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Abstract: The bis-exocyclic conjugated diene system of vitamin D ring A synthons is efficiently constructed by
means of a palladium-catalyzed intramolecular cyclization of the (Z)-iodoalkene resulting from the stereoselective
hydrometallation-iodinolysis of propargylic alcohol 9.

Current evidence suggests that 10,25-dihydroxyvitamin D3 (1), the hormonally active form of vitamin D3,
is not only involved in calcium homeostasis, but also plays a role in the modulation of a number of fundamental
cellular processes.! In particular, it has been found that the hormone is a potent inhibitor of proliferation and
inducer of differentiation of several malignant cells.!-2 Unfortunately, the therapeutic utility of the hormore for
the treatment of cancers and skin disorders is limited as a consequence of its calcemic effects. Therefore, much of
current research in this area is focused on the design and synthesis of analogues that can induce selective or
differential biological responses.3

On the basis of Lythgoe's convergent approach to accede-te the triene system of vitamins D (Scheme I),4
Hoffman La Roche's group developed an elegant synthesis of hormone 1 using 2b (readily prepared from dienol
2a) as a convenient precursor of the ring A synthon.52 Since then, several alternative methods for the synthesis of
2a from available chiral cyclohexanes have been devised.5 Although these methods are highly efficient in
controlling 1,3-diol stereochemistry, most of them suffer from three significant drawbacks: (1) a large number of
steps and low overall yield; (2) inefficient control of the Z-stereochemistry of the 5,6-double bond; and (3) scant
scope for obtaining modified ring A frameworks.
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For preparing a wider variety of analogucs of the hormone, a simpler and quicker route to 2a and other ring
A synthons is clearly needed.6 We envisaged that the scant flexibility of the methods mentioned above might be
overcome by using acyclic compounds as starting materials. While our research was in progress this belief was
borne out by the report of a noteworthy synthesis of a racemic precursor of 2a based on the palladium-catalyzed
intramolecular cyclization of a vinyl bromide to an ¢,B-unsaturated ester.”

Our preliminary efforts in this matter have led to the development of a new, short entry to 1-hydroxylated
vitamin D ring A synthons from acyclic enynes.® The key feature of the strategy is the formation of the exocyclic
conjugated diene system through an intramolecular Heck cyclization of a (Z)-iodoalquene (5).
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In this communication we describe the application of the strategy for the synthesis of the model dienol 12.°
Propargylic alcohol 9 was prepared in 4 steps from 5-hexyn-1-ol, as follows. The aldehyde obtained by PDC
oxidation of 5-hexyn-1-ol was treated with vinyl magnesium bromide in THF to obtain the alcohol 7, which was
protected as its z-butyldimethylsilyl ether 8 (TBSCI, imidazole, DMF, 67 % overall yield from 5-hexyn-1-ol).
This compound (8) was then treated with n-BuLi in THF at -78 °C, and the resulting acetylide was trapped with
p-formaldehyde affording the propargylic alcohol 9 in 85 % yield.10

The transformation of 9 into the required (Z)-vinyl iodide was first carried out by Corey's reductive
jiodination method (LiAlH4, NaOMe, I5).11 We subsequently found that Denmark's modification of this
procedure was milder and more efficient.!2 Reaction of 9 at room temperature with Red-Al (1.5 equiv., 3.4 M
solution in toluene) and subsequent addition of a solution of freshly sublimed Iz in THF g:ivc exclusively the (Z)-
iodoalkene 11 in 84 % yield. Although the mechanism of this reaction is still unclear, it is assumed that its regio-
and stereoselectivity are a consequence of the formation of a metallacycle intermediate such as 10,12
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7,Ri=Rz=H 10, M = Al (OCH2CH20CHa3)2 11 12

8,Ry=H,Rx=TBS
9, Ry « CH,OH, Ry = TBS

Iodoalkene 11 is satisfactorily cyclized to 12 in 73 % yield by treatment with 10 mol % of Pd (OAc)z, 20
mol % of PPh3 and 2 equiv. of AgCO3 in CH3CN at room temperature for 3 days.13 The reaction is faster when
the mixture is refluxed (2 hours, 70 % yield). Interestingly, a cleaner, more efficient reaction occurred using 5
mol % of Pd(PPh3)4 as catalyst and EtzN (1 equiv.) as base (87 % isolated yield after refluxing for 1.5 h).14 It is
noteworthy that no byproducts derived from 7-endo cyclization or double bond isomerization were detected. 14
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The fact that the coupling reaction is so efficient and selective eventhough the double bond is not activated, is
clearly due to the restricted conformational mobility resulting from its intramolecular nature. The (Z)-
stereochemistry of compound 12 was confirmed by NOE 'H NMR spectroscopy and by comparison of its !H
NMR spectrum with that of the compound obtained by Hoffrman La Roche's group.?

In summary, a short and versatile approach for regio- and stereoselective synthesis of bis-exocyclic
conjugated dienes has been developed. It allows syntheses of ring A fragment precursors of hormone 1 that are
simpler and more direct than related approaches previously reported which required the use of activated olefines
for cyclization.” In view of current progress in the control of acyclic stereochemistry, our approach should lead
to the shortest known synthesis of 2a and to the preparation of previously unaccessible ring A-modified
derivatives of 1. The results we obtain in pursuing these goals will be reported in due course.
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