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Absb9ct:krefRdent~etov~~anakguesfundknalhed(ItC-ii~~. Key features of this 

syntheafsare:(i) thedewbpea danoveiandelfident~f0rtheintnxtuctbnotthe25-hydroxytated 
side chain, present in the most important metabolltes d vitamin D3, and (ii) the stereoselecttve 
funcwnularloftheciringofl~oH)~ajatc-11. 

lt has recently been discovered that 1 a,25dihydroxyvitamin Ds [la, 1 a,25(OH)2-Ds, cakftriol], the 
hormonally active form of vitamin Ds (lb, calciferol), in addition to its important role in calcium 
homeostasfs,l is also associated with normal cell proliferation and differentiation.2 The potential 
utility of la,25(OH)s-Ds as a drug in the treatment of certain cancers and skin disorders has been 
restricted in part due to fts potent calcemic effects.3 As a consequence, there has been enhanced 
interest in the development of structurally modified analogs of this hormone with high cell 
differentiating ability and low cakemic action. In this connection a few remakably interesting side- 
chain analogues of ls25-(0H)rDs with promising properties have been reported,:, although very 
little has been done towards the synthesis of C-ring modiffed analogues possessing a la and/or a 
25OH group.4 

We chose the acetal2 as the target analogue of 1 a,25-(OH)s-Ds to further study the biochemical 
significance of a-substituents at C-l 1. The “latent” atdehyde, which is far away from the three 
hydroxyl groups, could also serve for the construction of potentially useful photoaffinity labels to 
study the active site of the receptor (or receptorss) of la,25-(0H)rDs. 
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Retrosynthetic analysis suggested that the recently improved dienyne route to vitamin D 
metabolites and anatoguess might be useful for the introduction of functionalized atkyl substkuents 
at C-11 (Scheme 1). The conjugated addition of organocopper reagents to the a&unsaturated 
system of ketone 6 should take place from the less hindered stde of the mdecuJe leading to a - 
substituents at C-l 1. 

Scheme 1 

With this strategy in mind, we developed a general and effident method for the introduction of the 
25hydroxyiated side chain which is present in the most important metabotftes of vitamin Da.7 We 
first pmpared the a-lithio anion of nitrile 8 (Scheme 2) from ethyfl3-bromopmpionate by succesive 
treatment wfth methyl magnesium bromide (4 equiv, Eta, r.t., 12 h)e, sodium cyanide (2 equiv, 
DMSO, 90-100 OC, 1.5 h), chloromethyl methyl ether (1.3 equtv, DMF, NaH 1.5 equiv, r.t., 12 h), 
and LDA (1.5 equiv, THF, -78 OC, 30 min) (50 % overall ytekf).e Reactton of the above anion wtth 
the known toeytate 710 afforded a diastereoisomerfc mixture of nitriles 9e (85 %) which upon 
treatment with potassium metal in portions11 pmvided the atcohol 10s with the desired protected 
side chain (90 %, 76 % over the two steps). This procedure was easity carried out on up to a 10 g 
scale and protection of the hydroxyl groups at C-8 was unnecessary. 

Conversion of alcohol 10 into the ketone 11s was accomplished by oxidation with pyridinium 
dichromate (90 %). Application of Saegusa’s method** for the preparation of the a&unsaturated 
ketone 6@ from the sityl enol ether 12 was more efficient than the attemattve two-step, selenoxide- 
elimination procedure. Addition of ketone 11 to a solution of LDA in THF and trapping of the 
resulting kinetic enolate with trimethylchlorosilane afforded, after work up, crude silyt enol ether 
12s which was immediately dissolved in acetonitrile and treated with palladium(ll) acetate to give 
the desired ketone 6 in 94 % yield. Conjugate addition to ketone 6 at C-l 1 was carrfed out by the 
add&ton of ketone 6 to the organooopper reagent, derived from the Grtgnard reagent 13’s and 
copper(l) bromidedimethyl sulfide complex in the presence of trimethytchlorosilane. The freshly 
elaborated crude silyl enol ether 4a was metallated with methyllithium and the resulting kinetic 
enolate was treated with Kphenyltriflimide to give the desired vinyl trtflate 4be (70% from ketone 
6). Attempts to obtain 4b by trapping the enolate, generated by the organocopper reagent without 
TMSCI, were unsuccessful. The stereochemistry of 4b at C-11 was assayed by nCe difference 
experiments, which indicated the proximity of H-l 1 f3 and CHe-18. Therefore, the attack of the 
copper reagent took place from the less hindered a-face of the molecule as expected. 
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With this phase of the synthesis complete, we next turned our attention to the construction of the 
dienyne 3. Thii was accomplished in 78 % yield via palladium catalyzed coupling between the 
Known A-ring fragment 514, and the vinyl triffate 4b. Partial hydrogenation gave prevftamfn D 16 
(80 %), which was subjected to thermal equilibration to afford, via a [1,7)-sigmatropic hydrogen 
shift,7 the corresponding protected vitamin D 159 quantitatively. The quantitative coversion of 14 
to 15 may be accounted for by the interactions between the acetal moiety and the A ring of 
previtamin D 14. Finally, treatment of 15 with A0 5OW-X4 cation-exchange resin in methanol 
provided the desired vitamin Ds anafogue 2 in 81 % yield. (11 steps, 25 94 overall yield).15 

Scheme 2 

$+I vi 
4a, x=OTMS x H 

4b, x-on 

(I) LDA, MF, -78 Oc, NMle 8 (1.6 equiv), 30 min, then 7, -78 Oc, 1 h, r.t., 12 h (85 %). (Ii) r-S&f-l (2 equiv), HMPA (5 

equiv), Et20 (30 awiv), 0 Oc, K in porlbns (7 equhr), r.t., 10 h (90%). (Ill) PDC (3 equiv), PPTS (trace), CH2f& (99 %). 

(fv) LDA (1.5 equk), THF, -78 Oc, ll(1 equiv), THF, 15 mln, --a r.t. 2 h; -78 Oc, TMSCI (1.5 equiv), 15 min. Q Pd(OAc)2 

(1 equhr), CWX, r.t., 12 h (94 % over the two steps). (vi) 13 (7 equiv), THF, -78 Oc, CuSrMe2S (1 eqw), h@S (40 

equhr), 45 mln; TMSCI (2.2 equiv), ketone 6 (1 equiv), THF, -78 Oc, 2 h; TMSCI (2.3 equiv), r.t., 12 h.; m up; uude 12, 

0 W, THF, MeLi (2.3 equhr), r.t., 25 mln; -78 Oc, PhNTf2 (2.3 equiv), r.t., 12 h (70 %). (VII) 5, (Ph3P)2PdCl2 (3 mol %), 

M3N (3 eqUhr), DMF. 70-75 Oc, 2h (78 %). (VIII) H2 (balbon pressure), Lbdfar catalyst, quinoline. hexanas, r.t., 4.5 h 

(So %). (fx) kooUane, 100 Oc, 5 h (100 %). (x) AG 5OW X4 catbn exchange resin, MeOH. r.t., 32 h (81%) (25 % overall 

yield fmm 7). 



108 

Acnowledgoments: We thank the Spanish Ministry of Education and Science for financial 
support (DGICYT Project no PB87-0478) and for an FPI grant to MT. We also thank Duphar for the 
generous gift of vitamin Ds used for the preparation of tosytate 7. 

Reforeneoe and Notes 

1. 

2. 

3. 

4. 

5. 

8. 

7. 

8. 

9. 

10. 
11. 
12. 
13. 
14 

15. 

(a) Norman, A.W. “Vitamin D, The Calcium Homeostatic Steroid Hormone”; Academic Press: 
New York 1979. (b) Ikekawa, N. Med. Chem. Rev. 1997, 7,333. (c) DeLuca, H.F. 
FASEB J.l988,2,224. 
For some reviews, see: (a) Holiik, M.F. “1 a,25(OH)s-Ds, a Novel Hormone with Unlimited 
Potential”, Mdn. Inc. 1987, 32912-929. (b) O&ream, V.K.; DeLuca, H.F. Steroids 1987, 49, 
73-102. 
For leading references, see: (a) Figadere, B.; Norman, AW.; Henry, H.L.; Koeffler, H.P.; 
Zhou, J.-Y .; Okamura, W.H. J. A&d. Chem. 1991,&S, 2452. 
(a) Bouillon, R.; De Cleq, P.J.; Eliard, P.; Vandewalle, M. Eur. Pat. 341,158 (Chem. Abs. 
1990, 112,198894s). For the synthesis of 9(1l)dehydrovitamins Ds and their 1 l- 
substituted analogues, see: (b) Pumar, C.; Au necoe&ea, J.M.; Gibbs, R.A.; Norman, A.W.; 
Okamura, W.H. Wtamin D: MokMar, Cellular and Clink& End~Wnobg~ Walter de 
Gruyter and Co., Berlin. 1988,84. (c) Okamura, W.H.; Aunecoechea, J.M.; Gibbs, R.A.; 
Norman, A.W. J. Org. Chem. 1989,54,4072. 
Specific receptors for la,25-(0H)rDs have been found in several tissues and tumours. For 
leading references, see: Binderup, L; Bramm, E. Siochem. Pharmaod. 1988,37,889. 
(a) Castedo, L; Mouriiio, A.; Sarandeses, L.A. Tetrahedmn Lett. 1988,27, 1523. (b) 
Mascarefias, J.L.; Sarandeses, L.A.; Castedo, L.; MouriBo, A. Tetrahedtvn 1991,40,3485. 
For a review on the synthesis of vitamin D metabolites and analogues, see: Quinkert, 0. Ed.; 
Synform 1985,1988,1987,3,4,5. 
(a) Hesse, R.H. EP78,704 (Chem. Abs. 1983,99,178184q). (b) Andrew% D.R.; Barton, 
D.H.R.; Hesse, R.H.; Pechet, MM. J. 0~. Chem. 1988,51,4819 and ref. therein. 
All new compounds exhibited satisfactory 1H and 13C NMR, analytkai, and/or high- 
resolution mass spectral data. 
Sardina, J.F.; MouriEo, A.; Castedo, L. J. Org. Chem. 1988,51, 1284. 
Cuvigny, T.; Larcheveque, M.; Normant, H. Bull. Sot. Chim. Fr. 1973, 1174. 
lto, Y.; Hirao, T.; Saegusa, T. J. Org. Chem. 1978,43,1011. 
Bgchi, G., Wgest, H. J. Org. Chem. 1989,34,1122. 
(a) Baggidini, E.G.; Hennessy, B.M.; lacobelli, J.M.; Uskokovic, M.R. Tetmhedmn Lett. 
1987.28.2095; (b) Castedo, L.; Mascarenas, J.L.; Mour60, A. Tetrahedron Lett. 1987,28, 
2099. (c) Okamura, W.H.; Aurrecoechea, J.M.; Gibbs, R.A.; Norman, A.W. J. Olg. Chem. 
1989,54,4972. The procedure described in ref. 14c is particularly attractive for the 
preparation of the A-ring fragment 5 in a multigram scaie. 
Biological testing of 2 and the synthesis of other related vitamin D analogues using this 
approach are in progress. 

(Received in UK 7 October 1991) 


