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Synthesis and formation mechanism of ocotillol and its epimer
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Abstract  Ocotillol (3) and its epimer (4) have been synthesized from 20( S) -protopanaxatriol [ 20( S) -PPT] via
two routes, and their formation mechanism has been speculated. Route 1: Compounds 3 and 4 were obtained from
20( S) -PPT by oxidation with m-CPBA at the yield of 44. 1% and 28. 6%, respectively. Route 2: Compounds 3
and 4 were prepared from 20( S) -PPT by acetylation, oxidation and saponification at the yield of 16.4% and
16. 2% , respectively. The formation mechanism of compounds 3 and 4 is speculated as below: 1) The chemical
environments of both sides of C24(25) double bond in 20(S) -PPT are different due to the existence of intramo-
lecular hydrogen bond, which led to the different oxidation ratio of the two sides, and the different yields of com-
pounds 3 and 4 . 2) There is not intramolecular hydrogen bond in acetylated 20( S) -PPT, and the chemical envi-
ronments of both sides of C24(25) double bond are similar, which resulted in almost equal yields of compounds 3

and 4 synthesized through oxidation with m-CPBA, intramolecular S,2 and saponification.
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Figure 3 Formation mechanism of ocotillol in literature' !
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Figure 2  Crystalline structure of compound 4

itk — 2GR TE LA B BN 2 A B A
2210) 544 ocotillol HY A 2 W 1 3k 45 M S 7T RE 11
SAILH , A PRAIZH 225 SCHR [ 13 ] 1 R 25 18, 43
HILA20(S)-PPD F1 20 (S)-PPT Jy J5ik}, 475 3] —
X} C24 £if ocotillol 72 ] S A4 44, R TU{R 5 S {4
MBI 3: 2, FIR S 25 5 5 A PRI Hij 19
WFEas Y SR, P, AR I TR T 2
A WE MRS, 76 SCHR ORI JE A, 455 DUk
= SRA A YA AR R LA BSR4 T e
FRAH G Y X5 2 B A 7 SR 25 R HEWT I oco-
tillol K¢ 2% [n] S Aa A< (1) T UML)

9
n —
C-OH (‘ 0-C
cl O~ NS
—
20(S)-
C \?ﬂ
225
3 cl Sn2 p24 s
3 o e 23
1] 22
C-OH o
- \—Y_/
20(S),24(S)-
Cl



284 ‘1’ @ F # X # % #i& Journal of China Pharmaceutical University 2016,47(3) :282 —287

047 %

1 EMEEE

PL20(S)-PPT S sk, & ik 54 3 fid, Il

20(S)-PPT

Scheme 1  Synthetic route 1 of compound 3 and 4
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Scheme 2 Synthetic route 2 of compound 3 and 4
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20(S)-PPT A S50 % A il s HoAth il 2 2 i
BEorHrali, Avance-400 BRI YR (i1 Bruker
3] ) 5 Mariner B 573354 (56 B W AW R G A
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T 1o 20(S)-PPT fE G {5 1 & m-CPBA
AL, 2GR EME G Y 3 A 4, R 2 5
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H, 28 m-CPBA %L, 135 20(S) 20,24-31%4-3,6,
12-Z Z BRI S =8 (2) o DLW IR N IR5H)
SRR RS 2,15 2L A 3 Fn 4, %
AR50 16. 4% F116. 2%
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2.2 fFA R

2.2.1 (205,24R)-ik 120 ,24-5% £.38, 6a, 128,
25-m B (3) A C24 2 @57 #k(4) 9 E (%
£ 1)  A£E 500 mL 2 i A& 45 150 mL,20
(8)-PPT(2.70 g,5.67 mmol ) , fiiHf B RIE . 1%
WE -3 C, e s AR R (3.91 g,22. 67
mmol ) [ G815 1 W, 1H W S B 6 h, fim A S T B
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FIRIR 2B 7 U A A ER K U I, Jo/K B IR 4 T
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MR CTEREL &, HEGY 3, %M
(1.23 g,44. 1% ) : mp 249 ~250 °C ;' H NMR (400
MHz,CDCL,) §:5.30 (1H,td, J =3.9,10.4 Hz,
C,-H) ,4.75(1H,dd,J =5.3,8.5 Hz,C,,-H) ,4. 42
(1H,td,J =4.7,10.2 Hz, C,-H),3.60 (1H, dd,
J=5.0,11.6 Hz, C;-H), 1.20 (3H, s, C,x-CH, ),
1.16(3H,s,C,,-CH,) ,1. 14(3H,s,C,-CH,) ,1. 12
(3H, s, C,-CH, ), 1.08 (3H, s, C,,-CH, ), 1.02
(3H, s, C,,-CH, ), 0.91 (3H, s, C,,-CH, ), 0. 88
(3H,s,C,-CH,) ; ESI-MS,m/2:493.47[M + H] *,
457.77[M -2H,0 +H] *

[ 13 246 &9 4, E @4 (0.80 g,
28.6% ) :mp 263 ~ 264 °C;' H NMR (400 MHz,
CDCL,) 8:4.10(1H,td,J =3.6,10.4 Hz,C,-H),
3.86(1H,dd,J =6.8,8.4 Hz,C,,-H),3.52(1H,
td,J =4.4,10.4 Hz,C,-H) ,3. 17(1H,dd,J =4. 8,
11.6 Hz,C,-H) ,1.30 (3H,s, C,-CH, ) ,1.26 (3H,s,
C,-CH,),1.25(3H, s, Cp-CH, ), 1.06 (3H, s, C,,-
CH,),1.04(3H,s,C,,-CH,) ,0.96(3H,s,C-CH,) ,
0.91(3H, s, C,,-CH, ) ,0.88 (3H, s, C,-CH, ) ; ESI-
MS,m/z:493.47[M + H]*,457.46 [ M - 2H,0 +
H]",

2.2.2 (20S,24R)-ik 320 ,24-3% /.38, 6,128,
25-v9 8 (3) A A C24 2 @7 M1k (4) 696 % (%
%£.2)

3,6,12-Z LB RAKZEE(1)  7E 250 mL
ST BE 90 mL F1 DMAP (192 mg, 1. 55
mmol ) , FFMIA 20(S)-PPT(7.20 g,2. 65 mmol) ,$i
HR2E, MA CBREF (8.64 mL,7.52 mmol) , %
RS 100 min, 3 Hs W45, A SR L BiR , 2 % &2
SRR, A HUEKRKOH 1 mol/L R R L /K ity
I ERK AV — IR, TOKGRBREA T8 R ZE T, 4
REC AT 5 3%, 15 3 o @ B R 1 (459 g,
57.6% ) :"C NMR (100 MHz, CDCL,) §:170.7,
170.0, 169.5, 131.2, 125.0, 83.6, 79.9, 75.9,
70.2,58.6,52.9,52.4,49.3,44.4,42.2,40.5,
39.2,38.1,37.5,36.0,31.2,30.2,28.0, 26.9,
26.2,25.7,23.1,22.2,21.8,21.4,21.1,17.6,
17.2,17.1,16.8,16.7; ESI-MS, m/z:585.5[ M -
H,0+H]*,525.48[ M - H,0 - CH,COOH + H]*,
465.44[M - H,0 —2CH,COOH + H] " ,405.40[ M —

H,0 -3CH,COOH +H] *,

20(S)-20,24-3R &.-38,6a,128-= LB L R A
A ZB5(2)  AE50 mL A G A5 10 mL,
5 1(3. 83 g,6.36 mmol) |, Fii = 4 VE i, 1%
-3 °C e St AR R (3. 27 ¢,18.97
mmol ) A G VATR, SV 2 he IIASREPNEE(S mL,
64. 88 mmol) , i +f 30 min , A HUHK UK AN GK AR
SNV W A B R K VR, TR BRER AN T4 1
UE R ZE T BB H AR 3. 44 o, BERCH: 3
MR CBRES &, BRI G 2, hE B 45
(3.20 2,81.4% ) :mp 205 ~206 °C ;" C NMR (100
MHz, CDCL, ) §:170.7,170.3, 170.0, 85.5, 85. 3,
79.9,75.9,70.2,70.2,55.5,52.1,51.8,49.0,45. 8,
42.1,40.4,39.2,38.0,37.6,37.6,31.0,30.2,28. 1,
27.7,26.8,25.5,24.1,23.0,22.7,22.0,21.8,21.7,
17.4,17.3,16.9,16.7; ESI-MS, m/z: 619.54 [ M +
H]*,559.50[ M - CH,COOH + H]"*,499.45[ M -
2CH,COOH + H] " ,481[ M - 2CH,COOH - H,0 +
H]*,439.40[ M - 3CH,COOH + H]*,421.39[ M -
3CH,COOH -H,0 + H]*,

b3 B C24 267 #4k4  7E50 mL
SV H 24 mL, 7K 2 mL, b 547 2(2. 48 g,
4.53 mmol ), - i A & FE AL (1.60 g, 28.61
mmol) , JIIFAZE 100 C, i+, KW 30 min, £p T4
A ALAN (520 mg,9.29 mmol) , S i 1 h, J& 5
a5, IMAGE K, BRI e, T, 53 e
s 1. 68 g, FERCH: (A3, FH R CBRE LS i, 15
LGP 3, E 45 (0. 80 g, 14 34. 9% ) :mp
249 ~ 250 °C ;' H NMR (400 MHz, CDCL,) §:5.30
(1H,td,J=3.9,10.4 Hz,C,-H) ,4.75(1H,dd, J =
5.3,8.5 Hz,C,-H),4.42 (1H,td, J =4.7,10.2
Hz,C,-H) ,3.60(1H,dd,J =5.0,11.6 Hz,C,-H),
1.20(3H,s,Cx-CH;) ,1. 16 (3H,s,C,,-CH, ) ,1. 14
(3H, s, C,-CH, ), 1. 12 (3H, s, C,-CH; ), 1.08
(3H, s, C,,-CH, ), 1.02 (3H, s, C,,-CH; ), 0.91
(3H,s, C,,-CH, ) ,0.88 (3H,s, Cy-CH, ) ; ESI-MS,
m/z:493.47[M + H] " ,457.77[M =2H,0 + H] ",
MBS 2L G 4, @455 (0.78 g,34.6% ) :
mp 263 ~264 °C;'H NMR (400 MHz, CDCl,) §:
4.10(1H,td,J =3.6,10.4 Hz, C,-H) ,3.86 (1H,
dd,J=6.8,8.4 Hz,C,,-H),3.52(1H,td, ] =4. 4,
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10.4 Hz,C,,-H) ,3.17(1H,dd, J =4.8,11.6 Hz,
C,-H), 1.30 (3H, s, C,-CH, ), 1.26 (3H, s, Cy-
CH,),1.25 (3H, s, C,-CH, ), 1.06 (3H, s, C,,-
CH,),1.04 (3H, s, C,,-CH, ), 0.96 (3H, s, C-
CH,),0.91 (3H,s, C,-CH, ), 0.88 (3H, s, Cy-
CH,); ESI-MS, m/z; 493.47 [ M + H ", 457.46
[M-2H,0+H] ",
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20 PRI SR T AR S 12 AR FE A E R T
TE 31 A U, U 1 A 0 ) A A PR S B A A
[Fi), m-CPBA DA 48 A WURRE ) A 30 JLF- 2 45, ik
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SRR Y 3 M4,
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TS , T L% SR AR A R 2 ) S A 3 1 4
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Figure 4 Formation mechanism of C24 epimers
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