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FACILE AND STEREOSELECTIVE SYNTHESIS OF 25-HYDROXYVITAMIN Dy

Sachiko Yamada, Masami Shiraishi, Masayuki Ohmori, and Hiroaki Takayama*
Faculty of Pharmaceutical Sciences, Teikyo University

Sagamiko, Kanagawa 199-01, Japan

Summary: 25-Hydroxyvitamin D, was synthesized conveniently and stereoselectively for the
first time by utilizing Sharpless' chiral epoxidation and the subsequent regio- and stereo-
selective methylation with lithium dimethylcuprate to introduce the desired chirality at
C(24) and the reductive elimination of the vicinal hydroxy sulfone to introduce stereo-
selectively the E double bond at C(22) of the target molecule.

Similarly to the natural vitamin D3,1 vitamin D, (ergocalciferol) must be hydroxylated

2,3 and then at the lo-position in the kidney3’4 before

at the 25-position in the liver
expressing its biological activity. It has been known that the biological activity of 25-
hydroxyvitamin D2 (13)5 and la,25-dihydroxyvitamin D, (13)6 is similar to the corresponding
vitamin Dy derivatives in mammals but the formers are 1/5 to 1/10 less active than the
latters in birds. The biological importance of these metabolites, however, has remained
uncertain because the synthesis of neither 25-hydroxyvitamin Dy nor la,25-dihydroxyvitamin Dy
has been established and enough material of these compounds has not been available for
biological studies. Compared with vitamin Dy derivatives, vitamin D, derivatives have an
additional chiral center at C(24) and an E double bond at C(22), making their synthesis more

complicated. As a part of our studies’

on the stereoselective synthesis of vitamin D metab-
olites possessing chiral center on the side chain, we have developed a facile and stereose-
lective method for constructing the side chain structure common to 25-hydroxyvitamin Dy (13)
and la,25-dihydroxyvitamin Dy (EE). We report now the first and stereoselective synthesis
of 25-hydroxyvitamin Dy (is)s

The gross structure of the target compound was constructed from the two segments, C22—
steroid synthon z’and C6—chiral synthon QB, in a similar manner as described in our previous
reports in this series. The chiral synthon QE to constitute the ((23)-C(28) side chain part

was synthesized starting with prenol (4) and the desired chirality for the 24-position of the

target molecule la was introduced by utilizing Sharpless' chiral epoxidation9 followed by
~s

3347



3348

regio- and stereoselective methylation with lithium dimethylcuprate (LiCuMez).10 The 22(23)

1 ¢ B-hydroxy-

trans-double bond was introduced selectively by reductive desulfonylation
sulfoneL which in turn was obtained by the coupling of the aldehydeAZJ and the sulfone Z}B
Prenol (’l:’) was treated with tert-butylhydroperoxide (1.1 equiv) and titanium isopro-
poxide (1 equiv) in the presence of D-(-)-dibutyl tartrate (1 equiv) (CH2C12, -20°C) to give
chiral epoxide Sa ([a]??  +17.12° 1% CHClg) (25%), which by benzylation (PhCH,C1, NaH,
DMSO, r.t.) gave /5\9 (92%). The reaction of the epoxide ;\l/) with LiCuMe, (Et,0, -20°C)
proceeded with exclusive regio- and stereoselectivity to give alcohol /63 (93%) as the sole
product. The optical purity of the alcohol /6\&/1 exceeds 907 as determined by its 1y NMR
spectrum in the presence of chiral shift reagent, 3-(heptafluoropropylhydroxymethylene)~d-
camphorate., The configuration of the alcohol ’651 was assigned S on the basis of the well

9

established stereochemical consequence of the epoxidation’ and alkylation of epoxides with
organo cupper reagent.10 Diol é\tz ([OL]22 p ~2.5% 0.187 CHCl3) obtained by deprotection of 93
was converted to the phenylsulfone ;\13 (71%, overall) by the standard method; tosylation
(TsCl, pyridine, 90%), reaction with thiophenol (t-BuOK, DMF, 91%7), oxidation (Nazwol‘, H90,,
70 ° C, 99%),12 and protection of the hydroxyl group (DHP, PPTS, CHyCly, 95%). The reaction
of the sulfone 3b with C(22)-aldehyde 2 (LDA, THF, -78°C), obtained from ergosterol,’s13
gave B-hydroxysulfone 7 in good yield (65%). Reductive desulfonylation9 (5% Na-Hg, Na,HPO,,
0 °C) of L proceeded stereoselectively affording E olefin ,8\5_\/ (52%) as the sole product which
by deprotection (PPTS, 95% EtOH, 40 °C) gave the desired provitamin D (/83) (95%) [lH NMR
(CDClq) §1.00 (3 H, d, J=7Hz), 1.06 (3H,d, J= 6 Hz), 1.14 (3H, s), 1.17 (3H, s), 5.3
- 5.6 (4 H, m)]. The E stereochemistry of the newly introduced 22(23) double bond in ,_83 was
supported by the 1y MR spectrum, where the coupling pattern of the olefinic protons at the
side chain was in good agreement with that of ergosterol. The provitamin D/8\13 was trans-—
formed into 25-hydroxyvitamin D, (rl\%) (31%) by UV irradiation followed by thermal isomeri-
zation. The all spectral properties of the vitamin D L,Ls [MS m/e 412 (M%), 394, 271, 253,
136, 118; UV (95% EtOH) 265 nm; 1y NMR (CDClg) 8 0.56 (3 H, s), 0.99 (3 H, d, J =7.5Hz),
1.03 (3 H, d, J = 6,5 Hz), 1.13 (3 H, s), 1.16 (3 H, s), 3.95 (1 H, m), 481 (1 H, d, J =2
Hz), 5.03 (1 H, m), 5.33 (2 H, m), 6.01 (1 H, d, J=11Hz), 6.23 (1 H, d, J =11 Hz)] thus
synthesized support the structure and are in good agreement with those of the natural metab-

olite.2
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5b: R = CHyPh 6b:R = H

3b

THP



3350

10.

11.

12.

13.

References and Notes

H. F. DeLuca and H. K. Schnoes, Annu, Rev. Biochem. ﬁé, 631 (1976).

T. Suda, H. F. DeLuca, H. K. Schnoes, and J. W. Blunt, Biochemistry, ﬁb 3515 (1969).
G. Jones, H. K. Schnoes, and H. F. Deluca, J, Biol. Chem., Zélj 24 (1976).

G. Jones, H. K. Schnoes, and H. F. DelLuca, Biochemistry, k@, 1250 (1975).

D. Drescher, H. F. DeLuca, and M. H. Imrie, Arch. Biochem. Biophys. lgg, 657 (1969).

G. Jones, L. A. Baxter, H. F. DeLuca, and H. K. Schnoes, Biochemistry, ;é) 713 (1976).

a) H. Takayama, M. Ohmori, and S. Yamada, Tetrahedron Lett,, 5027 (1980); b) S. Yamada,

K. Nakayama, and H. Takayama, Tetrahedron Lett., 22, 2591 (1981); c¢) S. Yamada, K.

~

Nakayama, and H. Takayama, Chem. Pharm. Bull., 23, 2393 (1981); d) S. Yamada, K.
Nakayama, and H. Takayama, J. Org. Chem. éz, 4770 (1982).

Synthesis of 25-hydroxy-7,8-dihydroergosterol has been reported; F. J. Sardina, A.
Mhourino, and L. Castedo, Tetrahedron Lett., Zﬁ’ 4477 (1983).

a) T. Katsuki, K. B. Sharpless, J. Am. Chem. Soc., £92€ 5974 (1980); b) B. E. Rossiter,

T. Katsuki, and K. B. Sharpless, J. Am. Chem. Soc., lgée 464 (1981).

a) C. R. Johnson, R. W. Herr, and D. M. Wieland, J. Org. Chem., §§, 4263 (1973); b) G.
H. Posner, Org. React. ;3, 253, (1975); <) M. R. Johnson, T. Nakata, and Y. Kishi,
Tetrahedron Lett., 4343 (1979).

a) P. J. Kocienski, B. Lythgoe, and S. Ruston, J. Chem, Soc. Perkin Trans. 1, 829

(1978); b) P. J. Kocienski, B. Lythgoe, and D. A, Roberts, lLbid., 834 (1978); c) P. J.
Kocienski, B. Lythgoe, and I. Waterhouse, Ibid,, 1045 (1980).
22
[]“® p -22.4 ° (0.6% CHCl3) for 3a.
C(22)-Aldehyde zgwas prepared from the corresponding C(22)—a1cohol7 by oxidation (oxalyl

chloride, DMSO, Et3NL
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