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A Novel Synthetic Approach of Alloursodeoxycholic Acid from
Hydeoxycholic Acid

Liu, Shuang Wang, Ganggiang Liu, Zhangkun Wang, Qiuan™
(College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082)

Abstract A novel and highly efficient synthetic approach of alloursodeoxycholic acid, starting from hydeoxycholic acid in 9
steps with overall yield 25%, was reported. The key intermediate 4 was prepared in good yield by improved allylic oxidation
of 3. The critical steps to stereoselectively inverse the configuration of 5 and a.f-unsaturated carbonyl reduction of 6 were
realized under Mistunobu coditions and Luche reduction respectively. The structures of all synthetic compounds were con-
firmed by '"H NMR, *C NMR, MS and IR spectra. The synthetic approach has the advantages of easy availability of starting

materials, highly stereoselective, easily work-up and good overall yield, so it has considerable practical value.

Keywords alloursodeoxycholic acid; hydeoxycholic acid; Mistunobu configuration inversion; Luche reduction; synthesis

5t BE % & H R (Alloursodeoxycholic acid), X #
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BATCLR G & 14 258 IR JsUkl, it ek
W RN . AT EAL . Mistunobu #7454k . Luche
Wi SRR KRS R NP IR, SERE T o B 254
NHER AT 6 i, X R0 RN R N 4 A 64T T LAk, X
FEYI R ERONMR) i (MS) FIZT A i (TR) 5
W IEHEAT T G5 FRIE. A R 2k WL Scheme 1.
1 XIS
1.1 XE5RF

P SAE XRC-1 Y A0 s A bl s, ¥l A s
1F; NMR ] Bruker Am-400 k%R ILAR A 52 (5 771)
CDCl; 5, DMSO-ds, TMS kP kx); JFiitFH Agilent 1100
- A B ZAB-HS A e Il 5%, 4o A
FD-5DX {(KBr H )z #2JZ 8T LR (5 Sl
), BT AR R 7Rk A A Al g B Al Bk
TCK BRI 8 B K R 25 Ab L.

WL ENRIR T HEQ), 3a,60-XU H 2R A A L E e
1% FE(2), 3 - IR HE-A-HH 5 8 FPY G (3) e STk 75 19
1.2 3/ CEHEE-7-EIE-A - BB KRS B S (4) B0 & A

0.5 g (5 mmol)[f] CrO;(£it P,Os T4 i )i fiF T 3
mL IERE ) 30 mL CH,ClL, 1, #6410 min J5, A 3 0.5

CO,H

HO H: H:
LA AR
CO,CH3

CrO3 Py

TBHP, CH,Ol CH2<:|2
AcO

CO,CH;

OzN@COZH
NaBH4 CeCI3 H2
(Mistunobu reaction) *Quche recicton) ParC
PNBO™ PNBO™ OH
7

CO,CH;

NaOH
Hzo

PNBO™

T
CNe)
I

HOY ™%
A

g (1.2 mmol)ff] 10 mL CH,CL %, A 0.5 mL 70%
HHEUBCT B (TBHP), =il Hid: 12 h, 38 L0k, I8
L% CPEAEI(1S mL X 3)FHLAH 10%1) HCL %, 1o
H NaHCO; S, Jo/K NaySO, T4, A5 &
H%ﬁ;ﬁiwfﬂf[ﬁ%ﬂﬁ Fl: VA (LR L) =
1 EER K 4 026 g, F7EN 80%. m.p. 168~169
°C(irﬁjt1ﬁ[6]: m.p. 167~169 ‘C); '"H NMR (400 MHz,
CDCl3) &: 0.68 (s, 3H, 18-CHs), 0.95 (d, J=6.4 Hz, 3H,
21-CHj3), 1.05~2.60 (m, 23H), 1.22 (s, 3H, 19-CH3), 2.13
(s, 3H, 38-OCOCH3), 3.69 (s, 3H, COOCHs), 4.71 (brm,
1H, 3a-H), 5.70 (brs, 1H, 6-H); IR vyna: 1665, 1740 (C=
0) cm'; HR-MS (EI) caled for Cy;H,00s: 444.2876, found
444.2871.
1.3 3/-RE-7-FRE-A -PERES FRAS(5) B9 & AL
A1) 4 0.444 g (1 mmol) ¥R 2 mL (1 H B,
AN 5 mL KHCO+/K,CO5 (KHCO; #1 K,CO5 #B4 0.5
mol/LYAW, MMM 3 h, LM OHEEFEEL(15 mLX3),
A HUAH AT NaCl #ipEs:, Jo7K Na,SO, T, k4
PR . DO AT JE BT DR R VAt - (LR
LHiR)=8 213 {alE{E 5 039 g F7E N 97%. m.p.
140~141 ‘CCCHRE : m.p.141~142 °C); "H NMR (400

X %, CO,CH;

(1) CH3CO,K, KOH, DMF
(2) Acy0, Py

OTs

KHCO3/KCO3 J/\j&g\/

CO,CH;

_ =

CO,H

Scheme 1
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MHz, CDCl;) d: 0.69 (s, 3H, 18-CHj), 0.94 (d, J=6.2 Hz,
3H, 21-CH3), 1.05~2.57 (m, 23H), 1.22 (s, 3H, 19-CH3),
3.60~3.63 (brm, 1H, 3a-H), 3.67 (s, 3H, COOCHs), 5.67
(brs, 1H, 6-H); “CNMR (100 MHz, DMSO-d) J: 201.4
(C-7), 174.2 (C-24), 167.1 (C-5), 125.2 (C-6), 69.5 (C-14),
55.7 (C-3), 54.3 (C-17), 52.7 (C-25), 51.6 (C-9), 20.3
(C-10), 19.6 (C-21), 12.2 (C-19, C-18); IR vyu: 1672 ,
1720 (C=0), 3475 (O—H) cm '. HRMS (EI) caled for
CasHis04: 402.2760, found 402.2768.
1.4 3o-3F Rl E 2 B B -7- R 2 A°- B ke % FR S (6) By
=yt

7t 250 mL ¥R ECBedfi b in A M 75 mL 67K THF %
R A 5 (28.7 mmol). = A HEB(57.4 mmol) FI% il
FERHR(57.4 mmol), FHE % 00 <11 i i n &8 F R
MBS & — R — 5+ N BE(DIAD) (57.4 mmol)
[V(DIAD) : V(H2K)=2 : 5], #£ N, &0 M= HEpHE 24
h. 1) e N N 94.8 mL NaOH (1 mol/L)VA ik % it 4t
1 h, WURRR L AN, ARSI
50 mL /K, LFRAEEREN(S0 mLX3), A HUAHH M
NaClU#TESk, To/K NagSO, T4, WRAETHRL . P
AT AT DE A VCH ) - (LR B8 =9 : 11131
ik 6 13.6 g, 7F N 86%. m.p. 157~160 C; 'H
NMR (400 MHz, CDCl;) 8: 0.64 (s, 3H, 18-CHs), 0.90 (d,
J=6.2 Hz, 3H, 21-CH3), 0.91~2.70 (m, 23H), 1.22 (s,
3H, 19-CH,), 3.60 (s, 3H, COOCH,), 5.42 (brs, 1H, 3-H),
5.72 (brs, 1H, 6-H), 8.12 (d, J=8.0 Hz, 2H, ArH), 8.28 (d,
J=8.0 Hz, 2H, ArH); *C NMR (100 MHz, DMSO-dj) o:
201.2 (C-7), 173.1 (C-24), 166.5 (PhC=0), 153.2 (Ph),
136.5 (Ph), 131.1 (Ph, 2C), 124,3 (Ph, 2C), 144.7 (C-5),
126.8 (C-7), 74.1 (C-3), 54.1 (C-17), 51.1 (C-25), 48.2
(C-9), 21.1 (C-10), 19.3 (C-21), 13.3 (C-19, C-18); HRMS
(EI) calcd for C3,H40O7N: 551.2883, found 551.2878.
15 B3 REEEREE-742E-A-IBLEE (7))
=34

76 25 mL B EEB P IMALEY 6 (1 mmol),
NaBH, (1.2 mmol), CeCl; (1.2 mmol)Fl 10 mL g, =
WA N HiFE, TLC BREFRON, RN SEATNS, W BR 2%
KB A VLR, HEAAERTIAS0mL K, 4RO
BEAEH(25 mLX3), HHUAHTHMEF NaCl ¥, G
JK Na SO, T4, IRARFIHLE. DLk ekt JZ AT e 7
VORI @ MR L18)=8 : 2113 A&k 7 0.38 g,
FEEN 68%. mp. 174~177 ‘C; '"H NMR (400 MHz,
CDCly) d: 0.69 (s, 3H, 18-CH;), 0.93 (d, J=6.2 Hz, 3H,
21-CH;), 0.97~2.63 (m, 23H), 1.16 (s, 3H, 19-CH;), 3.60
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(s, 3H, COOCHj,), 3.93 (brs, 1H, 7-H), 4.64~4.66 (brm,
1H, 3-H), 5.82 (brs, 1H, 6-H), 8.12 (d, J=7.9 Hz, 2H,
ArH), 8.27 (d, J=7.9 Hz, 2H, ArH); *C NMR (100 MHz,
DMSO-dg) d: 173.1 (C-24), 165.9 (PhC=0), 152.7 (Ph),
136.3 (Ph), 131.5 (Ph, 2C), 124.3 (Ph, 2C), 145.1 (C-5),
73.7 (C-3), 65.4 (C-7), 54.9 (C-17), 50.1 (C-25), 48.2
(C-9), 21.5 (C-10), 19.0 (C-21), 13.1 (C-19, C-18); HRMS
(EI) calcd for C3,H4307N: 553.3039, found 553.3042.
1.6 3o-MHEFFBE-7T4RE-BIRERFEEG)ME
X

WA T (1 mmol)#fiE T 15 mL FHIEEH, F DA f#
HEFIE ) 5% Pd/C, FHATA Hy SBRIM —I0i5 9%, ek
MAAET, KBIE R AR R PR3 Ik, iRV
FOLHEAE Hy U, Sl A MR HE, TLC BREE R
N, RN SEAE, g, EUFH I EEYE3 K, BERIRIE R
F R WEE, B 30 mL /K, 4R LEEZEE25
mL X 3)H AR NaCl v, LK Na,S0o, T
H, WRARATRE . PR A R BT [WE A VA -
VTR CTiR)=8 : 211514 8 0.47 g, 773K 85%. m.p.
183~187 “C; "H NMR (400 MHz, CDCls) §: 0.69 (s, 3H,
18-CH;), 0.93 (d, J=6.2 Hz, 3H, 21-CH3), 1.01~2.60 (m,
26H), 1.16 (s, 3H, 19-CH3), 3.60 (s, 3H, COOCHj), 3.90~
3.92 (m, 1H, 7a-H), 5.25 (brs, 1H, H-6), 5.34 (brs, 1H,
3-H), 8.12 (d, J=7.9 Hz, 2H, ArH), 8.27 (d, J=7.9 Hz,
2H, ArH); C NMR (100 MHz, DMSO-d¢) J: 174.0
(C-24), 165.4 (PhC=0), 137.1 (Ph), 132.3 (Ph, 2C), 125.5
(Ph, 2C), 74.2 (C-3), 56.9 (C-17), 51.1 (C-25), 49.2 (C-9),
22.3 (C-10), 20.1 (C-21), 13.5 (C-19, C-18); HRMS (EI)
calcd for C;,Hy50,N: 555.3196, found 555.3192.
1.7 REXSEEROOMEK

G 81 g (1.8 mmol)#F T~ 10 mL FEEH, FEMA
10 mL 4% NaOH (0.1 molVL)# i, i<V 20 min Ji7,
T 5% HC1 (0.13 mol/L)¥ ¥ 21 pH 3, ¥ Bk 25 H
5, LR ZHEAN(25 mL X 3) A HUAHFHEAT NaCl ¥k
VB, Jo7K NapSO4 T8, IRAFAHH . PR AT 2T
e VORI @ V(LR CBE)=6 @ 41133k R
1K 9 0.66 g, %K 93%. m.p. 243~245 CCCHR{E!:
m.p. 243.5~245 ‘C); '"H NMR (400 MHz, 80% CDCl;+
20% DMSO-dg) d: 0.68 (s, 3H, 18-CHs), 0.79 (s, 3H,
19-CH3), 0.93 (d, J=5.6 Hz, 3H, H-21), 0.97~2.51 (m,
26H), 3.47~3.49 (brm, 1H, H-7), 3.97~3.99 (m, 1H,
H-3); °C NMR (100 MHz, DMSO-d;) : 175.3 (COOH),
70.2 (C-3), 69.8 (C-7), 56.3 (C-17), 51.1 (C-9), 18.7
(C-21), 12.5 (C-18, C-19); IR (KBr) vy 3410 (O—H),

Chin. J. Org. Chem. 2013, 33, 2216~2219
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1776 (C=0), 1034 (C-0) cm'; HRMS (EI) caled for
CyyHagO4: 392.2927, found 392.2929.

2 ZR5WE

WX AAHIR B & B IR RN 40%, & RIE 4= E 1
SR TEYR. WA AU IR B 1 S B 25 SaU H IR (1) S 2D I8
e filt A/B IR by B, RIS 60-F25ERE 1 Bk
Tp-FEEE. BATTEEE 9 P Y, LR 25% 5T H b
FEMI A G, R — 20 RN AT T Ak, B 2o &
FIHIRE F RS2 1, 1 AR A F 50 R
BN B A 1) P74 2, 2 7 CH3CO,K-KOH 1)
DMF-H,0 & mliifGE, M4 OB 8 Sk -
Yy 3. 3 KIGNAL AR o - NEFIERIL S 4, 1%
G A R AR B o, - AN AN I )y vE R, B
A CrO,-3,5- LM, PCC, PDC, HA&TR
B FARIR BN -VK LR %%, X Ee T i, BRI A R AR
K, AREARIAR] 120 AR, Bl e+
PRI, ARSI AN =P R B O, i EL s A0 1
P, RERBEIE O™ F TG 4L AT Cros-mEne 25454
AR RIEAT T S0, 76 R NVAR R 5] NG AT B
(TBHP)ZEAT A BI AL, AT K KU = S s I AT o,
PP T X IRBE AN 5.

AEY) 4 75 K,CO5/KHCO; 55908 M K 35 9 rh 7K figt
It 2 LR T 5, 5 A RIR — L EE(DIAD) I
S IRFEAEAE N 40 Mitsunobu A48 S 5 2 N A3 B4k &
Y6, 1% RN AR, PRI SN2 MALEY
FE101 %) Mitsunobu W R, PRI RS Y i3 1
FIAR L, BN PR SRR R . Rl . — 2Rk
T A T3 s R L DU S g B, £ Bk R, KK AR 0
‘C, ¥ DIAD Zigii A, ARG 1R T idE S v 24
h, TEIX PR N 45T, OV IR . 35 BN
DIAD 5 A4 — k5 A\ 5% in DIAD 76 =3 R 2T,
SNSRI =4 s 3, ORI R . a,f-ANHLRIER 6 76
Luche 4511~ %H CeCly/NaBH, i J5if4 22 37 Ak %
PRI JEU AN (975 I BE 7, PEI4 TH NMR 0471 9F 5 3¢
BRUI0F LEAIE B IL 7 7256k B A6 3.90 (Ta-H) %
U, 6 5.25 (6-H)A& %5 FLEE], &5 =90%. t&4) 7 H 5%
Pd/C AL EAL, FRAT TR SR AR 5p M &, el
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&AL G SR Calid 'H NMR, °C NMR, MS 1 IR
S E T VEIEAT TR

3 i

MG EAIHR R 9 DA S fE LA HIR (R =
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P (D) AR A, 3 AR &, RS
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