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Preparation and anticancer activity of isopimaric acid
heterocyclic amide derivatives

LIU Juanjuan, ZHANG Jun, YANG Shaoping”
( School of Pharmacy, Guizhou University of Traditional Chinese Medicine, Guiyang 550025, Guizhou, China )

Abstract: In order to develop antitumor drugs with new molecular structure, nine heterocyclic amide
compounds (Il a~1i) were synthesized from natural product isopimaric acid (1), and characterized by
FTIR, '"HNMR, "CNMR and TOF-MS. Data from anti-tumor performance analysis revealed that except for
I f, all the other target compounds showed higher anti-tumor activities than the natural isopimaric acid.
Especially compound isopimaric acyl-(2-aminopyrazine)amide (Il d) containing pyrazine heterocycle
exhibited significant cell proliferation inhibitory activity against A375 human melanoma cells, with a half
maximal inhibitory concentration (ICs) of 13.34 pmol/L. Therefore, compound Il d is expected for
antitumor activity improvement through further structural modification and become a leading anti-tumor
compound of isopimaric acid.

Key words:. isopimaric acid; heterocyclic compounds; synthesis; anticancer activity; proliferation inhibition;
drug materials
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Fe A A W 4R o F T A BB LUS Y R T
(O, B, 855 MBI AIE G, Has
WEE LR, 158 ST IR = a5
F T, TR I A B R 2 B I, A
s . Bow . PUBE . YU TR LS AR AR [ )
ARSI A S HT, KT I AL
LAY A TG 2 s, e Rgp gl
WA B 6-(WR G - 1-3%)- 2 S0 96 B 32 6l 15k Fiie 24 44
AL A A A A 255 TR 28 BT I B 1) 99 T 6
HE &G4 Bl Y 28 0T [dWE WS S 2 3R Ak A W b
COX-1 1 COX-2 F I YL S 4l i v , HA
MR MFEN ; B EESET 0 N-(4-50 T 3-5-
I R e -2 3 ) S B 2 T I 25 4 R A 0 % il 9 A
Ml (A549) | ESUREA AL (Hela ) 1L AR 9 40 i
( MCF-7) HAMHEE; WANG T4
2,4~ AR s s b S 2 TR AL A k) R R S DR L
AR 1 A T A

BT, ARUFRICR HEEDHER 7, @
P i St 2 IR 25 4 5 | AN B TPA BEIR |, AL 9 AN
N/S &I 1 IPA KA G, JExT Bisfb G
B AP AT ST, DA R BLEL A W S PR Y TPA
FAGHEW, BT 25 i T & A Y 43 T S5 R

%ﬂo

1 SRIGERSY

11 RFI 5N

IPA, AHIUS, GC 4 93.8%; 2-Z LML
3G FEMENE | 2- B FEMENE | 2-B FEML IR | 3- B FENLmE |
Q-G IR | 2- 2L =M | -G FEWEME T 3-5 K -2-
WEWY R R MR ESL ((COC), ), 4rtrali, Bifi
TF (L) ARAR; —HETM (DMSO) ,
MG, £ E Sigma iXF A F; —HAH 5 (DCM) |
SAM R WA (THF) |« =M. £k,
ZER W, sriral, SRBHMmE AR TARAR; A
kg (Hep2) . ABEZRE (A375) , 1LdliEA
WHARAGBR AT,

Nicolet iS10 fii B - 45 6 21 SR S35, £ H
Nicolet A 7] ; WRS-1B B FI5 54X, i I
PV FA RN F] ;. Bruker AV-300/500 A% % 41 i 3%
1, fE[E Bruker /A H]; Agilent 6520 Accurate-Mass
Q-TOF LC/MS JiiiE{¥, 3£E Agilent 24 F]; RES5203
RIS e 78 k%, LI R ARILES); EL-x800
AR, 5[ BioTek {X 254 MR/,

1.2 FHik
IPA AT AW A G L T IR

L, 7
> /
7 (cocl), Z
— 5 R-NH, ‘
- CH.Cl, ) 7 =0
“COOH

——>
7 DCM/THF/CHCl, HN
COCl1 \

IPA 1
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R
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)
MH NJ\IN NJ\S HG %
3/ 3HN_/
If g Th i

12.1 FHmmeta (1) e

¥ IPA 1.5 g (5 mmol) F1 10 mL DCM Jiil A %]
50 mL = FIBI Y, 75 IPA SE2WER )5, K 0.51 mL
( 6 mmol ) (COCI), % T 5 mL DCM, & T/
S, 7E 0~5 CCRZ N2 LR, e
EejE THEE 25 °C, TLC [ V(AE) : (R C
fig)=6 : 1) BREZR N HERE . FEJERE IPA RN 584,
SR YR 26 V8 ZE PR SR RN o e A R S, A B S
ARG (1), BEEFPWA, %K 93.0%, GC 4l
& 98.8%.,

122 Sk dmmh (MTa~1li) 946K

Pilla W&RBCHE, ¥ 2-2FE0kiE 047 g
(5mmol) 15 mL DCM (5{ THF., =M %e) &
F 50 mL = B, AE VKR B INA = Z 1% 0.83 mL
(6 mmol ) . #4541 1.90 g( 6 mmol ) IFT 5 mL
DCM (3¢ THF., =& W) & Tollks=tt, &
P N2 _FRTR AW ek, T 25 CCR 2 h
( TLC FREE RN, BBIFH] V(AN - V(R ZTHR) =
300~ 1) o ROWESTH, SRR RTIVE, IEHIE
ZEBRBERS 2= . ML RERCAEJZNT (VA
BE) : M(CTROTR) =6 : 1~3 = 1] pEssife, 35IH
i 7= ) S WA R FE (2 SE ke BE R ( Ta) o H 3-
GAFEMEIE | 2-GEMENE | 2-G LN | 3-G REn Mk |
Q-G IELRRME | 2- G I = | 2- S FEWEMR N 3-5FE-2-
WE WY B R Y R 40 - SR mE I, IR AR A IR A AR
SEHE AR EEBERAT A b~ 11 i,

S RATR FE(2-Z ML E ) )BEE (TTa) « FELE
RBIAR, 774 83.3%, M 85.4~85.8 °C. IR (KBr),
viem: 3433 (N—H), 2925 (C—H), 1670 (C=0),
1640 (C=C), 1429 (C—N); 'HNMR (300 MHz,
CDCly), d: 8.25 (s, 1H, NH), 8.15 (d, J = 7.8 Hz, 2H,
Ar—H), 7.70 (t, J = 10.5 Hz, 1H, Ar—H), 7.03 (t,1H,
Ar—H), 5.85~5.75 (dd, J=10.5, 17.4 Hz, 1H, C=CH
—), 5.29~5.27 (brd, 1H, C=CH—), 4.95~4.85 (m, 2H,
C=CH,), 2.01~1.77 (m, 8H), 1.68~1.56 (m, 6H), 1.43

(s, 3H, CHj), 1.27~1.07 (m, 2H), 0.95 (s, 3H, CHj),
0.86 (s, 3H, CH;); "CNMR (75 MHz, CDCL), o:
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177.8, 152.1, 150.7, 148.0, 138.8, 136.1, 121.2, 120.1,
114.4, 109.8, 52.5, 47.9, 46.6, 46.4, 39.2, 37.7, 37.2,
36.4,35.7,25.4,21.9,20.4, 18.6, 17.9, 15.7, TOF-MS,
m/Z: CasHysN,O [M+H] HIE{H 379.2749, Sciilfy
379.2752,

SHIEFRATR B 3- A BEMENE )L ( 1Tb) = FEAfEk
KA, 725 85.5%, 145 1. 83.2~83.7 °C.IR (KBr), v/em
3433 (N—H), 2925 (C—H), 1670 (C=0), 1640
(C=C), 1429 (C—N); 'HNMR (500 MHz, CDCl5), 6:
8.60 (s, IH, —NH), 7.40 (s, 1H, Ar—H), 7.28 (s, 1H,
Ar—H), 6.98 (s, 2H, Ar—H), 5.80 (dd, J=17.5, 10.5
Hz, 1H, C=CH—), 5.29 (brd, 1H, C=CH—), 4.90 (d,
J=17.5 Hz, 1H), 4.86 (d, 10.5 Hz, 1H), 2.70~2.46 (m,
2H), 2.05~1.84 (m, 6H), 1.63~1.55 (m, 4H), 1.47 (s,
3H, CH,), 1.42~1.25 (m, 4H), 0.97 (s, 3H, CH3), 0.87
(s, 3H, CH;); "CNMR (125 MHz, CDCl,), o: 177.5,

150.1, 145.0, 141.6, 135.7, 134.9, 127.7, 123.4, 120.6,
109.2, 52.0, 47.3, 46.9, 45.8, 38.6, 37.2, 36.7, 36.0,

35.2,24.9,21.4,19.9, 18.1, 17.5, 15.2, TOF-MS, m/Z:
CysHysN,O  [M+H]" B i {H 379.2749 , SZ i {H
379.2752,

SEHEAN IR I (- W E ) BERE ([le) « REE
B AR R, 7% 50.8%, 1 2 69.8~70.4 °C.IR (KBr),
viem': 3445 (N—H), 1669 (C=0), 1637 (C=C),
1426 (C—N); '"HNMR (300 MHz, CDCl5), 6: 8.62 (d,
J = 4.8 Hz, 2H), 8.28 (s, 1H, CONH), 7.01 (t, J = 4.8
Hz, 1H), 5.80 (dd, J=10.5, 17.4 Hz, 1H, C—=CH—),
5.28~5.26 (brd, 1H, C=CH—), 4.95~4.84 (m, 2H,
C=CH,), 1.97~1.74 (m, 8H), 1.62~1.47 (m, 6H), 1.43
(s, 3H, CHj), 1.37~0.98 (m, 2H), 0.94 (s, 3H, CH3),
0.85 (s, 3H, CH3); CNMR (75 MHz, CDCly), d:

176.7, 158.7(2C), 158.1, 150.6, 136.0, 121.2, 117.1,
109.7, 52.5, 48.4, 46.4(2C), 39.1, 37.6, 37.1, 36.4,

35.7, 25.4, 21.9, 20.4, 18.6, 17.9, 15.7. TOF-MS, m/Z:
CoH34N;O [M+H] B H 380.2696, SZiIfE 380.2680.,

SEHFAN R (2-Z B ML) e ( 11d) «: H A
AR, 7% 502%, MR 71.2~72.2 °C. IR (KBr),
viem™: 3445 (N—H), 1672 (C=0), 1639 (C=C),
1301 (C—N); '"HNMR (500 MHz, CDCl;), &: 9.60 (s,
1H, NH), 8.33 (d, J= 2.5 Hz, 1H, Ar—H), 8.22 (s, 1H,
Ar—H), 8.05 (s, 1H, Ar—H), 5.80 (dd, J=10.7. 17.5
Hz, 1H, C=CH—), 5.29~5.28 (brd, 1H, C=CH—),
4.92 (d, J = 16.5 Hz, 1H, C=CH,), 4.86 (d, J = 10.5
Hz, 1H, C=CH,), 2.07~1.79 (m, 8H), 1.70~1.58 (m,
6H), 1.45 (s, 3H, CH3), 1.41~1.37 (m, 2H), 0.96 (s, 3H,
CH3), 0.86 (s, 3H, CH3); *CNMR (125 MHz, CDCl,),
5: 177.3, 150.2, 148.3, 141.8, 140.1, 137.2, 135.9,
120.6, 109.3, 52.1, 47.5, 46.0(2C), 38.7, 37.4, 36.8,
36.0, 35.3, 25.0, 21.5, 20.0, 18.2, 17.6, 15.3, TOF-MS,
m/Z: CoHyN,O [M+H] HIE{H 380.2693, S2ill{g
380.2684,

SEUFPARR B 3-Z B (Te) : AR
AR, P23 50.2%, 455 76.5~77.2 °CLIR (KBr), viem '
3464, 3366 (N—H), 1664 (C=0), 1639 (C=C), 1232
(C—N); 'THNMR (500 MHz, CDCl;), J: 8.82 (s, 1H, NH),
8.04 (s, 1H, Ar—H), 5.83~5.78 (m, 3H, C=CH—),
5.33~5.28 (brd, 1H, C=CH—), 4.92 (d, J=16.5 Hz, 1H,
C=CH,), 486 (d, J = 9.5 Hz, 1H, C=CH,),
2.09~1.75 (m, 7H), 1.68~1.55 (m, 4H), 1.47 (s, 3H,
CH3), 1.43~1.26 (m, 5H), 0.96 (s, 3H, CH3), 0.87 (s,
3H, CH;); “CNMR (125 MHz, CDCly), J: 183.7,
150.4, 135.7, 135.4, 132.7, 121.7, 109.0, 91.4, 52.2,
46.2, 46.0, 45.6, 38.2, 37.1, 36.1, 35.2, 34.3, 25.3, 21.5,
18.0, 18.7, 16.6, 15.6, TOF-MS, m/Z: C,3H3;3N;ONa
[M+Na] S {H 390.2538, SEME 390.2523.

SHE AR He (4- 2 B O i (T E) « %
B AR, 725 43.6%, M5 121.0~121.6 °C.
IR (KBr), v/iem': 3291 (N—H), 1675 (C=0), 1642
(C=C), 1231 (C—N); '"HNMR (300 MHz, CDCl;), §:
7.50 (t, J = 4.8 Hz, 2H, Ar—H), 7.44 (d, J = 6.0 Hz,
2H, Ar—H), 7.35 (d, J = 5.1 Hz, 1H, Ar—H), 7.22 (s,
1H, NH), 5.82 (dd, J=10.5, 17.5 Hz, 1H, C=CH—),
5.36~5.35 (brd, 1H, C=CH—), 4.96 (d, J = 17.5 Hz,
1H, C=CH,), 4.90 (d, J = 10.5 Hz, 1H, C=CH,),
3.09 (s, 3H, CH;), 2.30 (s, 3H, CH3), 2.21 (s, 2H, CH,),
2.08~1.80 (m, 6H), 1.72~1.52 (m, 4H), 1.46 (s, 3H,
CH,), 1.42~1.19 (m, 4H), 0.99 (s, 3H, CH3), 0.91 (s,
3H, CH;); "CNMR (75 MHz, CDCls), 6: 178.3, 162.2,
150.8, 149.2, 136.0, 135.2, 129.7(2C), 127.27, 124.3(2C),
121.4, 109.9, 109.8, 52.5, 47.4, 46.5, 46.3, 39.2, 38.0,
37.2, 36.8, 36.5, 35.64, 25.5, 21.9, 20.4, 18.6, 18.0,
147, 13.2, TOF-MS, mlZ: C31H41N302Na [M+Na]+ﬁﬂ
Je1H 510.3096, SZill{H 510.3102,

S IATRIE Q- —MlEE (Tg) . HfFEE
WA, P25 32.0%, #4555, 87.1~87.9 °CLIR (KBr), v/em
3453 (N—H), 2909, 2862 (CH,, CH;), 1669 (C=0),
1637 (C=C), 1383 (C—N); 'HNMR (500 MHz,
CDCls), 8: 8.69 (s, 1H, NH), 7.28 (s, 1H, Ar—H), 6.98
(s, 1H, Ar—H), 5.80 (dd, J = 10.7, 17.5 Hz, 1H,
C=CH—), 5.29 (brd, 1H, C=CH—), 4.92 (d, J =
14.1 Hz, 1H, C=CH,), 4.86 (d, J = 10.5 Hz, 1H,
C=CH,), 2.07~2.46 (m, 2H), 2.06~1.84 (m, 6H),
1.66~1.55 (m, 4H), 1.47 (s, 3H, CH3), 1.41~1.25 (m,
4H), 0.97 (s, 3H, CH;), 0.87 (s, 3H, CH;); “CNMR
(125 MHz, CDCly), 6: 179.9, 159.8, 150.4, 148.7,
135.8, 120.9, 109.3, 52.0, 49.9, 46.0, 42.7, 38.0, 36.8,
36.1, 35.2, 34.0, 25.2, 21.5, 20.0, 18.3, 18.1, 15.4,
TOFE-MS, m/Z: C,H3,N,ONa [M+Na] BE{H 391.2563,
S 3912574,

SEHEAN IR (2- A R BERE ( Th) . IREE
[EAH R, 774 69.3%, 14 i 82.5~84.1 °C.IR (KBr),
viem': 3224 (N—H), 2909, 2862 (CH,, CHs), 1669
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(C=0), 1637 (C=C), 1272 (C—N); 'HNMR (300
MHz, CDCls), 6: 9.49 (s, 1H, NH), 7.46 (d, J = 3.6 Hz,
1H, Ar—H), 6.99 (d, J = 3.3 Hz, 1H, Ar—H), 5.80 (dd,
J=10.5. 17.4 Hz, |H, C=CH—), 5.26 (d, /= 5.4 Hz,
1H, C=CH—), 4.96~4.85 (m, 2H, C=CH,), 2.05~
1.67 (m, 8H), 1.63~1.47 (m, 6H), 1.41 (s, 3H, CH;),
1.37~1.09 (m, 2H), 0.94 (s, 3H, CH;), 0.85 (s, 3H,
CH;); “CNMR (75 MHz, CDCly), 6: 177.1, 159.5,

150.6, 137.5, 136.2, 121.0, 114.1, 109.7, 52.4, 47.3,
46.4, 46.3, 39.0, 37.6, 37.2, 36.4, 35.6, 25.4, 21.9,

20.4, 18.4, 17.6, 15.7, TOF-MS, m/Z: C,H33N,0S
[M+H] HS (4 385.2308, S2li{H 385.2286,
SRR I (-2 3 -2-WE Wy F e F IR Mok ( 1) -
HEE AR, 773 45.4%, B 112.3~112.7 °C,
IR (KBr), v/em™": 3139 (N—H), 1692 (C=0), 1643
(C=C), 1208 (C—N); 'HNMR (500 MHz, CDCl5), 6:
10.63 (s, 1H, NH), 8.17~8.16 (d, J= 5.4 Hz, 1H, Ar—
H), 7.45(d, J = 5.4 Hz, 1H, Ar—H), 5.80 (dd, J =
10.8.17.5 Hz, 1H, C=CH—), 5.27 (brd, 1H, C=CH—),
4.94~4.85 (m, 2H, C=CH,), 3.90 (s, 3H, CHj),
2.03~1.87 (m, 7H, CH #1 CH,), 1.78~1.57 (m, 7H),
1.48 (s, 3H, CH;), 1.43~1.36 (m, 2H), 0.96 (s, 3H,
CHj,), 0.86 (s, 3H, CH;); *CNMR (125 MHz, CDCl;),
5: 176.8, 165.3, 150.5, 146.2, 136.8, 136.7, 131.6,

122.6, 120.9, 110.2, 109.3, 52.1, 52.0, 47.4, 47.0, 46.1,
38.8, 37.3, 36.8, 36.1, 35.3, 25.0, 21.6, 18.2, 17.5,

15.4, TOF-MS, m/Z: CyH3sNO;SNa [M+Na] Pt (i
464.6326, SCIN{E 464.6331,
1.3 #mEEEs

SR VU LM A (MTT) Ee @ik H Az
& v AMESEE (HeP2 ) A B8, 9% ( A375)
SO R O 1A T2 A o o QO L
i BV AR AR 8L 90% R 4 1175 +10% DMSO, 3.5%
107 4~/L) , 96 FLANMIRE F=A AL A 100 pL 41
B, BT 37 °C, COIRBNECN 5%M K548
rhEE SR FRAE AP E ST DMSO H R
[l BEW I, ARG IS 96 FLAR A4 FL
fL 100 uL, [AIEHE ST BHPEXTRELH, I & 5 A FAT
fL; 96 FLANMEEFME T 37 °C, CO, REIECH
S%E R SRR PR FE 72 h I, BELINA 20 pL Bk
JEH 5 g/L W MTT i3, 4k2e8535 4 h, 5 LW
W, FALINA 150 uL DMSO %%, #EARHED 10 min
RAT, FHEE AR A 2 7R FE 490 nm Ak i W Y
(OD) . M= (1) IHHEHEMIHRE (P17 5
RS R ) -

e 1o, PEPERTHRZHODIH — 5246 4 OD/H
R = PR R OD I

SR 5 LAAS 20 T B T (0 45 Vi B2 T (R 4 ) 2%
PESPERNA, MFTAS 350 s -0 R A8 Ak &
Wy RT S g 248 L )~ BRIV BE (1Cs0 )

x100 (1)

2 #HR5WR

2.1 RIESH

BEREAL A IR LT RS, 3139~3445 em ' ol
N—H M4 RS IE 5 1760 ecm™' &b AR BR 1)
C=0 Wt ; YIRMREL L MBS, C=0 Wil
Z—NH, 5K sh, HBE 1670 cm!
BRI 5 1637~1642 cm ™' S C—C AYHRAE M 5 123 1~
1429 cm ™' O C—N iR s e, "HNMR 1, 6
7.22~9.59 KbPAIE A NH—JF T ; 66.98~8.62 AbIghy
HIR | C—H i 714 ; 94.85~5.87 4bI% Ny IPA FRAF
0 B —HC=CH, i 1§ ; HARH IPA BHAEHE |
(9 HA BT T-04 . PCNMR 1, §177.1~178.3 Abis I &
T C=0 ##; 0109.7~162.2 4LiEITJE T J4 3 K IPA
BRARZEAE EORR ARG s HAR ) TPA BRAE 2 FAYH
fufe . HRMS #igs %0, Hirfb & H[M+H]
o [M+Na] SCIE 5 BS EAH S o 25 8T, IESEr
A REEE YR BB o
22 REEHHEZE

A REEA N, R TPA AR 3 1 25 1A a7 BHL
B, MELLE e B ROV A BIMERE , PR IR A
MIBE R AR, RIETJehs TPA 528 3G 1 v i) 1A it
AE e kA AL R N, 1B BER A A . At
S BRI A & W (SOCL,) |« =S Ak
(POCly) . FLAAHE (PCls) FI(COC), %, SOCL, .,
POCI; il PCIs YEBEAL IR, 75 B2 AE 4 iR T [l
TSI, 2455k TPA F R SEA AL mg , R,
T RN S BRI (COCT), 1E M %4 TPA R 3
MmEAR . BRSSO, & HCLAE AR,
R TR IE T M, W AR HH
1 28R 77 A JCHLZERR 7] ( NaOH . Na,COs, NaHCOs5
K,COs 55 ) FIAMLEERRF] (MEiEf =) , I
PLEE R ) — AN T 5 A HLE ], 2 B ng Ak
AR R T, ARIT RN T, Rk A
LR = C Wi, S BB, Ze 3Bl TR
K, 7E DCM TR EEALE, 5 (COCI), 1 &L
SRR, HA 2-ZHEMLE 5 (COCL), 1Y 5 #
B o 2-ZFEWENE | 2-24 FEMLIE | 424 L 22 % Nk bk R
3-F BN by 76 DCM H B3 g R 25, i LLKE %
%, THF, I8 LR 458 T Ak 5 (COCI), £AE
GF IR R 5 4-28 56220 L obk ey 245 44 v i) £ BEL SR IR
S 3R N RIS AE [ 300 45 1 T 4B K S L[] 5] 4 b, 2
DR AR, I =288, [ 43.6%. 3-
GAHE-2-WE W) R PR G . WA g R — Mk e 5 ik HI
b= Pyt R F =@ e s ), IR T # 7
N, SN PRCRA AN EEAR,, =Rk Mg 147 3 AL
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H 32.0%. (2) PUiEiETEm R s L, BRI b, HiAx

23 mEERMEST

LI DMSO AR, SRA MTT &3 T Hisfe
AR Hep2 1 A375 IR RSMIHIVER, JF5
BEUR AR B W S5 T A T R S 2 ok HE 245 40 S8 A2 b A 7 L
X, MEAEE R 1,

# 1 ALE Y Wa~ 111Xk R 240 A 4 i 3 v

Table 1  Antitumor activities of compounds Il a~1li

ey ICs0/(umol/L)
Hep2 A375
Ma 54.19 60.89
Ib 22.24 54.36
Ic 67.56 56.34
Id 32.13 13.34
Me 86.54 5231
If 105.28 71.68
Mg 42.23 20.27
ITh 37.52 43.10
i 32.46 43.12
IPA >100 >100
9 5.13 106.71

ME1ATDAEN, BREGw I, Ha 84 H
A R 0 S 200 6 1% 434 B 0 o) 3% 1 38 L R AR
SEFAAFR MG MR, ULIAXT TPA R4 T 45 FE M LA
UCE TR R AT BARL G 5 IHM X IR 25
LRSBEE PER L, X Hep2 40 6 189 5 410 4 3% e
BINFEAZEE, WXt A375 4 Al {40 15 e 2
KFELRE, Ko, (kB Td fllg Xt A375 4
FIH W RIS SR, 1Cso 430N 13.34 Al
20.27 pmol/L, JoHZbGY 1d, A Hi@idit—P
SRBMCPT A375 MR A b
A9 b, Md., ThAIiXF Hep2 4 &os B
1) &4 R 3 GE ARG PR s kS a1 e Al Il g X Hep2
g, k& Ma~c, Me, ITh AIi X} A375 4
FLA v A5 B I 0 ) 20 B R GRS s AR S T E X 2
ol 00 S 40 A P 3 R G PR 5S . AHIF ST T A BRI
HARfb A P4 K05y 238 3 Hofl B3, 3
F LRGP S5 5, T AT AR — 25 % 2
MG, BB E A TPA 22 PR BE R S i
ST

3 #it
(1) ARSI RHAER, GlT 91

TR AR L &Y, JFEad FTIR,
'"HNMR . "*CNMR #1 TOF-MS 43 Hrfiiik .

H br Ak & 9 0 oo 06 1 35 = T R R AL & 4 5 it A
%2, EALS Y T1d X A375 20 A F 55 G40 1) 355 1k o Ky
2, ICso M 13.34 umol/L, A E NPT A375 i
YN e ¥E 5 1 S R AW o

(3) AT H bR T-45 8 h 42 PR 2 ALt
B, H2EA L IARBAT BRI, I LS5 AR X
B— JRERT i — 2 T AR AR A
SIARRN BRI, LAY T3 35 1 T A A S g A PR
YU IE T o
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