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Abstract: The enyne needed for coupling to a CD-ring fragment, namely, 3S, 5R-oct-l-en-7-yne-3,5- 
diol, in the Trost-Dumas . e ~ o o ~ t i o n  route to l~t, 25-dihydroxyvitamin D 3 was synthesized from 
D-xylose in 13 steps and 21% yteld. 

l a ,  25-Dihydroxyvitamin D3 (3a), the hormonally active metabolite of vitamin D3, is classically 
associated with calcium homeostasisJ a.b Recently its effect upon cellular differentiation has been 
established2a, b, and this fact has elicited renewed interest in the synthesis of members of this class of 
compounds. The goal is the discovery of an efficient and scalable process which is sufficiently flexible to 
allow access to a range of analogs and potential metabolites. This synthetic effort is particularly important 
because of the narrow therapeutic range between efficacy and toxicity) The evolution of synthetic 
approaches to la-hydroxyvitamin D analogs has resulted in a number of convergent modular syntheses in 
which an A-ring synthon is joined to the CD-ring system which in turn possesses an appropriately substituted 
C17 side chain. 4 This methodology conceptually derives from Lythgoe's classical synthesis of vitamin D. 5 
Among the many A-ring synthon routes a brilliant culmination of this approach was achieved by Trost, et al. 6 
in their cyclization of a carbopalladated enyne to yield 3a and 3c (Scheme 1). 

Br H R ~  X R O I , " ~ O R  

la. X = H  2a. R = H  
lb.  X = O H  2b. R = M E M  

(dba)3Pd 2. CHC13 
it- 

Scheme 1 

i H ~  X 

RO o'' V ' ~ O R  

3a. R = H , X  =OH 
3b. R -  MEM, X = OH 
3c. R = H , X = H  
3d. R--- MEM, X = H  

In effect, the methodological problem can be considered solved, however, accession of the 
stereodifferentiated I, 3-anN-diol system of the 1, 7-enyne remains a critical synthetic task. 

We report a singularly facile route to 3S, 5R-oct-l-en-V-yne-3, 5-diol (2a) from D-xylose. Furthermore 
I ~, 3a-epi-vitamin D's can potentially be made from L-xylose. 7 The synthetic scheme is expressed in the 
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mapping of the stereogenic centers of 3-deoxy-D-xylono-?-lactone (7) to those of the enyne steroidal A-ring 
synthon (using the steroid numbering system) (Scheme 2). 

t,,C3 hydroxyl 6 

HOka ~ 19 4 5 ~  s 1 9  ( ~'0 
6 5 k.,~lO,~Yn CH2 

7. ~ . J C 1  hydroxyl 2a. 

Scheme 2 

Starting with a D-pentose and conversion to the D-pentono-7-1actone using the chemistry in Scheme 3 
results in the R configuration at the C3 position of the enyne which corresponds to the natural C3-hydroxyl 
group configuration in the vitamin D series. Starting with an L-pentose and conversion to the L-pentono-y- 
lactone yields the opposite C3 stereochemistry corresponding to the epi-vitarnin D series. The point of 
attachment of the acetylene unit is at the site of the primary alcohol and a methylene group ultimately replaces 
the carbonyl group. 

Synthesis of the enyne-1, 3-diol needed for 10t-hydroxy vitamins 3a and 3c proceeded from o-xylose (4) 
which was convened via bromine oxidation to 3R, 4S, 5R-3, 4-diacetoxy-5-acetoxymethyl-2-tetra- 
hydrofuranone (5). Subsequent steps are summarized in Scheme 3. 

AcO 
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4. D-Xylose 5. 

RO 
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10. R = TBDPS 
11. R = H  s 
12.  R = 2-mesitylenesulfonate 

a. Br 2, K2CO 3, H20, R.T. 
b. Ac20, HOAc, 50°C (a+b, 66%) 
c. Pd/C, H 2, Et3N, EtOAc, R.T. (97%) 
d. KOH, EtOH, H 20, R.T. (90%) 
e. tBu(Ph)2SiCl, imidazole, DMF, R.T. (95%) 
f. MEMC1, (iPr)2NEt , CH2CI2, R.T. (97%) 
g. DIBAL, CH2CI2, -65°C (97%) 

m 

13.9  

RO 

6. R= R'--Ac 
7. R = R ' = H  
8. R = TBDPS, R' = H 
9. R -- TBDPS, R' = MEM 

M E M C P " ~ O M E M  

2b.  10 

h. (Ph)3P+CH3Br , tBuOK, THF, 0°C (65%) 
i. (nBu)4NF, THF, R.T. (97%) 
j. 2-mesitylenesulfonyl chloride, 

pyridine, -5°C (74%) 
k. K2CO 3, EtOH, R.T. (95%) 
1. HC--CLi.en, DMSO, R.T. (95%) 
m. MEMC1, (iPr)2NEt, CH2C12, R.T. (97%) 

Scheme 3 
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Catalytic reduction of $ in the presence of triethylamine yields 3R, 5R-3-acetoxy-5-acetoxymethyl-2- 
tetrahydrofuranone (6) in a process which serves to invert the configuration at C3 to yield the desired [3- 
epimer and eliminate the unneeded hydroxyl group (in the case of the synthesis of lot-hydroxyvitamin D, 3c). 
DIBAL reduction, deprotection of the C6 hydroxyl group, mesitylenesulphonyloxylation, intramolecular 
oxide formation, and regioselective addition of acetylide anion yielded 2b. Coupling of 2b with 7-(E)-bromo- 
des-AB-cholest-7-ene (la) according to the Trost procedure 6 yielded lot-di[(2-methoxyethoxy)methoxy]- 
vitamin D3 (3d) (51%). Deprotection with ZnBr2 in CH2C12 yielded lot-hydroxyvitamin D3 (3c) (91%). 

Transformation 5 yields 6 deserves comment. The role of the triethylamine is to effect a [3-elimination 
to yield the enol acetate, which then undergoes catlytic hydrogenation from the less hindered face of the five 
membered ring, thus establishing the [3-configuration of the acetoxy group as shown in Scheme 4. 

F AcO 1 AcO 
o o AcOaA----.~H ~ H _m~v---.-~. OAc 

ff bAc L H OAc Pd/C 
5. 6. 

Scheme 4 

No epimerization at C5 occurs, in fact, it has been shown by Bock, et. al. that the four possible 
triacetoxy-D-pentono-7-1actones related to 5 yield the same product, namely, 3R, 5R-3-acetoxy-5- 
acetoxymethyl-2-tetrahydrofuranone 6.11 

In conclusion, we report a synthetic approach to A-ring metabolites which potentially extends the Trost 
method to all the lot-hydroxyvitamin D's and ll3-hydroxyepivitamin D's. The adaptation of the natural 
stereochemistry of a polyol chiton to vitamin D synthesis has been used elegantly by De Luca's group in the 
case of (-) quinic acid for the synthesis of 10t, 25-dihydroxy-19-nor-vitarnin D3.12 Likewise, Desmale and 
Tanier have used (-) methyl shikimate as an A-ring synthon in a Lythgoe type synthetic approach to lot- 
hydroxyvitamin D3.13 Perhaps closest to the present work is the palladium catalysed cyclization of an ene- 
vinyl iodide derived from D-mannitol to yield an A-ring synthon for lot, 213, 25-trihydroxyvitarnin D3 .14 
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