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SUMMARY 

The synthesis of C-25 epimers of 26-hydroxychol~alcifero~ (26-OH-D31 (IlIt_the so far unknown 
.25-deoxy analogue of the metabohte 25,26(OH),D,--is described. 

(25Rt or (2X$-26-hydroxycholesterol3,26_diacetate (I) was converted into the corresponding mixture 
of 5,7- and 4,6-diene. saponified and then directly irradiated with U.V. light. The obtained precholecalci- 
feral analog was isomerized thermally to III and separated from the 4,6-diene on Sephadex LH 20. 

Tested for bone resorption in organ cultures from mouse calvaria in vitro. (25R)-26OH-Da is less 
effective than 25,26(OH),Ds, whereas (25S)-26-OH-D, is inactive. By the in rioo/in oitro method, (25R)- 
and (25S)-26-OH-Da are ineffective, while 25R,26- and 25$26(OH),D, are moderately osteolytic. 

INTRODU0’1ON 

Among the di~ydroxy-metaboIites of vitamin Dj, the 
most ignored is undoubtedly 25.2~ihydroxychole- 
calciferol (25,26(OH)~D~). Although 25,26(OHfzD, is 
a major dihydroxy-metabolite found in porcine El] 
and human [2] plasma, its physiological function 
remains unknown as does its site of biosynthesis. and 
no data are available to indicate its configuration at 
carbon 25. 

In our attempts to elucidate the stereochemistry of 
this metabolite of vitamin D,, we have synthesized 
[33 the two epimers of 25,26(OH)2D, but were unable 
at that moment to specify their chirality at C-25. One 
of these epimers must be identical with the natural 
25,26(OHf2D, of unknown configuration isolated 
from porcine plasma El]. Recently. one of us has 
reported [4] the results of the analysis by X-ray dif- 
fraction. permitting us to assign absolute configur- 
ation to both epimers. In a biological study it was 
found [3] that 253,26- and 25R,26(OH)zD, have a 
selective activity on bone and, in particular, the 
former was superior to the latter in elevating serum 
phosphorus and in antirachitic activity. 

These results assessing the importance of the con- 
figuration at C-25 prompted us to synthesize the un- 

known 26_hydroxy-derivatives of vitamin D3, (25R)- 
and (25S)-26OH-D,, anafogues of 25,26(OH),D, 
lacking the 25hydroxy1, which may be helpful in 
defining more clearly the function of the 26hydroxyl 
group. 

The present report describes the chemical synthesis 
of two epimers of 26-OH-D, by a route outlined in 
Fig. 1, similar to that indicated [3] for 25R,26- 
(OH),D, and 25S,26(0H),D3. Their activity on bone 
resorption is reported in a bone culture system [S]. 
more likely to evaluate the effects at the level of the 
tissue receptors. 

EXPERIMENTAL 

Melting points were measured in open capillary 
tubes and are uncorrected. Ultraviolet spectra were 
determined with a Beckman Acta CIII spectrometer. 
Mass spectra were obtained with an AEI MS50 spec- 
trometer using a direct probe. High pressure liquid 
chromatography was performed with a Waters Assoc. 
chromatograph equipped with a 6OOOA pump, a U6K 
injector and two columns (30 cm x 4 mm i.d.) packed 
with microporasil. The mobile phase was dichloro- 
methane containing 1% (v/v) of methanol at a Row 
rate of 1 ml/min, and a pressure of 9OOpsi. 

B : 25 R; b : 25 S 

Fig. 1. The synthesis of (25R)- and (25S)-26-hydroxycholecalciferol. 
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Optical rotatims wme measured for chioroform 
solutions. 

Thin layer ~hromato~aphy was performed on 
commerciat 200 x 200 x 0.25 mm Merck plates of 
siiica gel CF 254 using ethyl acetate-n-heptane (I : I ~ 
v/v) as solvent system. Spots were visualized by fluor- 
escence and by spraying with Sl”/, w/v phosphomobyl- 
die acid in ethanol and heating. 

(25R)-5-Cholestene-38, 26-dial 3,26-diacetate (la) 
and (?SS)-5-Cholestene-38, 26-dioi 3,.&diacetatr (ih). 
The two epimers were obtained by the resolution of 
a synthetic mixture of (2X)- and (25S)-S-choles- 
tene-3/J, 26-dial 3.26-diatztate by high pressure liquid 
~hromato~aphy~ as recently described [6], 

f25Ri-f-Eho~~ten~-38, 26diol 3.2~&acetate: m.p. 
128~f29”C [@ = -37&Y (c = 0.9). 

(25S)-5-choIestene-3P,, 26-dial $26diacetate: m.p. 
99%IOO”C [a];” = -34.3”C (c = L1). 

(25R)-5,7-Cholestadiene-3fl, 26diol 3,26-diacetate 
(11~. R = AC) (in admixture with the 4,bdiene). Ia 
(0.061 g) and 1,3-dibroma-%kIimethylhydantoin 
(0,024 g--25% excess) were suspended in light pet- 
roleum (b.p, 6&8O”C, 3.6 ml) and heated under reflux, 
with stirring, for 30 min. After cooling to room tem- 
perature, the reaction mixture was filtered and the 
residue washed with light petroleum. C&dine (2 mf) 
was added to the filtrate, the tow boiling solvent was 
evaporated in ii-0 and the remanning soiution 
heated at 150°C for 20 min, under nitrogen. After 
cooling ether was added and the precipitate fiItered 
off and washed with ether. Work up of the ether 
extract in the usual manner gave a yellow residue 
(QQS7 g) (mixture of 5,7 and rl,ii&nes). RF 0.85. 

(2SS)-5,7-Cholestadiene-3/?. 26-dial 3,26_diacetate 
(Ilh, R = AC) (in admixture with the #,6-diene). Ib 
(0.071 mg) was treated as Ia and gave crude IIb 
(R = Ac) (0,069 g). R, 0.85. 

(lSR)-5,7-Chho~estadiene-3P, 26-diof (ifa, R = H) (in 
~rn~x~~re with tke 4,ddierae). IIa (R = Ac) f&Q57 9) 
was dissolved in 5:< methanoIic potassium hydroxide 
(5 ml) and left at room temperature for 20h. Work 
up in the usual manner gave 0.045 g of IIa (R = H) 
(mixture of 5,l and 4&dienes). RI; 0.45. 

(25S)-5,7-Cholestadiene-3/?, ,?&diol (lib, R = H) (in 
admixture with the 4,6-diene). IIb (Xa =r AC) (0.069g) 
was treated as IIa (R = Ac) and gave crude IIb 
(R I-- H) (0,057 g). R, 0.45. 

(25Rt26-HydroxycholecaIc~rof (Illa). IIa (R = H) 
(0.045 g) in diethyl ether-.methanol (9: 1, v/v+ 100 ml) 
was irradiated with a medium-pressure mercury arc 
lamp for 25 min at 0°C. The solution was evaporated 
to dryness under reduced pressure at 5°C and the 
residue in a small volume of chloroform was applied 
to a silica gei plate (c.ommerciaI Nerck silica geI 

GF254 200 x 200 x OSmm) and developed by con- 
tinuous elution for 22 h with ethyl acetate-n-heptane 
(1 :5, v/v). Then the band containing the previtamin 
arralogue and the isomeric 4,6-dierre was scraped off 
and &ted with diethyl ether--ethanol (3: 1, v/v, 
lOOmI). The eluate was evaporated to dryness and 

the residue reRuxed in ethanol t25ml) for 75 min to 
ekct thermal jsome~~tion to I&. The product was 
applied to a 50 x 1.5 cm column of Sephadex LJI-20 
packed in ~~~oroforrn-~-hexane (65:35, V/V). ‘I& 

column wzs &ted with the same solvent mixture. 
2 mt fractions being collected. Each fraction was eva- 

porated in B stream of nitrogen and redissolved in 
ethanol for measurement of ultraviolet absorbance. 
Fractions 48-54 with I,,, 265 nm were combined to 
give IIIa, whereas in fractions 57-58 the isomerie 
4,6_diene, A,,, 240 nm was recovered. Final purifica- 
tion of IIIa was carried out by high pressue liquid 
chromatography. J.,, 265 nm and E;,,, 228 nm. The 
yield was 2.5 mg (eafcuiaied assuming that 
E&5 = 18.300). RF 0.45. 

(~ss)-26_Nydroxy~e~~~~~~~o~ (111b). IIb fR = Mf 
(0.057 g) was treated as Ifa (R = Ii) and after identical 
purification of the crude product gave IIIb (3.5 mg) 

of &ax 265 nm and lmi,, 228 nm. 
The mass spectra are identical for IIIa and IlIb. 

Peaks at nr/e (relative intensity): 400 (60; M*), 382 
(20; M - H,O), 367 (52), 271 (30), 253 (40). 136 (X4), 
118 (100). 

Mice were injected subcutaneously with “%a (1 or 
2 pCi) 1 or 2 days after birth. 4 days later the anin& 
were either killed and paired caivaria explanted-one 
in control medium and the other in medium contain- 
ing the test substances (in vitro method)-or injected 
with the test substance, sacrificed 18 h later and 
paired half calvaria. one intact and the other dead. 
prepared for organ culture (in uivo/in uirro method). 

The *%a released into the medium during a 48 h 
incubation was measured by &quid s~intiI~atiQn 
counting; the bones are counted after dissolving them 
in formic acid. 

RESULTS 

The synthesis uf (25R)- and (2%)-26-O&D, was 
achieved following the classical sequence outlined in 
Fig. 1. The known bromination and dehydrabromina- 
tion reaction was applied to C-25 epimers of li-Cho- 
lestene-38, 2&dial 3,26-diacetate (I) and led to a mix- 
ture of isomeric 5,7-diene (II) and 4,Gdiene. Our 
method, recently reported [73, consisted in making 
use of the latter mixture, without pu~~~at~o~, for the 
irr~diatj~~ stage and then separating the unchanged 
4,Gdiene kom 25-~~~r~x~choLw~~~~ol (IS) by 
~rom~to~aphy on Sephadex LH 20. Final purifica- 
tion was accomplished by high pressure l,iquid 
chromatography (h.p.1.c.). 

The action of (25R)-26-OH-D3 (III@ ilnd 
(2X)-26sOH-I& (IIIb) on bone resorption in mouse 
calvaria ie shown in Tables 1 and 2. The epimers 
are compared with 25R,26- and 25S.26(OH)$s. 
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Table I. Direct in vitro test of bone resorbing activit) of the 26-hydroxy-derivatives of vitamin 
D, 

Increase in 
Concentration resorption 

Compound per ml (ng) (:‘, ‘%?a release) Si~ifican~e 

25-OH-D3 100 12.5 2 2.0(7) P < 0.001 
(2SR)-26-OH-D, 200 2.60 + 0.35 (13) P < 0.01 
(25S)-26-OH-D3 200 -1.1 + 0.5(13) N.S. 
25R,26(OH),D> 200 12.8 f 2.2” (7) P<O.ool 
2%,26(OH)zD., 200 7.1 * 1.9”(7) P<O.OOl 

*‘Difference between 25R,26- and 25S,26(OH)2Ds was signifi~nt (P < 0.001). 
The response is calculated as the increase in resorption expressed as the difference, treated 

half minus control half, in percentage release of total bone isotope into the medium during 
48 h-culture. Number of pairs of explants in parentheses. Analysis of statistical significance was 
performed by Student’s t-test. 

Table 2. frr fji~5/in rirro test of bone resorption of 26-hydroxy-derivative of vitamin D, injected 
18 h before sacrifice 

Dose per g Cell mediated 
body weight resorption increase 

Compound (ng) (% 45Ca release) Significance 

25-OH-D3 loo 7.2 + lS(7) P < 0.001 
(25R)-26-OH-D, 200 -0.7 & I(12) N.S. 
(25S)-26-OH-D, 200 -I.1 iO.7(13) N.S. 
25R,26(OH),D, 200 2.5 f: I(7) P < 0.01 
2%.26(OH),D, 200 2.2 f 1.2(7) P < 0.05 

For each mouse the cell mediated resorption during the in vitro period was calculated as 
the difference, intact half minus dead half, in percentage of release of total bone isotope into 
the medium. The data are expressed as the increase in cell mediated resorption, treated mouse 
minus control paired mouse. Number of pairs of mice in parentheses. Analysis of statistical 
significance was performed by Student’s r-test. 

never tested before by in vitro methods. Table I illus- 
trates the effect of 26-hydroxy-derivatives of vitamin 
D, when added to the medium. Among the C-25 
epimers of 26-OH-D3 only (25R)-26OH-D, signifi- 
cantly stimulates bone resorption. 258,26- and 
25S,26(OH)2D3 both have pronounced osteolytic 
effects. the former compound being significantly 
(P < 0.001) more effective. 

A comparison of the effects by the in vivojin vitro 

method I8 h after injection is shown in Table 2. The 
C-25 epimers of 25,26(OH)2D, have equivalent 
effects. whereas the C-25 epimers of 26-OH-D3 are 
ineffective. 

were equally potent [8]. almost equivalent to 
25-OH-D3. The 24s epimers were less potent. 

These results suggest that the 24-hydroxyl group, 
particularly in the 24R configuration, as in 24R-OH- 
D3, is highly effective on bone resorption in vitro. 

whereas the 26-hydroxyl group, even in the more 
favoured 2% configuration, as in (25R)-26-OH-Dj. 
promotes only a weak activity, However, when hy- 
droxylated at C-25,24R-OH-D, and (25R)-26-OH-D3 
induce a very similar effect. 

DISCUSSION 

In organ cultures of mouse calvaria in vitro the 
C-25 epimers of 26OH-D3 are less effective in stimu- 
lating bone calcium mobilization than their 
25-hydroxy-derivatives. 

It is noteworthy that in the series of 24-hydroxy- 
derivatives of vitamin D3, closely related to the meta- 
bofite 24,25-dihydroxychol~al~ferol (24,25(OH)2D,), 
the 25-hydroxylation has only little effect on bone 
resorption in vitro. In an organ culture system from 
fetal rat bone [S] similar to ours, 24R-hydroxyvitamin 
0, 124-OH-D,) and 24R.25~dihvdroxvvitamin D, 

In the in t&o/in vitro experiments we were surprised 
to record the ineffectiveness of (25R)-26-OH-D,, in 
spite of its activity in vitro. As it is known that in 

vivo a 25-hydroxylation by the calciferol-25-hydroxy- 
lase occurs, a decreased activity of the latter in vita- 
min D replete animals may be in~imina~ed [9]. 

The bone resorption induced in viva/in vitro by the 
C-25 epimers of 25,26(OH)2D, is in agreement with 
their moderate activity on bone calcium mobilization 
in vitamin D and calcium deprived rats [3]. The 
latter effect was however, significant only with 
25S,26(OH),D, [known in Ref. 3 as 25<‘.26(OH)zD,]. 
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