130~132

118~120

161~163

168~170

118~120

178~180

40.4

17.8

20.0

23.6

18.5

11.6

19.9

10.0

15.6

9.8

16.1

24.2

389(M ')

347(M "D

347(M "D

361(M "D

361(M "D

397(M "D

397(M "D

411(M "D

411(M "D

393(M ')

393(M "D

351(M "D

351(M "D

7.32(d,J=7 Hz, 2H, 2 X Ar-H>,7.12(d, J =7 Hz, 2H, 2 X
Ar-H?,6.52Cs, 1TH, 16-11),5.74(s, 2H, 2 X 18-HD» 4. 30 (1,
1H, 1-H>»3.60~3.08(m, 4H, 3.00~2.20(m, 6H>,2.10
~1.40(m, 4HD, 1.34Cs, 9H, (CH; ;O

6.98(m» 4H: 4 X Ar-H?» 6.50Css 1H» 16-H» 5.80Cs» 2H, 2
X 18-HD» 4.40(t, 1TH, 1-HY, 3.56 ~2.92(m, 4H), 2.84 ~
2.48(m,2HD,2,48~1.40(m, 8D,2.30(s, 3H, Ar-CHj>
7.08(m;s 4H:4 X Ar-H>» 6.48(Cs, 1H, 16-H), 5.66(s, 2H, 2
X 18-H>»4.22(t, 1TH, 1-HY, 3.40 ~2.84(m» 4H), 2.84 ~
2.06(m, 4H>,2.30Cs; 3H, Ar-CH;32,2.06 ~1.32(m, 61D
6.96(s, 1H, Ar-H), 6.80(d, ] = 8.1 Hz, 1H, Ar-H>, 6.52
(s, 1H, 16-H,6.48(d, ] =8.1 Hz, TH, Ar-HD, 5.79(s, 2H,
2X 18-, 4.60Cq, 1H, 1-H» 3.40 ~ 3.00C(m, 4H>, 2.42
(s» 3H» Ar-CH; 2, 2.28 (s, 3H, Ar-CH; 05 2.00 ~ 1.40 Cm,
10HD

6.96(s, 3H: 3 X Ar-HD, 6.52Cs, 1H, 16-HD, 5.72(q, 2H, 2
X 18-HD» 4.50(t, 1TH, 1-HY, 3.38 ~3.00(ms» 4HD, 3.00 ~
2.50C(m, 41D, 2.38Cs, 3H, Ar-CH;32,2.30Cs, 3H, Ar-CH; )
2.50~2.10(m, 1H?»2.10~1.30(m, 51D

7.06(d, 1H, Ar-H>,6.88(dd,J =9 Hz, 1H, Ar-I1,6.78(d,
J=9 Hz, 1H, Ar-H, 6.48(s, 1H, 16-H), 5.78 (s, 2H, 2 X
18-1,4.34(t, 1H, 1-HD, 3.80 (s, 3H, Ar-CH; 0, 3.50 ~
2.88(m, 4H),2.80 ~2.64(d, 1HD,2.64 ~2.46(d, 11D,
2.46~1.40Cm, 81D

7.18Cd, 1H, Ar-H>,7.05(dd, J =9 Hz, 1H, Ar-I1,6.81(d,
J=9 Hz, 1H, Ar-H, 6.50(s, 1H, 16-H), 5.70 (s, 2H, 2 X
18-1,4.20Ct, 1H, 1-HD, 3.86 (s, 3H, Ar-CH; 0, 3.40 ~
2.86(m,4H>,2.86~1.36(m, 10D

7.32(d,J=9 Hz, 2H, 2 X Ar-H>,6.92(d, ] =9 Hz, 2H, 2 X
Ar-H,6.50Cs, 1H, 16-11,5.78(s, 2H, 2 X 18-HD, 4.38(+,
1H, 1HD,3.44~2.88(m,4HD,2.88~1.40(m, 101D
7.30Cd, ] =9 Hz, 2H, 2 X Ar-H>,7.05(d, ] =9 Hz, 2H, 2 X
Ar-H,6.50Cs, 1H, 16-I1),5.70Cs, 2H, 2 X 18-HD, 4.22(+,
1H, 1HD,3.40~2.86(m,4H>,2.86~1.32(m, 101D
6.79(d, ] =9 Hz, 1H, Ar-1,6.63(dd, ] = 9.3 Hz, 1H, Ar-
H>,6.52(s, 1H, 16-HD. 6.18(d, ] = 3 Hz: 1H, Ar-H), 5.78
(s» 2H, 2 X 18-H), 4.38 Cq» 1H, 1-HD, 3.82 (s, 3H, Ar-
OCH; 2> 3.62(s, 3H, Ar-OCH;3 0, 3.16~2.86(m, 4H>,2.76
(d> 1H,2.58(d, 1HD,2.48 ~1.32(m, 81D
6.88~6.60C(m, 3H, 3 X Ar-H>, 6.50(s, 1H, 16-H>, 5.74
(qp 2H, 2 X 18-, 4.70 (+, 1H, 1-HD, 3.80 (s, 3H, Ar-
OCH; 2> 3.70Cs, 3H, Ar-OCH; 0, 3.40~2.86(m, 4H), 2.86
~2.52(m,2H),2.52~2.12(m, 2H>:2.12~1.40(m, 6
7.04~6.80Cm, 4H, 4 X Ar-H, 6.50 (s, 1H, 16-HD, 5.68
(s 2H,2x18-H>,4.26(t, 11, 1-H» 3.40 ~2.86(m, 41,
2.86~1.36(m, 10D

7.28~6.80Cm, 4H, 4 X Ar-HD, 6.48 (s, 1H, 16-H), 5.76
($2H,2 X 18-H>,4.40Ct, 1T, 1-HD» 3.40 ~2.88(m;, 4HD,
2.80~1.40Cm, 101D

a. Isolated yield of diastereomer of the hydrogenation step.
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WG U H bR G W) 1X, < 3A- B AT 2
Myt Iz im ik, LLPEBK T Ccimetidine ) A X
L, SR AR A K R VA B B I B, S &
RWFEK2. NER2JLLEH, hEW K28
—E NP i, H T IXGAS IXA IXGA
IXpA IXoBs IX 3 A 6 LG AT s M Ptin iz
WwE, SZFIEHN 0.1 mmolokg 'H, Wi
# # 4r ml A 90.8%, 89.5%, 90.3%,
97.9%, 96.1%, 86.3%, TEH T cimetidine
(LR 2R HA 0.16 mmol kg™ 'F), Tt Jz FH ] %
K T75% ). H IX;0A WA P I, IXA K

MRz AR . 2 BE 4 W BoR, 4 ¢,
AR i W BEE I, 2 o B 1) S, AR A 1
PR BRI PERE I, PO i PR3 5 AR X
SR A BT i U e A B M T B
(IXs,9,10 71 5105 HUACIR 36 (0 35 1 A8 T 28 36
(IXsA» X0 A BI40), (Bt FALEW M EH A
B, SR R 1k 2 e AR AR e LU 44 B 2, i
o R 2 A S ) BRI e AR A AT
B, ABAERE PR C B
L HGE ST ARG B XS 0358 J i AT W) S 2 i, A
LA S A2 n] S EOH TE R s ey, B A
H K.

Tab 2 Effect of IX, _,;3A and B given orally on gastric ulcer induced by cold-immersion stress in rats

and on M, receptor binding in vitro in concentration of 10> mol*L ™!

Compds Dose Ulcer M -receptor Compds Dose Ulcer M -receptor
No /mmol*kg™"  inhibition/ %  inhibition/ % No /mmol*kg™" inhibition/%  inhibition/ %
IX;A 0.15 77.9 75.1 IXsB 0.10 50.2 93.1
IXiB 0.15 62.3 58.3 XA 0.10 23.2 85.7
XA 0.15 37.7 39.2 IXyB 0.10 38.4 78.6
IX;B 0.15 36.4 15.5 IX0A 0.10 0 61.7
IX3A 0.10 90.8" 97.8 IXioB 0.10 40.8 62.4
IX;B 0.10 69.4 97.1 IX; 1A 0.10 70.9 84.9
IX4A 0.10 50.0 63.2 IXy1B 0.10 26.7 69.5
IX,B 0.10 37.0 95.2 IX,A 0.10 97.9" 77.0
IX5A 0.10 —39.1 20.0 IXy,B 0.10 96.1" 72.5
IXsB 0.10 3.1 83.3 IX[;A 0.10 86.3 66.6
IXsA 0.10 51.4 88.9 IXi:B 0.10 53.1 72.7
IX:B 0.10 25.6 88.4 A 0.22 100"

IX;A 0.10 89.5 " 29.4 1B 0.22 1002
IX;B 0.10 52.5 24.3 R=C¢Hs A 0.08 0°

IXgA 0.10 90.3" 92.6 Cimetidine 0.16 75

n=5 x*s. "P<0.05 *"P<0.025 compared with control; a. unpublished result.
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BB vV 1.05 g(4.32 mmoD) % T /K Y
ZFEmE 40 ml, IMA VUS4 0.66 g(17.28
mmol)» [FI¥ S Y. 75 min, VKK & E1T 1818
MK 0.5 ml MPYZEIERE 6 ml KRS W, R)a
WM 15% S A KB 0.6 ml, #EHE 30
min, UE, PUERRIRVERIER, JERTINALE
T4 A JF T, SR g R 4, 43 O (0[] A
Wil VI, #%H .

2 REBRE 1V,

o- TR h 111, 1.4 ¢(7.77 mmol)- Bk R
28N 0.65 g(7.77 mmol) 5 PUE LI 40 ml &
G, —SCMAATE LB 0.92 ml(9.67
mmol), 4EFF — 8°C WV 4 h, fHIRGIRET IV,
7

RAREL IV, 35 B BB MR 775 i
3 A VI,

¥ Etn ] & B e v % T DY SRR 15
ml, % [F) 4> i —d2 N 2R G5 R E v, M7
H, —5C RN 4 h, obuE, IERRASIEA R
KA VIL f 5, AL B EHEHT T
RN

KT VIL, 3 2 88 R R T v B
4 BB VIII,

VI, AT FEE 15 ml, ShIRR L 2 pH
2, IR 1 h, KA E1 T ZUKIAL, 98 K
4015 KR 2l [l A&, WATE OB SBE P atan, i
UE, WO OBV, @R EEL &, 1958
454 VIIL 0.67 g W& 42.1%, mp 177 ~
179C, JC#E 4781 Cyy Hyy NO,» tFHAH%: C
71.52, H7.36, N 3.79; SE5{H %: C 71.55,
H7.50, N 3.93. IRCKBr)em ': 3300COH),
1655(C = 0); EIMS m/z: 370(M* + 1)
'"HNMR & ppm: 6.42Cs, 1H, 16-H), 5.88Cs,
2H,2 X 18-H), 3.64 ~3.22(m, 6H), 3.04 ~
2.90(m,2H), 2.64(s, 1H,1-OH), 2.20~1.80
(m,5SH), 1.18(brs; 7TH)» 0.80Cbrt, 3H)-

WEY VIIL ., Z W L& M R 756 B
VI 35 BRI ARRL, AR 500 25 A TN B
VI <3 MU mp 43 0 A VIIL: 53.0%
172 ~ 173°C; VIII: 50.9%, 165 ~ 167T;

VIIL: 55.7%, 253 — 255C (dec); VIIs:
87.2%,135~137°C (dec); VII: 58.1%, 254
~256C (dec)s VIL: 44.5%, 190 ~ 192 ;
VIIL: 26.8% 5 240 ~242°C; VIIy: 57.6%
166 ~ 167C; VIIy: 31.6%, 236 ~ 238C;
VI, : 44.7%, 246~248C; VII,,: 48.3%,
265~267C 5 VII3: 53.4%, 250~252C -
5 EYIX

B i VIIL, 1.0 g(2.35 mmol) # 1 H %
120 ml, I 70 % =150 0.28 ml(3.45 mmol)
FZE A CE 128 T 7K)0.08 g =il 2.5
kgeem 2 FEAL 52 he JELMEALT], JEM
FZOKBEAL, 9905 48, vR ) FH — & b
W, 7KBE 1 IR, Jo/AKIRBREE T 4. I8, JEW
AR W A A4 VLC 233 (4% NaOH i)
I GFysy 13 g BEMAN A i lE— LB 10
1, 9:1, 8:1, 7:1, 6:1, 5:1, 4:1, 3:1, 2:
1, B2E XA M IXGB MR E D WA
7342 PTLC 43 85 (4% NaOH #8161 I GFosy
W, I FIh S BE—2 K 30: 1) #H 3 IXGA
0.15g WX 16.1%, mp 52 —54C. 515
IX,B 0.28 g» W% 30.1%, mp 52~54C. W
TR HUCE 46.2% o

LAY IX, A B Fl IX; - 3A B S/ EIA M
[ 75 1A e

Zz % X W
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SYNTHESIS AND ANTIULCER ACTIVITY OF
3,4-DIHYDRO-HAINANENSINE ANALOGS

Liu Ruiwu(Liu RW), Gao Yousong(Gao YS),
Zhang Shouren(Zhang SR) and Liang Xiaotian( Liang XT)

(Institute of Materia Medicas Chinese Academy of Medical Sciences and
Peking Union Medical Colleges Beijing 100050

ABSTRACT In order to search for new compounds with new mode of action, high antiulcer
activity and lower toxicity, 26(13 pairs of diastereoisomer A and B) 3 4-dihydro-hananensine analogs

were synthesized. All compounds were tested in M, receptor combined assay and gastric ulcer induced

by cold-immersion stress in rats. Most compounds showed antiulcer activity, among them I[X3A,
IX5A, IXgAs X5 As IX;5B and IX;3 A exhibited more potent antiulcer activity than the control

compound cimetidine. Meanwhile, the relationship between their structures and activity was

discussed.

KEY WORDS 3,4-Dihydro-hainanensine analogs; Antiulcer activity; SAR studies





