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In studying the reac t ion  for  the opening of the oxide r ing of the 20-hydrazones  of dehydropregnenolone 
16~,17~-oxide (I) we es tabl i shed [2, 3] that  e i ther  the 16,17-hydroxypyrazol ines  (II) or  the 16,20-diketone 
de r iva t ives  011) a r e  fo rmed  here .  By counter  synthesis  f r o m  the cor responding  diketone (IV) it was shown 
that  c leavage of the C - 1 7 - O  bond occurs  exclus ive ly  he re  

CH 3 CH~ CH 3 CH 
C = N - - N Z Z '  (~=N (~=N--NZZ' C==O 

~ 0 \ 2  

�9 OH 

RO RO r v -,~ R(Y v ~ . ,  RO f V 
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Since the s ame  di rec t ion  of the reac t ion  is re ta ined when going from the monosubst i tuted hydrazones  
(Z =h')  to the disubst i tuted hydrazones  (Z = Z' = Ph), then the key  step of the reac t ion  is evidently the r e -  
ve r s ib le  shift  of the f r ee  e lec t ron  pa i r  of ni t rogen with the fo rmat ion  of a cation, which is s tabi l ized in a 
definite configurat ion at C-17 [4, 5]. The fu r the r  t r ans fo rma t ion  of such a cat ion can occur  e i ther  via the 
16 ~ 1 7 - h y d r i d e  shift  or  with the e ject ion of a proton at C-16 and the fo rmat ion  of the Al6-bond. The hy-  
dr ide shift  s eemed  m o r e  probable  at this  s tage of the investigation, which is faci l i ta ted by the confo rma-  
tional driving force  that  a r i s e s  when the conformat ion of the side chain is changed f r o m  c~- to ~-  
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In o rde r  to answer  this quest ion we r an  the indicated reac t ion  using 16~ ,17~-epoxy-16a-deu te ropreg-  
nenolone (V). He re  the re tent ion  of deu te r ium in the obtained hydroxypyrazol ine  would unequivocally in- 
dicate  the p r o g r e s s  of the 16 ~ 17-hydride shift. 

See [1] for  Communicat ion 35. 
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The s~ar~ir~g deutero oxide (V) was obtained by the scheme given in [6], 
vmme on nondeuteratod compounds 

and was worked out in ad-  

C ~  ( ~ C ~ O  C~-~O 

hcO AcO 

Br 

~H3 ~H3 ~H 3 
(~-~-0 C ~ O  C ~ O  

AcO AcO HO (ix) (x) (v) 

The deutera t ion  of dehydropregnenolone aceta te  (VI) on 10% P d / C  ca ta lys t  in ethyl ace ta te  gave 16~ , -  
17~-dideuteropregnenolone  aceta te  (VII). The bromina t ion  of the l a t t e r  in acet ic  acid led to the 5,6,17,21- 
t e t r a b r o m i d e  (VIE). The l a t t e r  was t r ea t ed  f i r s t  with sodium iodide and then with sodium bisulf i te ,  as  a 
r e su l t  of which was obtained 1 6 a -  deu te ro -17~-b romopregneno lone  aceta te  (IX). Final ly,  the dehydrob ro -  
mina t ion  of (IX) with l i thium chloride in d imethy l fo rmamide  [7] gave 16-deuterodehydropregnenolone  ace -  
ta te  (X). The total  yield of compound (X), when calcula ted on the s ta r t ing  dehydropregnenolone ace ta te  (VI), 
was 27.4%. 

The convers ion  of deuterodehydropregnenolone  ace ta te  (X) to deutero  oxide (V) was effected by the 
bromina t ion  of the As-bond, addition of hypobromous  acid, debrominat ion,  and c losure  of the oxide r ing 
[2]. All of the obtained intermediate products were identified by comparing them directly with the non- 
deuterated samples. The amount of deuterium was checked by mass spectrometry. Here it was found that 
the (VII) sample contained 1.2 atoms of deuterium per molecule. Toward the end of the indicated sequence 
of reactions the amount of deuterated oxide in the (31) sample was 0.45 atom of deuterium per molecule of 
steroid. 

The treatment of deutero oxide (V) with hydrazinecarboxylic ester and a small amount of acetic acid 
in dioxane led to the carbethoxyhydrazone of oxide (XI), which was then treated with acetic acid [2]. The 
thus obtained pyrazoline (XII) proved to be identical with the authentic sample. Its mass spectrum contains 
the molecular peak (M +) and peak (M + i) + in a ratio that differs by only 5 relative % from the ratio of these 
peaks in the nondeuterated sample of the pyrazoline. 

As a result, complete elimination of the deuterium occurs as the result of opening the hydrazone of 
16~ -deuteropregnenolone 16~, 17~-oxide (XI) 

C~O C~N--NH CO~EI C~N\ 

. I I V"D . t I 1 ''D . I I t 'oH 

The obtained r e s u l t s  cause  us to r e j e c t  the poss ib i l i ty  of the 16 --~17-hydride shift  mad t es t i fy  in sup-  
por t  of the fact  that  the reac t ion  p roceeds  via the eject ion of the 16-proton and the fo rmat ion  of the ~16_ 
bond. It is in te res t ing  to ment ion that,  as  was shown by the authors  of [8], the t r e a t m e n t  of the 2 0 - s e m i -  
ea rbazone  of 16 f i -me thy l -17a -hydroxys t e ro id s ,  i . e . ,  s t e roMs  that have the s ame  con.Hguration of the 16- 
substi tutuent,  which is a l so  t rue  in our ease ,  with acet ic  acid a lso  leads to the loss  of the 16-proton and 
the fo rmat ion  of the 2~16-bond. At the s ame  t ime,  the s emica rbazones  of 16o,-methyl-17oz-hydroxysteroids  
undergo the Wagner-Meerwein rearrangement under these conditions. These authors believe that the faerie 
dehydration of 16~-methylsteroids is explained by a decrease in the steric contraction when going to a pla- 
nar arrangement of the side chain and the 16-methyl group. However, such an assumption does not explain 
a different progress of the reaction of 16a-methylsteroids and seems poorly applicable to the described 
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case .  Ra the r  it should be a s sumed  that  the r e v e r s e  migra t ion  of the e lec t ron  p a i r  to the ni t rogen a tom 
faci l i ta tes  c leavage of the C - 1 6 - H ( a )  bond. 

In addition, we r an  the opening of deutero  oxide (V) in acet ic  acid in the p r e s e n c e  of diphenylhydra-  
zine 

C H~ ~H3 
~=0 I C=N--NPh2 

H H 

Based on the m a s s - s p e c t r a l  data, the thus obtained &5-pregnen-3~-ol-16,20-dione 20-diphenylhydra-  
zone (XIII) a lso  does  not contain deu te r ium,  and in its constants  is the s ame  as the diketone monohydra-  
zone p rev ious ly  desc r ibed  by us [4]. 

E X P E R I M E N T A L  M E T H O D  

The melt ing points  we re  de te rmined  on a Kofler  block. The m a s s  spec t r a  were  taken on a MKh-1303 
m a s s  s p e c t r o m e t e r ,  with inse r t ion  of the substance  into the ion source  at a heat ing t e m p e r a t u r e  of 120 ~ a 
chamber  t e m p e r a t u r e  of 150 ~ and an ionizing voltage of 40 V. The Il l  s pec t r a  were  taken on a UR-10 in- 
s t rumen t  in KBr.  F o r  the th in - l aye r  ch romatography  (TLC) we used KSK s i l ica  gel (5-15/~) f r ee  of i ron 
t r a c e s  on mic rop la te s  with development  using 12 vapors  and a solution of vanil]in in H2SO 4. 

16~,17~-Dideutero-AS-pregnen-3~-ol -20-one  Acetate  (V]I). A solution of 5 g of dehydropregnenolone 
aceta te  (VI), with mp 175-178 ~ in 250 ml  of ethyl aceta te  was deutera ted  in a hydrogen f lask  at 20 ~ over  
10% Pd deposited on act ive carbon,  using 98% D 2. The calculated amount of D 2 was absorbed  in 18 h, a f te r  
which the solution was f i l te red  f r o m  the cata lys t ,  evaporated,  and the res idue  was d isso lved  in 250 ml  of 
acetone, cooled to - 1 0  ~ and a solution of 2 g of KMnO 4 in 140 ml  of 85% acetone was added to it in o rde r  to 
r emove  the s ta r t ing  compound ( -5  ~ 10 mill), a f te r  which the mix ture  was t r e a t ed  with sa tura ted  NaHSO 3 
solution and f i l tered.  The res idue  on the f i l t e r  was washed with acetone, and the combined f i l t r a tes  were  
evaporated.  The res idue  contained 4.5 g of aceta te  (VII), mp 146-152 ~ ( f rom CH3OH ). In f ra red  spec t rum 
(v, cm-1): 1730, 1705, 1240. The mixed mel t ing point with the s ta r t ing  aceta te  (VI) was 124-132 ~ The hy-  
drogenat ion of 300 mg of aceta te  (VI) under analogous conditions led to 250 mg of pregnenolone aceta te  
(VIIa); nap 146-151 ~ ( f rom CH3OH), whose IR spec t rum was identical  with the IR s p e c t r u m  of (VID. The 
mixed mel t ingpoint  of (VII) and (VIIa) was not depressed .  The amount of deuter ium,  calculated on the bas i s  
of measur ing  the intensi ty  of the peaks  with m / e  301, 300, 299, and 298 (M - 60) in the m a s s  spec t rum of 
(VII) a n d  compar i son  with the intensi ty  of the corresponding peaks  of (VIIa), p roved  to be equal to 1.2-1.3 
a toms of deuter ium p e r  molecule  of the s teroid .  

5 ,6 ,17 ,21-Te t rabromo-16-deu te ropregnan=3f i -o l -20-one  Acetate (VIII). To a solution of 1.8 g of 
deutero  aceta te  (VII) in 38 ml  of CH3COOH were  added a solution of 0.3 ml  of Br~ in 1.5 ml  of CH3COOH and 
s eve ra l  drops  of HBr in CH3COOH, a f t e r  which was slowly (1 h) added a solution of 0.6 ml  of Br  2 in 3 ml  
of CH3COOH. The mixture  was kept at 35 ~ for  5 rain, cooled to 20 ~ and the obtained p rec ip i t a te  was f i l tered.  
We obtained 1.88 g of ace ta te  (VIII); mp 163-167 ~ The analogous bromina t ion  of 1.8 g of ace ta te  (VIIa) led 
to 1.5 g of 5 ,6 ,17 ,21- te t rabromopregnan-3~-o l -20-one  aceta te  (VIKa) with mp 169-172 ~ which was ch roma to -  
graphica l ly  identical  with (VIID. 

17a -Bromo -16~ -deu t e ro -& ~ -p regnen -3~ -o l -20 -one  Acetate  (XI). To a solution of 1.88 g of the t e t r a -  
b romo aceta te  (VII) in 100 ml of anhydrous acetone was added 5 g of NaI and the mix tu re  was allowed to stand 
overnight  at 20 ~ a f t e r  which it was evapora ted  to dryness ,  t r ea t ed  with 10% Na2S203 solution, and f i l tered.  
The prec ip i ta te  was washed with water ,  dr ied,  d issolved in a mix tu re  of 8 ml  of C6H 6 and 8 ml  of e ther ,  
and shaken with 10% NaHSO 3 solution (30 rain). The organic l ayer  was separa ted ,  Washed with NaHCO s solu-  
tion, then with water ,  and evaporated.  The res idue  was t r ea ted  with CH3OH and the insoluble por t ion  was 
f i l tered.  We obtained 810 mg of aceta te  (IX); mp 142-146 o (from CH3OH ). I n f r a r ed  spec t rum (v, cm-1): 
1730, 1700, 1253. A s i m i l a r  t r e a t m e n t  of 1.5 g of the t e t r a b r o m o  aceta te  (VIIIa) gave 520 mg of 17~-  
b romo-AS-pregnen-3~-o l -20-one  ace ta te  (IXa); mp 130-133 ~ [its IR s p e c t r u m  was identical  with the IR spec-  
t r u m  of (IX)I, whose mixed mel t ing  point with (IX) was not depressed .  
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16-Deuterodehydropregnenolone Acetate  (X). TO a solution of 1.3 g of the b romo ace ta te  (IX) in !3 ml  o fd i -  
raethylforraaraide was added 350 rag of LiC1 and the mix tu re  was heated on the water  bath for  4 h, a f t e r  
which it was diluted with wa te r  and ex t rac ted  with e ther .  The e ther  ex t rac t  was washed with water  and eva -  
pora ted .  We obtained 790 mg of ace ta te  (X); mp 165-170 ~ ( f rom CH3OH ). In f r a red  spec t rum (v, cm-1): 
1730, 1675, 1590, 1570, 1250. The mixed mel t ing point with (VI) (rap 168-172~ in f r a red  s p e c t r u m  (v, 
cm-1): 1730, 1675, 1590, 1250)was  not dep res sed .  

The amount of deuter ium in (X), de te rmined  on the bas i s  of compar ing  the in tensi t ies  of the peaks  
with m / e  297 and 296 (M - 60) in the m a s s  s p e c t r a  of (X) and (VI), was 0.45-0.47 a tom of deu te r ium pe r  
molecule  of the s teroid .  

16~ ,17~-Epoxy-16a-deu te ro-AS-pregnen-3~-o l -20-one  (V). To a solution of 1 g of ace ta te  (X) in 34 
ml  of absolute e ther  was added a solution of 0.15 ml  of Br  2 in 10 ml  of CH3COOH and the r e su l t an t  solution 
was diluted with e ther  and neut ra l ized  with NaHCO 3. The e ther  solution was evapora ted  and the res idue  
was t r ea t ed  with CH30H and f i l tered.  We obtained 1 g of the 5 ,6-d ibromo der iva t ive ,  which without p u r i -  
f icat ion was d isso lved  in 28 ml  of pur i f ied  t-C4H9OH , and to the solution were  added 8 ml  of wa te r  and 1 
drop of 67% HC104 solution. Then to the cooled mix tu re  was added 1 g of CH3CONHBr and the mix tu re  
was allowed to stand for  4 days at 5 ~ Then the excess  HOI~r was decomposed  with 10% Na2S203 solution 
and the reac t ion  m a s s  was poured into 100 ml  of water .  After 1 h the obtained p rec ip i t a t e  was f i l t e red  and 
washed with water .  We obtained 1.25 g of the t r ib romohydr in ,  mp 153-154 ~ ( f rom CH3OH), which was d i s -  
solved in 16 ral of anhydrous acetone and t r ea t ed  with 1.7 g of NaI. After 1.5 h a sa tu ra ted  solution of 
Na2S203 was added until the brown co lor  d i sappea red  and the mix ture  was diluted with wa te r  and ex t rac ted  
with ether .  The solvent  was evapora ted  and the addition of CH3OH caused the res idua l  oil to c rys ta l l i ze .  
We obtained 0.57 g of the broraohydrin,  which was d isso lved  in 18 ml  of CH3OH, a solution of 0.65 g of 
K2CO 3 in 0.4 ml  of wa te r  was added and the mix tu re  was ref luxed for  2 h. The solution was cooled, diluted 
with water ,  and the obtained product  was f i l te red.  We obtained 330 mg of deutero  oxide {V); rap 141-144 ~ 
(frora CH3OH ). The mixed mel t ing point of (V) and the o rd ina ry  ~-oxide  (Va) (rap 143-145 ~ [2] was not 
depressed .  

The amount of deu te r ium in (V), ca lcula ted  on the bas i s  of compar ing  the in tensi t ies  of the peaks  
with r a / e  329 and 328 (M +) in (V) and (Va), was 0.42-0.44 a tom of deuter iura  p e r  molecule  of the s te ro id .  

Ca__rbethoxyhydrazone of Deutero  Oxide (XD. To a solution of 150 mg of deutero  oxide (V) in 3 ml  of 
absolute dioxane were  added a solution of 150 mg of hydraz inecarboxyl ic  e s t e r  in 0.45 ml  of absolute  di -  
oxane and 0.03 ml  of CH3COOH and the mix tu re  was kept at 20 ~ for  5 h, a f t e r  which it was allowed to 
stand overnight  at 5 ~ . The reac t ion  m a s s  was diluted with wa te r  and the obtained product  was f i l te red  and 
r e c r y s t a l l i z e d  f r o m  T H F - h e x a n e .  We obtained 120 mg of hydrazone (XI); mp 175-178 ~ (in a capi l lary) .  

Opening of Carbethoxyhydrazone of Deutero  Oxide (X1). A solution of 120 mg of hydrazone  (XI) in 
2 ral of CH3COOH was allowed to stand at 20 ~ for  2.5 h, a f te r  which it was diluted with wa te r  and the obtained 
p rec ip i t a t e  was  f i l te red,  dried,  and rubbed with e ther .  We obtained 100 rag of pyrazo l ine  (X-II); rap 208- 
211 ~ In f r a r ed  s p e c t r u m  (v, cra-t) :  3410-3480, 3230-3300, 1730, 1630, 1440, which is identical  with the 
s p e c t r u m  of authentic pyrazo l ine  (XIIa) [1]. The mixed mel t ing point with the authentic pyrazo l ine  (XIIa) 
was not dep res sed .  

The m a s s  s p e e t r u m o f  (XID contained the peaks  m / e  417 and 416 (M+), with a 1 : 3 ra t io  of the inten-  
s i t ies .  In the authentic pyrazo l ine  (XIIa) this r a t io  is 1 : 3.5. 

_AS-Pregnen-3/3 - ol-16,20-dione 20-Diphenylhydrazone (XIII). To a solution of 170 mg of deutero  oxide 
(V) in 5 ml  of CH3COOH was added 170 mg of diphenylhydrazine and the mix tu re  was allowed to stand for  
24 h at 20 ~ a f t e r  which the product  was p rec ip i t a ted  with water ,  f i l tered,  dr ied  in the a i r ,  and washed with 
e ther .  We obtained 130 rag of diphenylhydrazone ( X I ~  with mp 205-206 ~ ( f rom CH3OH), whose IR s p e c t r u m  
wTas identical  with that of the authentic compound [4, 5], and whose mixed melt ing point with the l a t t e r  was 
not depressed .  The m a s s  spec t r a  of (XItI) and the authentic diketone diphenylhydrazone p roved  to be c o m -  
p le te ly  identical.  

C O N C L U S I O N S  

1. The opening of the oxide r ing of the hydrazones  of the 16~-deutero-16~,17~-oxides  of s t e r iods  p r o -  
ceeds  with a c leavage  of the C - 1 7 - O b o n d  and is accompanied  by the comple te  e l iminat ion of deu te r ium f r o m  
the 16-posit ion.  
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2. The obtained results  testify in support of the fact that the formation of the 16,17-hydroxypyra- 
zoline and the monohydrazone of the 16,20-diketone does not proceed through the 16 --- 17-hydride shift, but 
ra ther  through the step of the &16-16-vinyl alcohols. 
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