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Abstract

A simple and direct approach to both enantiomeric series of A-ring derivatives,@bidihydroxyvitamin
and the corresponding 13 -derivatives, starting from the abundantly availaBlearvone, is described. © 2000
Elsevier Science Ltd. All rights reserved.

Research activity in the synthesis of vitamig @) and its analogues has grown exponentially owing to
the discovery that 1,25-dihydroxyvitamin B3 (calcitriol, 2), the hormonally active metabolite of vitamin
D3, and its analogues have a much broader spectrum of activity than originally thought, in addition to
the classical roles of regulating calcium and phosphorous metabbi@atcitriol 2 and its derivatives
have been used recently in treating a diverse range of human diseases such as osteoporosis, cancer,
AIDS and psoriasis. An attractive convergent synthetic approach to vitagem&logues is based on the
coupling of a CD-ring fragment with a suitable A-ring fragmérats originally developed by Lythgde.
The palladium(ll)-mediated coupling of the A-ring synthon eny8&R-3 with an enol triflate of the CD
ring fragment has become one of the most convenient methods for the large scale generati@-of 1
dihydroxyvitamin I analogues. Several research gréups/e employe&-carvone as the chiral starting
material for the synthesis of enyne derivativé$5R-3. Herein, we report a simple and straightforward
enantiospecific approach to both enantiomeric forms of the Adiofyl ,25-dihydroxyvitamin @ and
its analogues starting from the more abundantly availRktarvone.
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1. R = H (vitamin-D3)
2. R = OH (calcitriol)

To begin with, we have addressed the synthesis of BjBSlenantiomeric enyne, Scheme 1. It was
anticipated that the isopropenyl group could serve as the masked hydroxy group corresponding to the C-3
hydroxy of vitamin 3. The acetylenic side chain was conveniently introduced employing a 1,3-enone-
transposition methodolodyThus, sonochemical irradiation of a solution®tarvone 4) and lithium
acetylide—ethylenediamine complex in THF yielded the tertiary alc&halhich on oxidation with
pyridinium chlorochromate (PCC) and silica gel in methylene chloride furnished the engnone?*

40.3 (€ 3.6, CHC}). Regio- and stereoselective reduction of the erfowéh lithium aluminium hydride

in ether furnished theynallylic alcohol 1S5S7,  3°22.2 ¢ 5.4, CHC}), whose stereochemistry was
based on the well established reduction of carvone derivaties.the conversion of the alcohdlinto
1R,5S3, inversion at the C-1 carbon atom is required in addition to degradation of the isopropenyl! group.
A Mitsunobu reactiohwas contemplated for simultaneous inversion and protection of the alcohol group.
Thus, reaction of the alcoh@lwith diethyl azodicarboxylate (DEAD), triphenylphosphine and benzoic
acid in THF furnished the benzoat®$S8,  2°125.5 ¢ 10, CHCB). Finally, controlled ozonolysis in

a methylene chloride—methanol medium followed by Criegee rearrangémseng acetic anhydride and
triethylamine in the presence of a catalytic amouniigf-dimethylaminopyridine (DMAP) in refluxing
benzene transformed the benza&iato the calcitriol analogue A-ringR,5S-enantiomeric synthof.8*

In another direction, instead of the Mitsunobu inversion, protection of the alcohbMiith benzoyl

*  All the compounds exhibited spectral data consistent with their structures. Yields refer to isolated and chromatographically
pure compounds and are not optimised. Selected spectral data for the acetoxy b&nzog€13.0 € 1.0, CHC}). IR (neat):
madcm 13280, 1735, 1715H NMR (300 MHz, CDC+CCl,): 8.07 (2H, dJ 7.5 Hz), 7.61 (1H, t) 7.5 HZz), 7.44 (2H, t,
J7.5Hz),5.73 (1H, tJ 4.8 Hz), 5.20 (1H, m), 3.14 (1H, s), 2.72 (1H, ddl7.4 and 3.9 Hz), 2.26 (1H, dd,17.4 and 7.8 Hz),
2.20-2.00 (2H, m), 2.05 (3H, s), 1.97 (3H, BC NMR (75 MHz, CDCk+CCl,, DEPT): 170.1 (C), 165.9 (C), 139.5 (C),
133.1 (CH), 130.1 (C), 129.9 (2 C, CH), 128.5 (2 C, CH), 116.7 (C), 82.4 (C), 81.7 (CH), 70.6 (CH), 66.4 (CH), 35)1 (CH
33.6 (CH), 21.2 (CH), 18.5 (CH). For thesyn-acetoxy benzoatel: % 63.0€1.27, CHCY). IR (neat): madcm ! 3270,
1720.1H NMR (300 MHz, CDC§+CCly):  8.04 (2H, d,J 7.5 Hz), 7.55 (1H, t) 7.5 Hz), 7.43 (2H, t) 7.5 Hz), 5.68 (1H, t,
J4.0 Hz), 5.15 (1H, m), 3.13 (1H, s), 2.59 (1H, d with fine splittidd,6.8 Hz), 2.45-2.00 (3H, m), 1.99 (3H, s), 1.96 (3H, s).
13C NMR (75 MHz, CDC+CCl,, DEPT): 169.7 (C), 165.5 (C), 139.9 (C), 133.0 (CH), 130.1 (C), 129.7 (2 C, CH), 128.3 (2
C, CH), 115.6 (C), 82.4 (C), 81.7 (CH), 69.9 (CH), 65.9 (CH), 34.94H3.0 (CH), 21.1 (CH), 18.0 (CH). For the acetate
13 2030.7 € 1.14, CHC)). IR (neat): madcm 13300, 17401H NMR (300 MHz, CDCE+CCly):  4.87 (1H, m), 4.29
(1H, m), 3.02 (1H, s), 2.49 (1H, dd,16.2 and 4.2 Hz), 2.35-2.10 (2H, m), 2.04 (3H, s), 1.90 (3H, s), 1.72 (1H, A df1,7
and 9.3 Hz), 0.90 (9H, s), 0.10 (3H, s), 0.09 (3H,3¢ NMR (75 MHz, CDC+CCl,, DEPT): 170.1 (C), 145.3 (C), 112.6
(C), 83.1 (C), 80.3 (CH), 69.9 (CH), 67.2 (CH), 38.1 (§H35.4 (Ch), 25.9 (3 C, CH), 21.3 (CH;), 18.2 (C), 17.9 (CH),
4.1 (CH;), 4.8 (CH). For the benzoat&5: m.p. 98-99°C. 2% 41.7 £ 1.15, CHC}). IR (neat): mad/cm * 3300, 1720.
IH NMR (300 MHz, CDCk+CCl,):  8.01 (2H, dJ 7.5 Hz), 7.54 (1H, 1) 7.5 Hz), 7.43 (2H, tJ 7.5 Hz), 5.41 (1H, m), 4.31
(12 H, m), 3.03 (1H, s), 2.73 (1H, d with fine splitting,18.0 Hz), 2.35 (1H, ddj 18.0 and 6.0 Hz), 2.05-1.95 (2H, m), 1.98
(3H, s), 0.93 (9H, s), 0.12 (6H, SFC NMR (75 MHz, CDC+CCl,, DEPT): 165.6 (C), 143.9 (C), 132.8 (CH), 130.6 (C),
129.7 (2 C, CH), 128.3 (2 C, CH), 113.2 (C), 83.2 (C), 80.3 (CH), 68.8 (CH), 67.5 (CH), 37.9 (352 (CH), 25.9 (3 C,
CHjy), 18.9 (CH), 18.2 (C, SC(CHs)3), 4.2 (CH:), 4.7 (CH).
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chloride, pyridine and DMAP in methylene chloride led to the benzafte 3*18.4 ¢ 2.5, CHCE),
m.p. 74°C, which on ozonolysis followed by Criegee rearrangement furnished the diastereomeric A-ring
synthon 555118+

. "'/,/ - ‘.
PhCO; “OAc PhCO; [/ PhCO," "OAC

9 8 1

Scheme 1. Reagents, conditions and yiélga) HC C-Li ethylenediamine, THF, sonification, 1.5 h; (b) PCC, silica gel,
CH,Cl,, 10 h; 70%; c) LAH, E2O, 40°C, 1 h, 98%; (d) P4, PhCOOH, DEAD, THF, rt, 10 h, 97%; (e) (i)s®.,
CH,Cl,:MeOH (5:1), NaHCQ, 70°C; (ii) Ac,O, E&N, DMAP, CsHe, 1 h 1t, 6 h reflux; 3796; (f) PhCOCI, DMAP, Py,
CH,Clj, rt, 10 h, 98%; (g) same as (e), 38%

After successfully developing a short route to the calcitriol A-ring synt@pattention was turned
to the natural series§5R-3, Scheme 2. Even though repetition of the same sequenceS«iginvone
will provide the shortest route to the A-ring syntho§3R-9, we have conceived a strategy frdra
carvone itself via inversion at C-5 instead of at C-1. Consequently, reaction of the altalithl t-
butyldimethylsilyl chloride and imidazole in the presence of a catalytic amount of DMAP in methylene
chloride furnished the TBDMS ethé&p, 2132.0 € 1.0, CHCh). As earlier, ozonolysis in a methylene
chloride—methanol medium followed by Criegee rearrangement using acetic anhydride and triethylamine
in the presence of a catalytic amount of DMAP in refluxing benzene transformed the TBDMS ether
12 into the acetate 355138+ Hydrolysis of the acetate ih3 using potassium carbonate in methanol
furnished the alcohal4,  3? 25.0 ¢ 1.24, CHC4), m.p. 81-82°C. Finally, Mitsunobu reaction of
the alcoholl4 using triphenylphosphine and DEAD in the presence of benzoic acid furnished the A-ring
1S,5R-15F of calcitriol (2), in which the two hydroxy groups are differentially protected.

I I I I I
a b c d
e —_— — —
OH OR AcO OR HO OR PhCOx" OR
7 12 13 14 15

R = (f)-butyldimethylsilyl

Scheme 2. Reagents, conditions and yiélds) TBDMSCI, imidazole, DMAP, CKCl,, 4 h, rt, 96%, (b) (i) G/O,,
CH,Cl,:MeOH (5:1), NaHCQ, 70°C; (ii) Ac,O, EtEN, DMAP, CsHg, 1 h rt, 6 h reflux; 389, (c) K,COs;, MeOH, rt, 2
h, 92%; (d) PP, PhCOOH, DEAD, THF, rt, 4 h, 80%

In conclusion, we have developed a short and simple enantiospecific approach to both enantiomeric
forms of 9 and 15 building blocks to 1 ,25-dihydroxyvitamin @ analogues and also the corresponding
1 ,3 -derivativesll, 13and14.
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