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SUMMARY 

The separation of vitamin D3 metabolites and their analogues by high-pressure 
liquid chromatography was investigated using a Zorbax SIL coiumn. Each metabolite 
can be separated effectively with a solvent consisting of 2 % methanol-methylene chlo- 
ride or gradient elution from 0.02 OT to 6 oA methanol-methylene chloride. The C-24 
epimers of la,24_dihydroxy- and lo,24,25-trihydroxy-vitamin D3 are resolved as 
their free forms, while the epimers of 24hydroxy- and 24,25dihydroxy-vitamin D3 
can be separated as their trimethylsilyl derivatives. 

INTRODUCTION 

During the past decade, it has been well established, mainly by DeLuca and 
co-workers, that vitamin D3 (D3) must first be metabolized in the liver to 25-hydroxy- 
vitamin DJ25-(OH)-DJ and subsequently in the kidney to lc,25-dihydroxy-vitamin 
D3 b=-(OH),-D,~ in order to carry out its well known functions involving the 
stimulation_ of intestinal calcium transport, bone calcium mobilization and calcifi- 
cation of bone. Other D3 metabolites, 24,25- and 25,26-dihydroxy-vitamin D3 
[24,25- and 25,26-(OH),-D,] and la,24,2Wrihydroxy-vitamin D3 [I a,24,25-(OH)3-D3], 
have also been isolated and their structures and biological activities determined by 
DeLucal; However, the biological significance and the stereochemistry of the 24 
hydroxyl group of these compounds have not been clarified. During the course of our 
studies of the synthesis of the D3 metabolites and on the determination of the con- 
figuration of the 24hydroxyl group, it became necessary to develop a separation meth- 
od that has high resolution and sensitive detection system. A study was therefore car- 
ried out of the separation of D3 metabolites and their analogues by high-pressure 
liquid chromatography (HPLC). The compounds studied are shown in the structure 
below. 

.* lhis paper is I&-t 34 in tke series of “Studies .on Steroids”_ For Part 33, see L. Chardon- 
Laiapx, M_ &50&&i and N. Ikekawa, Phytockdtry, in press. 
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TARLEI 

RETEN-IION TIMFS OF VITAMIN 03 METAROLITFS AND THEIR ANALGGIJES IN HIGH 
PRESSURE LIQUID CHROMATOGRAPHY ON ZORBAX SD. 

z&7& Retention Soivem Pressure* 
rilm? I??&) t-k&m7 

%-(OH&D3 
3.7 Gradient elution: 93 

10.1 0.02% MeOH- 
24S-(OI-V-D3 10.1 CHLClz, gradient rate 
25-(OWD; 10.7 0.3 %/min, to 6% MeOH- 
1 a-(OI-I)-Di 12.2 CH,CI, 
24&25-(OH)z-D, 13.4 
2&,25-(Om_-D3 13.4 
ls24R-(oHlrD3 154 
la,24S-(OH)*-D; 15.6 
1 aJS_(OII&D~ 16.9 
1~,24&?5-(OH)~-D~ 21.8 
1~,24S,25-(OH&D, 212 

%-(OH$Dz 
24S-(OH)-D, 
25-O-4 
1 WXWD~ 
24R,25-(Om-D> 
24W5XOH’kD3 
la,24_r?_cOH)rD3 

~la,24S-(OH)2-D3 
1 Q,~+W%-D, 

24&OH)-D, d&T&IS 
2&(OH)-D, di-TMS 

24_&?5-(OH)yD3 tri-TMS 
24S,25-<OH)t-D3 t&TMS 

2.3 2 % MeOH-CH+Clt 
3.0 
3.0 
3.8 
6.2 \ 
7.7 
7.7 

13.1 
13.9 
19.2 

13.8 
12.1 

21.2 
18.4 

90 

l$!4!4,p-(OH)~-D3 16.9 1.5 % MeOH-n-hex&e 92 
lq2h!WOHIrD, 18.0 

’ ia,24&25-(OHh-D3 12.5 3.5 % MeOH-CHrClr 99 
la,24S,2HOHji-Ds 13.2 

_____-- 
*> Flow-iat$&4-0.42 ml/r&i?. 



: All of thk sampres of D3 metabolites and their analogues were synthetic com- 
pour&: 25+%)- (ref. 2), lcc-(OH)- (refs. 3 and 41, 24R-(OH)- (ref. ‘3, 24S-(OH)- 
(ref. 3%: la,25-(OH),- (refs- 6 and 3, lo,24R-(Ol&- (ref. 8); lcr,24S-(O& (ref. S), 
24R,25-(OH),-. (refs. 9 an+ lo), 24S,25-(OQ- (refs. 9 and IO), lc,24R,25-(OH), 
.(ref. 111, and Ecr,24S,25-(O&-D, (ref_ 11). 

Trimethylsilyl (TMS) derivatives 
In a small PTFEcapped tube; lO.pg of hydroxy-D; were dissolved in 50 ~1 

of dry:n-hexane plus 10 ,uI of t&ethylsilylimidale. After heating at 70” for 10 min, 
is at -50’ for 20 min, 0.3 ml of water was added, the mixture was extracted with n- 
hexane and the extract was injected into the chromatograph. The TMS group was 
removed by treating the TMS ether (10 ,~g) with 0.1 ml of 1% potassium hydroxide in 
methanol at room temperature for 2 h. The free D; was extracted with ethyl acetate. 

Iktrmnent 
A Shimadzu-DuPont Model 830 liquid chromato,mph equipped with a UV 

detector (254 nm) and a gradient system was used, with a Zorbax SIL column, 25 cm 
x 2.1 mm I.D. The separation conditions are given in Table L 

RESUKIS AND DISCUSSION 

Separation of D3 metabolites and their malogues 
In comparison with silicic acid or Sephadex column chromatography, which 

have been employed for the separation of the metabolites=, a higher resolution was 
obtained by HPLC. After testing several types of column, we found that Zorbax 
SIL exhibited the best resolution for this purpose. 

Dj, 25-(OH)-D3, 24,25-(0&-D, and la,25-(OH),-D3 can easily be separated 
from each other with a solvent consisting of 2% methanol-methylene chloride (Fig. 
1). By gradient elution with a mobile phase of 0.02-C; “/o methanol in methylene chlo- 
ride, all of the metabolites so far isolated and their analognes, Ia-(O 24(OH)- 
and la,24(OE&-Ds, can be separated, as shown in Fig. 2. 

These results illustrate the usefulness of HPLC for the metabolic studies of DX 
and its hydroxy analogues, which has also been reported by Jones and DeLuc@. 

Separation of the epimers of the 24-hydroxyl group 
9-10 -Tn previous papers the synthesis of 24R- and 24S-24,25-(OH),D, was re- 

ported. .For the identificatiog of the metabolite 24,25-(OH),-D; isolated by Kolick 
et u1.14, it was necessary to find a method for separating the epimers. As shown in 
Figs. 1 and 2 and Table I, the 24R and 24S.isomers of 24(OH)- and 24,25-(OH&-D, 
exhibited identic~l retention times but of l~t,24-(OH)~- and lc,24,25-(OH&-D3 had 
slighfly different retention times. It was found that the TMS derivatives of the 24- 
epimers .of 24;25-(OH),-D, could be separated using the solvent methylene chloride- 
-n-hexane (Fig. 3). The Tl’@S.derivative was alsci resolved by TLC using silica gel. This 



24x.25 

245.25 

/. 

Fig. 1. Separation of vitamin Dj (vD3) metabo5tes and their analogues on Zorbax SIL with 2% 
methanol-methyiene chloride. 
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Fi.c 2. Separation of vitamin D, (VI&) metabolites 2nd their analogus on Zorbax SIL- withgradient 
eiution from 0.02 to 6% methanol in Ethylene chloride. 

derivative was selected b&use of its ea.%y derivatkation and removal. By this method, 
the confi_aation of the 24-hydroxyl soup of n&m-al 24,25-(QH),-D, was determined 
to be R, using .co+hromato~zph~ with the 3H-lahelied compound obtkined bjo- 
logiically’~. 

The epime& of 24-(OH)-D, can be dso seg&ated as their TMS derivati& 
(Table I)_ This method-was applied to the separation of R akd_Se$mers of [24-3Hl- 
24-(OH)-D, derived from 24oxo;D, by sodium 13HJ borohydride reduction’s 

Qn the contrary,~~TMS d&&.ive~ of 24-epimgrs of ice,24-(Orr),-D3 and Qz,24, 
25(OK&-D, had the same. rekation time, but those epimk co&i be Separated as 
their free forms as .shoWn; in Fig. 4~ &d .Table 1. The. 2kR isomer was &ted f&ter 
than the 24s isomer, wtie with the TX+@ d&v&i& of 24-(Of-s)-%nd 2&2S(QH)&33~ 
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Fig. 3. Zkparation of 24RJ5-(OH)z-D~ tri-TMS and 24S,25-(OH)z-Ds tri-TMS on Zorbax SIL with 
2 oA methylene chloride-n-hexane. 
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Fig. 4. Separation of la,24R,2$@X)rDx and lc~,24S,tS-(0H)~-D~ on Zorbax SIL with 3.5% me- 
tkmoknethylene chloride. 

the reverse elution order wzs observed. It is interesting to note the effect of the la- 
hydroxyi group on the separation of the stereoisomers 2t the side-chain of steroids. 

For the synthesis of vitamin D3 analogues, usually the hydroxycholesterols 
are converted into the D3 form via a 5,T-diene system. In the synthetic route to the 
?4R and 245 isomers of 2.Chydroxy-D, anaIogues, the C-24 epimers could also be 
Se&&d at the stage of the formation of the hydroxychofesterol derivatks. We found 
that the 24-epimers of the P-compound can be resolved more easily than that of the 
c&responding D3 form. Thus, the 2kepimers of 24-hydroxycholesterol dibenzoate5, 
24,25-dihydroxychoIeterol 3,24-dibenzoate 25-IMS ethecgJO, la,24,2%rihydroxy- 
cholesterol 1,3,2&ribenzo&~e. 25-T-MS ether” and I a,24dihydroxychoksterol 3,24- 
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dihenzoates co&i lx separated on a silica gel column, and their absolute con&ura- 
tions at the C-24 position were determined - 9 1z*i7. En -alI -of these derivatives, the R 
isomer is less polar than the S isomer. 

Although gas chromatography can be used for the identification of D, 
metaboiitesls, HPLC is much more useful because it gives sharper peaks and a higher 
resolution and also can be-used for preparative purposes. 

These results demonstrate that HPLC is very .useful for the ihentific$ion and 
determination of D3 metaboiitcs and their nnafogues and_ especially for metabolic 
studies using labelled compounds_ 
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