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ABSTRACT
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The synthesis of the 19-functionalized derivative of vitamin D 3 based on ring-closing metathesis (RCM) is presented.

A hormonally active metabolite of vitamin $ 1o,25- The discovery of olefin metathesis and development of
dihydroxyvitamin I}, exhibits, besides the regulation of well-defined ruthenium and molybdenum alkylidene cata-
calcium and phosphorus homeostasis, a variety of biological lysts' has provided a very convenient synthetic route to
activities such as cell differentiation and proliferatfoBince complex olefins. The preparation of 19-functionalized de-
this discovery, extensive studies to find analogues with rivatives of vitamin D based on cross metathesis (CM)
selective activity profiles as potential therapeutic agents haveseemed to be the shortest and most straightforward way. We
been undertaken. Over the past two decades many vitamirhave undertaken efforts to synthesize such analogues of
D derivatives containing modification in A, C, or D rings as vitamin D in our laboratory. The reactions of vitamiry D

well as in the side chain have been synthesizeldwever, (1) with various olefins, such as 1-heptene, allyl alcohol,
only a few methods of synthesis of 19-functionalized trans-3-hexenedinitrile, and allyl cyanide, were examined.
compounds have been described sc*far. Unfortunately, the CM reactions of vitaminzDQvith these

alkenes in the presence of 20 mol % of Grubbs or Hoveyda
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Ds. According to the synthetic plan, the 3-hydroxyl group obtained in the 5,@rans-vitamin I} series. The 5,6-trans-
in vitamin D; was esterified with carboxylic acid containing vitamin Ds; did not undergo the CM reactions, while the
the terminal double bond (4-pentenoic, 5-hexenoic, 6-hep- corresponding esters (5) yielded the SM products only.
tenoic, and 10-undecenoic acid). The esterification was Presumably, the failure of ring closure is due to the lack
performed with the DCC method with DMAP as catalyst. of sufficient conformational flexibility in ring A, as well as
The products2 were obtained in high yields. The est&s  the steric hindrance (5,6-cg®mpounds) caused by the CD
appeared to be rather unstable and therefore were im-ring fragment of the molecule. Additionally, molecular
mediately subjected to RCM reactidmlthough there are  modeling reveals that the cyclization requires the change of
many reports of successful application of RCM to the A ring conformation from the favored chair to the boat
synthesis of medium sized rindg$n the case of metathesis  conformation.
of vitamin D; esters, the only products were dim&sas a In the next attempts, the same approach was applied for
result of self-methatesis (SM). Despite the change of the 1a-hydroxyvitamin B derivatives. The 3-TBS-ether of 1o-
reaction conditionshigher temperature (8@), more second  hydroxy-5,6-trans-vitamin B (6) obtained by a known
generation catalyst (Grubbs or Hoveyda, 30 mol %), higher method was analogously transformed into 3-butenoate
dilution, and slow addition of reagentshe desired RCM  which theoretically allows for closure of a six-membered
products were not formed. ring in the RCM reaction. In this case the desired cyclic
Compound4 with inverted configuration at C-3 (synthe-  product8 was obtained in 70% yield with use of 20 mol %
sized from vitamin 3 via the Mitsunobu reaction) did not  of Hoveyda second generation catalyst (worked slightly better
afford the RCM product either. The same results were than the Grubbs catalyst): dilution, Cm0.5—1.5 mM, 80
- . °C.5 The most important factor for successful RCM proved
syt 1 cene (0 De reaction temperaiure. At 40~70 the main product
in oven-dried Schlenk flask was added the solution€@.5 mM) of vitamin appeared to be a dimé&, as a result of SM. The higher

D3 (or 1a-hydroxyvitamin ) ester in dry toluene dropwise over 2 h. The temperature favored the RCM reaction. Such an effect of
reaction mixture was stirred at 8C for 4 h under argon atmosphere. Then

the reaction mixture was concentrated in vacuo and purified by silica gel
column chromatography. (6) Marshall, J. A.; Grote, J.; Shearer B.Org. Chem1986,51, 1635.
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temperature was not reported earlier for phoshonate or silicsteric hindrance caused by the CD ring fragment of the
analogues of d-hydroxy-5,6trans-vitamin D,.3" The influ- molecule because of thas configuration of the 5,6 double
ence of other reaction conditions (type of catalyst, dilution, bond in this compound.

mode of reagent addition) proved much less important. The The lactone8 appeared to be rather unstable, and to avoid
RCM reaction was not observed (even at higher temperature)its decomposition, it was converted into the corresponding
for 3-butenoate of &-hydroxyvitamin D derivatives (e.g. for  diol 12. Subsequent photoisomerization of the 19-hydroxy-
compoundLl). The reason for that is presumably the greater ethyl derivative of &i-hydroxy-5,6-trans-vitamin B(12) in
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the presence of anthracene as triplet sensitinedlegassed In conclusion, a new synthetic strategy for the preparation
and dry benzene at 0—%C afforded the desiredis isomer of 19-functionalized derivatives obthydroxyvitamin D was

13. The almost complete conversion to vitaminddalogue elaborated. In the methodology developed, the synthesis of
was observed within 15 min (& 3 min) of irradiation with a cyclic analogue proceeds through RCM of theHydroxy-

a UV lamp. The two isomers Bband 53 were distinguished  transvitamin D; vinylacetyl derivative. Subsequent reduction
on the basis of theitH NMR spectra. The position of two  of the obtained RCM product followed by photochemical
doublets of 6-H and 7-H was diagnostic: for the-&#&ns isomerization afforded the 19-functionalized analogue.
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Neth. Chem1980,99, 306. at http://pubs.acs.org.
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