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Abstract: A new chiral synthon prepared from malic acid is introduced 

and utilized in a synthesis of 24,25_dihydroxycholecalciferol. 

Despite the increasing sophistication and stereoselectivity of synthetic methods of generating 
1 

new chiral centers , the high optical purity of naturally occurring chiral molecules often 

makes this the method of choice for the introduction of asymmetry. Malic acid has often been 

used as a chiral synthon 2. , ~n part because of its availability in both enantiomeric forms 
3 . 

Its use has been limited, however, by the difficulty in differentiating chemically between its 

two carboxylate groups. In general, selective chemistry at the C-l or C-4 terminals of the 

molecule is possible only at later stages of the synthesis 
2 . 

We report a facile means of introducing chemical asymmetry into this useful chiral building- 

block and its use in the preparation of the chiral side-chain fragment for 24,25-dihydroxy- 

cholesterol which is a precursor of natural 24,25_dihydroxycholecalciferol. 

Malic acid reacts with dimethoxypropane in the presence of pyridinium toluenesulfonate to give 

the dioxolanone (I) in essentially quantitative yield. The mild acid catalysis avoids any 

racemization of the chiral center. The alternative 6-membered ring closure was not observed. 

This completely specific mono-esterification of malic acid enables ready differentiation 

between the l-ester and 4-carboxylic acid for a variety of synthetic procedures. 

Thus a suspension of 75g (559 mmole) of D-malic acid and 12g (48 mmole) of pyridinium-p- 

toluenesulfonate in 250ml (211g, 2.014 moles) of 2,2_dimethoxypropane was stirred at room 

temperature until a clear solution resulted (approximately 48 hours). The reaction mixture 

was evaporated under reduced pressure and the residue purified by suction chromatography on 

silica gel with ethyl acetate as eluent. Solvent removal gave (-)I in 96% yield, m.p. 106-9'C 

(recrystallized from methylene chloride/hexane). 
4 

The above procedure was repeated using L-malic acid to give (+)I, m.p. llO-2'C. 
5 

We used compound I prepared from DC+) malic acid in our synthesis of 24(R),25_dihydroxy- 

cholecalciferol by reacting it with an excess of methyl magnesium iodide in ether 6 to di- 

methylate the dioxolanyl carboxyl group with complete regioselectivity. A non-aqueous work-up 

with acidic methanol gave the lactone (IIj7 (36%) as the major isolated product and only a 
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small amount of the methyl ester (III). This mixture of products was reduced with LAH in 

refluxing THF (69%) and the resulting trio1 (IV) protected as the acetonide (VI) with copper 

sulfate in acetone, catalyzed by toluenesulfonic acid 8 (68%). The synthesis of the steroidal 

side-chain fragment was completed by treatment of VI with toluenesulfonyl chloride in pyridine 

(64%) and conversion of the resulting tosylate (VII) to the iodide (VIII) with sodium iodide 

in acetone (96%). 
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Steroid (IX) was prepared in analogy with the procedure of Wicha and Bal 
11 

and the desired 

C-20 carbanion, generated with lithium diisopropylamide in THF according to the procedure 

described therein, was alkylated with the iodide (VIII) to give the compound (X) after aqueous 

work-up and flash column chromatography (ether/methylene chloride, 3:97; 50%). In continued 

analogy with the procedure of Wicha and Bal 
lla 

the C-21 ethyl ester was reduced with LAH in 

refluxing THF (85%, 
12 

isolated by flash column chromatography in ethyl acetate/hexane, 1:3) , 

the resulting primary alcohol converted to the tosylate with toluenesulfonyl chloride in 

pyridine (97%) and reduced to compound (XI) (98%) with LAH in refluxing THF. 

The i-ether was opened directly to the 3S -acetate (XII) by heating at 90’ for 1 hour in 

acetic acid solution containing about 1% water (97%) and the C-24,25 acetonide hydrolyzed by 

refluxing in a 9:l methanol:water solution containing about 1% concentrated HCl. The solvent 

and HCI. were removed in vacua leaving a mixture of 38-acetate (XIII) and trio1 (XIV) 
13 

which 

was directly acetylated with acetic anhydride in pyridine to give the diacetate (XV) (89%) 

which was isolated by flash chromatography (ethyl acetate/hexane, 25/75). 
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This cholesterol derivative was dehydrogenated and irradiated by the usual procedure to give 

24(R),25-dihydroxycholecalciferol with analytic properties in complete accordance with the 

literature14. 
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