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A convenient and potentially valuable synthetic approach to the novel 2a-functionalized 1a,25-dihydroxyvitamin D; [1a,25(0H),D] derivatives
(la—c), which are the C2-epimer of ED-71 and its analogues, has been developed. The C2a-modified ring A precursors (1,7-enynes 16, n =
0, 1, and 2) were constructed stereoselectively starting from p-glucose in high yield. In the synthesized 2a-(e-hydroxyalkoxy)-1o,25(0H);Ds
derivatives, 1a and 1b showed a greater binding affinity to vitamin D receptor (VDR), up to 1.8 times that of the native hormone.

The seco-steroid hormoneaR25-dihydroxyvitamin R which likely induce fatal hypercalcemfaThe search for a
[1a,25(OH)}Dg4] is the most potent metabolite of vitaminkD ~ noncalcemic therapeutic agent, and for convenient synthetic
and regulates primarily calcium homeostasis, as well as cellmethods of finely modified compounds, has been greatly
proliferation and differentiation and immunologome of stimulated by medical needs.

these biological responses to this class of compounds may 24-(3-Hydroxypropoxy)-1a,25(0OHP; (ED-71) was de-
have high potential in the treatment of rickets, renal veloped by Chugai Pharmaceutical Co. as a promising
osteodystrophy, osteoporosis, psoriasis, certain cancerseandidate for the treatment of osteopordgiecently, we

AIDS, and Alzheimer’s diseasé.One of the major problems
in the clinical use of &,25(OH}D; is the effective doses,
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reported synthesis of the A-ring modified analogues, 2-meth-
yl-10,25(0OH)D3, and found that the @isomer2 showed
higher potency than the native hormone in terms of binding
affinity to vitamin D receptor (VDR), elevation of serum
Ca concentration, and induction of HL 60 cell differentia-

(3) Bouillon, R.; Okamura, W. H.; Norman, A. VEndocr. Rey1995,
16, 200—257.



tion> Further modification of the 2a-methyl group, in
particular, introduction of the @(3-hydroxypropyl) group
into the A-ring of 1a25(OH)Ds (3), increased by 500 times
the potency of calcium-mobilizing activiyMost of the
biological actions of 1a,25(0OHIp; are considered to be
mediated by the vitamin D receptor (VDR), which belongs
to the nuclear receptor superfamily acting as a ligand-
dependent transcription factor with coactivatbiccord-
ingly, we planned to synthesize new analogug@ntaining
the hydroxyalkoxyl group at the C2 position, like ED-71 but
with the o-orientation, to understand the detail structdre
activity relationships, particularly on the ring A (Figure 1).
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10,25-dihydroxyvitamin Dg: R=H

1: R=0CH5(CH2),CH,0OH,n=0,1,2
2: R=Me
= (CHy)30OH

Figure 1. Structures of @&,25-dihydroxyvitamin R [la,25-
(OH),D3] and its Zx-substituted analogueis—3.

The original approach to ED-71 from lithocholic acid
allows only 2substitution of &,25(OH}D3.#2On the basis
of convergent synthesis, A-ring synthons were elegantly
constructed using a C2 chiral epoxifler the adaptation of
a polyol chironted We wish to report here a new concise
and efficient synthetic route to o2(w-hydroxyalkoxy)-
10,25(OH}D; derivatives (1a—c) fronp-glucose and their
considerable binding affinity to VDR.

To create 20,35 stereochemistry on the ring A of the
target vitamin D analogueg), the known crystalline epoxide
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4, which is readily available from methyl-p-glucoside®
was chosen as the chiral template. The regiospecific ring
opening by a suitable alkaneditiat the C3 position affords
the altrose configuration, in which C2, C3, and C4 asym-
metric centers satisfy the corresponding desigd8., and

la stereochemistries of, respectively. As illustrated in
Scheme 1, for exampley = 1, 4 was heated with 1,3-
propanediol under basic conditions to yield methyD33-
hydroxypropyl)altropyranosidé (n = 1). After selective
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a Conditions and yields: (a) HOGKCH,),CH,OH, KO'Bu, 110
°C, 14 h,n = 0 (88%),n = 1 (94%), andn = 2 (93%); (b)
TBDMSCI, imidazole, DMFn = 0 (93%),n = 1 (92%), anch =
2 (99%); (c) NBS, BaCg) CCly, reflux, 35 min,n= 0 (71%),n =
1 (74%), andn = 2 (76%); (d) catalytic NaOMe, MeOH) = 0
(95%),n = 1 (96%), anch = 2 (99%); (e) TBDMSCI, imidazole,
DMF, n = 0 (93%),n = 1 (94%), andn = 2 (85%); (f) catalytic
BusNF, THF,n = 0 (43%),n = 1 (71%), andn = 2 (68%); (Q)
Zn, NaBHCN, 1-propanol—HO (10:1), 95°C, 45 min, and then,
NaBH,;, n = 0 (71%),n = 1 (72%), anch = 2 (75%); (h) TmCI,
DMAP, CH,Cl,, n = 0 (82%),n = 1 (84%), anch = 2 (92%); (i)
LIHMDS, THF, =78°C to rt,n = 0 (92%),n = 1 (99%), anch =
2 (90%); (j) TMSCCH, BuLi, BEOEY, THF,—78°C,n= 0 (91%),
n=1(92%), anch = 2 (94%); (k) KCOs;, MeOH, n = 0 (93%),
n =1 (96%), andn = 2 (63%); (I) TBDMSOTf, 2,6-lutidine,
CH,ClI,, 0°C, n =0 (92%),n = 1 (90%), andh = 2 (80%).

Org. Lett., Vol. 2, No. 17, 2000



protection of the primary alcohol, treatment of benzylidene || GGG

acetalé with NBS'® gave bromide in 74% yield. Exchange Table 1. Relative Binding Affinity of the Series of for

of the protecting group on the C4 hydroxyl group was Bovine Thymus 1a,25-Dihydroxyvitamin PReceptor (VDR)
accomplished through mild solvolysis of the benzoate,
persilylation, and selective deprotection of the C2 hydroxyl
group to obtain bi©-silylated10in good yield!* Reaction 10,25(0OH)2Ds 100

compounds VDR?2

of bromide 10 with activated zinc powder generated an 12 (”f(l’) izg
aldehyde, which was directly reduced to alcoHdl®'? e ((:;2)) 0

Sulfonylation of the primary alcohol and LIHMDS treatment
afforded epoxidd.3, into which was subsequently introduced ~ * The potency of & 25(OH}Ds is normalized to 100.
the acetylene unit with ring opening. Removal of the terminal
TMS group under basic conditions and the protection of the
secondary alcohol with TBDMS provided 1,7-enyb@ (n

= 1) in high yield (Scheme 1), which is suitable for the
following Trost-Dumas palladium-catalyzed coupling reac-
tion.’® The other A-ring precursord 6) were also prepared
by a similar procedure using ethylene glycal€ 0) and
1,4-butanediol (= 2) instead of 1,3-propanediol.

and Arg-274. The potent VDR affinity dfa and1b could
be explained by molecular mechanics calculations based on
the crystal structure established by Moras et®aln a
preliminary calculatiori® the C2aterminal hydroxyl group
of 1b is likely to reach toward not only Asp-144 but also
Tyr-236 to create additional hydrogen bond networks. On
) _ ) o o the other hand, the C2¢erminal hydroxyl group ofla
.Palladlum-med|ated alkylative cyclization with vinyl bro- probably forms a hydrogen bond with Arg-274. Formation
mide of the CD fragmeml713_ from G_rundmann's ketone of the new hydrogen bonds could be one of the reasons for
and subsequent deprotection furnished the target 2 g high affinity. Furthermore, based on the calculation, the
substituted 1a,25-dihydroxyvitamin JDderivatives 1 in 2a-substituted A-ring, except for the 2o-methyl case, fits
considerable yields (Scheme 2). into the cavity in thea-conformation to minimize steric
repulsion. In this conformation, the 2a-substituent adopts

I cquatorial position and thexdhydroxyl group retains

Scheme 2 hydrogen bonding with Ser-237 (Figure 2). Very recently,
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a Conditions and yields: (a) catalytic (§#),Pd, EtN—toluene
(2:1), reflux,n = 0 (75%),n = 1 (52%), andn = 2 (69%); (b)
BuyNF, THF,n = 0 (78%),n = 1 (61%), andh = 2 (70%).

Figure 2. Computer calculation ofb in the VDR ligand binding
domain.

o ) we reported that @-(3-hydroxypropyl)-t,25(OH}Ds (3)
The receptor binding potency t—c was evaluated using g qyyed 4 3-fold increase in binding activity to VIR he
bovine thymus VDR and the results are summarized in

Table 1. Interestingly, the highest binding affinity of this (8) Wiggins, L. S.Methods Carbohydr. Chem963,2, 188—191.

series occurred withb (n = 1), which is 1.8 times higher (9) Beau, J.-M.; Aburaki, S.; Pougny, J.-R.; SinayJPAm. Chem. Soc.
1983,105, 621—622.
than that of 1o,25(OHPs. (10) (a) Hanessian, $ethods Carbohydr. Chen1972,6, 183—189.

i _di i (b) Hanessian, S.; Plessas, N.ROrg. Chem1969,34, 1035—1044.
Recently, studies on the three-dimensional structural (11) In the case of = 1. recovered (23%) and a mixture of diols

elucidation of the @,25(0OH}D; docking VDR ligand (15%), which could be quantitatively recycled to the BSTBDMS

binding domain have been carried &%tt is noteworthy that derivative9, were obtained. Then, the recove@and the recycle® were
combined and desilylated again. Overall yield1dffor these three steps

there is a rather hydrophobic cavity around the C2 position s 729. Fon = 0 and 2, this recycled step was also applied and overall

surrounded by Phe-150, Tyr-143, Tyr-147, and Tyr-236. yields were noted in Scheme 1. _
Interestingly, Asp-144 is found at the end of this long cavity. 195(317?)1((3&;)’ 28;”:’;?31*' F(zb)cééfn%ztyz%h;e'vg"s'eﬁa%qumcﬁﬁoﬂé’gig%’s'

The lo-hydroxyl group forms hydrogen bonds with Ser-237 62, 1990—-2016.
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