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Figure 1 Representative natural cholic acids and corresponding structures.
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Figure 2 The classic pathway of biosynthesis of cholic acid.
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Figure 3 Degradation of side chain to C20 ketones.
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Figure 4 Novel photo-redox catalyzed decarboxylative elimination.
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Figure S Dehydrogenation of oxazoline for side chain degradation.
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Figure 6 Aerobic oxidation for side chain degradation.
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Figure 7 Recent examples of remote functionalization in the side chain of cholic acid.
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Figure 9 Studies of novel methodologies based on the radical reductive decarboxylation of cholic acid.
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Figure 11 Selective oxidation of ring hydroxyl groups in cholic acid.
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Figure 12 Conversion of chenodeoxycholic acid to ursodeoxycholic
acid by HSDSs.
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Figure 13 Configuration inversion at 5 position of lithocholic acid.
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Figure 14 Relation between the configuration of the 12-hydroxyl
group and the type of rearrangement.
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Figure 15 Skeletal rearrangements of 12-hydroxyl group and subsequent transformations.
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Figure 16 Skeletal rearrangements of the 12fB-hydroxyl group and subsequent conversion.
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Figure 17 Ring enlargement of cholic acid skeletons.
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Figure 18 Polycyclic and macrocyclic derivatives via a combination
of side chain and ring of cholic acid.
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Figure 19 Functionalization of 17 position via 7 position in chenodeoxycholic acid.

Me,,

0-OH Me /

heat

35% | H
(a:B =3:1)
H
94
Me,,
%\Me
—_— —
i
B X =CFjor
RAVOP. “coome  RPMQ RO
== —ef
Oxone,
NaHCO;
58%
Oxone Me,
xone, y OH
NaHCO; Ce AT
i g CF3
7% |
f
99

B 20 i g AL EERD I

Figure 20 Functionalization of D ring via side chain in cholic acid.
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Figure 21 C-H bond oxidation in cholic acid ring catalyzed by
manganese-porphyrin complex.
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Figure 22 C-H bond oxidation in cholic acid ring catalyzed by ruthenium-porphyrin complex.
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Figure 23 C-H bond oxidation in cholic acid ring catalyzed by osmium-porphyrin complex.
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Figure 24 C-H bond oxidation in cholic acid ring mediated by DMD.
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Figure 25 Synthesis of obeticholic acid by Yu and co-workers [172].
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Figure 26 Synthesis of avicholic acid methyl ester by lida and co-workers [163].
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Figure 27 Synthesis of avicholic acid by Maitra and co-workers [152].
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1. MeOH, HCI
2. Ac,0, AcOK
e

48%, 2 steps

6. BHy*THF;
NaOH, H,0,

7. KOH, MeOH
-

70%, 2 steps

8.TEMPO,

0
CuCINCS 8%

9. NBS, Me,CO, H,0
—_—

88%

Bl 28 Maitra’ & Bpythocholic acidff) 2k

Figure 28 Synthesis of pythocholic acid by Maitra and co-workers [175].

o Me OH

wH wH
POS
0
o

AR 2

progesterone (166) testosterone (167)

2R B R
pregnenolone (165)

EX VA

deoxycorticosterone (168)

A FRA
cortisone (169)

B 29 iR EEER G R SR BER D T

Figure 29 Steroid hormones synthesized from hyodeoxycholic acid.

VLR B BRI 232, T i 5 fh Merck A 7
Lewis Sarettli 3825 RS 5 A, (%7715 AR HL

4. PhICly, hv,
t-BuOH-DCM

5. py, reflux, 14 h
-

50%, 2 steps

10. NoH,4°H,0, KOH
_—

88%

pythocholic acid
(164)

A . B, BT R T — R DA A R R L 4G
JEORHPHT I R B, R (1) D IR FE M A
FrboLB- AR . 51 NC 1AL BRFE DA B 7T (A
KendallZ5SEHL T DA EUIHER J9 S50k T o & ™,
WEBR2FR, HAMRE R C3NFRE. CHEAEL-
RS EAR S RS 2 N 15 330,90- 1 5185, 51
ANCI B 5IRAR R B 155187, 1874 Meystre-
MiescherVk AR MIEES 21189, /)5 &1 Ta-F2 3 I
AU B T SRR T R

4.3 ST N R A R

IS & B A ik (brassinolide, 207)7e —KEAH =4
HUE MM AR KRR, oW B 36 E AL % KX Mandava
SELEMSEAER T2 B AR B, A B
YA KRB VRIS, AERI%F A5 130 Fr 1977 480 v
AHERBEEM. EARI R, HEWREK, (O T2 —,

1055



ZEAIR S RS BHIR AL B WD ) S N2 B AR T AR 70 il o B4 2 P

1. PhMgBr

2. Ac,0, HOAC

3. NBS; NaOAc
—_—

¥ 2 EHRR H g
(170)

8. Al(Oi-Pr);
9. p-TSA

progesterone
(166)

Bl 30 Bharucha& R e v i itk 22 177

Figure 30 Synthesis of progesterone by Bharucha and co-workers [177].

1. PhMgBr
2. CrO3, py
—_—

60%, 2 steps

HEEER PR
(170)

6a-methylprogesterone
(179)

B 31 B0 S5 £ o SRR B 2

4. CrOg;
HCI/MeCOH
5. (CH,0H),
—_—

7. KOAc, DMF, H,0O

3. HCI, AcOH
4. MeMgBr
_—

49%, 2 steps

176

5. Acy0, py

6. NBS 40%,
7.py 4 steps
8. base

9. CrO3, py, HOAc
B

66%

Figure 31 Synthesis of 6a-methylprogesterone by Huang and co-workers [181].

T2 376 AN BE T AL A S BIE T o T S £ I Y BRER A BIE T AN
R RESR, Bk, AT ARSItk B/t x
B fEMSUR A, BEA PR A YEE A R
FANERRAE IR R, i S K B P9 IS A kAT
TERAKIBETT. AERTIWT I P A T3 R 7T T 3L
HER 735 28 ) 45 K DA I B D A S 17 S B e A 1
FIA/BIREE R BT, [FIRFAITFT 1 (I EE [ Sharpless ANK FR
XUFEAR L K 22- 58 1 (ff 25 S RELIR S AL Tk gt 1) 5 952
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ARG S, RS HRIE A T A R ST
Bl W 17 B 7 AR e S g S T R,
AT R A 25 SR IH TR 0 B R AR A il SR S IR
gl 33 R, %R AR PR = B S
F22- ({198, SR J5 5 B 37 4 s 8 A5 3 AR 199,
22 5 & 4k 5 Horner-Wadsworth-Emmons & V. 75 2]
200. 2002 R SRAT T RPN ETTI- A BRAL S B 5 461k
W FEEEERINER201, HEHIEIER . R4 ES
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Ho Me.. O
T Me 1. CH30H, HCI 3.CrO;
OH  2.BzCl, py 4. Se0,; KOH
—_— e
HO™ )
EEERR 181
(5)
5. CHzOH, HCI
6. Hy, Pt
7. CH30H, HCI
9. NaHCO; 8. HCI, CHCl3
-
BzO"
184
10. Bry, -78 °C
11. AgoCrOy, CrO3
13. HBr
12. CgHsMgBr 14. Ac,0
—_— ——

28. Hy/Pd

cortisone acetate
(197)

Bl 32 Kendall% 4 BT AOFA R 2k ™)

Figure 32 Synthesis of cortisone acetate by Kendall and co-workers [183].
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M [}
©. 1. Acy0, py

oH 2 cP)b(OAc)4, Cu(OAc),
- V3

11. DIBAL-H
12. (MeO),CMe,, | 74%,
p-TSA 3 steps

13. (PhsP)RKCI

Me  14.PDC; HCI
_—

94%

brassinolide
(207)

B 33 g T S 68 e g i 2 )

Figure 33 Synthesis of brassinolide by Zhou and co-workers [194,195].

Wilkinsonfii B [ N 45 1 —EE203. 20348 B4 R AL IE
EH(PDC)F AR 261 N B SO M 815 51204, T
2 Clemmensenid J5UH 5 [ N 75 FIA%-6-205. 2055052
Rk 5 Baeyer-Villiger [ 3 5 245 i 3 5 BE A B
198 RN TH B, SLE10%). BRItz 4b, & 4E35 56
DR 2R R JE R e T BTl . C26,27-3L
27 S K5 T PN I DA J% 28- iy i 65 1 PN I 1) 5

4.4 W SRR WHE R
i % % (Squalamine, 216)7& —F 73 B H 11 & (Squa-

1058

o

4. Ph3As\\)J\r Me
—_—

Me

70%

5. NaOH, H,0,; Ac,0 62%
6. (MeO),P(O)CH,COOEHt, 2 st 2
NaH, steps

7. HCIO,4, MeOH
8.PDC
Me 9. Hy, PtO,

11%(200) + 84%(201)

AcO"™

15. TMSCI, Zn/Hg
_—

52%

lus acanthias)/¥13B-2 FE S B, ELA 01 &5 2% [CFH
A1 I A e B T 8 B 1Y, 19944F Morarty 4
WIE T MWIE 2 EHER & 524C-f % F(24-squalamine)
FORF ST AT SR SCHRIC SRR % 2 S R L
N3B- LI FE-5-HH IR R 208. 2082 e 5L 4 1 7 1 Mk
SAINMBER RN, HEER SR C458 5
BEI209. 20920 R 1AM 58 A O XU E F)210,
G — RFI A E K211, 3E— 3530 5 b 15 3
212. 212 E B B 5| N 2 g 19 511214, B
2 LIS 1215, f i R 1k I B ) 4524 -
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squalamine([&134). 1%#% 2k 208 H Kk I 1 T B, K
4%, TERE G R0 R ABATTE % T squalamine C24
PRI R AL R Pechulis s ) FH 25181 5 B A
3B-F2IE-5-JHIR R £ B 24C-squalamine!”,

Ji 4 35 S Rl T RS L AR A ilisqualamine
RIRF9E. 7055 — R e 2 v, Ao Ao S M4 ek
TR IE B 77 R RS 2 EUH R 21740 628 I B4
(844218, 218 MIRIRIICTAIFETE . C3NFFE ML JF
HEE15 30219, H4SwernE k. Wittig e B 5] A 74
FE e AKX R Sharpless XU JEAK [ V.AS 2 112220, 220
BRI C24 F2 L, C25-FIIHRS — WA
PR B B AR FE 15 30222, 2224000 )8 ficth b2 2 ek
1931224, 4 NFRBoc PRI K BRI 1L [ W 1l £ squa-
lamine(&135). 1% #4218 & 75 1320 OB, Aili
H16%. 125 ARG R h P, 2174 1 B A AL C3
it 5 CT0 R A3 3226, ZIBXIE S & JE 4
B JFEIRF50-24-1227, FELAXSFRIGEFEEE RN R
I 5NN EE (1) 7 A 2R I 24 R 5L, f J5 i BFRMOM

oTBS

Me 41, LiAlH,, reflux
-

98%

212
I N CN
12. 213, K,CO, NN NI
213
© NH,
CN 13. CbzCl, NaOH
Me 14. Na, NH3(l)
P1BS 15. LiAlHy, reflux 301 €]
© [H Me 16.HCI, EtOH ®
BN Me[ H T
e
: Me 58%, 5 steps
Q0L
N N
N A OH
214

Bl 34 Moriarty% & 24C-squalamineff] i 25 &7

Figure 34 Synthesis of 24{-squalamine by Moriarty and co-workers [197].

PRI IS 228 — A R R 222(1836). 44
KO RN, IR N14%, TELRFRSICR 55— R
G 2 TR T A BOP IR, thah, HoAhat i it
DU 2 IR N J5RHG i T & Fisqualamine 254U
I T A i e,

Orostanal (234)&—Fh 73 B g4 (Stelletta hiwa-
saensis) [P S FER RN, AI5F N Stk R4k 20 i
FHUBE AN T, BRI I R R, e
LA IE T W 22 AR & Borostanal frAFF 75 020,
37N, H 2 E IR H R 1698 Ja 48 W I B Ak
N229. 2294 A 5 FRREEA & [N T K 6/5/6/673
THEHE, BE=PHAE3231. 23148 Swern® L.
Roush A Fids 7 AL AN — 0 jad 5 7 1 1530233, 1
2 Swernd 4k . Takai-Lombardod 3 4k A1 i 53 {5 47 Jk
3 Forostanal. 1% %2k I R 4A229 H & 75 1220 ) B,
S 18%.

Solomonsterol A (238)F1B (241)7 & [ 45 (Theo-
nella swinhoei), A IRTT JREFNIG R G I SE P90

1. (COCl),, DCM
o) 2. i-PrCdBr
3. Ca(BH,)
OH  4.TBSCl, im
—_—

43%, 4 steps

5. Cr(CO)s, TBHP
6. Li, NH; (1)

37%,
2 steps

7. K-selectride

8. NaCN, MeOH

9. Al(Ot-Bu);

10. BnONH,*HCI
-

OTBS OTBS

40%, 4 steps

@ NH3

e
Me 17.SOspy, py ®/H/ scl
—_— “

OH 0SO3H

HoN

10%

24(-squalamine
(242-216)
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Me,, o} 1. CHy(OMe),, P,05
2. (CH,OH),, PPTS

OMe 3. LiAlH,
—_— B

85%, 3 steps

L E R P R 218

(217) 4. (COCl),, DMSO, Et;N
5. n-BuLi, PhsP*i-Prl- 88%, 3 steps
6. (DHQD),PHAL,
K,0805(0H)s, KsFe(CN)g

9. NH,OH, EtOAG; Me., OAc
KOH, MeOH 7. Ac0, py
10. PPTS 8. MsCl, Et;N
- P

79%, 2 steps 83%, 2 steps

BocN

Iz

squalamine
(216)

Bl 35 JH k3554 Bisqualamine ) 55— 25 2

Figure 35 First-generation synthesis of squalamine by Zhou and co-workers [200].

Me, o]
Me 1. Ag,CO; on Celite 3.1BX, TFA
OMe 2. MOMCI, i-Pr,NEt 4.Li, NHs (1)
—_—

R

84%, 2 steps 64%, 2 steps

2 AR P e
(217) Ph. Me
5. Hey—{oH 84%,
HO NBu, | 99% de
i-PryZn

Me 6. PPTS, t-BuOH
B —————

96%

squalamine
(216)

Bl 36 JA4E A4 iisqualamine ) 55 — QB2 B0

Figure 36 Second-generation synthesis of squalamine by Zhou weishan and co-workers [201].
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s 1% ZampellaZ54R & T Solomonsterol A& AL,
AR B3B38 TR, S5 A HER L = B 05 5229.
2292 (i AL Sk XU 5 0 0 e S 1 B A A
235. 23520 R EAL KT G 3] e s( ¥ 237,

¥ EEHRR P R
(170)

9. (COCl),, DMSO, Et;N
10. TiCly, Zn, CH,Br,
11. LiBF,

12. HF, MeCN
-

44%, 4 steps

orostanal
(234)

B 37 4% A orostanal ) 2% 5] P03
Figure 37 Synthesis of orostanal by Zhou and co-workers [203,204].

Me,
? 1. CHzN;,
oH 2. TsCl, py
3. KOAc, DMF, H,0
R——

78%, 3 steps

HO™ v
H &
XA

(3)

9. LiBH,,
10. Etz;N-SO4

Me 11. Amberlite CG-120,
0OSO3Na sodium form
NaO;SO.
83%, 3 steps
NaO3;SO 2
a0, &
solomonsterol A
(238)
Me,, [e]

OH ' TFA, TFAA, NaNO,
—_—

80%

& 38 ZampellaZ: 5 T-solomonsterol AFIBII4 >

233

T2 I8 55380 I 5 0 R A - 1 26 [ B 45 i solomonsterol
A ZEERIE D RN, IR 3 1%, 78 skl AhAT]
M2 LIS SRR O Rk, 38 it R B S A s 8
15240, FI4 5 AL EE AL #1153 Solomonsterol B,

1. O3, =78°C; Me,S,

2. neutral Al;O3,

.
72%, 2 steps

OMe

230

3. HC(OMe)3, MeOH
4. TBSCI, im
5. LiBHy, reflux

65%, 3 steps

OH 6. (COCl),, DMSO, Et;N
7.232, 4AMS, -78°C
8. NoHg, Hy0,

-

86%, 3 steps

CO,i-Pr

Me

O
! .-
Me A By 231

232

4. Hy, Pd/C

5. TsCl, py

6. LiBr, LICO3
-

66%, 3 steps

235

7. m-CPBA,
NayCO3

8. aq. HySOy4, THF
B

73%, 2 steps

0SO0;3Na

solomonsterol B
(241)

Figure 38 Synthesis of solomonsterols A and B by Zampella and co-workers [206].
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4.5 BHAEREMENERK

Dafachronic acid e —Z&JH [HBEATAE AR (1K139),
Vz 4 /. S22 s FH N Y A1 £ ==
E ;?)28%05/] * KA 7/{ H Ul %i qj % {E ;é 9% % E/J Ll % (258)-A*-dafachronic acid (242) (25R)-A*-dafachronic acid (244)
20201 20114E, Pellicciari DA% 2 A IH IR M J5URH (25S)-A-dafachronic acid (243) (25R)-A-dafachronic acid (245)
F% T dafachronic acid”""). 41 & 40775, A 114 BE B
FEARE: HARGHRERY . BRELH LRI

B 39 Dafachronic acidZ %5+

Figure 39 Members of dafachronic acids.

Me, (o]
- 1. 3,4-DHP, p-TSA
oH 2 CICORE, EtsN 4. (COCl),,
3. NaBH4 EtsN, DMSO
—_— —_——

87%, 3 steps 92%

o
L
@)

5. Ph3P*CH3CHCO,EBr,
t-BuOK, THF

6. HCI, MeOH

7. NaOH, MeOH

87%, 3 steps

9. MeOH, p-TSA,
OMe 10. TsCl, py
-

96%, 2 steps
HO™

8. (R)-Ru[(p-cymene)(BINAP)]CI,
H,, MeOH/Et;N

97%

250

12. A(Oi-Pr)3
cyclohexanone
13. NaOH, MeOH

=

83%, 2 steps

(25S)-A*-dafachronic acid
(242)

(0]

12. CrO3, 3,5-DMP

OMe = '~ 5
Me 9

60% 83%

253
13. Hy, PAIC
EtOH l 93%

15. SOCly, py
16. NaOH, MeOH
17. CrOs

-~

75%, 3 steps

&
(25S)-A"-dafachronic acid
(243) 255

& 40 Pellicciari®% & fidafachronic acid4) T 2k g

Figure 40 Synthesis of dafachronic acids by Pellicciari and co-workers [211].
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=P AN B R TR A N FE(247), B JE 200t ok
H#yHorner-Wadsworth-Emmons (HWE) s & DL & fii 4k,
AR FREMN A FC25AL FHEHFE, DAL R =%
FIEX WLIE B E1S BIALA 10249, 249450 J5 B2 46 1045
B S EE b ) R 1 R 6250, Bl 5 1% (AR 2t e SR 1
BRI S BN BIAN Bhr 7. m&AAILA328
I, 32%M1 M R T (258)-A*-dafachronic  acid
(242), DT R, 23% 8 UE A T (255)-A'-dafa-
chronic acid (243).

Btif5, Schroeder®5 & T dafachronic acidfJ&
B AT R RE SR B Horner-Wadsworth-Emmons % ¥
S AR AN NI FH I RIS, X SCHH )25 T H

1. LiAlHy, reflux
—_—

99%

6. IBX-NMO, Me | i
DMSO N

50%

259
(242)

1. TMSCHN;,
2. AgCO;-Celite

91%, 2 steps

8. Burgess reagent

9. LiOH, THF, H,0O

10. (S)-[Ru(OAc)(Hg-BINAP)]
H,, MeOH

61%, 3 steps

(258)-A’-dafachronic acid
(243)

& 41 SchroederZ: 4 flidafachronic acid»T- 12k B2

M b9
e.. o EtoJ\(F-"OE'
!1 OFt

HATHI. AR A O B R 4i R, R
FTi e, & 54T (255)-A%-dafachronic acid (242) 54
B ALIEGAD RS, SR N32%, AT (258)-A -
dafachronic acid (243)[1/SBE LR ALFE1020 e B, SR
H16%. X153 a8 T THIa6 EORHR IR £, S 4b, HARE
B, 7E(255)-A"-dafachronic acidf)& &, #1465
BESAL B AR 5 7= W e SAL A - A BR A R 1,
XX — L, AfATSREL T SeIBX A SHA U, B
J& AL IR R T R (E41).

AR RLH 1 B T T % dafachronic acidZ$4r FHIE
R, S5 SCBl T MATIHRR & R (25S5)-A"-dafachronic
acid (242, 620, EHCFRA27%) FIAKE A IR &

93%

4. LiOH, THF, H,0 Me /-
OHS- (SHRU(OAC)(HgBINAP)L Hy $
e

OEt

86%, 2 steps

H
258
Me,, 0
3. BOMCI, DIEA 1
4. 1BX, TFA OMe
—_—
61%, 2 steps,
AYAM =511 5
(o) ‘OBOM
260
5. Li, NH3 45%,
6. AgCO3-Celite 2 steps
7. LiCl, DIEA,

= Me

78%

Figure 41 Synthesis of dafachronic acids by Schroeder and co-workers [212].
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Fiboophiline K AR 41(273, 9 B, B N 14%,
42) BT 96 TAERD) JA TSR AT i 5 (A i R 0
PRSEA S5 5 AN KRR G A S B IG FH (1) SRS v 3 p 2 T
C2SMiFHHE, HRRET —MiRMEmS. BiellE
R v ELE PR T 1] Do 75 S 10 T 8 0 TR Ak
N, HHEEAT 2R KR ALY T s e
BE LA, T FLAE & 5(25S)-A-dafachronic  acidid
e, BATRA 7327 C-HEE B i AEHATH 2 EH

1. CrOg3, HyS04

95%

5. Hy, (S,Sp)-RuPhox-Ru
PPh3, NaHCO;3
6. IBXeNMO, DMSO

48%, 2 steps
>99% de

(242)

1. MeOH, p-TSA
2. TsCl, py

93%, 2 steps

HO

271

8. Hy, (R,Rp)-RuPhox-Ru 99% vyield,
>99% de

PPhs, NaHCO3,CH30H
9. i-BuCOCI, Et;N
Me O

Me OH

NH;

40%

M = O S, T CS A B RS, %oy TN
BRCRAE B AT O B ik B i . Ak, AT IE S
4 iboophiline 7 - H P FC2507 2 ] St A AR g 1 3
C25hL X B R RAY.

4.6 Veragranine ARIBA K,

Veragranine A (283)f1B (285)/& H ¥ IR AR
& Gy P B2 BB 7 (Veratrum  grandiflorum) 5y

Me,, o

2. NHPI, DCC, DMAP NPhth

—_—
93%

264
3. HE, Et3N, blue LED
69%

o)
PhOzs/\n)J\OMe

Me,

OH 4. LiOH, THF, H,0
-

98%

Me,(_ o)
Me
OMe 3 koAc, HOAG
—_—
61%
267 268
4. KOH, MeOH 81%,
5. NHPI, DCC, DMAP | 2 steps
6. HE, Et;N, DMA
blue LEDs
o
o}
PhOstLOMe
OMe

boophiline
(273)

Bl 42 R HEE‘I%%EE(ZSS')-A4-dafachr0nic acidfllboophiline ] 2 ]
Figure 42 Synthesis of (255)—A4—dafachronic acid and boophiline by Wu and co-workers [213].
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AR B PR S R AR, B A i BE TN A
WIE(Ca,2.2), FEFRINTGTE, BA TR OB B
2 1121, BRI, veragranine AFIBIKIEA) 5 55
WAL Z140.00004%, PR AT 06 B3 I Ak 24 A i T B
fERE AT SRR 1) B 20244 56 [ R 2R B 22 A9 AR B

]84 & T veragranine A HATAEM. 20244E, A
R ZH W3R8 T veragranine AFIBAIS i TAE'. ]
43R, WATNZEMER &, SidE iR 5C3/
CI2f IR R e 19 311274, TR ntne #A7R i HC 12
RrERFEAFEN275. 2752 W VIWT RORIR . 4 &5 [ B

S SRRSO\ 2 AR ME R i I Schonecker-Baran
C-HEE &t Suzuki-Miyaurafi B FMinisci b &5

Fit 7K Jz 345 BINHPIE 277, 33k 11 76 38 J5 B 3R 1) 2%
R4 C200 B 2, Bl J5 5 e 34 & AE Minisci

4. | N
1. Co(dmgH),Clpy, Br ZMe
acridine, 395 nm % )
OH 2. TBSCI, im t-BuLi, Et,0,
3. DMP -78°Ctort.
_—

97%, d.r. =10:1

5. KMnOy, NalOg4 53%,
6. NHPI, EDCI, DMAP | 2 steps

Me
Me 8. Ir[dF(CF3)ppy](dtbbpy)]PFg,
TFA, blue LEDs; TBAF

68% (279) + 18% (278)

«Me 12 tBUOK, t-BuOH;
NaBH,4, MeOH

64%

282 veragranine B
(283)

Me  10. -BuOK, t-BuOH;
NaBH,, MeOH

83%

veragranine A
(285)

Bl 43 540854 iveragranine AFIBIK ik 25 1421
Figure 43 Synthesis of veragranines A and B by Wu and co-workers [216].
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LA B BE AT FAE Y 32 B = 4279, 2794 IR AL
IBX%E L A/BH 53K E Meinwald 5 fE 15 31 — 282, #ix
J& & o, B- A AR 22 3L HE1k 538 J5 15 | veragranine B
(1225 ] B0, BUER2.6%). 2794 IBXE AL A/BIA A2
JeHifl . b JE ] fSveragranine A (105, RUL
H6%).

5 Egi5RY

FRBRA 5 13 BIRR BRI RN 7 W) e EE ) 8 A T
AR, RZEATRI AR BT 5 et Rt 2 (S 14k
FREEFRNE. ZEHHENRR, TRECS
BORARGI TR T RIS S WA 22 B Bt 5
e, CIRIHRRMGE PR ST iR AR LR
R RAE I 2 7 E SR E HE S A Heph R SR
WA BRFAL I VRS BT R 5059, WHIiE 58
J T MRETR AL 5 A 5 LA R SR = M AN D RE L 7y

S5 3k

TR Hrb, ERA PSS T E R v
WA, BN, BSR4 A B R e AR
TR T S P R A LRT A A R
R S 5. SR, MERR I B L5 B AL WF 7T H HITAFAE LA
TIUAEREE: (1) ZRAURIR, Ko R SRR Z I,
FeAb DIREBL, MeR A, (2) B R EHWUR R
POy S A2 i F £ R 2R, SRz AL, RE R Z BRIE
A BEREETRIRP B IR IIRIE; (3) IEHFERA DT
TOH KB AL RO B T IR SRR, SR TIAH K
WHRBON L, HMERRARSE, HA 8 S B Fe A £
WRARAL. bR ERBE R IR #1] 7 HRR BRI T R
G5 AR EC-HEE AL . A LB R
iy AW G RS B AEAL B AL ST R BT IR A O
et 7RI E - IS HALIETE. B, FA14
EARLER RN P TUIH R AL S 8 85 B4k
BARMIWEFCE SR 225, N MHHES) IR 53 IR
RIS FH.
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Bile acid resource compounds: reactions and applications in natural
product synthesis

Ruoxi Li, Xiaotong Li, Jingjing wu'

Frontiers Science Center for Transformative Molecules, Shanghai Key Laboratory for Molecular Engineering of Chiral Drugs, School of Chemistry
and Chemical Engineering, Zhangjiang Institute for Advanced Study, Shanghai Jiao Tong University, Shanghai 200240, China

*Corresponding author (email: wujingjingsjtu@sjtu.edu.cn)

Abstract: The bile acids family, including cholic acid, chenodeoxycholic acid, hyodeoxycholic acid and other
members, are the products of cholesterol metabolism in liver cells. These cheap and abundantly available molecules are
important raw materials for steroid industries. After decades of studies, researchers have systematically understood the
chemical properties and reactions of bile acids and synthesized several natural products and functional molecules
starting from them. However, researches on bile acids currently suffer from several drawbacks such as obsolete reaction
types and tedious transformation pathways. Especially novel efficient chemical and biological transformations for bile
acids still need to be studied in depth. Therefore, in this review we focus on the chemical and biological transformations
of major bile acids, and their application in the synthesis of natural products and functional molecules. We hope that our
review might arouse the attention of researchers in different areas and expand the innovative studies of these important
resource compounds.

Keywords: bile acids, chemical degradation, skeleton rearrangement, C—H bond functionalization, natural product
synthesis
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