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Synthesis of Novel Caffeyl Triterpenic Esters and Their
Hepatic Protective Effect
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Abstract Four new caffeyl triterpenic esters were synthesized from natural caffeic acid, glycyrrhetinic acid and oleanolic

acid. The structures of all products were characterized by IR, "H NMR and HRMS techniques. The activities of the compounds

to protect liver was tested and compound 9¢ showed good hepatic protective effect.
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2,Y—2Z=CH=CH
3, Y—2Z= CH2CH2

HO
1

GA: R = CHg, R? = CO,H, X =C=0
OA: R' = CO,H, R? = CHj, X = CH,

ACOQ/Y\ z )’L 0

8a and 9a, R' = CH3, R? = CO,CH3, X =C=0, Y—Z =HC=CH;
8c and 9¢, R' = CH3, R? = CO,CHj, X =C=0, Y—Z = CH,CHy;

AcO

i

COOH

1l
—

AcO

AcO

: .Y\Z/comT

4,Y—Z=CH=CH
5,Y — Z = CH,CH,

6, R! = CH;, R? = CO,CH3, X =C=0
7, R' = CO,Et, R? = CHg, X = CH,

8band 9b, R' = CO,Et, R? = CHg, X = CH,, Y—Z = HC=CH
8dand 9d, R' = COEt, R? = CHy, X = CHp, Y—Z = CH,CH,

Reagents and conditions: (i) AcONa/Ac,0, reflux; (ii) Hy, 5% Pd/C, MeOH, r.t.; (iii) SOCI,, reflux; (iv) for GA, H,SO4/MeOH; for OA, EtBr,
KI/K,COg/acetone, reflux; (v) pyridine/CH,Cly, r.t.; (vi) MeONa/MeOH, r.t., and then resin H* form

Scheme 1

12 AR
1.2.1 =T BuA omeaE R (2) 694 A%

BunmERR 1 (18.01 g, 0.1 mol)i& 1 200 mL AR ET
I TE KBS BR4M(1.66 g, 0.02 mol), NFAENA 1 h, A3
FEWG, RIZEE TR RNEMN 2 L koKd, w5
BEbE 3 h. JRAWEMIE, FAOKEE=IR, TR E A
A 2012 (23.50 g, 72K 89%. H4 L SCHRAA D).

1.2.2 SAL= TEEA v B (3) 696 A%,

L&Y 2 (2.64 g, 10 mmol)i T 50 mL HIEEH, N
A 5%. Pd-C HEALF(0.10 g), LEE/T M i i
$F2h, TLC AT IR, 38 25 PA-C Ja S8 743 A
4k 3 (2.50 g, 7% 94%.). "H NMR (300 MHz, CDCl5)
d:2.28 (s, 3H, O=CCHj), 2.29 (s, 3H, O=CCHs), 2.68 (t,
J=17.8 Hz, 2H, CH,), 2.96 (t, J=7.8 Hz, 2H, CH,), 7.04
(s, 1H, ArH), 7.10 (s, 2H, ArH).

1.2.3  H 3 KB F B (6)49 4%

B HERIR(4.70 g, 10 mmol)iE T 50 mL HIEE,
TN 2 mL WRGRER, MAEIA 3 h. WHEIR =G, ¥R
AR 150 mL K, Amahide, & AR50
mL X 3), &IHAHUAE, Kk, KGR T8, ok
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VG A3 AE AR 61" 4.21 g, 77 87%. m.p. 256.0~
258.0 ‘C(CCHRIH: 254~258 C).
1.2.4 F3RBR TES(T)098 R

76 250 mL ¥ (3 R B R S U R (4.56 g, 10
mmol) % T T EI(120 mL)H, INABKEREN(5.53 g,
40 mmol). ALA(0.33 g, 2 mmol). W ZL%E(4.36 g, 40
mmol), INFRF N 4 h. AR FIRIE, B R N
A 200 mL 7K, $iRE, & HEACE(50 mL X 3), HHL
AHZKUE, Jo/K R BRAN T4, 93¢ He T 345 7] i 75 281 1 £ ] 44
T4 4,55 g FRER Q4% (H4 i 5 SCHRAT [RD).
1.2.5 1o 8 694 %,

3-0- SERAEMIEIE T 2 /0% B (8a): AL S
2 (1.6 g, 6 mmol)i&F 1-20 mL 4 WA, AnFAnli2 h.
P8 s 20 25 30 4 1) — GO RAS 281 — £ I AL 19t S 4 oA =
i AENDRY MK & P4k % T30 mLT 420 —
AH R, IALEH6 (0.96 g, 2 mmol). MEHE0.5 g, 6
mmol), FEHRHEFER N4 h SN IR YE 5 R
BV ME) D MG AT =3 1 1], A33-0- =4
P LW HE PG T VR R PR (8a) 1.12 g, P56 T72%. k3t
[H 44, m.p. 267.0~268.5 ‘C; "H NMR (300 MHz, CDCl5)
8: 7.60 (d, J=15.9 Hz, 1H, =CH), 7.40 (d, J=15.8 Hz,
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2H, ArH), 7.13~7.31 (m, 1H, ArH), 6.39 (d, J=15.9 Hz,
1H, =CH), 5.68 (s, 1H, H-12), 4.65 (dd, J=4.8, 11.4 Hz,
1H, H-3), 3.69 (s, 3H, O=COCHj3), 2.80~2.88 (m, 1H,
H-18), 2.39 (s, 1H, H-9), 2.31 (s, 3H, O=CCHj), 2.30 (s,
3H, 0=CCHj), 1.81~2.06 (m, 4H), 1.57~1.66 (m, 6H),
1.29~1.42 (m, 9H), 1.32 (s, 3H), 1.25 (s, 3H), 1.18 (s,
3H), 1.17 (s, 3H), 0.99 (s, 3H), 0.88 (s, 3H), 0.83 (s, 3H);
IR (KBr) v: 2935, 2864, 1770, 1723, 1630 cm .

3-0-Z S SE M MEBE ST IR L R (8b): Sib&)
8altl & M H, b &2 itk & WTHIE, 77 % 75%.
m.p. 206.0~208.0 ‘C; 'H NMR (300 MHz, CDCl;) §:
7.59 (d, J=15.9 Hz, 1H, =CH), 7.39 (d, J=15.8 Hz, 2H,
ArH), 7.22 (s, 1H, ArH), 6.38 (d, J=15.9 Hz, 1H, =CH),
5.29 (s, 1H, H-12), 4.63 (t, J=7.8 Hz, 1H, H-3), 4.00~
4.20 (m, 2H, O=COCH,), 2.87 (dd, J=4.5, 14.4 Hz, 1H,
H-18), 2.31 (s, 3H, O=CCHjs), 2.30 (s, 3H, O=CCH,),
1.80~1.88 (m, 2H), 1.51~1.67 (m, 10H), 1.30~1.46 (m,
2H), 1.16 ~1.30 (m, 4H), 123 (t, J=7.8 Hz, 3H,
CH,CH,), 1.13 (s, 3H), 0.96~1.10 (m, 2H), 0.92 (s, 3H),
0.91 (s, 3H), 0.90 (s, 3H), 0.83 (s, 3H), 0.79 (s, 3H), 0.73
(s, 3H); IR (KBr) v: 2935, 2852, 1769, 1728, 1654 cm .

3-O-Z A0 = LR HE W MERE T 55 K R FH R (8e): S5k
HW8alt & A H, LG Y3 A Wetilfs, =%
68%. m.p. 186.0~188.0 “C; '"H NMR (300 MHz, CDCls)
5:7.09 (s, 2H, ArH), 7.04 (s, 1H, ArH), 5.67 (s, 1H, H-12),
4.52 (dd, J=4.8, 11.4 Hz, 1H, H-3), 3.69 (s, 3H, O=
COCH,), 2.95 (t, J=7.8 Hz, 2H, CH,), 2.71~2.88 (m, 1H,
H-18), 2.63 (t, J=7.8 Hz, 2H, CH,), 2.35 (s, 1H, H-9),
228 (s, 2X3H, 2X0O=CCH;), 1.81~2.04 (m, 4H),
1.58~1.66 (m, 6H), 1.29~1.41 (m, 9H), 1.33 (s, 3H),
1.25 (s, 3H), 1.18 (s, 3H), 1.15 (s, 3H), 0.97 (s, 3H), 0.88
(s, 3H), 0.84 (s, 3H); IR (KBr) v: 2929, 2843, 1778, 1710,
1632 cm ..

3-0-FM0 = SR MEE ST O R L1 (8d): Ltk
HW8alti & E, AL GWIFLEWTHIE, EK
70%. m.p. 192.5~194.0 “C; '"H NMR (300 MHz, CDCls)
5:7.09 (s, 2H, ArH), 7.04 (s, 1H, ArH), 5.28 (s, 1H, H-12),
450 (t, J=7.8 Hz, 1H, H-3), 4.02~4.16 (m, 2H, O=
COCH,), 2.95 (t, J=7.8 Hz, 2H, CH,), 2.86 (dd, J=4.5,
14.4 Hz, 1H, H-18), 2.63 (t, J=7.8 Hz, 2H, CH,), 2.28 (s,
3H, O=CCHj,), 1.74~1.98 (m, 2H), 1.52~1.68 (m, 10H),
1.30~1.46 (m, 2H), 1.16~1.32 (m, 4H), 1.22 (t, J=7.8
Hz, 3H, CH,CHj), 1.15 (s, 3H), 0.94~1.12 (m, 2H), 0.93
(s, 3H), 0.91 (s, 3H), 0.89 (s, 3H), 0.83 (s, 3H), 0.78 (s,
3H), 0.72 (s, 3H); IR (KBr) v: 2947, 2866, 1776, 1727,
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1636 cm ™.
1.2.6 AL&4h 9 696
KRS S T RET, AL EY 8, =
BRSOV 0.5 h, TLC Al e Bk a2 BH &5+
A EDFE 2 h )5, JELANE, JEMIA T, FAE
SYEIVATNEE) @ (LR LHR)=3 1 1], Btk &EY 9.
3-O-WMMERE H 50 7R R T R (9a): e (i 1k, 7%
93%. m.p. 286.0~288.0 “C; 'H NMR (300 MHz, CDCl5)
8: 7.59 (d, J=15.9 Hz, 1H, =CH), 7.47 (s, 1H, ArH),
6.89 (m, 2H, ArH), 6.25 (d, J=15.9 Hz, IH, =CH), 5.75
(s, 1H, H-12), 4.71 (dd, J=4.5, 11.7 Hz, 1H, H-3), 3.73 (s,
3H, O=COCHa;), 2.76~2.89 (m, 1H, H-18), 2.49 (s, 1H,
H-9), 1.81~2.03 (m, 4H), 1.59~1.66 (m, 6H), 1.29~1.43
(m, 9H), 1.35 (s, 3H), 1.27 (s, 3H), 1.19 (s, 3H), 1.17 (s,
3H), 0.98 (s, 3H), 0.89 (s, 3H), 0.83 (s, 3H); IR (KBr) v:
3542, 3412, 3243, 2951, 2860, 1704, 1634 cm™'; HRMS
calcd for C4Hs504 [M—|—H]+: 647.3948, found 647.3942.
3-O-MNHEBE ST U IR L8 (9b): ¥R s Al 44, 7=
90%. m.p. 228.0~230.0 “C; 'H NMR (300 MHz, CDCl5)
d: 7.57 (d, J=15.9 Hz, 1H, =CH), 7.13 (s, 1H, ArH),
6.95~7.06 (m, 1H, ArH), 6.84~6.93 (m, 1H, ArH), 6.27
(d, J=15.9 Hz, 1H, =CH), 5.27 (s, 1H, H-12), 4.61 (t,
J=8.1 Hz, 1H, H-3), 4.00~4.18 (m, 2H, O=COCH,),
2.86 (dd, J=4.5, 14.4 Hz, 1H, H-18), 1.78~1.94 (m, 2H),
1.54~1.69 (m, 10H), 1.30~1.44 (m, 2H), 1.05~1.33 (m,
4H), 1.23 (t, J=7.8 Hz, 3H, CH,CHa), 1.13 (s, 3H), 0.94~
1.20 (m, 2H), 0.93 (s, 3H), 0.91 (s, 3H), 0.90 (s, 3H), 0.84
(s, 3H), 0.78 (s, 3H), 0.73 (s, 3H);. IR (KBr) v: 3542, 3393,
2947, 2873, 1706, 1632 cm™'; HRMS caled for CyHsoOg
[M+H]": 647.4312, found 647.4308.
3-O-ZAUMIHERE H 5K BR R (9¢e): Tl ik,
% 95%. m.p. 150.0~152.0 ‘C; 'H NMR (300 MHz,
CDCLy) 8: 6.76 (d, J=15.8 Hz, 2H, ArH), 6.63 (s, 1H,
ArH), 5.68 (s, 1H, H-12), 4.51 (dd, J=4.8, 11.2 Hz, 1H,
H-3), 3.69 (s, 3H, O=COCH;), 2.85 (t, J=7.8 Hz, 2H,
CH,), 2.70~2.85 (m, 1H, H-18), 2.58 (t, J=7.8 Hz, 2H,
CH,), 2.37 (s, 1H, H-9), 1.79~2.04 (m, 4H), 1.59~1.67
(m, 6H), 1.31~1.44 (m, 9H), 1.32 (s, 3H), 1.27 (s, 3H),
1.18 (s, 3H), 1.15 (s, 3H), 0.97 (s, 3H), 0.90 (s, 3H), 0.83
(s, 3H); IR (KBr) v: 3422, 2949, 2871, 1730, 1641 cm™';
HRMS calcd for C4Hs;0; [M+H]": 649.4104, found
649.4109.
3-O-AALWMMEBE S UL IR 2B (9d): e il g, 7=
% 91%. m.p. 202.0~203.0 ‘C; 'H NMR (300 MHz,
CDCLy) o: 6.61~6.80 (m, 3H, ArH), 5.27 (s, 1H, H-12),

Chin. J. Org. Chem. 2012, 32, 760~764
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449 (t, J=7.8 Hz, 1H, H-3), 4.00~4.18 (m, 2H, O=
COCH.,), 2.88 (dd, J=4.5, 14.4 Hz, 1H, H-18), 2.84 (t, J=
7.8 Hz, 2H, CH,), 2.58 (t, J=7.8 Hz, 2H, CH,), 1.76~
1.92 (m, 2H), 1.50~1.65 (m, 10H), 1.30~1.45 (m, 2H),
1.17~1.29 (m, 4H), 1.23 (t, J=7.8 Hz, 3H, CH,CH;),
1.12 (s, 3H), 0.97~1.09 (m, 2H), 0.93 (s, 3H), 0.92 (s,
3H), 0.91 (s, 3H), 0.83 (s, 3H), 0.79 (s, 3H), 0.74 (s, 3H);
IR (KBr) v: 3557, 3381, 3250, 2944, 2874, 1709, 1662
cm '; HRMS caled for CqHgqOs [M+H]": 649.4468,
found 649.4471.

1.3 {REFEMEMIK

SR B e SR 25 1 T B0 454 5 46 00k
1.3.1 #H#

e HEEPE BTN 160 L, AEE(2042) g, HH L
oh B 2R B B G R Bt S 50 B s B k. R Bl B
ML RE 0 114, BER 4 10 2, BB 41 (15
FO MERRZE (15 2 HELIRIRAL(15 ). S IRA
(15 F) WmHERR + H SR ERZL(15 H) MIERR + 55 35U
TRAL(15 H)\ 3-O-MNHERR H 5 X R H1 6 (9a, 15 2. 3-0-
IR S EURIR ZBE9b, 15 H). 3-0- &AM H &
IR EEZL(9e, 15 H). 3-0- ZAWNHER R IR L hE
9d, 15 R, /D RCTREET 12 h 286, 5 A BJok

WNMERR . HELRER . SRR ER TS 7 . 3-O-WinE
R H 5 KR G (9a), 3-O-WiHE R 55 510 1R 208 (9b),
3-0- A HERR H 5 X R TR (9¢), 3-0- SR 5%
BURIR C1E9d) B, 215 >99% (HPLC).

5% # IR 25 I (a-Naphthyl isothiocyanate, ANIT),
CP(fh2f4l), dbntim B EFA 411k T, NO 911209; %
W ZM(ALT, IU/L). 542 M§(AST, IU/L). HEFZIH
1 (DB, umol/L)~ & IH{ T R(BA, umol/L)- JX 2 % (BUN,
mmol/L). WLEF(CR, umol/L)Mll ik &, Do 2 /RS
AT DXC800 4= H s A4k /A4 & FHR A &

DXC800 4 [ 844 73 A (36 [l DL v & P2 2R 28
).

132 Fik

BRIEHAAN, e /NECRA ANIT %5158 S A4
G 14 mg/mL WEE, 7S5 1 d BL ANIT 70
mg/kg FIHLL 0.1 mL/20 g £ I E B, 90805 2, 3d
G3 R IHERR, SRR, R IR, IR + H R
YR, WINHEPR + 55 ORI, 3-O-Wi kR TR UK R
(9a), 3-O-WIHERR 5 R 2 B8 (9b), 3-O-—Z kR H
BRI R (9¢), 3-O- — A MNHERR 558U R £ 15 (9d) %
50 umol/kg LA 0.1 mL/20 g £ 1452y, Jp P IR 41K 1 2%
RFZEIRAK A 252, RIRE 2 24 (7 72 h)EAbst
WA AS LA U

AL 35 B Dy e b A W 2 IO 700 & 1 9 A B Lt
TR, SEEe a5 R WA 1 iR
2 #ZR51He
21 &

TR T R R SR (TR R R, B TS5 ORI
28~ JR AL A ) A7 BELASC R, SR T R M A 5 I R AL 1%
ANFE IS SR R AR AR, B ER R BRIR N, fE
WL AL N VR S 5 T R BR SO, LDl DU
WL &) 7.

FEMNMERS SRR AL SR At R, BT
W EERA A 6 AN T (IR 55 AR N IR0 42 7= 40 8 Ak 42
T, DAMAE AT (% 23 58 — AR 2 R, e S a4
o AT A S AT, B G 2 F0 3, (ATAL
AW 6 R T A RN, AMUBES THAEY 8 /=%, b
i 7y B FEfF Bfa 1. LAY 8 Ef b i FH AN
FA S 8 1 0 25 TR I, I N i g 28 8 A o
JiE, DAHR R R R RO R R L s, A E AR A 9
()57 B ARAR T B, A8 25 T 7K PEAC IO AR rhafy SR (1 AN b B2

R MGG E DI REIR bR LI ¢

Table 1 Laboratory index of serum liver and renal functions

wEY ALT AST DB BA BUN CR
Wi e 1153.36 1225.38 1248.50 204.57 49.20 28.07
HHIRER 1406.56 1053.13 1245.78 214.06 54.17 31.86
FIR R 1142.81 1280.47 941.44 203.56 50.69 30.62
WINHERR + H B R 911.41 972.53 1119.47 193.00 51.18 28.15
WA + S5 IR R 955.19 1097.20 967.13 196.44 60.94 33.82
9a 740.79 1074.86 653.80 224.25 60.60 38.17
9b 832.44 1133.21 878.84 196.42 57.79 30.82
9 726.00 840.35 645.65 224.60 59.55 26.33
9d 993.27 1011.60 1091.71 357.53 57.27 29.73
Rt 926.63 1196.50 1116.33 364.67 86.22 36.00
1B 41.00 132.86 38.00 5.57 85.71 15.67

CALT(R AN AST(A R N) . DB(HEMNL R). BAGHITER)Y A SO T4 B 43 ¥ Fads, 10 BUN(RZEZ) A CROVUE) A [ W 1 B BE I FR 5.
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WML FFF EhREFabR WA 1.tk ot vl LA
LG 9¢ L2/ S TR bR B AR L A
W 5%, T Lz AE A ) B AT PR (1 N g, AR 5
e i) AR T (CELRR ML 20 R CR, (Rl 6  De
AT ORI EH].

3 &g

i EpE, RMZEGRY T Bitl 5 XRS50 IR,
K Wim e 9 R R A IR )N B H S KR AN SR R
() 3-frpdk b, DU RBCR G HL T 4 D RIRAGINHER |
SRR B H B R R NI SRR A L R AL 54, %)
A UYRETENE o, a9 TRIITLhRE MR R fe
Uf, A7 R B (A Ny, A% 5 M) AR B (LR AL
FOMPRCEZCR, (Al Zhae oAy frdm 4 1.
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