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In the study of the metabol ism and the mechanism of the action of vitamin D, it was established that 
in the organism it undergoes t ransformat ion leading to the formation of active and inactive metaboli tes [1]. 

Subsequent investigations have shown that the active metaboli tes of vitamin D are the products  of its 
oxidation -25 -hydroxycho leca l e i f e ro l  (vitamin D 3 ) [2], 25-hydroxyergocalciferol  (vitamin D 2) [3], and 21, 
25-dihydroxycholecalciferol  [4]. It has been observed that vitamin D oxidizes at the C 1 carbon atom [5]. 

In addition, in a considerat ion of the mechanism of the action of vitamin D 2 o n  the s t ruc ture  and 
functional activity of lipoprotein membranes  it was found that the observed effects are  apparently due to 
the action of highly react ive  peroxide compounds obtained f rom vitamin D 2 a s  a resul t  of its autooxidation 
[6, 71 . 

In view of this, it appeared of interest  to make a detailed study of the oxidative t ransformat ions  of 
vitamin D - in par t icular ,  its autooxidative t ransformat ions  in an aqueous medium - and also to determine 
the nature and s t ruc ture  of the products formed under these conditions. 

The th in- layer  chromatography on alumina of the products of the oxidation of an aqueous ethanolic 
suspension of vitamin D 2 incubated with s t i r r ing  at 50 ° C for 4 h showed the presence  of severa l  spots (Fig. 
la).  

One of these spots (1), which is probably the main polar oxidation product  of vitamin D 2 (R s 0.7 r e -  
lative to vitamin D 2) has a peroxide nature, gives a specific coloration with s tarch- iodine and does not 
absorb in UV light, and on a polarogram it shows the diffuse reduction wave with E~/2 = - 1 . 5  V cha rac t e r -  
istic of cyclic peroxides [8]. 

Spot 2 is due to vitamin D 2 which has remained unchanged under the experimental  conditions. Spot 3 
(Rs 1.2) is a mixture of substances which, as a polarographic analysis has shown (El/2 = -2.66 V), contains 
preca lc i fe ro l  [8]; however, it was impossible to separate  it f rom the accompanying compounds. 

The nonpolar oxidation products,  represented on the chromatogram by spot 4 (R s 2.1) gave a co lora-  
tion with 2,4-dinitrophenylhydrazine,  which is charac te r i s t i c  for  a carbonyl group. 

A m o r e  detailed investigation of this fraction by th in- layer  chromatography on plates with "Silufol" 
si l ica gel showed that it consisted of three substances of carbonyl nature (see Fig. lb). Compounds (A and 
B) were  not colored on the chromatogram with a solution of antimony tr ichloride,  while compound C was 
colored. On the plate, compounds A and C gave a charac te r i s t i c  blue coloration with Savitskii 's  reagent  
(N-methylbenzothiazolone hydrazone hydrochloride),  which shows the p resence  of an aldehyde group in it 
[9]. 

These compounds were obtained individually by chromatography on alumina. 

The compounds isolated had Xma x (in ethanol, rim) 255 (A), 235 (B), and 245 (C) (Fig. 2). 
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Fig. 1. Th in - l aye r  c h r o m a t o g r a m  of the products  of the oxidation 
of v i tamin  D 2 in the i s o p r o p a n o l - b e n z e n e  (5 : 95) s y s t e m  on a lu-  
mina  (a) and of the carbonyl  f rac t ion  in the pe t ro leum e t h e r -  
diethyl e ther  (1 : 1) s y s t e m  on pla tes  (b). 

Fig. 2. Absorpt ion s p ec t r a  in ethanol of the 3/compound A (1), 
compound B (2), compound C (3), and the C21 aldehyde (4). 
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Fig. 3. NMR s p e c t r u m  of compound A. 
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The IR spec t r a  exhibited cha rac t e r i s t i c  
absorpt ion bands:  for  compound A in the 975 
cm-1 region ( t rans-CH = CH of a side chain), 
1655 cm - I  (CH = CH), 1677 cm - I  (C = O, con-  
jugated with a double bond), and 1717 cm - i  (non- 
conjugated C = O); for  compound B in the 975, 
1690, and 1710 c m  - t  regions;  and for  compound 
C in the 975, 1630 and 1675 cm -1 regions.  The 
absence  f r o m  the IR spec t r a  of the absorpt ion 
bands of hydroxy groups  and the p r e s e n c e  of a 
t r ans -o le f in ic  bond (975 cm -1) shows that  the 
subs tances  obtained a r e  convers ion  products  of 
v i tamin D 2 which re ta in  the aliphatic side chain. 

In o r d e r  to identify these  compounds,  the products  of the oxidative degradat ion of v i tamin  D 2 w e r e  

synthes ized - t h e  C21 aldehyde (Heilbron) [10], and the Ct9 ketone in its cis [11] and t rans  [12] f o rms .  

The chromatograph ic  behav ior  of the C21 aldehyde on a p la te  was identical with that of our compound 
C. Both these  compounds had Xma x 245 nm (see Fig. 2). The i r  IR spec t r a  were  also identical.  

The fac ts  given above give grounds for  identifying compound C fo rmed  in the oxidation of v i tamin  D 2 

in an aqueous med ium as  the C21 aldehyde. A conf i rmat ion  of this is the p r e s e n c e  in the NMR spec t ru m of 
the carbonyl  f rac t ion  of a doublet  at 9.5 ppm corresponding  to aldehydic protons  [13a]. 

The amount of compound B in the carbonyl  f rac t ion  was v e r y  smal l ,  and it was imposs ib le  to identify 
it definit ively.  It  is poss ib le  that  it is a mix tu re  of two carbonyl  compounds in one of which the carbonyl  
group is conjugated with a double bond while in the other  it is not, as is indicated by the IR spec t rum.  

The main product  of the carbonyl  f rac t ion  (60%) was compound A. The NMR s p e c t r u m  of this c o m -  
pound (Fig. 3) has  a s inglet  at 9.5 ppm corresponding  to aldehyde protons  and s ignals  of an olefinic proton 
at 4.75 ppm [13b]. 
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The integration of the spec t rum gave a total intensity of the signals at 4.75 ppm corresponding to 
two proton units, which shows the absence f rom the compound of two olefinic protons other than the t r a n s -  
olefinic protons.  

An impurity in compound A is the nonconjugated Ci9 ketone; the vibrations at 1260 and 1717 cm - I  
charac te r i s t i c  of it also appear in the spec t rum of compound A. 

What has been said permi t s  the assumption that compound A that we isolated is mos t  probably de-  
scr ibed by the s t ructure  (I) 

CH3 H CH3 
\ 1 / 

CH--CH=CH--C--CH 
c~31 I \ CH3 CH3 

. ( ~ ' / \  

\ / /1 
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7 a - m e t h y l - l - ( l ' , 4 ' , 6 ' - t r i m e t h y l h e x - 2 ' - e n - l ' - y l ) h y d r i n d - 3 a - e n e - 3 a - c a r b a l d e h y d e  

The s t ruc ture  of the product  of the degradation of vitamin D 2 on autoxidation shows that, during this 
p rocess ,  isomerizat ion of the system of conjugated double bonds in the direction of the Ct4 carbon atom of 
the steroid sys tem takes place. The possibil i ty of such an isomerizat ion in the degradation of vitamin D 
is confirmed by l i te ra ture  data [14]. 

E X P E R I M E N T A L  

Oxidation of Vitamin D 2 and Extraction of the Oxidation Products.  A solution of 1 g of vitamin D 2 in 
50 ml of ethanol was poured into 950 ml of distilled water.  The suspension was s t i r red  at 50 ° C for  4 h 
and was then extracted with a mixture of ethanol and ether  (1 : 4) (2 x 270 ml). The extract  was dried with 
calcined sodium sulfate, and after  the addition of 5 mg of butylhydroxytoluene (to suppress  fur ther  oxida- 
tion), the solvent was evaporated off in a f i lm evaporator  under vacuum. The residue consisted of a light 
yellow oil (0.5 g). 

Thin- layer  Chromatography.  For  chromatography,  30 g of alumina (activity grade  II) was mixed with 
7% of gypsum and 60 ml of distilled water.  The result ing mass  was deposited on plates (13 x 18 em). The 
thickness of the layer  was about 0.5 ram. A plate was activated at 120 ° C and kept in the air.  A solution of 
50-100 ~g of the substance in benzene was deposited on the plate and then it was placed in a ch romato-  
graphic chamber  containing, in the case  of alumina, a mixture of isopropanol and benzene (5 : 95) and in the 
case of "Silufol" plates petroleum e the r -d i e thy l  ether (1:1) .  After the plates had been dried in the air, 
the substances on the chromatograms  were revealed by spraying them with a solution of antimony t r ichlo-  
r ide in 80% acetic acid (20 g of SbC13 in 20 ml of CHs COOH). 

Carbonyl compounds were revealed by spraying the plates with a 0.1% solution of 2,4-dinitrophenyl-  
hydrazine in ethanol [15 ]. 

To reveal  peroxides,  immediately after removal  f rom the chamber  the plates were sprayed with a 
0.5% solution of butylhydroxytoluene in ether and then with a f reshly prepared  saturated solution of KI in 
80% CH~ COOH and a 2% solution of s tarch in distilled water.  A charac te r i s i t c  blue-brown coloration 
appeared. 

For  the polarographic  analysis  of the pe rox ide ( see  substance 1, Fig. la) and preca lc i fero l  (see sub- 
stance 3, Fig. la),  the substances were extracted f rom the thin- layer  chromatogram by removing the ad- 
sorbent and eluting it with a mixture of ether and methanol. 

Column Chromatography.  A mixture  of the products  of the oxidation of 3 g of vitamin D 2 w a s  dis-  
solved in the minimum amount of benzene and deposited on a column (J.5 x 40 cm) containing 90 g of alumi- 
na. .  The alumina for  chromatography (activity grade II) was previously treated with dilute hydrochlor ic  
acid, washed with water, methanol, and chloroform, dried in the air, and activated at 120 ° C for 1 h. When 
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alumina according to Broekmann (activity grade  II, neutral ,  f i r m  of Reanal) was used, before  ch roma tog -  
raphy it was heated  at  120 ° C fo r  30 min and then 5% of wa te r  was added. 

The oxidation products  we re  eluted f r o m  the column with pe t ro l eum e t h e r - e t h e r  (4 : 1). By means  of 
a col lector ,  f rac t ions  cor responding  to compound 4 (see Fig. la)  w e r e  taken (monitoring by th in - layer  
ch romatography  in the i s o p r o p a n o l - b e n z e n e  sys tem).  The solvent  was dist i l led off f r o m  these f rac t ions ,  
the res idue  was weighed and dissolved in the min imum amount of pe t ro leum ether,  and the solution was 
deposited on a column of a lumina (ratio of the substance  to A12031 : 100). The mobi le  phase  used was 
pe t ro l eum e t h e r - b e n z e n e  (3 : 1). F rac t ions  cor responding  to compounds A, B, and C were  col lected (see 
Fig. 1) [monitor ing by th in - l ayer  ch romatography  in the pe t ro leum e t h e r - e t h e r  (1 : 1) sys tem].  

The NMR s pec t r a  were  obtained on a Hitachi R-20A ins t rumen t  with a working f requency of 60 MHz. 
The chemica l  shif ts  a re  given in the 5 scale .  The internal  s tandard  was HMDS (60.05 ppm). The sub-  
s tances  we re  r eco rded  in carbon te t rachlor ide .  

The IR s p e c t r a  were  obtained on a UR-20 ins t rument  in pa ra f f in  oil. 

S U M M A R Y  

It  has  been found that in the autooxidation of v i tamin  D 2 in an aqueous medium substances  of peroxide 
and carbonyl  na ture  a r e  formed.  The main  nonpolar  products  a re  the C21 aldehyde (Heilbron) and 7a-  
me thy l -  1- (1 ' ,4 ' ,  6 ' - t r i m e t h y l h e x -  2 ' - e n -  l ' - y l )hydr ind-3  a - e n e - 3 a - e  arbaldehyde.  
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