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Abstract: Four major byproducts qf the Clcmmensen reduction of diosgwdn have ken isolated and kienti_Red: (2SR)-l7fi 

mcthyl-18-~r-17~cholesta-5.13-~~-3~~6-~1. dihydrodiosgenin, (22E~SR)-choiesta-522-dicncJs.16B26-ui, and its 222 

isomer. These bproducts were used to prepare deuteriwn- and tritium4abeled (2SR)-26+droqvcholesterol(3) and J2 analogs o/3. 

Mitochondrial 26-hydroxylation of sterols is an obligatory reaction in major pathways of bile acid 
formation3 and is an initial reaction in the metabolism of 3I.+hydroxy-Sa-cholest-8(14)-en-15-one, a potent 
hypocholesterolemic agent.4 The products of 26-hydroxylation, i.e. (25R)-26-hydroxycholesterol (3)s and 
(25R)-26-oxygenated-l5-ketosterols.6 are highly active in the regulation of sterol synthesis in cultured 
mammalian cells. The initial step in the chemical synthesis of (25R)-C-26 functionalixed sterols is generally the 
Clemmensen reduction of a sapogenin,h7 a reaction that often proceeds in modest or variable yield. In the case 
of diosgenin (l), this reaction affords an almost quantitative recovery of steroid material, of which the desired 
3g,16p,26-triol4 and recovered diosgenin constitute at most -75%. Clemmensen reduction byproducts of 
sapogenins have been investigated only for the case of tigogenin (2). which was reported to give a 63:37 ratio of 
(25R)-Sa-cholestane-3B,16@6-trio1 and the 22s isomer of dihydrotigogenin.* The latter was said to decompose 
readily to A22- and A23-3g,16g,26-triols, from which it could not be separated. Additionally, the main trio1 
product was shown to be transformed to (25R)-17~-methy1-l8-nor-5a,17a-cholest-l3-ene-3~,26-diol under 
acidic conditions. In the Clemmensen reduction of diosgenin, we have observed the corresponding 1%norstem 
but have found different structures and reactivities for the other byproducts. We describe hem the isolation and 
identification of four major byproducts in the Clemmensen reduction of diosgenin. Deuterium- and nitium- 
labeled 3 and analogs of 3 with Am unsaturation were prepared from these byproducts. 
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Clemmensen reduction of diosgenin as described pteviously6a gave a crude product consisting of trio1 4, 
diosgenin. and several byproducts that were not readily separated by recrystallization or chromatography on silica 
gel. A much better separation was obtained after the crude product mixture was silylated with tBuSiMe2Cl to 
mask the 3/3- and 26-hydroxyl groups. 9 Four byproducts were isolated as their bis-TBDMS ethers and 
hydrolyzed to (25R)-17~-methy1-18-nor-17a-cho1esta-5,13-diene-3~,26-dio1 (5). (22E,25R)-cholesta-5.22- 
diene-3p,16g,26-triol(7). its 222 isomer 8, and dihydrodiosgenin (6). 
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Structures of $6.7, and 8 were established by lH and l3C NMR.to Spectra of a 1:l mixture. of 6 
derived from the Clemmensen reduction and dihydrodiosgenin prepared” by treatment of diosgenin with 
LiAlH4-AK13 showed no doubling of peaks under conditions capable of resolving signals differing by only 0.03 
ppm (t3C) or 0.005 ppm (tH). This result together with other supporting physical constants established the 
identity of 6 as dihydrodiosgenin (22R isomer). For the structnre elucidation of 7 and 8, the bis-TRDMS ether 
of each dJ*-3p,169,26-ttiol was converted to the 16g-mesylate and reduced with LiAlIQ to give, after 
hydrolysis of the silyl ether groups, the d*22-39,26-diols 9 and 10, respectively (Scheme l).t* The t3C NMR 
spectra of 9 and 10 were in agreement with those reported13 for the 22E and 222 isomers of cholesta-5,22dien- 
39-01. The structure of 5 was based on the similarity of its tH and 13C NMR and mass spectra with those 
reported for other At3-17gmethyl-18-norsterols.*~14 %. \ -*- H 

7 (A=) i, ii, iii OH 

8 (A=) -N HO 
\ 
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Scheme 1. Reagents end conditions: i, MsCl. pyridine. mom temperature, overnight; ii, LiAIIQ, ether, l-h 
reflux, followed by purification on AgNO3-silica gel; iii, pTsOH, acetone-chloroform (-lO:l), room 
temperature, overnight. 

Isolation and characterization of each of tbe reaction byproducts by lH and t3C NMR and HPLC permitted 
a precise evaluation of the composition of the crude Clemmensen reduction products. For this experiment, 
concentrated HCl(lO0 ml) was added over 1 h to a refluxing solution of diosgenin (5 g) in absolute ethanol (500 
ml) containing amalgamated zinc (417 g). Refluxing was continued for an additional 4 h, and samples for 
analysis were taken at 0.5, 1. 1.5, 2.5, and 5 h after addition of HCl was begun; samples were poured into 
water, and the precipitate was collected by filtration. HPLC and l3C NMR analysis of a sample taken at 1.5 h 
indicated a composition of 59% trio1 4. 18% diosgenin. 3% ll-norsterol5,8% dihydrodiosgenin (a), 5% Am- 
trio1 7, and 7% AZ-trio1 8. l5 The relative amounts of these components did not change significantly with time 
except that 5 increased to 9% at 5 h at the expense of 4 (52% at 5 h). Virtually all the t3C NMR signals of >2% 
intensity in the spectrum of the 2.5-h sample were accounted for by these products. NMR signals attributable to 
yamogenin or the. 22s isomer of dihydtodiosgenin were not detected in any samples. 
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The foregoing results cast serious doubt on previously proposed structures and mechanisms for formation 
of Clemmensen reduction byproducts. a ‘Ihe constant ratio observed for 6:7:8 from 0.5 to 5 h suggests that 
~5.22 dk~ 7 and 8 do not arise from 22Rdihydrodiosgenin (6). More importantly, treatment of 6 with 
mfluxing ethanol-cone. HCl(5:l) for 5 h gave (22R,25R)-furosta-3,5dien-26-o1(25%), mcovemd 6 (60%). 
and no detectable 7 or 8. Olefhts are known byproducts of Clemmensen reductions.le The formation of 
dihydrodiosgudn (6) under Clemmensen reduction conditions is not sqrising since sapogenins am converted to 
dihydrosapogenins by catalytic hydrogenation in acidic media. 11 The remaining byproduct, the 18-norsterol5 
appears to arise from dehydration of trio1 4 to the Are sterol, followed by rearrangement to 5 as proposed 
pmvious1y.s The decomposition of 4 to 5 is significant in the case of prolonged mfhuing of the reaction mixture 
or refluxing in a hi8tmrboiling solvent such as n-butanol 

Diol 10 was exptited as the starting material for the preparation of demerimn- and tritimn-labeled 3 
(Scheme 2). The 26TBDPS ether of 10 was converted via the 3p-tosylate to the i-steroid. Removal of the 26- 
silyl group gave (222,25R)-3o,5-cyclo-5a-cholest-22-en-26-o1 (11). which was reduced with deuterium over 
PtO2 and hydrolyzed to PHI-3. 17 NMR and MS analysis indicated that the bulk of the deuterium label was 
located at C-22, C-23, and C-24. Analogous catalytic reduction of 11 in the presence of tritium gas gave, after 
appropriate purification, [3H+3 of high specifii activity (16.9 Ci/mmol). This represents sn efficient synthesis 
of 3 labeled in positions that are chemically and metabolically stable for the purposes of many biological 
experiments. 
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Scheme 2. Reagents and conditions: i , tBuSiPh2C1, imidaxole, CH2C12-DMF (l:l), 22 ‘C, 12 h ; ii, pTsCl, 
pyridine, 22 OC!, 12 h; iii, KOAc, refluxing MeOH, 12 h; iv, Bt@F, THF, 22 “C, 20 h; v, PtO2. EtOAc- 
CH3COOD (l:l), 1 atm 2H2, 22 “C, 0.5 h; vi, pTsOH, refluxing dioxane-water (4:1), 1 h. All yields were 
MO%. 

Acknowledgments: This work was supported in part by the Robert A. Welch Foundation (Grant C-583). the 
Texas Advanced Technology Pmgram (Grant 3037), and the Ralph and Dorothy Looney Endowment Fund. 

1. 
2. 
3. 

4. 

5. 

REFERENCESANDNOTES 

Present address: Shanghai Institute of Organic Chemistry, Shanghai, China_ 
Present address: Dept. of Industrial Chemistry, Kyungpook National University, Taegu, Korea. 
(a) Bjorkhem, I. Mechanism of Bile Acid Biosynthesis in Mammalii Liver. In Sterofs and Bile Acids, 
Danielsson, H.; Sjovall, J. Eds., Else&r: Amsterdam, 1985; pp. 231-278. (b) Ayaki, Y.; Kok, E.; 
Javitt, N. B. J. Biol. Chem. 1989,264, 3818-3821. (c) Axelson, M.; SjHvall, J. J. Steroid Biochem. 
1990,36, 631640. 
Pyrek, J. St.; Vermilion, J. L.; Stephens, T. W.; Wilson, W. K.; Schroepfer, G. J.. Jr. J. Biol. Chem. 
1989,264,45364543 and references cited therein. 
(a) Esterman, A. L.; Baum. H.; Javitt, N. B.; Darlington, G. J. J. LipidRes. 1983,24, 1304-1309. (b) 
Taylor, F. R.; Saucier, S. E.; Shown, E. P.; Parish, E. J.; Kandutsch, A. A. J. Biol. Chem. 1984,259, 
12382-12387. 



3690 

6. 

7. 

a. 
9. 

10, 

11. 
12. 

13. 

14. 
15. 

16. 
17. 

(a) Kim, H.-S.; Wilson, W. K.; Needleman, D. H.; Pinkerton, F. D.; Wilson, D. K.; Quiocho, F. A.; 
Schroepfer, G. J., Jr. J. Lipid Res. 1989,30, 247-261. (b) Siddiqui, A. U.; Wilson, W. K.; Ruecker, 
K. E.; Pinkerton, F. D.; Schroepfer, G. J.. Jr. Chem. Phys. Lipidr 1992,63,77-N 
(a) Tschesche, R.; Brennecke, H. R. Chem. Ber. 1979,112,2680-2691. (b) Seo, S.; Yoshimura, Y.; 
Satoh, T.; Uomori, A.; Takeda, K. J. Chem. Sot., P&in Trans. 1,1986,411414. (c) Kluge, A. F.; 
Maddox, M. L.; Partridge, L. G. J. Org. Chem. 1985,50,2359-2365. (d) Arunachalam, T.; MacKoul, 
P. J.; Green, N. M.; Caspi, E. J. Org. Chem. 1981.46, 2966-2968. 
Zachis, M.; Rabi, J. A. Tetrahedron Lett. 1980,3735-3738. 
The crude product (5 g, obtained from 5 g of diosgenin) was silylated by heating at 70 “C for 1 h with 
imidazole (10 g), dry dimethylformamide (9 ml), benzene (45 ml), and (after azeotropic removal of water) 
t-butyldimethylsilyl chloride (4.32 g). The components were separated by medium-pressure liquid 
chromatography (37 x 440 mm Lobar silica column eluted with 1% ethyl acetate in hezane). 
These compounds were fully characterized (lH NMR (500 MHz, CDC13). 13C NMR (75 MHz, CDCl3), 
MS (70 eV), mp, [aID, IR, TLC, and HPLC) and showed satisfactory elemental analysis or high- 
resolution MS. Selected analytical data: 5: mp 146148 “C; 13C NMR S 22.84 (C-12), 136.16 and 
140.23 (C-13 and C-14). 24.91 (17-Me), 14.61 (C-21); *H NMR 6 1.00 (s, 17-Me), 1.34 (m, H-20), 
0.71 (d, 6.8 Hz, H-21); MS m/z 400 (1. M+), 271 (100, M-SC), 253 (27, M-SC-H20); 6: mp 173.5- 
174.5 “c; 13C NMR 6 18.84 (C-21), 90.27 (C-22); 1H NMR 6 1.76 (dqd, 8.4, 6.8, 5.1 Hz, H-20). 1.00 
(d, 6.8 Hz, H-21), 3.33 (ddd, 8.5, 8.0, 3.9 Hz, H-22); MS m/z 416 (3, M+), 271 (100). 253 (20); 7: mp 
166-167 “c; l3C NMR 6 34.94 (C-20), 139.12 (C-22), 127.06 (C-23), 36.58 (C-24); 1H NMR 6 1.07 (d, 
6.7 Hz, H-21), 5.50 (ddt, 15.4, 8.9, 1.1 Hz, H-22), 5.58 (dt, 15.4, 6.9 Hz, H-23); MS m/z 416 (2, M+), 
401 (lo), 383 (13). 272 (51); 8: mp 184.5-185 ‘C; t3C NMR 6 29.34 (C-20), 137.62 (C-22). 127.04 (C- 
23), 31.23 (C-24); 1H NMR 6 1.03 (d, 6.6 Hz, H-21), 5.44 (ddt, 11.1, 9.5, 1.6 Hz, H-22), 5.36 (ddd, 
10.9, 7.2, 6.6 Hz, H-23); MS m/z 416 (2, M+), 401 (ll), 383 (17), 272 (55). 
Pettit, G. R.; Bowyer, W. J. J. Org. Chem. 1960,25, 84-86. 
Selected analytical data: 9: mp 172-174 “C!; l3C NMR 6 40.14 (C-20), 36.53 (C-24); 10: mp 181-183 
“c; t3C NMR S 34.26 (C-20), 31.38 (C-24). 
Wright, J. L. C.; McInnes, A. G.; Shimizu, S.; Smith, D. G.; Walter, J. A.; Idler, D.; Khalil, W. Can. J. 
Chem. 1978,56, 1898-1903. 
De Simone, F.; Dini. A.; Minale, L.; Pizza, C.; Riccio, R. Tetrahedron Lett. 1979,959-962. 
HPLC detector responses at 210 nm were measured for the major components and used in the calculation 
of the percent composition. Minor byproducts included A 22~~ and Azm analogs of 5 and A3$5 sterols from 
dehydration of 4,5,6,7, and 8. Most of these very minor byproducts were obtained in sufficient purity 
to determine their 13C NMR chemical shifts and HPLC retention times. Under other reaction conditions 
(e.g. EtGH-CHC13 or butanol solvent), much larger amounts of 5 or 6 were observed. 
Vedejs, E. Org. Reactions 1975,22,401-422. 
The synthetic intermediates wem fully characterized as above and showed satisfactory elemental analysis or 
high-resolution MS. Selected analytical data: 11: oil; l3C! NMR 6 13.02 (C-4). 137.96 (C-22), 124.31 
(C-23), 31.36 (C-24); 1H NMR 6 0.43 (dd, 8.0, 5.1 Hz, H-4a), 0.65 (dd, 5.0. 3.8 Hz, H-4g), 0.96 (d, 
6.6 Hz, H-21); MS m/z 414 (18, M+), 399 (39). 382 (39), 359 (62), 255 (28); [2H]3: mp 175-177 “C; 
MS: molecular ion showed du (l%), dt (8%), d2 (36%), d3 (28%), d4 (18%), ds (5%). du (4%), and 
small amounts of d7, dg. and d9 species, whereas m/z 273 (M-SC) showed complete absence of deuterium; 
13C NMR: no signal for C-22 or C-23, strongly diminished signal for C-24; 2H NMR S 1.05 (broad, H- 
22, H-24), 1.25 (H-23), 1.33 (strong, broad signal, H-22, H-23, H-24), and minor signals (-5% each of 
total intensity) at 6 0.90 (H-21, H-27) and 1.60 (H-25). 

(Received in USA 16 March 1993) 


