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Introduction 

It has been shown that la,25-dihydroxycholecalciferol 
(1)lJ or its analogs [1a-hydroxycholecalciferol,2a la,24- 
dihydroxycholecalciferol,3 calcipotriol I have beneficial 
therapeutic effects in psoriasis, a hyperproliferative skin 
di~order.~ However, their clinical use may be limited by 

H O \ * . ~ O H  " HO' 

their potent effects on calcium homeostasis.6 Therefore, 
the search for new analogs, which provide a greater 
margin of safety, would be important in the treatment 
of psoriasis. Among a large number of vitamin D3 
analogs prepared by the UskokoviC group for a variety 
of therapeutic indications, 25-hydroxycholecalcifer-16-en- 
23-pol (3) has been identified as a potential antipsoriatic 
agent with low calcemic effects' and as a consequence 
was selected for clinical development. In order to achieve 
a practical synthesis of 3, we took a classical but direct 
approach starting from a commercially available steroid, 
dehydroepiandrosterone (4). Herein we describe the 
results of this study, which led to practical procedures 

+ Current address: F. Hoffmann-La Roche Ltd., Pharma Division, 
Preclinical Research, CH-4002 Basel, Switzerland. 

(1) For reviews, see: (a) Smith, E. L.; Holick, M. F. Steroids 1987, 
49, 103. (b) DeLuca, H. F. FASEB J.  1988, 2, 224. (c) Reichel, H.; 
Norman, A. W. Ann. Rev. Med. 1989,40, 71. 
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in vivo (see ref 7b). 
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Hennessy, B. M.; Shiuey, S. J.; "mitt, G. A,; UskokoviC, M. R. Eur. 
Pat. Appl. EP 398,217,1990; Chem. Abstr. 1991,115,150403. (b) Chen, 
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a Key: (i) BF3-OEt2, AczO, CHzClz; (ii) dibromantin, cyclohex- 

ane; (iii) B O F ,  THF; (iv) NaOMe, MeOH; (v) TDSC1, imidazole, 
CHZC12. 

for the deoxygenation of propargylic alcohols and for the 
photolysis of provitamins (such as 14). 

Results and Discussion 

Acetylation of 4 followed by bromination of 5 and 
dehydrobromination by Bu4NFB afforded 5,7-diene 
acetate 6, which was then converted to silyl ether 8 in 
44.7% overall yield from 4 (Scheme 1). The side chain 
with the desired configuration at C-20 was then intro- 
ducedg by a modification of the procedures described by 
UskokoviC et al.,7c in which the ene reaction of steroidal 
2-olefin 9 with acetylenic aldehyde 10 in the presence of 
MeaCllO followed by Barton deoxygenation provides the 
complete side chain. Thus, Wittig reaction of 8 gave the 
requisite 2-olefin 9 in 93.7% yield with high stereoselec- 
tivityll (Scheme 2). The ene reaction proceeded well with 
complete stereocontrol at C-20 but with moderate selec- 
tivity at C-22, giving a 5:l mixture of the C-22 epimeric 
alcohols 11. The epimers were not separated. The 
mixture was subjected to Barton deoxygenation.12 Deoxy- 
genation of 11 using the phenoxy(thiocarbony1) derivative 
and (thiocarbony1)imidazole worked well, despite the 
presence of the diene function which is potentially 
sensitive under such ~0nditions.l~ However, the reagents 
required, phenyl chlorothionoformate and (thiocarbonyl)- 
diimidazole, are too expensive for large scale application. 
Alternative derivatives which could be prepared by using 
relatively cheap reagents, including the corresponding 
xanthate and dimethyl thiocarbamate, were studied. To 
our pleasant surprise, the thionocarbamate 12 prepared 
from phenyl isothiocyanate, the cheapest reagent we 
studied, was found to be equally as efficient as the more 
expensive derivatives in giving the deoxygenation product 
13 when treated with After deprotection, diol 
14 (ca. 200 g, see Experimental Section) was thus 
obtained as a white solid in 47.5% overall yield from the 
2-olefin 9. 14 was then converted to acetate 15 in 89.8% 
yield. 

(8) Rappoldt, M. P.; Hoogendoorn, J.; Pauli, L. F. In Vitamin D: 
Chemical, Biochemical and Clinical Endocrinology of Calcium Me- 
tabolism; Norman, A. w., Schaefer, K., Herrath, D., Grigoleit, H.-G., 
Eds.; Walter de Gruyter: Berlin, 1982; pp 1133-1135. 

(9) For a [2,3]-Wittig rearrangement approach, see: Granja, J. R. 
Synth. Commun. 1991,21,2033. 

(10)Mikami, K.; Loh, T.-P.; Nakai, T. J.  Chem. Soc., Chem. 
Commun. 1988, 1430. Also, see: Houston, T. A.; Tanaka, Y.; Koreeda, 
M. J.  Org. Chem. 1993,58, 4287. 

UskokoviC, M. R. Helu. Chim. Acta 198L64.1982. 
(11) Bacho, A. D.; Berger, D. E.; Davoust, S. G.; Wovkulich, P. M.; 

(12) Forreviews, see: (a) Ramaiah, M.'Tetkhedron 1987,43,3541. 
(b) Hartwig, W. Tetrahedron 1983, 39, 2609. 

(13) After completion of this study, an additional example of the 
successful Barton deoxygenation in the presence of the ring B diene 
was reported. See ref 16e. 
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Scheme 2 

Notes 

1 5 3 0 %  (afier HPLC purification, typically in a few 
milligram scale). Higher yields of pre-isomer have in the 
past been achieved by irradiating the pro-isomer with a 
narrow band of ca. 250 nm light (using a low-pressure 
mercury lamp or a laser) and then selective isomerization 
of the thus formed tachy-isomer into pre-isomer by 
irradiation at ca. 350 nm17 or by the use of a photo- 
sensitizer.ls Vitamin Ds was then isolated in 50% after 
thermal i~omerizati0n.l~~ However, the use of high- 
intensity light sources, essential for a larger scale ap- 
plication, with narrow band spectra is prohibitive due to 
their high cost, and moreover, they require specialized 
equipment set-ups. 

In order to achieve a practical synthesis which eventu- 
ally would be used to produce several hundreds of grams 
of the vitamin D analog, we decided to use a medium- 
pressure mercury lamp, a cheap, high-intensity light- 
source. This lamp requires no specialized equipment. 
Also, it was essential to filter out the 300-315 nm light 
which promotes the ring-closure reaction to produce pro- 
and lumi-isomers (such as 15 and 16, respectively).17 We 
found that the addition of ethyl 44 dimethylamino)- 
benzoate (19) as a filter fulfills this requirement.lg When 
a mixture of 15 (16.4 g) and 19 (1.64 g) in tert-butyl 
methyl ether (1.7 L) was irradiated for 8 h with a 450 W 
medium-pressure mercury lamp it gave a near photo- 
equilibrium mixture (the ratio of 15, 17, and 18 was 
about 1:3:2). A uranium filter was then inserted to cut 
off ~ 3 4 0  nm light, and the mixture was irradiated with 
the same lamp in the presence of 9-acetylanthracene as 
a sensitizerz0 to isomerize 18 to 17 (the ratio of 15, 17, 
and 18 became about 1:5:<0.1). After a simple chroma- 
tography and thermal isomerization of 17,2l the diacetate 
20 of ca. 95% purity (together with ca. 5% of 15) was 
obtained in 46.7% yield as a crystalline solid (Scheme 
4). Fractional crystallization of this crude product gave 
analytically pure 20 (free from 15) in 38.8% overall yield 
from 15 (the yield is not corrected for recovered starting 
material). Hydrolysis of 20 gave 3 as a crystalline solid 
in 90.9% yield.22 

Conclusion 
A practical synthesis of potential antipsoriatic agent 

3 from commercially available steroid 4 was achieved in 

(16)(a) Taguchi, T.; Namba, R.; Nakazawa, M.; Nakajima, M.; 
Nakama, Y.; Kobayashi, Y.; Hara, N.; Ikekawa, N. Tetrahedron Lett. 
1988,29,227. (b) Kutner, A.; Perlman, K. L.; Lago, A.; Sicinski, R. R.; 
Schnoes, H. K.; DeLuca, H. F. J.  Org. Chem. 1988, 53, 3450. (c) 
Moriarty, R. M.; Kim, J.; Penmasta, R. Tetrahedron Lett. 1992, 33, 
3741. (d) Yamamoto, K.; Shimizu, M.; Yamada, S.; Iwata, S.; Hoshino, 
0. J. Org. Chem. 1992, 57, 33. (e) Yamamoto, R; Takahashi, J.; 
Hamano, K; Yamada, S.; Yamaguchi, K.; DeLuca, H. F. J. Org. Chem. 
1993, 58, 2530. 

(17) (a) Malatesta, V.; Willis, C.; Hackett, P. A. J. Am. Chem. SOC. 
1981,103,6781. (b) Dauben, W. G.; Phillips, R. B. J. Am. Chem. SOC. 
1982, 104, 355. (c) Dauben, W. G.: Phillips, R. B. J.  Am. Chem. SOC. 
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The photolyses of provitamins (i.e., pro-isomer, such 
as 14) to pre-isomers (such as 17, Scheme 3) are usually 
carried out by using a high-pressure mercury lamp either 
in an inert solvent, such as ether and ethanol,15 or in 
benzene.16 The overall yields of vitamin D derivatives, 
after thermal isomerization of pre-isomers, are generally 

(14) This new deoxygenation procedure may be limited to the system 
in which relatively stable radicals are produced, since it was recently 
reported that 2-decyl thionocarbamates prepared from 2-decanol and 
isothiocyanates, when treated with BusSnH, gave decane only in 7% 
yield together with 2-decanol (49%). See: Nishiyama, K.; Oba, M. 
Tetrahedron Lett. 1993, 34, 3745. Similar results were obtained by 
Andre Hell (F. Hoffmann-La Roche Ltd.); private communication. 

(15)(a) Murayama, E.; Miyamoto, K.; Kubodera, N.; Mori, T.; 
Matsunaga, I. Chem. Pharm. Bull. 1986,34, 4410. (b) Kubodera, N.; 
Miyamoto, K.; Akiyama, M.; Matsumoto, M.; Mori, T. Chem. Pharm. 
Bull. 1991,39,3221. (c) Konno, K.; Ojima, R; Hayashi, T.; Takayama, 
H. Chem. Pharm. Bull. 1992,40, 1120. (d) Kubodera, N.; Watanabe, 
H.; Kawanishi, T.; Matsumoto, M. Chem. Pharm. Bull. 1992,40, 1494. 
(e) Hayashi, T.; Ojima, K.; Konno, K.; Manaka, A,; Yamaguchi, K.; 
Yamada, S.; Takayama, H. Chem. Pharm. Bull. 1992, 40, 2932. (0 
Kobayashi, N.; Hisada, A,; Shimada, K. J. Chem. SOC. Perkin Trans. I 
1993, 31. 

1982, 104, 5780. 
(18) (a) Stevens, R. D. S. US Patent 4,686,023, 1987; Chem. Abstr. 

1987. 107. 237124. (b) Evlev. S. C.; Williams. D. H. J. Chem. Soc., 
Chem. Commun. 1975, 858.- 

(19) 19 has a strong, relatively sharp absorption at 305 nm (E 32 500) 
and is fairly transparent in the region of 240-260 nm and above 330 
nm, so the ring opening of 15 to 17 and photosensitized isomerization 
of 18 to 17 can be carried out effectively. 

(20) (a) Choudhry, S. C.; Belica, P. S.; Coffen, D. L.; Focella, A.; 
Maehr, H.; Manchand, P. S.; Serico, L.; Yang, R. T. J. Org. Chem. 1993, 
58,1496-1500. (b) Okabe, M.; Sun, R.4.  Tetrahedron Lett. 1993,41, 
6533. 

(21) See: Okamura, W. H.; Elnagar, H. Y.; Ruther, M.; Dobreff, S. 
J. Org. Chem. 1993, 58, 600 and references cited therein. 

(22) The crystals of 3 obtained in this study are found to be quite 
sensitive toward oxygen. Detailed stability data of 3 are beyond the 
scope of this paper and will be published elsewhere. For stable pro- 
drugs, see ref 7d. 



Notes J. Org. Chem., Vol. 60, No. 3, 1995 769 

Scheme 4 

1) hv, t-BuOMe, 
Et 4-DMA-benzoate (19) 

15 
2) hv (uranium filter) 
9-acetylanthracene 

3) A,  EtOAc 

6.3% overall yield involving only one simple chromato- 
graphic purification. One of the key steps of this syn- 
thesis involves the first successful use of a thionocar- 
bamate prepared from phenyl isothiocyanate and a 
propargylic alcohol in a Barton deoxygenation. This new 
procedure using the cheap derivatizing agent, phenyl 
isothiocyanate, may be generally applicable to the system 
in which relatively stable radicals are produced.l* The 
new protocol for the photolysis of a provitaminz3 described 
here can be carried out in a typical synthetic laboratory 
and should be applicable for the synthesis of a variety of 
vitamin D analogs. Application of this protocol in 
vitamin Dz synthesis will be published elsewhere. 

Experimental Section 
Melting points are determined using a capillary melting point 

apparatus and are uncorrected. NMR spectra were recorded on 
Varian XL-200 and -400 instruments and are reported in ppm 
relative to Mersi. All moisture-sensitive reactions were carried 
out under a positive pressure of argon. 

(3~)-3-(Acetylozy)-5-androsten-l7-one (5). To a suspension 
of 4 (144 g, 0.50 mol) in CHzClz (250 mL) was added BF3-OEt2 
(3 mL, 24 mmol) followed by Ac20 (61.5 mL, 0.65 mol) over 15 
min, keeping the temperature below 25 "C. After the mixture 
was stirred for 4 h, water was added, and the resulting mixture 
was stirred for 30 min. The aqueous layer was extracted with 
CHzClz. The combined organic layers were washed with satu- 
rated NaHC03, dried, and concentrated. The residue was dried 
a t  50 "C under high vacuum to give 165 g (99.9% yield) of 5 as  
a white solid: mp 167-170 "C; IR (KBr) 1738, 1725 cm-l; lH 
NMR (CDC13) 6 0.89 (5, 3 H), 1.02 (m, 1 H), 1.05 (9, 3 H), 1.16 
(m, 1 H), 1.30 (m, 2 H), 1.51 (m, 2 H), 1.60 (m, 1 H), 1.67 (m, 3 
H), 1.87(m,3H), 1.94(m, l H ) , 2 . 0 4 ( ~ , 3 H ) , 2 . 1 2 ( m , 2 H ) , 2 . 3 5  
(m, 2 H), 2.46 (dd, J = 20.4 and 8.9 Hz, 1 H), 4.61 (m, 1 H), 5.41 
(d, J = 5.1 Hz, 1 H); MS mlz 270 (M+ - CH3C02H). Anal. Calcd 
for C21H3003: C, 76.33; H, 9.15. Found: C, 76.19; H, 9.05. 
Bromination of 5. A mixture of 5 (165 g, 499 mmol) and 

cyclohexane (1.5 L) was warmed to ca. 80 "C to obtain a clear 
solution. After the solution was cooled to 65 "C, 1,3-dibromo- 
5,5-dimethylhydantoin (dibromantin) (85.8 g, 300 mmol) was 
added and the mixture was heated to reflux. After being 
refluxed for 30 min, the suspension was cooled to 10 "C and 
diluted with 1.5 L of water. After being stirred for 1 h, the 
precipitate was collected by filtration and washed with water. 
After the solid was dissolved in CH2C12, the solution was washed 
with brine, dried, and concentrated. Drying a t  30 "C under high 
vacuum afforded 175 g (85.9% yield) of crude 7a-bromo-3P- 
(acetyloxy)androst-5-en-17-one as a light brown solid. This crude 
material was used for the next step: lH NMR (CDC13) 6 0.90 (9, 
3 H), 1.06 ( s ,  3 H), 2.04 (5, 3 H), 4.68 (m, 1 H), 4.76 (m, 1 H), 
5.78 (d, J = 5.0 Hz, 1 H). 
(3~)-3-Acetoxyandrosta-5,7-dien-l7-one (6). A mixture of 

the crude bromide (175 g, 428 mmol) prepared above and 1.0 M 
Bu4NF in THF (1.25 L, 1.25 mol) was stirred overnight. Then, 
the mixture was diluted with cyclohexane, washed with water, 
dried, and concentrated. Drying a t  40 "C under high vacuum 
afforded 142 g (overweight) of crude 6 as  a brown solid. This 

(23) Recently, the conversion of provitamin DB in an aqueous 
solution of antenna polyelectrolyte using solar light has appeared. 
See: Nowakowska, M.; Foyle, V. P.; Guillet, J. E. J. Am. Chem. SOC. 
1993, 115, 5975. 

crude material was used for the next step. An analytical sample 
was prepared by chromatographic purification: mp 112-117 "C; 
IR (KBr) 1732 cm-l; UV (EtOH) A,, 271 ( E  lO530), 281 ( E  

11 loo), 293 ( E  6300) nm; lH NMR (CDC13) 6 0.82 (s ,  3 H), 0.98 
(s ,  3 H), 1.38 (m, 2 HI, 1.60 (m, 2 H), 1.74 (m, 3 HI, 1.93 (m, 3 
H), 2.05 (s, 3 H), 2.13 (m, 1 H), 2.20 (m, 2 H), 2.38 (bt, J = 13.1 
Hz, 1 H), 2.52 (m, 2 HI, 4.71 (m, 1 HI, 5.57 (m, 1 H), 5.61 (m, 1 
H); MS mlz 268 (M+ - CH3C02H). Anal. Calcd for C21H2803: 
C, 76.79; H, 8.59. Found: C, 76.53; H, 8.61. 
(3/3)-3-Hydroxyandrosta-5,7-dien-17-one (7). To a suspen- 

sion of crude 6 (142 g) prepared above in 1.25 L of methanol 
was added 25% (wt) NaOMe in MeOH (25 mL). After the 
mixture was stirred overnight, 1.0 L of water was added 
dropwise over 1 h. After the mixture was stirred for 2 h, the 
precipitate was collected by filtration, washed with MeOH-H20 
(1:2), and dried by suction for 3 h. Further drying at 40 "C under 
high vacuum afforded 7 (77.4 g, 54.2% from 5) as a brown solid. 
This crude material was used for the next step. An analytical 
sample was prepared by recrystallization from aqueous metha- 
nol: mp 156-160 "C; IR (KBr) 1738 cm-I; UV (EtOH) A,, 270 
( E  10 EO), 281 ( E  10 720), 292 ( E  6100) nm; lH NMR (CDC13) 6 
0.83 (8, 3 HI, 0.97 (s ,  3 HI, 1.35 (m, 2 HI, 1.53 (m, 2 HI, 1.74 (m, 
3 H), 1.92 (m, 3 HI, 2.07 (m, 2 HI, 2.20 (m, 2 HI, 2.31 (bt, J = 
13.1 Hz, 1 H), 2.52 (m, 2 H), 3.67 (m, 1 HI, 5.57 (m, 1 H), 5.62 
(m, 1 H); MS mlz 286 (M+). Anal. Calcd for C1gH2602: C, 79.68; 
H, 9.15. Found: C, 79.56; H, 9.38. 
(SB)-S-[[( 1,1,2-Trimethypropyl)dimethylsilylloxyl- 

androsta-5,7-dien-17-one (8). After a mixture of crude 7 (150 
g, 523 mmol) and imidazole (56.9 g, 836 mmol) in CHzClz (500 
mL) was cooled to 3 "C, thexyldimethylsilyl chloride (144 mL, 
732 mmol) was added dropwise over 90 min, keeping the 
temperature below 6 "C. After being stirred a t  rt overnight, the 
mixture was washed with water, and the aqueous layer was 
back-extracted with CH2C12. The combined organic layers were 
washed with saturated NaHC03, dried, and concentrated. The 
resulting solid was suspended in MeOH (700 mL) containing 
E t a  (14 mL), and the suspension was refluxed for 20 min. After 
the suspension was cooled in a refrigerator overnight, the 
precipitate was collected by filtration, washed with MeOH-H20 
(9:1), and dried by suction for 2 h. Further drying a t  40 "C under 
high vacuum afforded 185 g (82.5% yield) of 8 as  a beige solid: 
mp 119-125 "C; IR (KBr) 1738 cm-I; UV (EtOH) A,,, 271 ( E  

10 000), 281 ( E  10 620), 293 ( E  6130) nm; 'H NMR (CDCl3) 6 0.10 
(s, 6 H), 0.82 (8, 3 H), 0.84 (8, 6 H), 0.89 (d, J = 6.8 Hz, 6 H), 
0.96 ( 8 ,  3 H), 1.30 (m, 2 H), 1.51 (m, 1 H), 1.63 (quintet, J = 6.8 
Hz, 1 H), 1.74 (m, 4 H), 1.90 (m, 2 H), 2.08 (m, 2 H), 2.20 (m, 2 
H), 2.35 (m 2 H), 2.52 (dd, J = 20.0 and 8.1 Hz, 1 H), 3.59 (m, 
1 H), 5.58 (m, 2 H); MS mlz  428 (M+). Anal. Calcd for C27H4402- 
Si: C, 75.64; H, 10.34; Si, 6.55. Found: C, 75.82; H, 10.29; Si, 
6.72. 
(38,172)-( 1,1,2-Trimethylpropyl)(pregna-S,7,17(20)-trien- 

3-y1oxy)dimethylsilane (9). A mixture of ethyltriphenylphos- 
phonium bromide (240 g, 647 mmol), potassium tert-butoxide 
(72.5 g, 647 mmol), and toluene (1 L) was stirred a t  rt for 1 h. 
Then, 8 (185 g, 430 mmol) was added. The temperature was 
kept below 25 "C by water cooling. After being stirred a t  r t  
overnight, the reaction was quenched with 24.5 mL (430 mmol) 
of AcOH. After the mixture was stirred for 1 h, the solid was 
removed by filtration and washed with toluene. The combined 
filtrate and washes were concentrated. Then, methanol was 
added, and the mixture was concentrated again. The residue 
was dissolved in a mixture of methanol (650 mL), water (65 mL), 
and hexane (650 mL). The methanol/water layer was back- 
extracted with hexane. The combined hexane layers were 
concentrated, Then, methanol was added, and the mixture was 
concentrated again. The resulting solid was suspended in MeOH 
(800 mL) containing Et3N (8 mL), and the suspension was 
refluxed for 30 min. After the suspension was cooled in a 
refrigerator overnight, the precipitate was filtered, washed with 
cold MeOH, and dried by suction for 4 h. Further drying a t  50 
"C under high vacuum afforded 178 g (93.7% yield) of 9 as a 
pale yellow solid: mp 94-97 "C; [ a l ~  -62.8" (e 0.94, EtOH); IR 
(KBr) 1672, 1600 cm-1; UV (EtOH) A,, 271 ( E  10 9801, 281 ( e  
11 560), 293 ( E  6600) nm; lH NMR (CDC13) 6 0.10 (s ,  6 H), 0.84 
( s ,  9 H), 0.89 (d, J = 6.8 Hz, 6 HI, 0.95 ( s ,  3 H), 1.28 (m, 1 H), 
1.60 (m, 5 H), 1.68 (dt, J = 7.1 and 2.0 Hz, 3 H), 1.80 (m, 4 H), 
2.02 (m, 2 H), 2.34 (m, 5 H), 3.59 (m, 1 H), 5.19 (bq, J = 7.1 Hz, 
1 H), 5.47 (m, 1 H), 5.55 (m, 1 H); MS m l z  440 (M+). Anal. 
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Calcd for CzgH480Si: C, 79.02; H, 10.98; Si, 6.37. Found: C, 
78.74; H, 11.23; Si, 6.50. 
44 [( 1,1-Dimethylethyl)dimethylsilylloxyl-4-methyl-2- 

pentynal (10). To a solution of (1,l-dimethylethyl)[(l,l-di- 
methyl-2-propynyl)oxy]dimethylsilane (50.0 g, 252 mmol) in 200 
mL of THF a t  -70 "C was added 112 mL (280 mmol) of 2.5 M 
BuLi in hexanes dropwise over 25 min, keeping the temperature 
below -55 "C. The mixture was stirred for 5 min. Then, 50 
mL of DMF was added dropwise over 10 min. After 15 min, 
the reaction was quenched by the addition of 32 mL of AcOH 
(560 mmol). After the mixture was allowed to warm to -20 "C, 
hexane and water were added. The aqueous layer was back- 
extracted with hexane. The combined organic layers were 
washed with saturated NH4C1 solution and then with brine. 
After drying, the solution was concentrated to dryness. Then 
the residue was distilled through a 10-cm Vigreux column to 
give 48.8 g (85.5% yield) of 10: bp 50 "C (0.5 mmHg).7c 
(38)-25-[ [ (l,l-Dimethylethyl)dimethylsilylloxyl-3-Kdi- 

methyl( 1,1,2-trimethylpropyl)silylloxylcholesta-5,7,l6-trien- 
23-yn-22-01 (11). A mixture of 9 (458 g, 1.04 mol), 10 (285 g, 
1.20 mol), and hexane (6.4 L) was cooled to -55 "C. Then, 1 M 
MeflCl in hexane (1.47 L, 1.47 mol) was added dropwise within 
30 min, keeping the temperature below -40 "C. After the dark 
brown solution was stirred a t  -40 "C for 30 min, 4 L of 10% 
NazHP04-7HzO was added dropwise, and the mixture was 
allowed to warm to 5 "C. Then, 2.5 L of 2.87 N HCl was added 
dropwise a t  a temperature of 0-5 "C followed by 113 g of Celite. 
After 15 min, the solid was removed by filtration through a Celite 
pad and washed with hexane. The aqueous layer was extracted 
twice with hexane. The combined hexane solutions were washed 
successively with water, 10% NaHC03, and brine. The hexane 
layer was dried and concentrated to give 749 g (overweight) of 
crude 11 (ca. 5:l mixture of epimers a t  C-22) as an orange oil. 
This crude material was used for the next step: IR (KBr) 3440, 
2205 cm-l; 'H NMR (CDCl3) 6 0.10 (s ,  6 H), 0.16 (5, 6 H), 0.83 
(s, 3 H), 0.84 ( s ,  6 H), 0.86 ( s ,  9 H), 0.89 (d, J = 6.9 Hz, 6 HI, 
0.97 (s, 3 H), 1.17 (d, J = 7.0 Hz, 3 H), 1.28 (m, 1 H), 1.44 ( s ,  6 
H), 1.50 (m, 2 H), 1.62 (quintet, J = 6.9 Hz, 1 H), 1.80 (m, 5 H), 
2.02 (m, 1 H), 2.22 (m, 3 H), 2.34 (m, 2 H), 2.47 (broad quintet, 
J = 7.0 Hz, 1 H), 3.59 (m, 1 H), 4.42 (m, 1 H of the minor isomer), 
4.46 (t, J = 5.9 Hz, 1 H of the major isomer), 5.47 (m, 1 H), 5.57 
(m, 1 H), 5.68 (bs, 1 H); MS mlz  666 (M+). 
Thionocarbamate 12. To a suspension of NaH (60% disper- 

sion, 125 g, 3.12 mol) in 1 L of THF a t  5 "C was added a solution 
of crude 11 (749 g) prepared above in 3.1 L of THF over 15 min. 
The resulting dark brown suspension was stirred a t  5-15 "C 
for 2 h. Then, phenyl isothiocyanate (179 mL, 1.5 mol) was 
added, and the mixture was stirred a t  10-20 "C for 2 h. The 
reaction was quenched by the dropwise addition of AcOH (119 
mL) followed by water. After extraction with EtOAc, the organic 
phase was dried over Na2S04 and concentrated to dryness. The 
residue was dissolved in hexane and 95% MeOWH20. The 
hexane layer was washed with 95% MeOH, and the combined 
MeOH layers were extracted with hexane. The hexane solutions 
were combined, dried, and concentrated to dryness to give 943 
g (overweight) of crude 12 as an orange oil. This crude material 
was used for the next step: IR (KBr) 3405 cm-l; 'H NMR 

6.9 Hz, 6 H), 0.95 ( s ,  3 H), 1.18 (d, J = 6.9 Hz, 3 H), 1.28 (m, 1 
H), 1.44 (s, 6 H), 1.50 (m, 2 H), 1.62 (quintet, J = 6.9 Hz, 1 H), 
1.80 (m, 5 H), 2.02 (m, 1 H), 2.20 (m, 3 H), 2.34 (m, 2 H), 2.72 
(broad quintet, J = 6.9 Hz, 1 HI, 3.59 (m, 1 H), 5.44 (m, 1 HI, 
5.57 (m, 1 H), 5.64 (bs, 1 H), 6.19 (d, J = 6.6 Hz, 1 H of the 
major isomer), 6.30 (d, J = 6.1 Hz, 1 H of the minor isomer), 
7.25 (m, 5 H), 8.18 (bs, 1 H); MS m l z  802 (M+ + H). 

[ [ (38)-25-[ [ (1,l-Dimethylethyl)dthylsilylloxylcholesta- 
5,7,16-trien-23-yn-3-yl]oxy]dimethyl( 1,1,2-trimethylpro- 
py1)silane (13). A mixture of the crude 12 (943 g) prepared 
above and BuaSnH (950 mL, 3.51 mol) in hexane (3 L) was 
heated to  50 "C, and AIBN (93.4 g, 0.57 mol) was added. After 
2 h of refluxing, the mixture was cooled to rt and concentrated. 
The residual hexane was removed by coevaporation with MeOH 
several times. The residual oil was washed with MeOH several 
times and dried under high vacuum to  give 1.06 kg (overweight) 
of crude 13 as an oil. This crude material was used in the next 
step. An analytical sample was obtained by chromatographic 
purification followed by crystallization from ethyl acetatel 
methanol (1:l): mp 62-66 "C; IR (KBr) 2235 em-'; 'H NMR 

(CDC13) 6 0.09 (s, 6 H), 0.14 (s, 6 H), 0.84 (s, 18 H), 0.89 (d, J =  

(CDCl3) 6 0.10 ( 6 ,  6 H), 0.14 (s, 6 H), 0.81 (s, 3 H), 0.84 (s, 6 H), 
0.86 (9, 9 H), 0.89 (d, J = 6.9 Hz, 6 H), 0.97 (s ,  3 H), 1.13 (d, J 
= 6.6 Hz, 3 H), 1.29 (m, 1 H), 1.41 (s ,  6 H), 1.45 (m, 2 H), 1.63 
(quintet, J = 6.9 Hz, 1 H), 1.80 (m, 5 H), 2.02 (m, 1 H), 2.22 (m, 
4 H), 2.34 (m, 4 H), 3.59 (m, 1 H), 5.41 (bs, 1 H), 5.46 (m, 1 H), 
5.57 (m, 1 H); MS mlz 650 (M+). Anal. Calcd for C ~ ~ H ~ O O Z S ~ Z :  
C, 75.62; H, 10.84; Si, 8.63. Found: C, 75.12; H, 10.77; Si, 8.55. 
(3/3)-Cholesta-5,7,16-trien-23-yne-3,25-diol(14). To a solu- 

tion of crude 13 (1.06 kg) in 2 L of THF was added Bu4NF- 
3Hz0 (1.6 kg, 5.14 mol) with the aid of 3.4 L of THF. After being 
stirred a t  rt for 18 h, the mixture was diluted with EtOAc (4 L) 
and water (4 L). The organic layer was washed with water, and 
the aqueous layers were combined and extracted with EtOAc. 
The combined organic layers were dried over Na2S04 and 
concentrated to a beige sludge. This was suspended in EtOAc 
(2 L), and the suspension was stirred a t  35 "C for 10 min prior 
to filtration. The collected solid was resuspended in EtOAc (2.2 
L), and the mixture was refluxed for 30 min. Then, hexane (1.1 
L) was added dropwise over 10 min. After the mixture was 
cooled to 10 "C, the precipitate was collected by filtration, washed 
with EtOAdhexane ( l : l ) ,  and dried to give 209 g of crude 14. 
This was resuspended in MeOH (2.2 L), and the mixture was 
refluxed for 30 min. Then, water (440 mL) was added and reflux 
was continued for 10 min. After the mixture was cooled to 4 
"C, the precipitate was collected by filtration, washed with 
MeOWHzO (l : l ) ,  and dried a t  45 "C under high vacuum to give 
195 g of 14 (47.5% overall yield from 9) as a white solid: mp 
185-192 "C; [ a ] ~  -85.2" (c 1.1, EtOH); IR (KBr) 3325,2225 cm-I; 

(d, J = 6.6 Hz, 3 H), 1.28 (m, 1 H), 1.43 (9, 6 H), 1.47 (m, 2 H), 
1.80 (m, 5 H), 2.02 (m, 1 H), 2.22 (m, 5 H), 2.34 (m, 2 H), 2.42 
(m, 1 H), 3.52 (m, 1 H), 4.22 (d, J =  4.2 Hz,s-OH), 4.47 (s ,  t-OH), 
5.41 (bs, 1 H), 5.43 (m, 1 H), 5.56 (m, 1 H); MS mlz 394 (M+). 
Anal. Calcd for C27H3802: C, 82.18; H, 9.71. Found: C, 81.93; 
H, 9.74. 
(3/3)-Cholesta-5,7,16-trien-23-yne-3,25-diol Diacetate (15). 

To a cold suspension of 14 (75.3 g, 191 mmol) in 450 mL of CHz- 
Clz were added AczO (107 mL, 1.14 mol) and Et3N (160 mL, 1.14 
mol). After the suspension was cooled to 2 "C, DMAP (4.6 g ,  38 
mmol) was added, and the mixture was stirred a t  rt overnight. 
After the mixture was cooled with an ice-water bath, MeOH 
(30.7 mL, 758 mmol) was added, and the mixture was stirred 
a t  rt for 1.5 h. The mixture was washed with water, and the 
aqueous layer was extracted with CHzClZ. The combined organic 
layers were washed with 1 N HC1, and the aqueous layer was 
extracted with CHzC12. The combined organic layers were 
washed with saturated NaHC03, dried, and concentrated to 
dryness. The residue was dissolved in 700 mL of warm 95% 
MeOH. After a seed crystal was added, the suspension was 
stored in a refrigerator overnight. The precipitate was filtered 
and washed with cold 90% MeOH. After the precipitate was 
dried under high vacuum, 82.05 g (89.8%) of 15 was obtained 
as a white solid: mp 98-101 "C; IR (KBr) 2240,1742,1728 em-'; 
LW (EtOH) A,,, 270 (6 10 SOO), 281 ( e  11 4001,292 (E 6070) nm; 

Hz, 3 H), 1.36 (m, 1 H), 1.47 (m, 1 H), 1.57 (m, 1 H), 1.62 (s, 6 
H), 1.80 (m, 5 H), 2.00 (9, 3 H), 2.04 (m, 1 H), 2.05 (s, 3 H), 2.22 
(m, 5 H), 2.37 (m, 2 H), 2.52 (m, 1 HI, 4.71 (m, 1 H), 5.41 (bs, 1 
H), 5.46 (m, 1 H), 5.59 (m, 1 H); MS mlz  478 (M+). Anal. Calcd 
for c31&204: C, 77.79; H, 8.84. Found: C, 77.74; H, 8.88. 
(3/3,5Z,7E)-9,10-Secoholesta-5,7,10( 19),16-tetraen-23-ynene. 

3,25-diol Diacetate (20). A solution of 15 (16.4 g, 34.3 mmol) 
and ethyl 4-(dimethy1amino)benzoate (19) (1.64 g) in 1.7 L of 
t-BuOMe a t  -20 "C was irradiated with a 450 W medium- 
pressure mercury lamp through a quartz immersion well. After 
8 h of irradiation a t  0 to -20 "C, a uranium filter was inserted 
in the arc housing, and then 66 mg of 9-acetylanthracene was 
added to the solution. After 1 h 45 min of irradiation through 
the filter a t  0 to -20 "C, the solution was allowed to warm to rt 
overnight and then washed four times with a total of 400 mL of 
3 N HC1. The organic layer was then washed with 200 mL of 
saturated NaHC03 and dried over NazS04. The solution was 
concentrated to dryness. Then the residual oil was purified by 
chromatography on silica gel (200 g), eluting with 3 L of 7% 
EtOAc in hexane. The desired fractions were combined and 
concentrated to give ca. 13 g of crude photoproduct as a clear 
oil, which contains 15, 17,20, and the sensitizer. A total of five 

'H NMR (CDC13 + DMSO-&) 6 0.80 (s, 3 H), 0.96 (9, 3 H), 1.12 

'H NMR (CDC13) 6 0.80 (s, 3 H), 0.99 (s, 3 HI, 1.12 (d, J = 6.5 
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separate and comparable experiments produced 65 g (77%) of 
the crude photoproduct from 84 g of 15. 

A solution of the crude photoproducts (65 g, prepared above) 
in 1 L of EtOAc was refluxed for 4 h and then allowed to cool to 
rt overnight. The solution was concentrated. The residual 
semisolid was dissolved in 650 mL of hot 95% MeOH. The 
solution was cooled to rt and then stored in a refrigerator 
overnight. The crystalline material was collected by filtration 
and washed with cold 95% MeOH. The second crop was obtained 
in a similar manner and combined with the first crop. The 
crystalline solid was dried under high vacuum for 4 h to afford 
38.4 g (46.9% from 15) of crude 20 (ca. 95% pure, together with 
ca. 5% of 15). Fractional crystallization from 95% MeOH gave 
31.8 g (38.8% from 15) of analytically pure 20 mp 97-100 "C; 
[al~ +14.88" (c 1.01, EtOH); IR (KBr) 2245, 1742 cm-l; UV 
(EtOH) A,, 264 (E 13 150) nm; 'H NMR (CDCM 6 0.70 (e., 3 H), 
1.12 (d, J = 6.7 Hz, 3 H), 1.50 (m, 1 H), 1.62 (9, 6 H), 1.75 (m, 5 
H), 1.95 (m, 2 H), 2.00 (s, 3 H), 2.04 (s, 3 H), 2.21 (m, 3 H), 2.37 
(m, 5 H), 2.58 (m, 1 HI, 2.81 (m, 1 HI, 4.85 (bs, 1 H), 4.95 (m, 1 
H), 5.07 (bs, 1 H), 5.38 (bs, 1 H), 6.12 (d, J =  11.4 Hz, 1 H), 6.20 
(d, J = 11.4 Hz, 1 H); MS m l z  478 (M+). Anal. Calcd for 
C31H4204: C, 77.79; H, 8.84. Found: C, 77.66; H, 8.93. 
25-Hydroxycholecalcifer-16-en-23-ynol(3). A mixture of 

20 (2.0 g, 4.18 mmol), EtOH (20 mL), and 10 N NaOH (2 mL, 

20 mmol) was stirred a t  rt for 2.5 h. Then, the excess NaOH 
was quenched by the addition of AcOH (0.66 mL, 11.6 mmol). 
After 10 min of stirring, 14 mL of water was added dropwise 
followed by the addition of a seed crystal of 3. After 1.5 h of 
stirring, 4 mL of water was added, and the suspension was 
stored in a refrigerator overnight. The white precipitate was 
filtered and washed with 6 mL of cold EtOH-H20 (1:l) and with 
24 mL of cold EtOH-H20 (1:2). Drying a t  rt under 0.4 mmHg 
for 20 h afforded 1.5 g (90.9%) of 3 as a white solidz2 mp 106- 
107 "C; IR (KBr) 2215 cm-l; U V  (EtOH) Amax 262 (6 13 750) nm; 

(s, 6 H), 1.75 (m, 6 H), 1.92 (m, 1 H), 2.02 (m, 1 HI, 2.30 (m, 8 
H), 2.58 (m, 1 HI, 2.81 (m, 1 HI, 3.96 (m, 1 HI, 4.83 (bs, 1 HI, 
5.06 (bs, 1 H), 5.38 (bs, 1 H), 6.12 (d, J = 11.2 Hz, 1 H), 6.22 (d, 
J = 11.2 Hz, 1 H); MS m l z  394 (M+). Anal. Calcd for C27H3802 + 3/4H20: C, 79.46; H, 9.76. Found: C, 79.17; H, 9.89. 
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1H NMR(CDC13) 6 0.72 (9, 3 H), 1.12 ( d , J =  6.5 Hz, 3 H), 1.48 


