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Synthesis of glycyrrhetinic acid C;, Cy;, and C;, derivatives and their antitumor
activity in vitro

MENG Yan-qiu, YANG Zhe, ZHANG Meng, DING Yi
College of Pharmaceutical and Biological Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China

Abstract: Objective To modify the structures of glycyrrhetinic acid Cs, Cy;, and Cs and to study their antitumor activities in vitro.
Methods

halogenated hydrocarbons via esterification reaction, and the hydroxyl group at C; reacted with methyl sufonyl chloride via methyl

Glycyrrhetinic acid was reduced to 11-deoxy-glycyrrhetinic acid by Zn-Hg. Then the carboxyl group at C;, reacted with

sulfonic acid reaction at 0 ‘C. The target product was obtained after the elimination reaction with sodium azide at 104 ‘C. The
antitumor activities of the compounds were tested by SRB assay. Results Seven target products Sa—5g were synthesized, and were
characterized by IR, MS and 'H-NMR. The antitumor activity screening results showed that compound 5a exhibited higher inhibitory
rate against MCF-7 cells than glycyrrhetinic acid, and compounds Sa—5g all exhibited higher inhibitory rates against A549 cells than
glycyrrhetinic acid. Conclusion The structure modification of glycyrrhetinic acid is reasonable, and provids some practical reference
value for the further development on the structure modification of glycyrrhetinic acid derivatives and study on anti-tumor activity.
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1 (E5RY
1.1 48§

Nicolet 470 & HL i A8 21 6 1% 4 (Thermo 2y
A]D; ARX—300 UL R LRI 31X (Bruker 2 7));
LCQ A 5ii%{% (Finnigan A #); CL—200 H4EH
AE IR IR ) ks RSO g2l TR s
RE—52 Uik e 75 AL (R R A0 ) s
B R QLB R A A 44T (i
A ARAT]D; 37 C. 5% CO, fHi 77
# (HA Sanoy 3 #]); Model 550 fifi#{% (Bio-Rad
NCIDRE
1.2 A7

HHEWKIR R 50>98%, LilgmoRE 258}
FABRA D SE ORI E>99%, RKEdHE
AR 2T A PR A R D5 NN- L g %
(DMF). HBEREEES R il AL T4 FRA 7DD
=M% (TEA, PRBEPERA) D Aahlg Cohfs
60~90 C)ho. FrAilia ks tral, fdH A4 5F
Lk — otk

BTG (BUMYZ=E A HD; RPMI-1640 £5
FRU (Gibeo Aw]); FAZEE (b5 100382-200301,
i REDREARA D HIERE (it
J20070047, Bl S B 2547 BR 2wl D5 AN FLIER g 4
Jfikk MCF-7. i dn itk A549 ¥ H ATCC; fiff
PP B (SRB) W H Sigma 2 A .

2 FEE4HR
2.1 N-fREHEXRERRF&

SRR, TR R 1A H
YRR« WU 80.84%, mp 329~331 C. "H-NMR (300
MHz, CDCly) §: 0.66 (3H, s), 0.67 (3H, s),
0.85 (3H, s), 0.88 (3H, s), 0.93 (2H, m), 1.01
(3H, m), 1.05 (3H, s), 1.35 (5H, m), 1.55 (8H,
m), 1.85 (8H, m), 3.01 (1H, m), 5.15 (1H, s).
IR v (ecm'): 3438, 2945, 2855, 1707, 1465,
1384, 1228, 1176, 1027, 996, LA L%di 5 Sk
i A 5.

2.2 3p-FEE-STHIREE-12-5-30- KRB A5 F

221 3B-FRAE- S EUR b A -12-04-30- R TR £ BB
(3a) Mfl#& K 1A H KR (100 mg, 0.21
mmol). JC/KELIRET 0.06 g« DMF 4 mL /R4, 2213
) _EIRVEA Y IR %6 10 3% (0.88 mmol), =
WY 5 he RNVEER G, IIANHIFISE AN 10 mL,
BEPR OlR (25 mLX3) W, SIFAPUHKER T

PG, JOKIRIREE T, SRJSHhIE. K48, ik
— DA BRI AT AT R — 2 OV, 15 E A 3a(90.6
mg), W% 89%. ESI-MS m/z: 4844 [M+H]";
IR vl (em'): 3 519C0OH), 2 972,2 928, 1 727(C=0),
1610, 1458, 1387, 1171, 1104, 1048, 997.
2.2.2 3B 12-0-30- R R R (3b)
Ml B OT-BAECH KR (100 mg, 0.21 mmol)
B 33 (0.56 mmol) KV, 31644 3b(95.4
mg), W% 83%. ESI-MS m/z: 546.4 [M+H]";
IR vl (em™'): 3 546(OH), 2 968,2 911, 1 724(C=0),
1611, 1485, 1364, 1169, 1109, 1043, 995.
223 3B-FRAE-FFHUR BT AL -12-45-30- 98 2 1E T4 IR
(3e) Mfilg i 1B HF R (100 mg, 0.21
mmol) H{RARIEANEE 10 5§ (0.77 mmol) Je v, 75
FAD) 3¢ (81.8mg), W 80%. ESI-MS m/z:
498.4 [M+H]"; IRvier (em™): 3527 (OH), 2 966,
2909, 1723 (C=0), 1616, 1479, 1352, 1143,
1105, 1043, 991,

2.2.4  3B-FREE-FFEUR L AL-12-45-30- 3R 1 v T4 IR
Gd> Mg BB H R ER (100 mg, 0.21
mmol) SEARF L 10 ¥ (0.77 mmol) )V, 15
FIEY) 3d (75.6mg), W# 76%. ESI-MS m/z: 498.4
[M+H]"; IRver (em™): 3524 (OHD, 2958, 2 897,
1721 (C=0), 1615, 1466, 1348, 1124, 1105,
1043, 992,

2.2.5 3B-FRIE-FFHUR B AL-12-445-30- R 1R v T i
(3e) W& B 11-WAHRIRER (100 mg, 0.21
mmol) AT T HE 10 W (0.69 mmol) )V, 15
FIb A 3e (79.4 mg), WOF 78%. ESI-MS m/z:
5124 [M-+H]"; IRV (cm™): 3519 (OHD, 2952,
2910, 1728 (C=0), 1595, 1398, 1348, 1157,
1105, 1023, 985,

2.2.6 3B-FEEE-FFIR LM -12-04-30- R M2 1 T
(30 Mfl# - H R (100 mg, 0.21
mmol) HRAIE T4 10 % (0.69 mmol) KV, £
b 54 3£(77.8 mg), K 76%. ESI-MS m/z: 512.4
[M+H]"; IRveo (em™): 3522 (OHD, 2 948, 2 904,
1723 (C=0), 1588, 1402, 1357, 1157, 1098,
1023, 989,

2.2.7 3B-FRIEE-FFEUR B -12-45-30- R R L4
MEEE R (3g) T K H HE KR (100 mg, 0.21
mmol) ¥ T AEA (5mL) ", INF R4l 78 /0%
i, RN S 5 LB, I /KBRIRER 0.05 g,
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xRl E ke ot
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ABRFL A S, HMER KT A E)1i%
SN LR L1 10 3 (0.78 mmol),
HWZN. 4 h, TLC WM NVE5 R, A RIE
b 10 mL, BEMRZEE (25 mLX3) ZE, &IFfH
MUK BE R S, JoKBRIREE T, JEId. K40,
Ttdt— PR BT AT N0 RV, 13RI GY) 3g
(86.5mg), W& 80%. ESI-MS m/z: 542.4 [M+H]";
IR vior (em™"): 3 528(0HD, 2 956,2 904, 1 721(C=0),
1578, 1407, 1367, 1145, 1088, 1043, 992,
2.3 3p-FA RS E- TR R -12-15-30- 5288
B HY 5l &

B A 3a~3g (0.18 mmol) ¥AfAAE 5 mL
CH,Cl, A1 1.5 mL TEA 1, K45 4F R 0 56
5 (1 mL, 0.54 mmol), $ii$k 3 h, TLC il
M2, B, JEWLA 1 mol/L RIS 2

RYE, F/KEERTM, KRR T, . ke
7%, e E &) 4a~4g.

1 &) 4a Y% 85%, mp 131~133 ‘C.ESI-MS
miz: 562.4 [M+H] . IRveo (cm™): 3429, 2954,
1726, 1463, 1355 (S=0), 1332, 1217, 1173
(S=0), 1159, 1088, 942.

%A% 4b K. 81%. ESI-MS m/z: 624.4 [M+
H] . IRvES (em™): 3421, 2946, 1725, 1462,
1353 <sfo>, 1328, 1216, 1171 (S=0), 1158,
1087, 938.

A 4 WE: 79%. ESI-MS m/z: 576.4 [M+
HI . IRV (em™): 3423, 2945, 1724, 1459,
1350 (S=0), 1319, 1213, 1173 (S=0), 1156,
1086, 933,

A 4d WE: 76%. ESI-MS m/z: 576.4 [M+
HI o IRvAS (cm™): 3420, 2948, 1742, 1446,
1347 (S=0), 1322, 1221, 1169 (S=0), 1155,
1082, 934,

B 4e WZ: 73%. ESI-MS m/z: 590.4 [M+
H]". IRveo (em™'): 3425, 2950, 1738, 1449,
1352 (S=0), 1317, 1219, 1166 (S=0), 1152,
1078, 936,

&) Af WO%: 72%. ESI-MS m/z: 590.4 [M+
H]"o IRvee (em™'): 3422, 2948, 1734, 1452,
1355 (S=0), 1324, 1209, 1171 (S=0), 1157,
1083, 935,

&) 4g WK 69%. ESI-MS m/z: 620.4 [M+
H] . IRve (em™'): 3427, 2954, 1726, 1463,

1355 (S=0), 1332, 1217, 1173 (S=0), 1152,
1083, 942,

24 3B-BERE-FTHRITE-12-15-30-RER A A5 &
241 3B-F AR UL B -12-1-30- R R £ i

(5a) 1% B 50 mL = UL, AL &4 4a(100
mg, 0.20 mmol) Jf- 7+ iIf A\ DMF 6 mL {1 5¢
AV, FIINSEEN (0.18 mmol), HEFE NNk
F104 C, FHIRERN S h, L OEHAR
TR, TLC M e NdhRE, RNV &5 HiG,
IR E 10 mL, BAIR LG (25 mL X 3) ZHY,
GIHANAKGER TG, TR T, J8id.
Wi, SRR aith, VBRI AimEE - SR L
Be (30 1 1, fFABTERIEE Sa, FE 52%.
ESI-MS m/z: 465.4 [M+H]"; '"H-.NMR (300 MHz,
CDCly) 6: 5.31 (1H, m, H-12), 4.88 (1H, m,
H-3), 4.17 (1H, 2.13 (1H, m, H-21);
IR vt (em™"): 3435, 2957, 2094, 1727, 1458,
1382, 1313, 1239, 1215, 1162, 1085, 1029,
727.
242 3B-5 EIE- R B AL - 1200 -30- R TR R IR
(5b) M4 LA 4b (100 mg, 0.18 mmol) 5
R (0.18 mmol) Jx ?%M&/—*% S5b, W 47%.
ESI-MS m/z: 571.4[M~+H]". 'H-NMR (300 MHz,
CDCly) 6: 7.45 (2H, m, H-Al), 531 (1H, s),
526 (1H, m, H-12), 491 (1H, m, H-3), 2.11
(1H, m, 21-H); IR vee (em™): 3 426, 2 953, 2 091,
1726, 1454, 1385, 1317, 1296, 1279, 1165,
1084, 1029, 733.
243 3B-F AL OB -12-45-30- R 1R 1E TN
fig (5¢) iil& &4 4¢ (100 mg, 0.19 mmol)
& %4h (0.18 mmol) }ir“?%wﬁ% Se, Y%
48%. ESI-MS m/z: 523.4 [M+H] . 'H-.NMR (300
MHz, CDCly) é: 5.32 (1H, m, H-12), 4.97 (1H,
m, CH), 4.87 (1H, m, H-3), 2.17 (1H, m, H-21);
“2em™): 3429, 2960, 2097, 1725, 1459,
1383, 1327, 1282, 1210, 1169, 1079, 1030,
726.
2.4.4  3B-B FUE-FHURBEAL-12-0-30- R 1R 5+ TN
fig (5d) Ml 459 4d (100 mg, 0.19 mmol)
H&%A (0.18 mmol) RMNGFFEIMLAY 5d, WK
47%. ESI-MS m/z: 5244 [M+H] . "H-NMR (300
MHz, CDCly) é: 5.27 (1H, m, H-12), 4.87 (1H,
m, H-3), 4.05 (1H, m, COOCH), 2.15 (1H, m,

rn),
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H-21), 2.09 (1H, m, H-18), 1.77 (1H, m, H-11);
IRvED (em™): 3424, 2932, 2096, 1727, 1458,
1379, 1330, 1279, 1208, 1155, 1084, 1029,
727,

245 3B-B AWAE-FFHOR B -12-00-30- R IR 1E T
g (5e) Ml AW 4e (100 mg, 0.19 mmol)
53%8 (0.18 mmol) KNVFFIMLEY Se, WFE
48%., ESI-MS m/z: 537.4[M+H] . 'H-NMR (300
MHz, CDCl;y) d: 529 (1H, m, H-12), 4.95 (1H,
m, H-3), 407 (2H, m, COOCH,), 2.15 (IH,
m, H-21), 1.73 (1H, m, H-11) ; IRy (cm):
3424, 2947, 2095, 1728, 1448, 1385, 1317,
1280, 1220, 1165, 1078, 1027, 733.

2.4.6 3-S5 AT HUR G -12-46-30- IR IR+ T
fis (56) Ml A 4f (100 mg, 0.19 mmol)
H&%4 (0.18 mmol) KNAFNLAEY Sf, KE

= COOH

- COOR

MsCL, 0 C

CH,Cl,, EzN

4a~4g

., COOH

TL-JBiA H BRI

DMF
_— >

104 °C, reflux

45%. ESI-MS m/z: 5374 [M+H]". 'H-NMR (300
MHz, CDCly) 6: 524 (1H, m, H-12), 4.88 (IH,
m, H-3), 2.12 (1H, m, H-21), 1.77 (1H, m, H-11);
IRvED (em™): 3425, 2960, 2097, 1726, 1454, 1
384, 1323, 1277, 1209, 1166, 1084, 1026, 727.
247 3B-F AU B -12--30- R R 4
FEE F G (S Il 54 4g (100 mg, 0.18
mmol) 5B % (0.18 mmol) Jx N5 FI1k &) 5g,
W% 44%. ESI-MS m/z: 567.4 [M+H] . 'H-NMR
(300 MHz, CDCl;) 6: 531 (1H, m, H-12), 5.05
(2H, s, OCH,CO), 4.92 (1H, m, H-3), 4.15 (2H,
m, COOCH,), 2.15 (1H, m, H-21), 2.07 (1H,
m, H-18), 1.76 (1H, m, H-11); IRveo (cm™'):
3426, 2953, 2095, 1723, 1447, 1385, 1320,
1283, 1216, 1168, 1079, 1029, 732.
H b & )45 s 26 1 LI 1.

- COOR

R=C,Hs

R=Bn
R=(CH,),CHj;
R=CH(CHj3),
R=C(CHs);
R=(CH,);CHj3

R= CH,COOC;,Hs

N3

5a~5¢g

Q = o o 6 T

El1 Birtaea gk

Fig. 1 Synthetic routes of target compounds

3 RSMABEE MR ARG

W N FL I 40 MCF-7. il 40 iy A549 570
T-96 fLARH, HEFL 100 pL, F-37 C. 5% CO, ¥
Fh I E 24 he N2y, BEAMKREE (104 5. 250 1,
0.5 umol/L) Jin 3 MR AL, 4k8:E T 37 C. 5% CO;,
(FIREAR N 5% 48 he XFTHRALINEARIE A 1%
FEMEOAR) PMI-1640 B335 25 H 41 PMI-1640
SIEWA NN . FEFLINA 100 pL 10% A 1 — &
LR, 96 fJLHLET—4 'C 1 h, AKIEWES K, =
PR To 37 CHetf 30 min, 1% ER VLR K 45 4 i)

SRB. =R TJ5{# H Tris-base By (10 mmol/L,
pH 10.5) 5 A S 45 Gl SRR
570 nm ABWEROCRE (A) i, THEIEIER,

ARSI HUN FLE 40 MCF-7. fili i 41 g
AS549 hy I 5E 1A e A R, 6 BREAAH SRR DA & L
A BRRAL G 5a. Se. Se BEAT A SR4N i
BTG PEDIAR o 3 A2 WA 5 A JR A S PR X 1
WRAAE S AE 10 pmol/L TAER 48 h (&S i #5375
PE, R ES 3K, BCOFME. 4R ILE 1.
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£1 k& 5a. 5c. Se ¥ MCF-7. A549 BIZRAREE 14
Fig.1 Cytotoxic effect of compounds 5a, Sc, and Se against
MCF-7 and A549 cells

WA N2 /% ICs¢/(umol-L ™)

FEn MCF-7  A549 MCF-7 A549

HERm 2286  18.82 >10 >10

5a 71.57 2491 4.29+0.07 >10

5c 1453 26.60 >10 >10

5e 2202 19.97 >10 >10
YA 8598  79.88  0.026+098  3.69+2.52
HA e 2164 3027  38.75+323  28.65*+1.76

m# 1 &, HERBRUEY) S5a. Se. Se Xt
MCF-7. A549 g 4 oAy — 2 e . a
Y 5a. 5c¢. Se {E 10 pmol/L I % MCF-7 [k /)
WA 71.57% 14.53%. 22.02%. H:P1bE4) 5a %
MCEF-7 (PG LE B H B & 4 v, 1Cso (H2N
(4.29+0.07) pmol/L; ft.54) Sa-5¢.Se 71 10 pmol/L
X A549 HIFMHI 5373 0 24.91%1.26.60%+19.97%,
BILCBHA T BB A P s Wi ARG Y Sa
Rl Se EHRTTAT, 4 3-BRIE- R B AL-12-X-
30-FRMRBERA A Cso LLHIBESE AR I, LX)
MCF-7 [l 4E H B AN A
4 i1ig

YT RIRF Y HHRIR, BHAT BAREH C-F
e Gy R, (HAE IR =R KA1, HR N
PEARKE A U2 i BRI — A R R, A
AHLE S HBER O R R EAE &Y.
FLRIR Cy-Nj AL S5 R e A 8T R 51 H Rk AT
A R KRS H 4243 Shibata S5 T 2514 7y
fr, HWHRXKRE T2 Famh i Rg Ch =
O-A"" ) WA7AE, TGRS A 35 3-
AR R Bl 5 PR BAH TR, AT 77 A Dl T 55
FERIVER, 049 H BORIR C-BRIEMTIE S5 BRI E
R ES DR AR R A L H B R RS AL R
KARMEER b, S HEIRER C3v Coy Al Cao MLHEAT 45
Mo, WATIEE T 7 4 3p-B RIS -
12-45-30-FRIRIEAL S5, 2 IR, MS H1 'TH-NMR fiff
UET 4585 JEEIL SRB VAN ILHEAT T ARSMU R i
PEWEST . ARSI AR A B H LR RSN, Jede

BRI BRI N RS DR SR, FEAE Ca A
ANBRIE, M EE N T a4, N
HHAT . M s, DUYIE H R B AL
He) BRI — AN E KSR K BE AT, DT 503 2 v
BRAEAT TN I PR T, DAtk — 20 T J H s R AT
AR AR OSRGOS PERIE TS T g IR 52
s {E .
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