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As we r epo r t ed  e a r l i e r  [1, 2], in the f o u r - s t e p  synthes is  of dehydropregnenolone aceta te  f r o m  so l a so -  
dine, the oxidation of pseudosolasodine  diaceta te  (I) is the s tep  with the lowest  yield of all. To opt imize the 
p r o c e s s  we invest igated the side reac t ions  that occur  in the oxidation of I by sodium b ichromate  in glacial  
acet ic  acid. 
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The end product  of the oxidation of I, 16fl-(5 - a c e t y l a m i n o - T - m e t h y l v a l e r o y l o x y l ) - p r e g n - 5 - e n - 3 ~ - o l -  
20-one ace ta te  (II) was isolated e a r l i e r  in c rys ta l l ine  f o r m  [3]. Its isolat ion f r o m  the reac t ion  mass  a f t e r  
oxidation involves g rea t  difficulties since it is e x t r e m e l y  labi le  with r e s p e c t  to acid and alkaline agents ,  
and also with r e s p e c t  to t he rm a l  influence. Under the indicated influences,  it spl i ts  out an e s t e r  group in 
the 16-posi t ion,  giving VI (see Scheme).  Such labi l i ty  of the bas ic  reac t ion  product ,  which is also man i -  
fes ted  in ch roma tog raphy  of any signif icant  amounts  of the subs tance  on var ious  sorbents  (aluminum oxide, 
s i l ica  gel),  hinders  the isolat ion of side products .  It has been es tab l i shed  that the use of pe rmut i t  as a s o t -  
bent p e r m i t s  the avoidance of any app rec i ab l e  decomposi t ion of II. The separa t ion  was conducted on poly-  
ethylene columns,  f i l led with pe rmut i t ,  and moni tored  by th in - l aye r  chromatography .  Af ter  the isolat ion of 
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II f rom the remaining fract ions by repeated separat ions on permuti t ,  two side products were isolated. One 
of them proved to be identical with the (22 ~16)- lactone of 3f l -acetoxy-16,20-dihydroxy-A5-bis-norcholenoic  
acid (III), which we isolated ea r l i e r  [1] f rom the mother  l iquors af ter  the crysta l l izat ion of technical (VI), 
produced according to an industrial method. Another compound was ascr ibed the s t ruc ture  I V - t h e  acetate 
of 16fl- (6 - ace ty l amino -y -me thy l - a -hyd roxyva l e roy loxy ) -p regn -5 -en -3 f l -o l -20 -one  - on the basis of the data 
o f a n a l y s i s a n d t h e m a s s ,  PMR, andIR spectra .  According to the data of the mass  spect rum,  IV has a molecu-  
lar  weight of 545, which is 16 g r ea t e r  than the molecular  weight of II. It can be assumed that IV contains 
a f ree hydroxyl group. In the region of mass numbers  below m/e  360, the mass  spec t rum of IV almost  en- 
t i re ly  coincides with the spec t rum of II. This gives a basis for  believing that in this region of the spect rum 
the ions II and IV have the same s t ruc ture .  A considerat ion of the values of the mass  numbers  of f ragment  
ions and metastable ions, observed in the spec t ra  of II and IV, permits  us to compile a decay scheme which 
agrees  with the concept that during the formation of an ion with mass  number 356, the side chain in the 16- 
position is s tr ipped off in the fo rm of a neutral  f ragment :  
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Consequently, the f ragment  in the molecules of II and IV differing in s t ruc ture  is p rec i se ly  the side 
chain. The presence  in the spec t rum of IV of an intense peak with m/e  72, charac te r i s t ic  of the spec t rum 
of II and possess ing  the s t ruc ture  CH 2 = NHCOCH 3, shows that th i s  group is p rese rved  in the side chain 
of IV. To establ ish the s t ruc ture  of IV, we split out the es te r  group f rom the 16-position in IV and iso-  
lated 2 -hydroxy-4-methy l -5 :ace ty laminova le r i e  acid (VIII} f rom the react ion mixture.  

The acid VIII was isolated as follows. One of the fractions containing a mixture of the substances IV 
and VIII w a s  subjected to boiling with glacial acetic acid. Af ter  evaporation of the acid to dryness  and 
grinding of the oily residue with alcohol, VI was removed,  the mother  l iquor was evaporated to dryness ,  
and the acid VIII was isolated in crysta l l ine  fo rm by grinding the residue with benzene. After  ch roma-  
tography of the benzene mother  l iquor on si l ica gel, the diketone VII was isolated. The s t ruc tures  of VII 
and VIII were established on the basis of the data of analysis ,  UV, IR, PMR, and mass spectra.  

In the mass spec t rum of VIII, a peak of a molecular  ion with m/e  189 is observed.  In the IR spec t rum 
of VIII, there is a distinct absorption band at 3300 cm -1 (OH group} and two b lur red  absorption bands in the 
region of 2500 and 1950 cm - I  cha rac te r i s t i c  of acylamino acids [4]. In the PMR spec t rum of VIII, signals 
of the protons of the amide group are  observed at 6 1.94 ppm and the protons of the methylene group (5 = 
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3.32 ppm), bonded to the amide group. The signal of a proton geminally bonded to an OH group is also dis- 
tinguished in the spec t rum at 5 =4.63 ppm. The distinct nature of the splitting of the signal - a quartet ,  
J l=  10 Hz, J2 =4 Hz - is an indication of interaction with only two protons.  Evidently, such a possibi l i ty is 
real ized only in the case of the addition of OH to the carbon atom in the a -pos i t i on  to the carboxyl group. 
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I 

The observed distinct multiplicity is assoc ia tedwi th  the absence of f ree  rotat ion around the O = C --C - -  C 
bond on account of the in termolecular  hydrogen bonds that ar ise .  In the case of the addition of hydroxyl to 
the f l -carbon atom, the multiplicity of the proton bonded to it would be complicated as a resul t  of in terac-  
tion with three neighboring protons.  The addition of the OH group to the y -pos i t ion  is excluded by the doub- 
let nature of the signal of the methyl group at 5 =1.05 ppm with J=7 .5  Hz. The nature of the mass spec t rum 
also confi rms this position of the hydroxyl group. According to the mass spect rum,  the intense peaks of 
f ragments  with m/e  144, 114, 100, 72, 43 can be explained by a gradual breakdown of the molecule accord -  
ing to the scheme:  
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Ions with mass  numbers  145, 143, 129, and 115 are easi ly  interpreted as r ea r rangement  ions. The 
appearance of intense peaks of ions with m/e  114 and 115 can be explained only on the assumption that the 
hydroxyl group is in the a -pos i t i on  to the double bond. Thus, all the data cited demonst ra tes  that IV differs 
f rom II by the presence  of a hydroxyl group in the side chain in the a -pos i t i on  to the carboxyl group. 

The s t ruc ture  of VII as the acetate of pregna-5 ,16-dien-3f l -o l -7 ,20-dione  was established as follows. 
In its IR spect rum,  s imi la r  to the IR s p e c t r u m  of VI, absorption bands are  observed at 1730 (CO, ester) ,  
1670 (CO, conjugated) cm- i ;  moreover ,  the l a t t e r  is substantial ly more intense than that for VI. In the UV 
spec t rum of VII there  is an absorption maximum at 238 nm (e =21,000); for  VI at the same wavelength, e = 
9200, i .e. ,  in compound VII, in compar ison with VI, there is a second carbonyl group conjugated with a 
double bond. The second carbonyl group may be in the 4, 7, or  15-position. The nature of the splitting of 
the signal of the p ro tona t  C 3 (5=4.77ppm) - a s t ruc ture  of seven lines with a halfwidth of 15 Hz, the resul t  
of the interaction with the four neighboring methylene protons - excludes the possibi l i ty of a position of the 
earbonyl group at C 4. The signals of the vinyl protons at 5 =5.74 and 6.78 ppm indicate the position of the 
carbonyl group at C 7. The f i rs t  (singlet) was assigned to the proton at CG, and the second (singlet, b road-  
ened on account of interaction with two protons) was assigned to the proton at Ct6. If the carbonyl group 
were situated at Ct5 , the signal of the proton at CI6 should have been observed in a weaker  field on account 
of the supplementary influence of the second carbonyl group in the a -pos i t i on  and should have taken the 
form of a singlet, while the signal of the proton at C~ should have been observed in the region of 5.3 ppm. 

Thus, in the oxidation of I, two side products were isolated f rom the react ion mixture,  together  with 
the oxidation product (II): the hydroxylactone (HI} and (IV). The presence  of VII in the react ion mass  after  
boiling with acetic acid is evidence of the presence  of still another side product V, which cannot be isolated 
direct ly  f rom the react ion m a s s .  Compound V is a product of allyl oxidation of II (with respec t  to the 5,6- 
double bond) with sodium bichromate ,  since in the oxidation of analytical pure IV with sodium bichromate 
in acetic acid, followed by boiling of the react ion mass  (after reduction of the excess chromic  with sodium 
sulfite), VII was also isolated. Compound VII was also isolated in the oxidation of VI. However, IV was not 
detected"by th in- layer  and column chromatograpny in the react ion mixture af ter  the oxidation of II. This is 
an indication that IV is not the resu l t  of oxidation of the side chain of II, but a r i ses  as a resul t  of allyl oxi- 
dation of I with respec t  to the 20,22-double bond. 

As a resul t  of a detailed study of the side products of the oxidation of I and on the basis of the l i t e ra -  
ture data on the fact  that the oxidation of the doable bond by chromium salts in acetic acid proceeds through 
chromate  es te r s  [5], it can be imagined that the react ion of I with sodium bichromate  in acetic acid pro-  
ceeds through the format ion of a tetravalent  complex [6] of the indicated s t ruc ture  (K). (See scheme on 
following page.) 
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The la t ter  decomposes forming II and III. Compound II experiences supplementary oxidation, giving 
V. Allyl oxidation of this kind, without displacement of the double bend, probably proceeds through a c a r -  
boaium ion [7]. The formation of IV only in the oxidation of I indicates that allyl oxidation of I with respec t  
to the 20,22-bond precedes  the format ion of the chromate  complex. 

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

The IR spec t ra  were taken on a UR-10 instrument, the PMR spect ra  on a JNM-4H-100 instrument 
with te t ramethyls i lanex as the internal standard,  the mass spec t ra  on KB-9000 and CH-6 mass  spec t rome-  
t e r s ,  and the UV spec t ra  on an EPS-3 instrument.  Chromatography was conducted in a thin l ayer  of UV- 
254 silafol in the sys t em c h l o r o f o r m - a c e t o n e  (9 �9 1) with the appearance of phosphomolybdic acid at 100 ~ 

Oxidation of Pseudosolasodine Diacetate (I). To 300 g I in 3 l i ters  of glacial acetic acid at 20 ~ a so-  
lution of 130 g sodium bichromate  in 1 l i te r  of acetic acid was added with mixing. The tempera ture  was 
ra ised  to 38 ~ The react ion mixture was mixed for 10 min, 32 g sodium sulfite added, the solution poured 
out into 10 l i ters  of water ,  extracted with benzene, the extract  washed with a saturated solution of sodium 
bicarbonate and with water  to a neutral  pH. The benzene extract  was evaporated to 1.5 l i ters .  The oily 
residue,  weighing 23 g, obtained after  the evaporation of 100 rnl of the benzene extract ,  was mixed with 20 
g of permuti t ,  dried to the a i r -d r i ed  state,  and poured into a polyethylene column (d=3.5 cm, l =25 cm), 
filled with permutit .  The column was washed with a mixture of ch loroform and acetone (9 : 1). The eluate, 
containing a substance with Rf = 0.11, was evaporated to dryness  and ground with a mixture of ethyl acetate 
and eyclohexane (1:2).  The crysta l l ine  residue was f i l tered off, and 7-8 g II, mp 115-120 ~ was obtained. 
F r o m  1.5 l i te rs  of the benzene extract ,  a total of 112 g II was obtained by the t rea tment  indicated above. 
After  crysta l l izat ion f rom 1 l i te r  of a mixture of ethyl acetate and hexane (1:2) with charcoal ,  87 g II, mp 
126-127 ~ was obtained [3]. After  elution of the column, it was cut into four par t s ,  and each par t  was eluted 
with acetone. The oily residues obtained after  the evaporation of acetone consisted of four f ract ions:  No. 
1 (Rf=0.9; 0.59; 0.II), No. 2 (Rf=0.9; 0.59; 0.ii; 0.0), No. 3 (Rf=0.59; 0.Ii; 0.0), and No. 4 (Rf=0.11; 0.0). 
After the treatment described above, 0.4 g IV (Rf 0.0 or 0.45; chloroform-acetone, 9 : 1 or 1 : 1) was isola- 
ted from fraction No. 4. Found,%: C 68.03; H 8.65; N 2.31. C31H47NO 7. Calculated, %: C 68.30; H 8.60; 
N 2:57. IR spectrum: 3300 (OH, NH), 1740 (CO, ester), 1715 (CO), 1660 (CO, amide), em -I. After chro- 
matographic Separation of fraction No. 1 on sLlica gel, 1.55 g HI, mp 239-240 ~ Rf 0.59, was isolated; it 
gave no depression of the melting point in a mixed sample with the substance described in [1]; the IR spec- 
tra were identical. A portion of 8 g of the oily residue of fraction III was boiled with 60 ml of glacial acetic 
acid for 3 h, and the solvent distilled off to dryness. The residue was recrystallized from alcohol, 3.45 g 
VI, mp 169-171 ~ Rf=0.9, was filtered off, and the mother liquor evaporated to dryness. The residue was 
dissolved in benzene, the benzene removed from the undissolved VIII and applied on a column with silica 
gel. Benzene eluted 0.5 g VI, and a mixture of benzene and chloroform (3 : 1) ehted 0.8 g of an oil (Rf=0.9, 
0.59; chloroform-acetone, 9 : 1). After grinding with acetone, 0.4 g VII, mp 226-228 ~ (from ethanol), Rf= 
0.45 (benzene-ethyl acetate, 8:2), was filtered off. Found, %: C 74.34; H 8.16; C23H3004. Calculated, 7o: 
C 74.54; H 8.16 IR spectrum: 1735 (CO, ester), 1665 (CO, conjugated), em -I. PMR spectrum (CDCI3), 6, 
ppm: 0.85; 1.18 (CH3, angular); 1.99; 2.20 (CH 3 at earbonyls); 4.77 (H at C3); 5.74 (H at C6); 6.78 (H at Ci5 ). 

The residue of VIII was dissolved in a mixture of chloroform and acetone (8:2), the crystalline resi- 
due filtered off and washed with chloroform. Yield 0.64 g VIII, mp 157.5-160 ~ (from a mixture of acetone 
and ethanol, 9:1). Found, %: C 51.28; H 7.91; N 7.63. CsHIsNO 4. Calculated, %: C 50.88; H 7.9; N 7.39. 
IR spectrum: 3340 (NII), 2500, 1950, 1710 (COOH), 1610 (CO, amide) cm -I. PMR spectrum (in deutero- 
methanol), 6, ppm: 1.0 (CH3, doublet); 1.95 (CH 3 at carbonyl, singlet); 3.33 (CH2-NH, triplet); 4.63 (CH- 
OH, quartet). 

Oxidation of If. A3-g portion of IT with mp 126-127 ~ was dissolved in 30 ml of acetic acid and a so- 
lution of 1.69 g sodium biehromate in 10 ml acetic acid added. It was heated with mixing for i h at 50 ~ 
After cooling, 2.2 g sodium sulfite was added, and the mixture boiled for 3 h. Then 33 ml of water was 
added with mixing, and the precipitate filtered off. Yield 1.12 g (Vl) (67.5%), mp 169-171 ~ The acetic 
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acid solution was neut ra l ized  with sodium b icarbona te ,  ex t rac ted  with benzene,  washed  with wate r ,  dried,  
and evapora ted  to d ryness .  A 0 .41-g  port ion of the oily res idue  was ground with ethanol,  and VII f i l te red  
off, mp 222-224.5 ~ identical  with the sample  of VII desc r ibed  above. 

Oxidation of P r e g n a - 5 , 1 6 - d i e n - 3 f i - o l - 2 0 - o n e  Aceta te  (VI). To 5 g VI in 80 ml acet ic  acid, a solution 
of 3 g sodium b ich romate  in 20 ml ace t ic  acid was added on one opera t ion  at 20 ~ with mixing. The mixture  
was mixed fo r  1 h at 20 ~ 4.5 g sodium sulfi te added, heated until reduct ion,  and 100 ml of wa te r  added at  
20 ~ The prec ip i ta ted  VI was f i l t e red  off, washed  with 50% aqueous acet ic  acid, and with water .  Yield 3.5 
g (70%) VI, mp 169-171 ~ The acet ic  acid solution was t r ea ted  as desc r ibed  above. Yield 0.18 g VII, mp 
225-226 ~ ( f rom ethanol). 
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