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Highly efficient synthesis of marine natural product 24-methylenecholesterol

YUE Juan-juan ZHOU Xiang-dong Department of Medical Chemistry College of Pharmacy Third Military Medical University
Chongqing 400038  China

Abstract Objective To synthesize a marine natural product 24-methylenecholesterol. Methods The
target molecule was synthesized in 7 steps using hyodeoxycholic acid as the starting material 33- tetrahydropy-
ran-2-yloxy -cholest-5-ene-24-ketone as the key intermediate and isopropylation as the key step. Results The
target molecule was synthesized with a total yield of 66% and confirmed by MS IR 'HNMR and "CNMR.
Conclusion  Our synthesis of 24-methylenecholesterol is characterized by easily acquired starting material
short synthetic route high yield and atom-economic.

Key words hyodeoxycholic acid 24-methylenecholesterol

1955 Idler -
24- AP 3. 28- —24-
6'’ Cliona celata 6
Sinularia gyrosa i
Lobophytum Sinularia gibberosa
24- 1.1
6
34 24- CF-254
6 10 ~40 pm
5 24.- AR 60 ~90 C
6
WRR
24- "H- proton magnetic reso-
nance PMR B - carbon magnetic resonance
CMR Varian Mercury Plus-400
tetramethyl-silane TMS
cnal, 5
13527484501 HP5989 A
023 0873701 FTIR-8700 KBr 1

2007-11-13 2008-01-23



622 30
£ COOH
1 MeOH H,SO, - COOMe
2 TsCI Py PPTS DHP
3 KOAc DMF+H,O CH.CL 99%
- KOH-MeOH 94%
— HE
= HO
OH 2
1 0
By COOMe
iPrMgBr EtN Ph,PCH,I (BuOK
THF 73% Benzene 99%
THPO THPO
3 4
o,
PPTS EtOH
.
98%
THPO HO
5 6
1 2 A°3B- 3 A73p- 4 A°-3p- 24-
5 ASHB 3p- 28- 6 ASHB 3p- 28-
1 24- 66%
1.2 A°3B- 2 1.065 g Pet: EtOAc/49: 1
6 4 516 mg
- 2 1.5 AT*% .3p- -28- 5
1.3 A°3B- 3 50 ml
100 ml 1.580 ¢ 3.776 mmol
890 mg A’-3B- 2 381 mg 3.398 mmol 10 ml 1h
2.29 mmol 30 ml 131 mg 364 mg A°-3B- 24- 4
Pyridinium P-toluenesulfonate PPTS 0. 48 mmol 0.755 mmol 10 ml 3h
2.3 ml Dihydropyran DHP  25.07 mmol 40 ml 3 x40 ml 3 x40 ml
3 %30 ml 3 x40 ml
3 %30 ml 3 %30 ml 720 mg Pet: EtOAc/70: 1
3. 608 g 5361 mg
24 28
Pet: EtOAc/49: 1 31.069 g L6 A°** 3. 28- 6
1.4 AS3B- 24 4 25 ml 361 mg A°** 3p- -
50 ml 147 mg 6. 125 mmol 28- 5 0.75 mmol 10 ml 19 mg
0.075 mmol 55°C 4h
6 ml 3 x10 ml 3%
6.424 mmol 15 min 1h 300 mg Pet: EtOAc/
3.2 ml 23. 36 mmol S 6293 mg
0~2<C 691 mg AS—SB— 3 2
1. 46 mmol 15ml 48 h
2% 2.1 A°3B- 2
3 x15 ml 3 x45 ml 3 x A°-3B- 2 94% 143. 4 ~

45 ml

144.3 °C '"HNMR 400 MHz CDCl, & 0.679 s 3H 18-H,



24-

623

0.925 d 3H J=6.4 Hz 21-H,
m 1H 3a-H 3.665 s 3H COOCH,
Hz 6-H
2.2 A°3B- 3

99% 145.5 ~147.2 C 7 148 ~
149 ¢ '"HNMR 400 MHz CDCl; & 0.674 s 3H 18-H,
0.924 d 3H J=6.4 Hz 21-H, 1.005 s 3H 19-H, 3.498
m 2H 6’-H, THP 3.664 s 3H COOCH, 3.925 dd 1H J,
=7.2 Hzand J, =5.6 Hz 3a-H 4.715 m 1H 2'-H THP
5.346 t 1H J, =7 Hz and J, =5.6 Hz 6-H
2.3 A7-3B- 24- 4

73% 128.2 ~129.3 C ESI-MS m/z 523 M
+K * 399 M-THP * IR KBr em™ 1728.1 C=0
"HNMR 400 MHz CDCl, & 0.678 s 3H 18-H, 0.926 d
3H J=6.4Hz 21-H; 1.005 s 3H 19-H; 1.225 d 6H ]J=
6.4 Hz 26-H;and 27-H, 3.508 m 2H 6'-H, THP 3.910
dd 1H J, =6 Hz and J, =5.2 Hz 3a-H 4.715 s 1H 2'-H
THP 4.998 m 1H 25-H 5.345 t 1H J, =5.6 Hz and J, =
5.2 Hz 6-H " CNMR 400 MHz CDCl; & 173.801 24-C
141.5 5-C 121.657 6-C 96.949 2'-C THP 76.082 3-C
67.298 6'-C  56.800 14-C 55.901 17-C 50.211 9-C
42.395 25-C  40.296 4-C 39.816 13-C 38.840 4'-C
THP 37.499 12-C 37.284 1-C 36.821 10-C 36.535 20-
C 35.346 23-C 31.932 7-C  31.711 8-C 31.333 2-C
31.090 22-C 29.718 5'-C THP 28.079 16-C 25.545 3'-
C THP 24.269 15-C 21.868 27-C 21.106 26-C 20.054

1.006 s 3H 19-H; 3.526
5.359 d 1H J =3.6

11-C  19.387 19-C 18.332 21-C 11.869 18-C
2.4 AT 3B- 28- 5

99% 126.1 ~127.1 C ESI-MS m/z 505 M
+Na " IR KBr em™ 3090.8 C=CH, 1639.2 C=

C 887.1 C=CH, 'HNMR 400 MHz CDCl, & 0.679 s 3H
18-H, 0.948 d 3H J=6.4 Hz 21-H, 1.010 s 3H 19-H,
1.027 dd 6H J, =7.2 Hz and J, =6. 8 Hz 26-H,and 27-H,
3.523 m 2H 6/-H, THP 3.902 m 1H 3a-H 4.661 d 1H
J=2.8 Hz 28-H 4.713 s 1H 28-H 5.354 d 1H J=5.6

Hz 6-H " CNMR 400 MHz CDCl, & 156. 933 24-C
141.030 5-C  121.52 6-C  105.985 28-C 96.973 2'-C
THP 76. 113 3-C  62.852 6'-C THP 56. 836 14-C

56.089 17-C  50.279 9-C 42.431 4-C 40.316 13-C
39.863 12-C  38. 861 4'-C THP 37.523 1-C 37.283
10-C  36.853 20-C 35.789 23-C 34.791 25-C 33.869
7-C 31.986 8-C 31.350 2-C 31.049 22-C 29.761 5'-
C THP 28.159 16-C 25.558 3’-C THP 24.323 15-C
21.960 27-C  21.107 26-C 20.078 11-C 19.411 19-C
18.752 21-C 11.893 18-C
2.5 AP 3p. 28 6

98% 142 ~ 143 C 2 143 °C  EI-

MS m/z 381 M-H,0 * IR KBr cm™' 3 404.1 -OH

3070.5 C=CH, 1647.1 C=C 887.2 C=CH, 'HNMR
400 MHz CDCI, & 0.684 s 3H 18-H, 0.949 d 3H J=6.4
Hz 21-H, 1.010 s 3H 19-H, 1.026 dd 6H J, =7.2 Hz
and J, =6.8 Hz 26-H, and 27-H, 3.528 m 1H 3a-H 4.657
d 1H J=1.2Hz 28-H 4.713 s 1H 28-H 5.356 d IH J =

5.6 Hz 6-H " CNMR 400 MHz CDCl, & 156.901 24-C
140.817 5-C  121.699 6-C  105.976 28-C 71.837 3-C
56.819 14-C  56.076 17-C 50.207 9-C 42.415 4-C
42.365 13-C 39.843 12-C 37.308 1-C  36.546 10-C
35.773 20-C  34.778 23-C 33.856 25-C  31.970 7-C
31.936 8-C 31.730 2-C 31.044 22-C 28.216 16-C
24.307 15-C  22.005 27-C 21.879 26-C  21.078 11-C
19.399 19-C  18.732 21-C  11.880 18-C
3
24- 6
4
1956 2 8
A’ 3B-
46 % 24- Wittig
32% 24-
6
9 10
22- Wittig
AP 28- 7 24%
24- 6
24-
6 1
- A°-
3B- 2 3B-
3
24- 4 Wittig
6
A’3B- 2
24-
24- 4
4 Wittig A 5
24 - 6
6 1
- 94% A°-3B-
2 3B-



624

30

2
99%
3B- 3
24-
A24 25 _ 11
-20 C -
24- 24-
24-
24-
24- 24- 24-
A’ 3B- 3
-20 C 40%
24- 4 -10 C
24-
24- 70% 24- 4
12
24- 4
0 C A°-3B- 3
48 h  73%
A°3B- 24- 4 'HNMR
5 1.225 6 H 26-CH,
27-CH, "“CNMR 3 173.801 IR
1728 ¢cm™'
A°3B- 24-
4 4 Wittig
99% AR T 28-
55
98% 24- 6
142 ~ 143 C 2 143 °C  'HNMR 3
4.657 4.713  28-H, "CNMR § 156.901 & 105.
976 AP 3 070.5c¢m !
24-
381
M-H,0 * M 398 24-
1 A°3B-
24-
7 66%

24- 6

24-

24- 24-

Idler D R Fagerlund U H M. Marine Sterols. I. Isolation of 24-Meth-
ylenecholesterol from Molluses J . J Am Chem Soc 1955 77 15
4142 -4145.

Idler D R Fagerlund U H M. Marine Sterols. 1II.
24-Methylenecholesterol and 25-Dehydrocholesterol ]
Soc 1957 79 8 1988 —1991.

Teshima S Kanazawa A Yoshioka M

The Synthesis of

. J Am Chem

et al. Hypocholesterolemic

effect of 24-methylenecholesterol and 7-cholestenol in the rat J . ]
Steroid Biochem 1974 5 1 69 -72.

24- -

J. 1989 8 3 68 -74.

Madina B R Sharma L K Chaturvedi P et al. Purification and physi-

co-kinetic characterization of 3beta-hydroxy specific sterol glucosyl-

transferase from Withania somnifera L

Biochim Biophys Acta 2007 1774 3

LXRs

I 2001

and its stress response J .
392 -402.

23 9 1091 -

1093.

Acuna-Johnson A P Oehlschlager A C  Pierce A M et al. Stereo-

chemistry of yeast A24-sterol methyl transferase J . Bioorg Med

Chem 1997 5 5 821 -832.

Riegel B Kaye I A. The preparation of 24-Keto and 24-Hydroxychol-

esterol and Certain Derivatives J . J Am Chem Soc 1944 66 5

723 -724.

Cui JG Lin CW Zeng L M e al. Synthesis of polyhydroxysterols
Il synthesis and structural elucidation of 24-methylenecholest-4-

en-33 6a-diol J . Steroids 2002 67 13 -14 1015 -1019.
Lu W G Zhang C X Zeng L M et al. Synthesis of polyhydroxyste-
rols 'V  efficient and stereospecific synthesis of 24-methylene-cho-

lest-5-ene-33  7a-diol and its C-7 epimer J . Steroids 2004 69
13-14 803 —808.

Zhou X D Cai F' Zhou W S. A new highly stereoselective construc-

tion of the sidechain of squalamine through improved Sharpless catalyt-

ic asymmetric dihydroxylation J . Tetrahedron Lett 2001 42 13

2537 —2539.

Kikkawa I Yorifuji T. Convenient Synthesis of Alkyl Ketones from

Carboxylic Esters J . Synthesis 1980 877 —880.



