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Abstract—The 1o,25-dihydroxyvitamin D; enantiomer was synthesized and examined in biological tests. The ring A precursor was
prepared from vitamin D, employing the Mitsunobu reaction for inversion of the configuration at C-3 and SeO, hydroxylation
at C-1. The CD rings-side chain portion was synthesized from an optically active hexanoic acid derivative using diastercoselective
tandem Mukaiyama—Michael addition and vinylsulfone reduction as the key steps. The ring A and CD rings building blocks were
combined using the Julia alkenylation reaction. 1o,25-Dihydroxyvitamin D; enantiomer shows no significant affinity to the

vitamin D receptor. © 2001 Elsevier Science Ltd. All rights reserved.

A great deal of attention has been given to the synthesis
of 1a,25-dihydroxyvitamin D, 1 (Scheme 1), which acts
as a hormone controlling calcium homeostasis and shows
a broad spectrum of biological activity.! There is a
continuous search for analogues of 1 devoid of calcemic
activity but retaining cell differentiating and anti-prolif-
eration activities, suitable for treatment of cancer and
certain skin disorders in humans.? Equally needed are
analogues which would selectively induce intestine or
bone calcium absorption thus providing a means to
mediate calcium transport disorders® and analogues
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1a,25-dihydroxyvitamin D,

suppressing immunological responses.* In pursuit of new
types of biologically active compounds it appeared of
interest to synthesize and examine the enantiomer of
la,25-dihydroxyvitamin D (ent-1) and some related
stereo-isomers with profound changes in molecular
geometry. Unnatural enantiomers of various natural
products have been synthesized.> However, reports on
enantiomers of hormonally active compounds are scarce.
ent-Equilenin was synthesized and showed to have rather
low estrogenic activity.® The prostaglandin E, enantio-
mer exhibited small activity in certain tests.” However,
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Scheme 1. The target compound ent-1 and the general synthetic plan.
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prostaglandin analogues with inverted configuration at
all but one of the stereogenic centers show high and
specific activity.® In principle, enantiomers may also
display activities which are not inherent in the parent
compounds.’

In this communication we report the synthesis and the
results of some biological tests of ent-1a,25-dihydroxy-
vitamin D; (ent-1, Scheme 1). The general plan of the
synthesis of compound enz-1 includes: (1) coupling of the
building blocks 2 and 3 using the Julia alkenylation
reaction,'® (2) preparation of the ring A building block
3 from inexpensive vitamin D,, 6, (Scheme 2) using the
Mitsunobu reaction for the inversion of configuration at
C-3 and allylic oxidation at C-1 as the key reactions, and
(3) a new enantioselective synthesis of the CD rings-side
chain building block 2 based upon 1,3-asymmetric
induction!! in the conjugate addition reaction of optically
active ketene acetal 4 and unsaturated ketone 5.

Triol 7 (Scheme 2), which is readily accessible by KMnO,
dihydroxylation of vitamin D, 6, has served as a conve-
nient starting material for synthesis of numerous vitamin
D congeners.'>!3 Since in the silylation reaction of 7, the
hydroxyl group at C-3 proved more reactive than the
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Scheme 2. Synthesis of the ring A building block, 3.

X
DIAD = diisopropyl azodicarboxylate, Pic = END\

remaining hydroxyl groups,'? it was challenging to sub-
mit this acid labile triol to a regioselective configuration
inversion reaction. Our initial experiments with the
Mitsunobu reaction!* using p-nitrobenzoic acid as the
nucleophile provided dehydration products only. How-
ever, treatment of 7 with picolinic acid, Ph;P and DIAD
according to the procedure of Sammakia and Jacobs'
afforded picolate 8 in 36-39% yield, which was readily
purified by column chromatography.

Compound 8 was subjected to SeO, oxidation'® to give
the 1-hydroxy derivative 9 in a 20% yield along with
unreacted starting material. Although yields of the above
described transformations were rather low, the interme-
diate 9 was prepared form vitamin D, in just three steps.
After protection of the 1-hydroxy group with the TBS
group, the picolate ester group in 10 was hydrolyzed in
a mixture of chloroform and methanol using
CuOAc,-H,O as the catalyst.!> Alcohol 11 was trans-
formed into the derivative 12 in the usual way. Efficient
transformation of 9 into 11 suggests potential applica-
tions of the picolate ester moiety as a protective group.

Oxidative cleavage of the vicinal diol 12 followed by
reduction of the crude product!” and chromatography
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afforded alcohol 13. Dess—Martin oxidation!® of 13
gave aldehyde 3 along with its dihydropyrone tautomer
3a in a ratio of 2:1, respectively (by 'H NMR). This
mixture was used for coupling with the CD rings-side
chain building block.

A new enantioselective synthesis of the building block 2
was developed Dbased upon the asymmetric
Mukaiyama—Michael reaction.!®  Optically  active
thioester? 14 (96% ee, Scheme 3), was treated with LDA
and then with TMSCI to give ketene acetals 15. The
latter were allowed to react with enone 5 in the pres-
ence of 5 mol% of TrSbCl;. When the majority of the
reagents were consumed, the second Michael acceptor
16 was added.?® The reaction product consisted of three
diasteromers in a ratio of 85:11:4 (by HPLC). All our
attempts to separate the major component, to which
structure 17 was later assigned, failed. The mixture was
subjected to cyclization to give 18 along with minor
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diastereomers. After NaBH,—CeCl, reduction?! of these
o,B-unsaturated ketones a crystalline material was
obtained, which was recrystallized to afford allylic alco-
hol 19 in a 53% yield from 17. The structure of 19 was
determined by X-ray analysis.!!

Compound 19 was transformed into the key building
block 2 using routine operations indicated in Scheme 3.
However, one or two brief comments are in order.
DIBAL-H which is the reagent of choice for reduction
of the thioester group could not be applied to 19 due to
susceptibility of the dioxolane ring to reductive open-
ing. Accordingly, 19 was reduced to the corresponding
diol using LiAlH, in THF at reflux. Vinylsulfide 20 was
oxidized with m-CPBA to the corresponding vinylsul-
fone and this derivative was then treated with LiAlH,
in THF without purification. Reduction of the vinylsul-
fone moiety, the adjacent C-O bond?? and the tosyloxy
group at C-21 occurred simultaneously to afford the
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Scheme 3. Synthesis of CD rings—side chain building block 2 and coupling of building blocks 2 and 3 to afford enz-1.

¥ This compound was prepared'! from methyl 5-methyl-hept-4-enoate using the Sharpless asymmetric dihydroxylation®’

group interconversion.?®

and the Weinreb ester



2894

B. Achmatowicz et al. / Tetrahedron Letters 42 (2001) 2891-2895

Ag
s -+
44
A/mm
21')0 34'10
-4 T ¥
R S
N ent-1
Figure 1. CD spectra of 1a,25-dihydroxyvitamin D5 (1) and its enentiomer (ent-1).
trans-hydrindane derivative 21. Ultimately, the key References

building block 2 was obtained from thioester 14 in
eleven steps in a 12% overall yield.

In contrast to Kocienski’s?* procedure for executing the
Julia alkylation, the coupling of sulfone 2 and aldehyde
3 was accomplished using an excess of the sulfone.
Treatment of 2, in THF, with BuLi (1.2 mol equiva-
lent), at —20°C, followed with a mixture of 3 and 3a
(0.66 mol equivalents), at—78°C, afforded the adduct
which was quenched with AcCl. The crude product 23
was then reduced with 6% sodium amalgam in
methanol in the presence®® of Na,HPO,. A mixture of
silyloxy and acetoxy trienes 24 was obtained in a 25%
overall yield from 3. This mixture was allowed to react
with TBAF-3H,O in THF and then with methanolic
KOH to give the respective trihydroxy trienes as a
mixture of geometric isomers® in a ratio of 94:5:1. The
major isomer, ent-1, was separated by preparative
HPLC. Its retention time on an analytical HPLC
column was the same as that of natural 1a,25-dihydroxy-
vitamin D; and the "H NMR spectrum was identical to
that of the natural compound.

A confirmation of the enantiomeric relation of the
synthetic material with 1 was obtained from the CD
spectra of both compounds. As shown in Fig. 1, 1o,25-
dihydroxyvitamin D5 1 and ent-1 show a Cotton effect
of the same magnitude but of different sign.

Compound ent-1 shows no significant affinity to the
vitamin D receptor. It was inactive in tests for differen-
tiation of promyelocytic leukemia HL-60 cells.?¢

Acknowledgements

We thank Dr. Jadwiga Frelek for the CD measure-
ments. Financial support from the State Committee for
Scientific Research, Grant No. 3 T09A 134 18, is
gratefully acknowledged.

10.
11.

. (a) Bouillon, R.; Okamura, W. H.; Norman, A. W.

Endocrine Reviews 1995, 16, 200-257; (b) Beckman, M.
J.; DeLuca, H. F. In Progress in Medicinal Chemistry;
Ellis, G. P.; Luscombe, D. K.; Oxford, A. W., Eds.;
Elsevier: Amsterdam, 1998; Vol. 35, pp. 1-56.

. Leeuwen, J. P. T. M. V.; Pols, H. A. P. In Vitamin D;

Feldman, D.; Glorieux, F. H.; Pike, J. W., Eds.; Aca-
demic Press: San Diego, CA, 1997; pp. 1089-1105.

. Nordin, B. E. C.; Morris, H. A. J. Cell. Biochem. 1992,

49, 19-25.

. Casteels, K.; Bouillon, R.; Waer, M.; Mathieu, C. Curr.

Opin. Nephrol. Hypertens. 1995, 4, 313-318.

. For some recent relevant work, see: (a) Kitamoto, D.;

Dieth, S.; Burger, A.; Trisch, D.; Biellmann, J. F. Tetra-
hedron Lett. 2001, 42, 505-507; (b) Mori, K. Acc. Chem.
Res. 2000, 33, 102-110; (¢) Girard, S.; Robins, R. J;
Villieras, J.; Lebreton, J. Tetrahedron Lett. 2000, 41,
9245-9249; (d) Taber, D. F.; Jiang, Q. J. Org. Chem.
2000, 56, 5991-5994; (e) Kumar, A. S.; Covey, D. F.
Tetrahderon Lett. 1999, 40, 823-826; (f) Rychnovsky, S.
D.; Mickus, D. E. J. Org. Chem. 1992, 57, 2732-2736; (g)
Carroll, F. I.; Lewin, A. H.; Abraham, P.; Parham, K_;
Boja, J. W.; Kuhar, M. J. J. Med. Chem. 1991, 34,
883-886; (h) Ohloff, G.; Maurer, B.; Winter, B.; Giersch,
W. Helv. Chim. Acta 1983, 66, 192-217.

Bachmann, W. E.; Cole, W.; Wilds, A. L. J. Am. Chem.
Soc. 1940, 62, 824-839.

Corey, E. J.; Vlattas, 1.; Harding, K. J. Am. Chem. Soc.
1969, 91, 535-536.

. (a) Corey, E. J.; Terashima, S.; Ramwell, P. W.; Jessup,

R.; Weinshenker, N. W.; Floyd, D. M.; Crosby, G. A. J.
Org. Chem. 1972, 37, 3043-3044; (b) Cooper, E. L.;
Yankee, E. W. J. Am. Chem. Soc. 1974, 96, 5876-5894.
For recent reviews, see: (a) Eliel, E. L.; Wilen, S. H.;
Mander, L. N. In Stereochemistry of Organic Compounds;
Wiley: New York, 1994; pp. 201; (b) Ariéns, E. J. Trends
Pharmacol. Sci. 1986, 7, 200-205.

Julia, M.; Paris, J.-M. Tetrahedron Lett. 1973, 4833-4836.
Gorobets, E.; Urbanczk-Lipkowska, Z.; Stepanenko, V.;
Wicha, J. Tetrahedron Lett. 2001, 42, 1135-1138.



13.

14.

15.

16.

17.

18.
19.

B. Achmatowicz et al. / Tetrahedron Letters 42 (2001) 2891-2895

. Toh, H. T.; Okamura, W. H. J. Org. Chem. 1983, 48,

1414-1417.

(a) Zhu, G.-D.; Okamura, W. H. Chem. Rev. 1995, 95,
1877-1952; (b) Wang, Y.; Ting, H.-S.; Huang, J.-J;
Chow, Y.-C.; Huang, Y.-T. Acta Chim. Sin. 1958, 24,
126.

(a) Mitsunobu, O. Synthesis 1981, 1-28; (b) For a review,
see: Hughes, D. L. Org. Prep. Proced. Int. 1996, 28,
127-164.

Sammakia, T.; Jacobs, J. S. Tetrahedron Lett. 1999, 40,
2685-2688.

Tahara, Y. US Patent 5,283,345, Application May 6,
1992.

Blakemore, P. R.; Kocienski, P. J.; Marczak, S.; Wicha,
J. Synthesis 1999, 1209-1215.

Dess, D. B.; Martin, J. C. J. Org. Chem. 1983, 48, 4155.
(a) Marczak, S.; Michalak, K.; Urbanczyk-Lipkowska,
Z.; Wicha, J. J. Org. Chem. 1998, 63, 2218-2223; (b)
Stepanenko, W.; Wicha, J. Tetrahedron Lett. 1998, 39,
885-888.

20.

21.

22.

23.

24.

25.

26.

27.

28.

2895

Przezdziecka, A.; Stepanenko, W.; Wicha, J. Tetrahedron:
Asymmetry 1999, 10, 1589-1598.

Luche, J.-L.; Rodriguez-Hahn, L.; Crabbe, P. J. Chem.
Soc., Chem. Commun. 1978, 601-602.

(a) Clasby, M. C.; Craig, D. Synth. Commun. 1994, 24,
481-488; (b) Michalak, K.; Stepanenko, W.; Wicha, J. J.
Chem. Soc., Perkin Trans. 1 2000, 10, 1587-1594.
Kocienski, P. J.; Lythgoe, B.; Ruston, S. J. Chem. Soc.,
Perkin Trans. 1 1979, 1290-1293.

Trost, B. M.; Arnott, H. C.; Strege, P. E.; Verhoeven, T.
R. Tetrahedron Lett. 1976, 3477-3478.

Blakemore, P. R.; Grzywacz, P.; Kocienski, P. J.; Mar-
czak, S.; Wicha, J. Polish J. Chem. 1999, 73, 1209-1217.
Steinmeyer, A.; Neef, G.; Kirsch, G.; Schwarz, K.; Rach,
P.; Haberey, M.; Thieroft-Ekerdt, R. Steroids 1992, 57,
447-452.

Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K. B.
Chem. Rev. 1994, 94, 2483-2547.

Hatch, R. P.; Weinreb, S. M. J. Org. Chem. 1977, 42,
3960-3961.



