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Design, synthesis and anti-inflammatory evaluation of CDDO-Me ester pro-
drugs
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!State Key Laboratory of National Medicine, Nanjing 210009;° Jiangsu Key Laboratory of Drug Discovery for Metabolic Diseases, Nan-
jing 210009;° College of Pharmacy and Chemistry & Chemical Engineering, Taizhou University, Taizhou 225300; * Department of Phar-
macology, China Pharmaceutical University, Nanjing 210009, China

Abstract  In order to search for new anti-inflammatory agents with strong activity and less toxicity relative to
CDDO-Me, the ester prodrugs 2-8 of CDDO-Me were synthesized by treatment of oleanolic acid (OA) with DMF/
K,CO; to generate 1, followed by esterification of 1 with various aliphatic and aromatic carboxylic acids, respec-
tively. All the target compounds showed strong inhibitory effects on LPS-induced NO production in RAW 264. 7
cells. Among them, compounds 2 and 7 possessed the most potent inhibitory effects with ICy, = (2.34 0. 67)
and (3.83 £0.97) nmol/L, respectively. Moreover, MTT assay indicated that all the target compounds (2-8) dis-
played much weaker anti-proliferative activity against RAW 264. 7 cell lines than CDDO-Me, suggesting that they
may be less toxic than CDDO-Me.
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o, B- AR JE TV 236 PR IR My Ak 4 5
JS/ NI R 25 R, AT LA Rt v R A2 A S TR N
R R o1 5 FEAZ A S AT (> I =R ke i )
L) S I, T8 3 LA A5, 9E T AR
NZAF T, SR 2 A A SO R
TR TR

TERIR I IR =ML FIA o, B-A A
B AT, L 9 AT o 980 05 0 T 8 R AR Y
Honda %5° X3 R R (OA) 14 #y AT RCE , 45
BT a A REER o, BRI AL 5 ) CDDO-
Me , HAM ] v P8 25 5/ B W 40 i A= il — 4R
LR (NO) HYTEPELL OA 58 40 Ji i, BAT 3 193

COR

7 E R

% H CDDO OH
CDDO-Me OMe
CDDO-Im imidazole

R HIG %/ CDDO [ 28 £ R KLk AT
ZEFg A, S B T T ( CDDO-Me ) | R Mt Ik e
(CDDO-Im) Fl —fif 3 ( Di-CDDO ) 4l il NO A= i
7 1 H CDDO W5, AUREIA L DDQ 4 G119
C-O JIEUBIR & L T 24 Fg ) CDDO TR, A Bt
HAL AP CDDO-Me #1254

IR CDDO-Me HA AR AT 2 I 1, (HALAF
TEAS KRR AR ) J8 T, 2 je 3 A 2 iR T
w245 AT R A SR (T2 ) DLk 31 R A1
BEPERTH A I, ABFFEXT CDDO-Me (1 A 36 |
o, B- BB AT 1, il % T CDDO-Me Ji5 2 fif
2, A AR R PR AR R TER MR 25

Di-CDDO CDDO-Lactone

Figure 1 Structures of 2-cyano-3,12-dioxooleana-1,9(11) -dien-28-oic acid ( CDDO) derivatives

1 EMEEE

ZIRSCHR 8 1, B OA JJ5URE, 73 5l & C28-
COOH HIfiifL . C3-OH Z Btk . C-12 fii % fL ., C-11
FEREUC-TH BR L C-3 7 £ 5 /K fif  C3-OH %4k |
C2 PRI SRR SN, T3, DDQ Ak

R

2 -CH,

Scheme 1  Synthesis of the target compounds 2-8

3 -C,H;

O

iS55 10 2 il #5465 4 CDDO-Me,, CDDO-
Me 7£ DMF/K,CO, 548 F433] 1,4 inmliy 1, 2
C3-OH 435 5 e P  H e 50 LA B AR
AR S S5 B B 59 2 ~ 855 %k
Mgk 1 fron. Hisfb &Y r 451 ¥ 4 MS,
"H NMR %" C NMR HfiiF .

R

NO,

R
O,N
NO,
" O
6

Reagents and conditions: (a) K,CO;,DMF,10 h;(b) RCOCL,Et;N,dry CH,Cl, ,r. t. ,5 min

2 KEES

2.1 # #
o R RY -1 1 5 SONE CIRLBE AR RS IE) 5 T

it % F] Hewlett-Packard 1100 LC/MSD [ ji% 1% i
SE ARG AR 03 R ] Bruker ACF-300 7 Jt 4R
52 (CDCLy S350, TMS 9 AR o S 56 i Hi
TR Ry B A 2 o A 20, B R B A, A



55 4T 2555 6 1]

2,4 CDDO-Me JRIRESHIZT 1 B A %A 4615 1 663

Y OBLINC R
2.2 AREE

1-F 3K -2- UK -36- LB AR -12- A F 3R -
2(3),9(11)-=}r-28-% 8 P& (2) ¥ CDDO-Me
(100 mg,0.2 mmol ) il K,CO, (41 mg,0.3 mmol) }&
T DMF 5 mL & iR $64E 10 b, pKigs i i & it
FA(10 mg,0.3 mmol) , HiiHf 5 min, R ZLTE VKA 5%
N 1 mol/L i #h 2 v F j WK, &R & i
(30 mL) Z<HL, A HLJZ H L Fl NaHCO, 7K 755 Fi i
F1 NaCl 7K 5 A$ UE T 3 WK, JOK B IR B T4, i
U8 VB Ve AF DR R AT 1 AR 1 A 2
(45 mg,43% ), mp:215 ~218 °C ;' H NMR (300
MHz,CDCL,) §:5.84(1H,s,11-CH) ,4.53(1H,s,
1-CH) ,3.69(3H,s,28-COOCH, ) ,3.05(1H,m, 13-
CH),2.95(1H,d,J =4.62 Hz,14-CH) ,2. 31 (3H,
s,3-COCH,),2.18 (1H, m),2.05(1H, m),1.93
(1H,m),1.90(1H,m),1.68(5H, m),1.60(2H,
m),1.51 (3H, m),1.33(2H,s),1.28 (2H,s),
1.27,1.25,1.19,1.06,1.00,0.99,0.89 (s, each
3H);"”C NMR (75 MHz, CDCl,) §:198.9,178.6,
172.9,171.4,168.0, 124.4,115.7,101.6, 71. 4,
51.3,49.4,49.1,46.8,45.0,44.4,42.0, 40. 8,
39.5,35.4,34.0,32.8,32.3,32.2,31.7,30.9,30. 8,
30.1,30.8,29.9,28.8,27.7,27.3,27.1,25.9,22.6,
22.2,20.5,19.1,17. 8;ESI-MS;566.2[ M +H] * |

1-#42-§ 2 -38-7 B A A -12- B4R F 5 R K-
2(3),9(11)-=}-28- %M V&5 (3) ZSMWLEY2
M 45772, 1 CDDO-Me (100 mg,0. 2 mmol ) | PN i
(30 mg,0.3 mmol) . K,CO, (41 mg,0.3 mmol)
5 E AR 3(56 mg,51% ), mp:220 ~223 C;
"H NMR (300 MHz,CDCl,) §:5.82(1H,s,11-CH) ,
4.52(1H,s,1-CH), 3.68 (3H, s, 28-COOCH, ) ,
3.03(1H,m,13-CH) ,2.94(1H,d,J =4.50 Hz,14-
CH),2.58(2H,m,3-COCH,),2.05(1H, m),1.93
(1H,m),1.84(1H,m),1.80(1H, m),1.73 (6H,
m),1.59(1H,m),1.53(1H,m),1.27,1.26,1. 25,
1.19,1.06 (s, each 3H) ,0.99 (6H,s),0.89 (3H,
s);” C NMR (75 MHz, CDCl,) §:198.8,177.7,
172.2,170.4,168.0, 124.4,115.7,101.6, 71. 4,
51.3,49.4,49.1,46.8,45.0,44.4,42.0, 40.8,
39.5,35.4,34.0,32.8,32.3,32.2,31.0, 30.4,
30.3,30.1,30.0,29.2,28.8,28.6,27.7,27.3,

27.1,25.9,22.6,22.2,20.5,19.1,17. 8 ; ESI-MS .
651[M +Na] *

1-72 R 2-FUR-38-0K F BEJR-12- A F 4t R -
2(3),9(11)-=%-28-A B T &5 (4) ZSMALGW 2
A7, i CDDO-Me (100 mg,0. 2 mmol ) 7 H
k& (64 mg,0. 4 mmol ) \K,CO, (41 mg,0. 3 mmol)
58 [F R 4(58 mg,49% ), mp:248 ~250 C;
"H NMR (300 MHz,CDCl,) §:8.12(2H,d,J =7.17
Hz,Ar-H),7.65 (1H,t,J =7.44 Hz, Ar-H) ,7.50
(2H,t,J =7.83 Hz, Ar-H),5.91 (1H,s,11-CH) ,
4.61 (1H,s, 1-CH), 3.69 (3H, s, 28-COOCH, ) ,
3.04(1H,m,13-CH) ,2.96 (1H,d,J =4. 50 Hz,14-
CH),2.18(1H,m),2.05(1H, m),1.90(1H,m),
1.85(1H,m),1.68 (5H, m),1.60 (2H, m), 1. 51
(3H,m),1.33(2H,s),1.28 (2H,s),1.34,1.30,
1.25,1.09,1.06,0.99,0. 89(s,each 3H) ;”C NMR
(75 MHz, CDCl,) §:199.4,178.2,172.9,168.3,
163.1,134.2,130.4,128.8,128.1,125.0,116.2,
102.8,72.1,51.3,49.3,46.8,44.9,44.1,42. 1,
41.5,39.8,35.5,34.0,32.8,32.3,31.0,30.2,27. 8,
27.2,23.4,23.1,22.6,22.2,20.5,19.1,17. 8; ESI-
MS.628[M +H] ",

1-5# K 2-FA38-(2-FF A K F AL AL ) -12-5
AR FEBEIR2(3),9(11)-=4F-28-% 8 FES(5)
Z LAY 2 W4 775, i CDDO-Me (100 mg,
0.2 mmol) . 2-fi§ £ 7K H Bt & (74 mg,0.4 mmol) .
K,CO, (41 mg,0. 3 mmol ) 45 1 &, [E & 5 (67 mg,
51% ), mp: 246 ~ 246 °C;'H NMR (300 MHz,
CDCl,) §:7.79(2H,d, J =7.53 Hz, Ar-H) ,7.71
(1H,m, Ar-H) ,7.36 (1H,t,J =7.65 Hz, Ar-H) ,
5.87(1H,s, 11-CH),4.59 (1H, s, 1-CH) , 3. 69
(3H,s,28-COOCH, ) ,3.04 (1H, m, 13-CH) ,2. 95
(1H,d,J =4.50 Hz,14-CH) ,2.92(d,J =4. 65 Hz,
1H),2.31(3H,s),2.17(1H,s),2.04 (1H, m) ,
1.88(2H,m),1.71 (3H, m),1.62(5H, m), 1.50
(2H,m),1.41(2H,m),1.33(2H,s),1.31,1.29,
1.27,1.20,1.08,0.99,0. 89(s,each 3H) ;" C NMR
(75 MHz, CDCl,) 6:177.7,172.3,168.5,161.8,
146.9,133.3,131.9,130. 1,128.3,126.0, 124. 5,
123.6,115.6,102.1,71.5,67.7,51.4.49.5,46.8
45.0,44.5,42.0,40.0, 35.4,34.0, 32.8, 32.3,
31.0,30.2,30.0,29.2,27.7,27.0,23.4,23.2,
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22.6,22.1,21.2,18.3,17.6;673.3[M+H] *

1-5 K -2-FK3B-(3-75 AR K W BE AL ) -12-5
AR FHEIE2(3),9(11)-=F-28-% 8 FE(6)
ZRLEY 2 Wl %, B CDDO-Me (100 mg,
0.2 mmol) 3-fif§ 5 7 H 44 (74 mg, 0.4 mmol ) |
K,CO, (41 mg,0.3 mmol ) il 15 [ . [5 1A 6 (71 mg,
53% ), mp: 247 ~ 249 °C;'H NMR (300 MHz,
CDCL,) 6:8.94(1H,s,Ar-H) ,8.53(1H,d,J =8.25
Hz,Ar-H),8.46 (1H,d, J = 8.25 Hz, Ar-H) ,7.76
(1H,t,J=7.95 Hz, Ar-H),5.89 (1H, s, 11-CH)
4.62(1H,s,1-CH) ,3.75(3H,s,28-COOCH, ) ,3.06
(1H,m,13-CH),2.98 (1H,d,J =4.50 Hz,14-CH) ,
2.16(1H,s),2.05(2H,s),1.89(2H, m),1. 70 (6H,
m),1.55(2H,s),1.49(2H, m),1.35,1.33,1.31,
1.29,1.10, 1.00, 0.91 (s, each 3H); "C NMR(75
MHz,CDCl, ) §:198.8,177.7,172.1,167.6,160.7,
148.0, 135.4, 129.7, 129.3, 128.1, 124.7, 124. 4,
115.3,102.6, 71.5, 51.4, 49.5, 46.8,45. 1, 44.5,
42.0,40.9,39.8,35.4,34.0,32.8,32.3,31.0,30. 2,
30.0,29.2,27.7,27.4,23.3,23.2,22.6,22.1,21.2,
20.5,18.9,17.7,13.7;673.3[M+H] *,

1-5 K -2-FAR3B-(4-75 I K W BE AL ) -12-5
R FBEI2(3),9(11)-— M 28-% 8 F & (7)
ZHLEY 2 Wl 7%, i CDDO-Me (100 mg,
0.2 mmol )  Xf-fil§ A k46 (74 mg,0. 4 mmol ) |
K,CO, (41 mg,0.3 mmol) il 15 1 & [& 4 7 (51 mg,
43% ), mp; 252 ~ 254 °C;'H NMR (300 MHz,
CDCL,) §:8.34(4H,q,J =9.48 Hz, Ar-H) ,5.92
(1H,s,11-CH) ,4.63(1H,s,1-CH) ,3.71 (3H, s,
28-COOCH,) ,3.26(s,1H),3.06(1H, m,13-CH) ,
2.98(1H,d,J =4.50 Hz,14-CH),2.17(1H, m),
1.89(2H,m),1.73(6H,m),1.52(5H, m),1.35,
1.32,1.26,1.01,1.09,1.00,0.90 (s, each 3H);
“C NMR(75 MHz, CDCl,,) §&: 198.9, 177.7,
172.0,167.5,160.9,150.7,132.9,131.0, 124. 5,
123.4,115.4,102.8,71.5,51.4,49.5,46.8,45. 1,
44.5,42.0,40.9,39.8,35.4,34.0,32.8,32.3,
31.0,30.2,30.0,29.2,27.7,27.4,23.3,23.2,22.6,
22.1,21.2,20.5,18.9,17.7,13.7;695[ M +Na] *

1-# 3 -2-FIK-36-(4-F A AR FBLAL ) -12-5
AR FHREIE2(3),9(11)-=4-28-% 82 P B (8)
ZIALG Y 2 1% )7 %, i CDDO-Me (100 mg,

0.2 mmol) X}-F 4 FEIRKF L5 (68 mg,0.4 mmol) |
K,CO, (41 mg,0.3 mmol) il 5 5 {4 [# 14 8 (78 mg,
65% ), mp: 258 ~ 260 °C;'H NMR (300 MHz,
CDCl;) &6:8.08(2H,d,J =8.88 Hz, Ar-H) ,6.98
(2H,d,J =8.88 Hz,Ar-H),5.98 (1H,s,11-CH),
4.60 (1H, s, 1-CH),4.12 (3H, s,-OCH; ), 3.90
(3H,s,28-COOCH,),3.06 (1H, m, 13-CH) ,2.97
(1H,d,J =4.50 Hz,14-CH),2.17(1H, m),1. 89
(2H,m),1.77(8H, m),1.56 (4H, m) (m,5H),
1.33,1.30,1.26,1.10,1.06,1.00, 0.91 (s, each
3H);"”C NMR (300 MHz,CDCl,) §:198.7,177.7,
172.3,168.1,163.9,162.2,132.1,124.4,119.8,
115.7,113.6,102.0,71.7,51.4,49.5,46.8,45. 1,
44.5,42.0,40.9, 39.8, 35.4,34.0, 32.8, 32.3,
31.0,30.2,30.0,29.2,27.7,27.4,23.3,23.2,
22.6,22.1,21.2,18.9,17.7;658.3[M+H] ",

3 MREELE

Fa LA LPS 55/ NR B W41 i RAW 264. 7 (1)
RAEBERY, M 2 A5 P NO i) 5, Jf A
FHIE 1C5o o 3 32 I 22 27 300k 5 1 45 Wk B2 1) NO 417
il DAL A Y2 MR B H] NO & &4
(14 1C 5o 28 S AR ST AR 5 1 o

BO B KA RAW 264. 7 40, B 56 42 5%
FE ) BB AT B TR, A B R T 3 x 107
A, Bl 100 L B2 R0 96 LAk T, FREFRAH N &
MG SR 24 ho WFE BIEW, BEALIA A S B
N 25 15 35 3 (B 10% J5 4 135, 1% W4T
180 WL, 75 [ X HE 21 R AR AR 4 1 fin 56 42 15 97 3k
B3 AL, A S 2 LR E 2 he
Sas OO BRAL AL, AL A 58 42 85 57 676 B
[ LPS, i HAA YK 2 2 100 ng/mlL, K¢ LPS 5 21 Jifg
JEFEMFE 24 ho 24 h JFE R3S 50 pL, Je )5 n
A Griess I T A1 145 50 wL, FH 429 K g bR 1Y
AR FLAE 540 nm N ISR, 4% N R A X R AL
B4 e BE L% LPS 35 5/ BUE WE 41 e RAW
264. 7 74 NO By R, B i it A X HEAR I &
VA T 4100 7] 30 R M 9 52 O3 i AR A SPSS B
A S YA NO A1 1C,, .

Hirfb &9 2 ~8 KXt 24 CDDO-Me 11 1C,,
W1,
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Table 1 ICs, values of CDDO-Me ester prodrugs against NO produc-

tion (x £s,n=3)

IC5y/ (nmol/L)
2.34 +0. 67
9.68 +0.85" "~

19.25+1.32***
6.69+1.01"""

12.68 £1.22°*"
3.83+0.97""

21.19+1.33 %"

CDDO-Me 6.87 =1.17
**P<0.01," " *P<0.001 vs CDDO-Me group

Compd.

X N AR W N

AN, R MTT 85, 340 T HAnb 59 2 ~ 8
DI K CDDO-Me XiJ 5 W5 40 it () 384 5 410 o 7 A, H:
IC, 32,

Table 2 Anti-proliferative effects of CDDO-Me ester prodrugs (x s,
n=3)

1Csy/ ( wmol/L)
911167 %"
.90 +£0.96"
.25 +1.01

.93 £0.45

.91 +£0.89" "~
.52 +0.38
16.04 £1.69" "~
CDDO-Me 0.63 +0.23

*P<0.05,"" " P<0.001 vss CDDO-Me group

Compd.

R N & AW
N SR

4 HRSHR

M1 s, HAMEAY) 2 ~8 FEGNEE JRK -1
TEINH] LPS i A9 AN NO A, Hor 2 117
(A G MR 3R [ 1C,, = (2.34 £0.67) nmol/L,
ICy, = (3.83 £0.97) nmol/L],5 CDDO-Me $134,
IEAh, 1 MTT 33540 T BAsE S 9 Fl CDDO-Me Xof
EEANA RAW 264. 7 [ 38 G840 il 4E T, e AT
Xt I 200 ) 348 410 i 4 F 241K F CDDO-Me, 42
A BN T CDDO-Me, BHARE G W) 2 ~8 FE4N
K V-2 T 5 CDDO-Me 8 Y4 (4t & 3 M , 4
DCEEAE A TE 1A P RT REE IR K A 2L A4 1,
akimi &R 1, 4B, B — 2 F H,0, A iR 2

CDDO-Me, KA HBTR 1 o

VIR Z o Hr R W] (1) €3 f HUFREE S
RIS E P RIS VA I, R AR DR
BRI TEPEOE T 07 A U AR IRIR (2,3 >4) 5 (2) %
PR OEA W T O F RIS PR T3 1 2
AR HARYI (7 >8) 5 (3) LT 9 i ZEAE AR IR AN
(e o7 IO QR T  A7 E 22 55, X o BTG 1 e
SRR Z BN (T >5 >6) o ASPRAA IEFEXS
a2 AT E— 2058, LUK BB 16 P B 5t |
/N A o

£ % x
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