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EMHATERAE TG, ER ABPBERTEDETRENTRE TS, LF 0o T34 % 685 R E N MICHEY
6.3 wmol/L, 1t &4 8 Faqb A4 9 Xt Bk # 43R W B9 MIC 14 2 5] % 12.5 pmol/L #2 6.3 umol/L, 1444 11 3¢ 55 A Ak ty MIC
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Synthesis and Antibacterial Evaluation of Ursolic Acid Derivatives
MENG Yingcai, ZHAN Jihua, XIAO Shuiping, TAN Yang, LIAO Meifang, ZHANG Yulin, LI Ling*, PEl Gang*
(Pharmacy School, Hunan University of Chinese Medicine, Changsha, Hunan 410208, China)

(Abstract] Objective To synthesize ursolic acid (UA) derivatives and investigate its antibacterial activities. Methods UA (1)
as the starting material, UA derivatives (2-13) were modified by functional groups in ring A and its antibacterial activities

were evaluated by Escherichia coli  (E. coli), Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus aureus (S. aureus),
Staphylococcus epidermidis (S. epidermidis), Micrococcus luteus (M. luteus) and Bacillus subtilis (B. subtilis). Results Most of
UA derivatives displayed potent antibacterial activity, such as compound 7 against S. aureus with MIC of 6.3 pM, compound
8 and 9 against M. luteus with MICs of 12.5 pM and 6.3 pM, respectively, compound 11 against six bacteria strains with a
same MIC of 3.1 pM, and compound 12 against E. coli, P. aeruginosa, S. aureus and S. epidermidis, with a same MIC of
3.1 pM. Conclusion All of the derivatives showed stronger antibacteral activities than UA in vitro, especially, when an epoxy
or unsaturated moiety was introduced in ring A. It may be used for the future research on antibacterial agents from
UA derivatives.
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Fras iR 4R s pT i 1 o 36 SCRRGE , UA BE4%
AT LASEA T 8540 03 (R A C=3 i .C-12 i Al
C-28 (9T A P10 UA F=AETG PR 2200, 1R 2
W KB, 76 UA 1 A 35 LI A 2 060 , n] LA4R
e HBT R TR, ABETE R H AR UA /9 A 5] A
XUBE e MRS S A5 S AT, 45 B 12 1 UA iAW), il

R OGS T B0 AT a5 M e IE , IR0 KA
TR ] 2 152 P 7 ok 7P o 22 [ 9P 44 T D < 0 A 2
BRERT 2 B ] I BR A | TR B TR TR MRS e A BRI DY ol
22 [CPHYE RN UA AW AT U s PR PR, B9
SERXTLL UA Ry de A& Wb AT BT 25 W) ok 42
(LT ATIERL . UA RTZE A& 2, WIA 1,

ﬁ‘ COOBR |:5€02:A0H
= 2 KOH,EtOH,H,0

Jones reagent,acetone
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1(UA)

Bl BRRBITEMHSHREKE

1 RWHE

L1 A 515

X—4 5 s (AL 5t %8 s AR A BR 2 | ) i BE 3
RALIE ;TR-Affinity—1 £ZLAMEIEAL (H A S HA A ;
Bruker—400M/600M i 3 # G e i 4 (3¢ E Bruker
73wl ) ;Agilent 6540 UHD Q-TOF JE %L (£ H
Agilent 7 ] ) ; Autopol TV-T JEYGAL (32 FH 18 KA
i) ; ELx800 il (& Biotek 23 7)) ; AL-204 #Y
L3 RV (BRI R 2 AR A FD )

UA (5 550 50 98% , 05 22 07 J5 HE W B4 A BR 2
A ) ANV AR (Ciprofloxacin, Ci)  F1 3k 41 4 &

(Cephradine, Ce) (Sigma A F] ) ; R 17 15 77 3 (Jb 0 B
TR AR W BOARAT BR 7] ) 3 e 3R] 22 D i B e A 4
KIGFFH ATCC 25922 LR AP ATCC 27853,
SO R ERE ATCC 29213, £ HBRE ATCC
12228, T BRI CMCC (B) 28001 HlAk & AT i
ATCC 6633 Hi it R 12 25 K2 e~ B d 4t
1.2 k&Y 2-13 A A%
1.2.1 &Y 2-4 G MS DL UA B Rk, R AR
IR R G 2, 155 F LRI EE A 20 A9
3, 5 BRI O AR 2 A 4,

60 2, 1R AR B A 0% .95.2%, mp:
178~180 °C; IR (KBr) o: 3 520, 2 978, 2 929, 1
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712, 1 458, 1 373, 725, 690 em™; 'H-NMR (400
MHz, CDCly 3:733 (m, 5H, Ar-H), 523 (t, 1H, H-12),
512 (d, 1H, J=125 Hz Bn-H), 499 (d, 1H, /=125 Hz,
Bn-H,), 228(d, 1H, J=113 Hz, H-18), 094(d, 3H, J=59
Hz, CHy, 086(d, 3H, /=64 Hz CH,, 1.07~064(s, 15H,
5xCHy; ESI-MS m/: 5474 [M+HF,

&P 3, AasRaEk, 1% .89.0%, m
133~135 °C; IR (KBr) o:2 970, 2 929, 1 726,
1454, 1 350, 1 172, 912, 875, 752, 696 cm™; 'H-
NMR (400 MHz, CDCly) 8:7.33 (m, 5H, Ar-H),
5.23(t, 1H, H-12), 5.12(d, 1H, J=12.5 Hz, Bn-H),
4.99(d, 1H, J=12.5 Hz, Bn-H,), 3.01(s, 3H, CH,S),
2.28 (d, 1H, J=11.3 Hz, H-18), 0.94 (d, 3H, J=6.8
Hz, CHs), 0.84(d, 3H, J=5.4 Hz, CHj), 1.06~0.63(s,
15 H, 5xCH;); ESI-MS m/z: 625.4 [M+H]",

G 4, AT E T A IR .88.2%, mp
104~106 °C; IR (KBr) ¢:2928, 2868, 1726, 1458,
1373, 1227, 1143, 889, 743, 696 c¢m™; 'H-NMR
(400 MHz, CDCly) 8:7.34 (m, 5H, Ar-H), 5.28(t,
1H, H-12), 5.12(d, 1H, J=12.5 Hz, Bn-H,), 4.99(d,
1H, J=12.5 Hz, Bn-H)), 2.29 (d, 1H, J=11.2 Hz,
H-18), 0.94(d, 3H, J=6.0 Hz, CHy), 0.87(d, 3H, J=
6.4 Hz, CHj), 1.08~0.68 (s, 15H, 5xCH;) ; ESI-
MS m/z: 529.4 [M+HJ",

122 &Y S WA TRIREBESMA 320 ¢
(606 mmol)fL&4 4,134 g (1212 mmol)Se0,,73 mL
AcOH, I EIFE R 2 h, SEE8)E , A =%, N
ARV AL BRIV, T 2R T8 A5 B, 7 HIL)Z FH B TR
SRR TR VR 2 M, oK NaoSO, T vk 4 T 191 i
Feih  imA 0.68 g(12.12 mmol )KOH,73 mL EtOH,
7.3 mL HO, BiPEHE , B 1 h, 5 AR
AN, FH R SR A B, A HLZ K Bk & v
£, Jo7K Na,SO, T4, e . PRtk AT Z A (IR C
Bi— MR TR, 28: 1) 43 B 51 5, 1 60k AR [ 14
145 &, 7% 43.9%, mp:156~158 Cia], +121.3 (c
0.239, CHCly); 'H-NMR (400 MHz, CDCL) &.7.34
(m, 5H, Ar-H), 5.75(dd, 1H, H-2), 5.53(d, 1H, J=
9.9 Hz, H-3), 527 (i, 1H, H-12), 5.12 (d, 1H, J=
12.5 Hz, Bn-H)), 5.00 (d, 1H, J=12.5 Hz, Bn-H,),
3.56 (d, 1H, J=5.7 Hz, H-1), 2.30 (d, 1H, J=11.2

Hz, H-18), 0.94 (d, 3H, J=6.0 Hz, CH), 0.87(d,
3H, J=6.6 Hz, CH), 1.13~0.70 (s, 15 H, 5xCHy);
ESI-MS m/z: 545.4 [M+H]",

123 E&We G TRERUEEM T MA 1.20 ¢
(2.20 mmol) k&% 5,22 mL CH.CL, i #74 fi# , 47
Lz H M A 0.57 ¢(3.30 mmol )MCPBA, JZ )i 12 h,
BEI e MATREA 110 mL, B PEE 76 0 C4
7R A0 1.03 mL(2.75 mmol) Bk 5], )i 4 h
(TLC M [ 24 550 o 52525, 1 mol/L. NaOH 7K
VORI pH Z e URBR 2R H R G R A
B A B2 TR A AR BV U, oK NapSO, T4 ¥k
4, P RE AR E M R E b~ R TR, 55:2) 15 31
&Y 6, AR E &K 640 mg, 7= 52.3%, mp:

159~160 Cifa] . +52.8 (¢ 0.284, CHCly): 'H-NMR
(400 MHz, CDCL) §:7.33 (m, 5H, Ar-H), 527,
1H, H-12), 5.12(d, 1H, J=12.4 Hz, Bn-H,), 4.99(d,
IH, J=12.4 Hz, Bn-H,), 3.25(d, 1H, J=3.2 Hz, H-
2), 3.12(d, 1H, J=3.2 Hz, H-3), 2.29(d, 1H, J=11.4
Hz, H-18), 0.94 (d, 3H, J=5.8 Hz CH,), 0.88(d,
3H, J=6.4 Hz, CH,), 1.16~0.66 (s, 15 H, SxCH.);
ESI-MS m/z: 559.3 [M+H]",

124 fEWTHESR TR T HIASO mg
(0.90 mmol)fLA& % 6,22 mL. THF,100 mg [ 10%
Pd-C, fit $8 Tl A S, RO 24 h, b i 0 B 25
A P R A E AT (R bE- 2R O 1R, 23-2) 15

FMEEY T, AR ARER 407 mg, 77%96.7%, mp:
165~166 Cial, +76.9 (¢ 0.208, CHCly: IR(KBr) o :2
970, 2 927, 2 866, 1 722, 1 693, 1 458, 1 381,
1 280, 1 033 cm™; '"H-NMR (400 MHz, CDCly) &
5.25 (br, 1H, H-12), 3.24 (d, 1H, J=3.2 Hz, H-2),
3.11 (d, 1H, J=3.2 Hz, H-3), 2.19 (d, 1H, J=12.3
Hz, H-18), 0.93 (d, 3H, J=6.0 Hz, CH,), 0.87(d,
3H, J=6.3 Hz, CHy), 1.15~0.79 (s, 15 H, 5xCH,);
ESI-MS m/z: 469.3 [M+HJ",

125 fEW8 M9 MER TRIRKEM T A
350 mg (0.75 mmol) fb&%) 7,75 mL THF,7.5 mL
) 30% H,SO,, IFATEHE 24 h(TLC Wi 52 B 28 45)
SEEEJE, A1 mol/L. NaOH 7K AT pH 2=,
U R 5V R SR LT AR B, A HL)Z i AN Ak
BNVEEE , JOK NaSO, T4 Ve 4i . P AT 2 B (B
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Chi-Z R OB, 8 ) AF LG 8, 11k AR [ 4
155 mg, 7% 42.7% mp:190~191 Csla] . +792 (¢
0202, MeOH); 'H-NMR (600 MHz, methanol—d,) &:
5.26(br, 'H, H-12), 4.61(d, 1H, J=10.2 Hz, H-2),
2.97 (d, 1H, J=10.2 Hz, H-3), 2.25 (d, 1H, J=11.0
Hz, H-18), 1.38~0.94(s, 21 H, 7xCH,); ESI-MS m/z:
4853 [M-HJ, fb&% 9, A B AIRE K 21.8 mg,
755 21% mp: 187~189 Cs[a] . +200.0 (¢ 0.030,
MeOH); 'H-NMR (600 MHz, methanol-d,) &:5.24(t,
1H, H-12), 494 (d, 1H, J=3.5 Hz, H-2), 3.71(d,
IH, J=3.5 Hz, H-3), 2.24 (d, 1H, J=11.3 Hz, H-
18), 0.95 (d, 3H, J=6.5 Hz, CHs), 1.37~0.93 (s, 21
H, 7xCH,); ESI-MS m/z: 485.3 [M-H] .

126 &% 10 946 B T BRSO $om A
5.00 g (10.96 mmol)UA,548 mL PNH, s,
0 CHRMT /-t g2 5.13 mL(10.70 mmol)
TR, BERE RN 6 h(TLC Wil Sz i 4% 45, 5E e
J&i, 1 mol/L. NaOH /K8 7 pH 2= b
B L0, SR CBRZERL, A HL)Z A A SR Ak h ok
W, JOIK NaSO, T0 w4 . P ik AL Z 87 (R 2
Be—- R TR, 14:1) 13 2146 A9 10, 1168 A AR
K 473 g, % 95.0%, mp:249~251 °C; 'H-NMR
(400 MHz, CDCly) 8:5.26 (1, 1H, H-12), 2.21(d,
IH, J=11.4 Hz, H-18), 095 (d, 3H, J=5.9 Hz,
CHs), 0.87(d, 3H, J=6.4 Hz, CH,), 1.08~0.82(s, 15
H, 5xCHy); ESI-MS m/z: 455.3 [M+H]",

127 &% 10 A& TR E B B om A
4.50 ¢(9.90 mmol)ft& 4 10,100 mL BSfEF,1.32 ¢
(11.88 mmol) — A& ALAN , I #A& B3 1.5 h (TLC W
JLRZA5) % H T mol/L. NaOH /K ¥ ¥ 5 pH
ik O C WA, A HLE AL 6l Bk
U, ToIK Na,SO, TH W4l P ek A 2 87 (R 2
Be- R O 13: 1) 13 246G 9 11, 68 AR [
i 1.80 g, 73 40.2%, mp:225~226 °C; 'H-NMR
(400 MHz, CDCly) §:7.06(d, 1H, J=10.1 Hz, H-2),
5.82 (d, 1H, J=10.1 Hz, H-1), 530 (t, 1H, H-12),
2.23 (d, 1H, J=11.2 Hz, H-18), 0.95 (d, 3H, J=6.2
Hz, CH;), 0.87(d, 3H, J=5.4 Hz, CH;), 1.16~0.86(s,
15 H, 5xCH;); ESI-MS m/z: 453.3 [M+HJ",

128 L& 12 A& T RS B o A
1.50 g(3.32 mmol) 54 11,220 mL H B $iE 5
fitt ,AE 0 CHRAMFT MW 6 mL 1Y 10% NaOH,
BEFE 30 min, A 154 mL (1 30% H,0,, fE %R T
Pk RN (TLC Wi I s R 28 450, 52 545, FH 1 mol/L
1) HCL 875 pH 2=k, D8 B 25 i, TH O R L T
AW, A AL AR A S AR U, TEOK NaSO, T4
wedn, REAERAEZ T (RO bi-C R O BE,12:1)1%
FEEY 12, AEM AR A 125 ¢, 7% 804%, mp:
156~157 Cila], +150.0 (¢ 0.220, CHCL); 'H-NMR
(400 MHz, CDCly) §:5.30(t, 'H, H-12), 3.52(d, 1H,
J=4.6 Hz, H-2), 3.38(d, 1H, J=4.6 Hz, H-1), 2.24
(d, 1H, J=11.3 Hz, H-18), 0.96 (d, 3H, J=6.7 Hz,
CHs), 0.88(d, 3H, J=6.4 Hz, CHj), 1.15~0.83(s, 15
H, 5xCH;); ESI-MS m/z: 469.3 [M+H]",
129 & 13 ma s T BEE B S o A
900 mg(1.92 mmol) L& ¥ 12, & MG b &%) 8
9 Wkl & &% 13, 1550 A R AR 4
482 mg, 773 50.0%, mp:264~266 °C(SCHKEY:mp:
263~265 C):[al, +32.4(c 0.740, MeOH); 'H-NMR
(600 MHz, methanol-d,) 8:5.27(t, 1H, H-12), 2.59
(d, 1H, J=17.7 Hz, Hb), 2.42 (d, 1H, J=17.7 Hz,
Hla), 2.23(d, 1H, J=11.2 Hz, H-18), 0.88 (d, 3H,
J=5.8 Hz, CHj), 1.27~0.87 (s, 18 H, 6xCHs); ESI-
MS m/z: 503.3 [M+H]",
1.3 AESLRR AT A ¥ I P B TG P PE A )

FH B ok i ek B 9 1) B T P AT D 97 2B R
7S i 4 T R N B K S A R R 100 uM 25
B 20 B 5 R 3 A 96 LA (100 /L), B fLEE
T A N 118 200 TR de 4 A T B 1x10° CFU/mL, LA
PRV U B VORI S A v A BH R X R [ 3
A XT E (A A 5 35 5 R 4 ) I E T R (0 R R
), BAFE SRR AN E 6 N AL, BRI
FE 620 nm WO EEE , 7E 37 CHY4H B 5 R 48 h b
7= 48 h, G, WEIFICHWEE N, BEE
5 min, R BEAR AL E 620 nm WO RE(H .

MIC. {EL 0 5 - 3 R G 410 11 2 K F 90.09% 11 1k
G AT MIC W2 D0 5 B R B 4 B[] vk
JE A 25 BR AW 0 — R 5 B AR A A A I A
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TE . UA S HATZE 9y B vl 0 M) 0 25 SR il 2
R, RS A A P 22 EG BH P T (4 (A
2 PR DA R A R TR | T B R R A )
PUB G MR F 522 FBAE B (KM AT B R 2 {1 o
ML), A &9 7.8.9 11 F1 12 X754~ B Fl #1  /R AR
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= A E RN
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AMIIIIIRERNNNY - &

SR PP B G PE . Xt UA A A W i B0 00 1
PLER, A HF5EIN e o 22 IR PR o (5 P k4%
PEB BB, WAL& P a5t i b, G281
i BORFE W PURE PR, 2 C-28 fi LB 2
B, UG ER S AR R TR, (S 10
UA S JRURE, 285 C-3 R S B SR i 45 3],
00 ¢ L T R T RO R ) 3 P D AR
5P 13 it 5% 12 19 A FRITHRmAFH],H A 3§
T34 Je Xk 75 Fob 40 B ) 400 A 356 P B S T B, 6T UA
AW A R A B A TR X AL 5 W B0 L T 1
A B SCHEAT T

AUAUUINIMIUIIRY
uHpp T e Y

ANRNRNRNRRNNNNRNY
B fnpE e e e Y

TE B LU 23 30 3R (9 E+SD) s UA T4 5 UA RHLE , P<0.05 9 Zeit2# 5 X a” &R .

2 UA REMTEYIATHAEMIMEIERGREA 100 wmol/L)

007 45 SR WoR Ak B W T-12 B B PO
PR, I, SHEE Y 7-12 P47 T MIC {EI E |, 4%
R 1 Wox, VAT BRI Sk A4 Sk BH P X B
66 12(1,2-3F 5 -3- i FE AL A5 ) 6 K 1T 4
SRABCRAMOTE | 4 T (0 A A R A AN 5 R A 7 Bk T Y
MIC {E3478 3.1 wmol/L, [F] Hf Xof fie 28 Tk A1 R B AT
B MIC {58 6.3 pmol/L, MLLZ R, tbk&H 7
Q3-F - 1-FRIEAL G ) XA, sk (R
B % B AT R T 9 O B RR AT I 9 MIC A
12.5 pmol/L, [F] B X 4 B (2,45 45 BR 4 19 MIC K 6.3

wmol/L, ULHAHIA 1,2-FF & -3k I &4 AT 44
FEIA 2,33 S — 1= S350 40 A0 17 26 W e 1 1 T o
S A 2,3- TR -1 RIS Y 8 MILA 9
ML UA PUBR TG PEA W W a3, Wtk &4 8 fifk
W9 X RKIGFFTE . AR TE | 4 (o A Bk
T A A R BRI BEFT T ) MIC 2428 25 umol/L,
Xt e R BR B 0 PO G P 43 R 12,5 pumol/L #1
6.3 wmol/L, fLA&% 10 Xt K AT i Rk HOFT B8 194t
BRI PR A HL A 55, HEMIC 28 50 pmol/L, £ &4 11
Xt 7S AN B R BT B T B, 34 3.1 wmol/LL, U B
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F 1 VA REMTEDIATEKN MIC & (pmol/L)
fe& PN EIES R i R OB ABRA R E R THE T R T A TEFT T
1(UA) >100 >100 >100 >100 >100 >100
7 12.5 12.5 6.3 125 125 12,5
8 25 25 25 25 12,5 25
9 25 25 25 25 6.3 25
10 50 >100 >100 >100 >100 50
11 3.1 3.1 3.1 3.1 3.1 3.1
12 3.1 3.1 3.1 3.1 6.3 6.3
Ci 6.3 3.1 <3.1 <3.1 3.1 3.1
Ce 50 >100 25 125 125 50

UA 9 A 35 151 A oo PS8 6 50 38
BEHE, TTRE T o, B A IR S X (L A BB
i A ) B, AP L A TR 4 7 2
it I,

AW SRR ER, UA 10 AR5 ABRIE S5
S SRS SR LRI 6 ) B 0 K
FF T 1258 164 M T 3 9 TR 1 1 90
LR T RO BB K BT LR A
SFAIA o, BRI FURIE T 3R JFH, 2K
UA 70 £ 0 45 2 B 0 8 0 3 362 I
IR TR B S 5 5 T A 1
L2590 42 B 00

SE .
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