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Steroidal  a ry lazoa l ly l  alcohols in the  p r e s e n c e  of s t rong acids a re  i s o m e r i z e d  to the a ry lhydrazones  of 
enols,  which then cycl ize  to s te ro ida l  py razo l e s  [2, 3]. At the s ame  t ime ,  the t r e a t m e n t  of 20-phenylazo-  
preg-na-5,] 7(20 )-diene-3fl ,16 ce-diol with AcOH under  the conditions for  the c i s -opening  of ketooxide hydra -  
zones [4] did not lead to the c is -d io l  der iva t ives .  Th is  conf i rmed  the assumpt ion  that  the c is -opening of 
ketooxide hydrazones  does not p r o c e e d  v ia  the  azoolefin s t ruc ture .  A nucleophilic reagent  could be  added to 
the azoole!~n only on the example  of the p-n i t rophenyl  der iva t ive  by t r ea t ing  20-p -n i t ropheny lazopregna-  
5,17(20)-diene-3/3,16~-diol  (I) [2] with AcONa in AcOH. The  pregn-5-ene-3 /3 ,16ce ,17~- t r io l -20-one  3,16- 
d iaceta te  20-p-n i t rophenylhydrazone  (HI) fo rmed  aider aeetyla t ion p roved  to be  ident ical  with that  obtained by 
the c i s -open ing  of 16~,17 ~ -epoxypregn-5-en-3 /3 -o l -20-one  (II). 

~-,N~---N--Ar ~N--NH--Ar ~=0 

Ar = C6HaNO~ 

As a resul t ,  the e l e c t r o n - a c c e p t e r  effect  of the p - n i t r e  group in the phenyl r ing  fac i l i ta tes  the 1 ,4-addi -  
t ion of the e lements  of AcOH, with the ini t ial  i n se r t i on  of ace ta te  ion at C-17 f rom the ~ - reg ion  of the  s te ro id  
molecule  snd subsequent acyl migra t ion  to C-16. 

~-cN----~--Ar [- ~'-N--NH--Ar~ ~-'~N--N H--A r 

/ "~---OH / ~  H 

~N--NH--Ar ~N--NH--Ar 
 o%c o. . , 2  -'o" 

>, / ~ " - 0  / \CH 3 ~ ~___~ "'-OCOCHa 

In o r d e r  to make  a compara t ive  study of the reac t iv i ty  of  the i s o m e r i c  ketooxides of  s t e ro ids  it s e emed  
of in te res t  to follow the behav io r  of  16f l ,17f l -epoxy-17~-pregnane compounds under the  desc r ibed  conditions. 

It p roved  that  the reac t ion  o f /3 -ox ide  3 -ace t a t e  (IV) with p-n i t rophenylhydraz ine  in ethanol in the p r e s -  
ence of AcOH is  not as well  defined as fo r  the 16 ~ ,17 ~ -oxide,  and leads to a m i x t u r e  of  two pr inc ipa l  c o m -  
pounds. The  mix tu r e  was  s epa ra t ed  by t h i n - l a y e r  ch romatography  on A1203: separa t ion  of the mix tu re  on 
SiO~ cause~q the t r a n s f o r m a t i o n  of one of the  components.  By analogy with the reac t ion  product  of the 16~, -  
17 o~-oxide, the compound that  was  obtained as br ight  orange  c r y s t a l s  was ass igned the  s t ruc tu re  of 20 -p -  
n i t rophenylazopregna-5,17(20)-diene-3f l ,16f l -diol  3 - ace t a t e  (V), which was conf i rmed  by a number  of t r a n s -  
format ions .  16[3-Hydroxyazosteroid  (V) i s  acetyla ted  under  the usual conditions to give 20-p-n i t ropheny l -  
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azopregna-5,17(20)-diene-3f l ,16f l -d iol  3 ,16-d iace ta te  (VI),  while in the p r e s e n c e  of s t rong acids,  s im i l a r  to 
the 1 6 a - e p i m e r i c  azoolefin, it i s  eas i ly  conver ted  to the prev ious ly  obtained [2] p -n i t rophenylmethylpyrazo le  
3 - acc t a t e  (VII). The  second, br ight  yellow compound proved  to be  the product  of the fur ther  t r ans fo rma t ions  
of (V), and i t  was  ass igned the  s t ruc tu re  of l ' - p - n i t r o p h e n y l - 3 ' - m e t h y l - 5 V - h y d r o x y a n d r o s t - 5 - e n - 3 f i - o l  [16, 
17 -c ]py razo l ine  3 - a c e t a t e  (VIII).  The  cyclic,  and not the hydrazone s t ruc tu re  of the l a t t e r  was  conf i rmed by 
i t s  s tabil i ty under  the conditions of forming the azoolefin, and also by the easy  convers ion  to py razo le  (VII). 

�9 ; 0 t ~ . ~ O . H  

(v) (~li) 

As a resul t ,  the arylazoolef in  obtained f rom the 16f1,17 fi-epoxide is  much m o r e  inclined to cycl ize than 
the azoolefin f rom the 16~,17 (~-epoxide. 

The  t r e a t m e n t  of (V) with AcONa in AcOtt does not lead to the addition of the e lements  of AcOtt, and 
ins tead causes  i n t r am o l ecu l a r  cycl izat ion with the fo rmat ion  of hydroxypyrazol ine  (VIII). The cycl izat ion 
could be  avoided by running the s ame  t r an s fo r ma t ion  with the 16fl-hydroxyazoolef in  16-ace ta te  (VI). Only 
one compound was  obtained here ,  which, on the ba s i s  of the phys icochemica l  analysis  data and the chemical  
t r ans fo rma t ions ,  was  ass igned the s t ruc tu re  of 17 ~ - p r e g n - 5 - e n e - 3  fi,16f1,17 fl - t  r io l -20-one  3, 16-d iace ta te  
20-p-ni t  rophenylhydrazone (IX). 

/ \  
o /; oAc o 

(Xli) 

Compound (IX) does not coincide with the authentic pregn-5-ene-3f1,16 a,17 a - t r i o l - 2 0 - o n e  (III) and 
p r e g n - 5 , e n e - 3  fi,16fi,17 a - t r i o l - 2 0 - o n e  (XI) 3 ,16-d iace ta tes  20-p-ni t rophenylhydrazones .  The  IR spec t rum of 
(IX) r e s e m b l e s  the  IR s pec t r a  of hydrazones  (XI) and (III) .  The  mi ld  hydro lys i s  of (IX) leads to the diol 
hydrazone (X), whose IR spec t rum lacks a CO group, which indicates  the absence  of an aceta te  group in the 
t e r t i a r y  17-posit ion.  At the s ame  t ime,  the m o l e c u l a r  weight of diol hydrazone (X), de te rmined  by m a s s  
spec t rome t ry ,  M § = 483 m / e ,  co r responds  to the calculated value. A compara t ive  examination of the NMR 
spec t r a  of compounds (IX), (III) ,  and (XI) conf i rms  the s t ruc tu re  ass igned to hydrazone (IX), and also indi-  
cates  the p r e s e n c e  of a 17 ~ - s i d e  chain in th is  s t ruc ture .  Thus,  the signal of the 21-CH 3 group in the  I~MR 
spec t rum of (IX) is  found downfield (2.03 ppm) when compared  with the cor responding  signals in the spec t r a  
of the  authentic hydrazones  of c i s -d iace ta t e  (III) (1.90 ppm)  and t r a n s - d i a c e t a t e  (XI) (1.84 ppm).  Such a s ig-  
nal f rom the  pro tons  of the 21-CH3 group is  cha rac t e r i s t i c  for  compounds of the i sopregnane  s e r i e s  [5]. 
Finally, the t r e a t m e n t  of  the 3 ,16-diaceta te  p-n i t rophenylhydrazone  (IX) with Pb (AcO 74 leads,  as was shown 
in [6], to the el imination of the side chain and the format ion  of andros t -5-ene-3f i ,16 /~-d io l -17-one  3,16- 
diaceta te  (XII),  which is  identical  with an authentic spec imen [7]. The  las t  t r ans fo rma t ion  p r o v e s  the 16fi-  
configuration of the aceta te  group in hydrazone (IX), and consequently also i t s  s t ructure .  

The t r ea tmen t  of d iaceta te  hydrazone (IX) with acetylacetone in AcOtt, i .e. ,  under  the conditions of r e -  
moving the hydrazone protect ion,  does not lead to the des i red  ketone diacetate ,  but only to the 16,20-diketone 
3 -ace t a t e  (XIII),  which coincides with an authentic spec imen  [8]. 

As a resul t ,  the  obtained exper imenta l  data show that the spat ial  s t ruc tu re  of  a ry lazoal ly l  alcohol (V), 
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or  of the i n t e rmed ia t e  compound fo rmed  by i ts  protonat ion,  i s  incapable  of adding a nucleophil ic reagent  f rom 
the ~-regiDn. Approach to C-17 f rom the f i - r eg ion  of the  molecu le  i s  s t e r i ca l ly  hindered,  and such attack can 
be r ea l i zed  only in t ramolecu la r ly .  T h e s e  data c o r r o b o r a t e  the p rev ious ly  e x p r e s s e d  [9] considera t ions  r e -  
garding the  m e c h a n i s m  of the involvement  of  the  hydrazone f ragment  in reac t ions  of the adjacent center .  

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

The  melt ing points  w e r e  de te rmined  on a Kofler  block. The  IR spec t r a  w e r e  taken  on a UR-10 ins t ru -  
ment  in KBr. Fo r  the T L C  we used KSK s i l ica  gel deposi ted on mic rop la t e s ,  and for  the development we used  
a solution af vanil l in in H2SO 4 and 12 vapors .  The  NMR spec t r a  w e r e  taken  on a Var ian  s p e c t r o m e t e r  at an 
opera t ing  J:requency of 60 MHz. 

20-p-Ni t rophenylazopregna-5 ,17(20) -d iene-3f l ,16f l -d io l  3 - a c e t a t e  (V) and l ' - p - n i t r o p h e n y l - 3 ' - m e t h y l -  
5 ' - hyd roxyandros t -5 -en -3 f i -o1 [16 ,17 -c ]py razo l ine  3 -ace ta te  (VHI). To a solution of 2 g of  f i -oxide 3 - a c e -  
t a t e  (IV) in 60 ml  of alcohol was  added a solution of 2 g of p -n i t rophenylhydraz ine  in 80 ml  of alcohol and 12 
ml  of AcOH, and the  mix tu re  was  let stand at ~20~ for  3 h. Then the mix tu r e  was diluted with w a t e r  and the 
obtained p~:ecipitate was  f i l tered,  washed  with wate r ,  and dried. The obtained mix tu re  was  sepa ra ted  by 
p r e p a r a t i v e  T L C  on A1203 in the sys t em:  4 : 1 e t h e r - h e x a n e ,  and then in ether .  We obtained: a) 500 mg  of the 
16fi-hydro:~yazoolefin 3 - a c e t a t e  (V), mp 119-120 ~ ( f rom aqueous acetone) .  I n f r a r ed  spec t rum (v, cm-1) :  
1525, 1730, 3400-3470. Found: C 68.80; H 7.91; N 7.64%. C29H~yN305. Calculated: C 68.64; H 7.30: N 8.27%. 
b) 880 mg  of the p -n i t rophenylhydroxypyrazo l ine  3 - a c e t a t e  (VIII) ,  mp 216-218 ~ In f r a r ed  spec t rum (~, cm -1 ) : 
1490, 1510, 1595, 1720, 3480. 

1 ' -p.-Nit  rophenyl-3  ' -me thy l and ro  s t - 5 - e n - 3  fi -ol  [16,17-c ]pyrazo le  3-  aceta te  ( VII ). A solution of 200 mg  
of the hyd~oxypyrazol ine (VIII) in 10 ml  of abs. dioxane and 0.92 ml  of conc. H2SO 4 was  kept at N20 ~ for  5 h. 
The  r e a c t i ) n  m a s s  was  diluted with wate r ,  and the obtained p rec ip i t a t e  was f i l tered,  washed  with water ,  and 
dried. We obtained 180 m g  of the p -n i t ropheny lpyrazo le  (VII),  mp 251-252 ~ ( f rom aqueous acetone) ,  which 
did not dep re s s  the  mixed  mel t ing  point with an authentic spec imen [2]. 

A solution of 60 m g  of the 16f i -hydroxyazoolef in  3 - a c e t a t e  (V) in 3 ml  of anhyd. AcOH was  let stand 
overnight  at 20 ~ . The  m i x t u r e  was  diluted with wate r ,  and the obtained p rec ip i t a t e  was  f i l tered,  washed  with 
wate r ,  and dried. The  obtained yellow prec ip i t a t e  was dissolved in dioxane, t r e a t e d  with five drops  of  tIC1, 
and let  s t ~ d  overnight  at 20 ~ After  the usual workup we obtained 32 mg  of the p -n i t ropheny lpyrazo le  (VII),  
mp 251-252 ~ ( f rom aqueous acetone) ,  which coincided with an authentic specimen.  

1Dregn-5-ene-3f i ,16o~,17a-t r iol-20-one 3 ,16-diaceta te  20-p-n i t rophenylhydrazone  (HI). A solution of 
200 m g  of t:he p-n i t rophenylazo-16  ~-hydroxyolef in  (I) [2] and 200 m g  of AcONa in 10 ml  of AcOH was let 
stand at 20 ~ for  2 h. The  mix tu re  was  diluted with wate r ,  and the obtained yellow p rec ip i t a t e  was  f l t e r e d ,  
washed  with wa te r ,  and dried. Af ter  acetylat ion with 5 ml  of pyr id ine  and 2.5 ml  of Ac20 we obtained 120 mg 
of the d iace ta te  p -n i t rophenylhydrazone  (HI),  mp 233-235 ~ ( f rom aqueous MeOH), which coincided with the 
above-obtm ned sample .  

To a solu.*ion of 500 mg of  the 16~ ,17a -ox ide  (II) in 10 ml  of AcOH was added a solutkm of 500 mg  of 
p-ni trophei~ylhydrazine and the mix tu re  was  let s tand overnight  at N20 ~ After  the usual workup we i so la ted  
350 mg  of :zellow c ry s t a l s  ( f rom aqueous MeOH), the acetylat ion of which gave 270 mg  of the d iaceta te  hydra -  
zone (HI),  mp 233-235 ~ ( f rom aqueous acetone). I n f r a r ed  spec t rum (u, c m - l ) :  1508, 1600, 1718, 1735, 3315, 
3415-3540. NMR spec t rum (5,  p p m ) :  0.60 (18-CH3) , 0.93 (19-CH3) , 1.90 (21-CttB), 1.94, 1.98 (CHACO0 at 
3 -C  and 16-C) ,  1.73 (OH at 17-C), 4.51 (H at 3 - C ) ,  5.28 (H at 6 -C) ,  6.16 (H at 16 -C) ,  7.66 (H at N),  6.86-8.11 
(mult iplet  of  a roma t i c  p ro tons ) .  

20-p.-Nitrophenylazopregn-5,17(20)-diene--3fl_diol  3 ,16-d iace ta te  (VI). A solution of 370 mg  of the 
16fl-hydro:qcazoolefin (V) in 4 ml  of  pyr id ine  and 2 ml  of Ac20 was let  stand overnight  at 20 ~ After  the usual  
workup we obtained 325 m g  of the  azohydroxyolef in d iaceta te  (VI),  mp 176-177 ~ ( f rom aqueous acetone).  
I n f r a r ed  s~ee t rum (u, cm-1) :  1230-1250, 1343, 1375, 1445, 1525, 1728. Found: N 7.61%. C31H3906N3. Calcu-  
la ted:  N 7.35%. 

17 ~ - P r e g n - 5 - e n e - 3 f i , 1 6 f l , 1 7 f i - t r i o l - 2 0 - o n e  3 ,16-d iace ta te  20-p-n i t rophenylhydrazone  (IX). A solution 
of 200 m g  of  the azoolefin d iaceta te  (VI) and 200 mg  of AcONa in 10 ml  of AcOH and ' l  ml  of AczO was  let 
stand overlfight at 20 ~ . Then the mix tu re  was  diluted with wate r ,  and the obtained yellow prec ip i t a t e  was  
f i l tered,  washed  with wa te r ,  and dried. We obtained 165 mg  of the diaceta te  hydrozone (IX),  mp 159-160 o 
( f rom CHC13-hexane) .  I n f r a r ed  s pec t rum  (~, cm-1) :  1508, 1600, 1720-1735, 3335, 3400-3580. In f r a r ed  spec-  

1301 



trum (5 ppm): 0.91 (18-CH3), 0.95 (19-CH3), 1.91 (CH3COO at 3-C and 16-C), 2.03 (21-CH3), 4.43 (H at 3-C), 5.20 
(H at 6-C), 5.55 (H at 16-C), 7.80 (If at b/), 6.81-8.1 (multiplet of aromatic protons). 

17 ~-Pregn-5-ene-3fi,16fl,17~-triol-20-one 20-p-nitrophenylhydrazone (X). To a solution of 100 mg of 
the 3,16-diacetate hydrazone (IX) in 5 ml of MeOII was added 1 ml of 10% K2CO ~ solution and the mixture was 
let stand overnight at 20 ~ . After the usual workup we obtained 60 rag of the triol hydrazone iX), rap 167-168 ~ 
(from CHC13-hexane). Infrared spectrum (~, cm-l): 1508, 1600, 3310-3515: M += 483 m/e. 

Androst-5-ene-3fi,16fi-diol-17-one 3,16-diacetate (XII). To a solution of 40 mg of the 3,16-diacetate 
p-nitrophenylhydrazone (IX) in 2 ml of abs. AcOH was added 80 mg of Pb (AcO) 4 and the mixture was let 
stand overnight at 20 ~ After the usual workup and chromatography on SiO 2 we obtained crystals of the 17- 
ketone diacctate (XII), mp 179-180 ~ (from aqueous MeOI-I), which did not depress the mixed melting point 
with an authentic specimen [7]. 

Pregn-5-en-3fl-ol-16,20-dione 3-acetate (XIII). A solution of 100 mg of the 3,16-diacetate p-nitro- 
phenylhydrazone (IX) in 3 ml of AcOII, containing 0.2 ml of acctylacctone and 0.2 ml of water, was refluxed 
for 15 rain. After the usual workup we obtained 40 mg of the 16,20-diketone 3-acetate (XIII), mp 147-1-52 ~ 
(from aqueous MeOH). Infrared spectrum (v, cm-t): 1610, 1650, 1695, 1710, 1740, which coincided with an 
authentic specimen [8]. 

P regn-5-ene-3 fi ,16/~ ,17 a-triol-20-one 3,16-di aeet ate 20-p-nit rophenylhydrazone (XI). T o a solution of 
210 mg of pregn-5-ene-3fl,16fi,17 ~-triol-20-one 3,16-diacetate [7] in 4 ml of abs. dioxane was added a solu- 
tion of 200 mg of p-nitrophenylhydrazine in 3 ml of dioxane and 2 ml of AcOH, and the mixture was let stand 
overnight at 20 ~ After the usual workup we obtained 160 mg of the trans-diacetate 20-p-nitrophenylhydra- 
zone (XI), mp 163-165 ~ (from aqueous MeOH). b/MR spectrum ,(5,ppm): 0.97 (19-CH3) , 1.07 (18-CH3) , 1.84 
(21-CH3) , 1.93 (Ctt3COO at 3-C and 16-C), 4.55 (It at 3-C), 5.00 (H at 16-C), 5.28 (I-I at 6-C), 6.83-8.1 
(multiplet of aromatic protons). 

C O N C L U S I O N S  

1. 16fl,17fl-Epoxy-20-ketosteroids, the same as the 16a,17a-oxides, are capable of forming arylazo- 
allyl alcohols. 

2. The ability of the 20-arylazo-16-hydroxy-A17(2~ to add nucleophilic reagents in the 17- 
position depends on the nature of the aryl substituent and the  stereochemistry of the arylazoolefin. 

1. 

2. 

3. 
4. 

5o 
6. 
7. 

8. 
9. 

L I T E R A T U R E  C I T E D  

B. M. Zolotarev, A. V. Kamernitskii, V. A. Krivoruchko, R. P. Litvinovskaya, I. G. Reshetova, and 
O. S. Chizhov, Izv. Akad. b/auk SSSR, Set. Khim., 1976, 1061. 
A. A. Akhrem, A. V. Kamernitskii, A. V. Skorova, and N. S. Pavlova-Grishina, Izv. Akad. b/auk SSSR, 
Set. Khim., 1973, 901. 
A. V. Kamernitskii and A. V. Skorova, Izv. Akad. b/auk SSSR, Set. Khim., 1974, 190. 
A. A. Akhrem, A. V. Kamernitskii, V. A. Dubrovskii, and A. M. Moiseenkov, Izv. Akad. b/auk SSSR, 
Set. Khim., 1967, 115. 
A. A. Akhrem, A. M. Turuta, and E. P. Prokof'ev, Izv. Akad. Nauk SSSR, Set. Khim., 1972, 1124. 
A. A. Akhrem, A. V. Kamernitskii, and I. G. Reshetova, Izv. Akad. Nauk SSSR, Set. Khim., 1970, 163. 
A. A. Akhrem, V. A. Dubrovskii, A. V. Kamernitskii, and A. V. Skorova, Izv. Akad. b/auk SSSR, Set. 
Khim., 1969, 1792. 
A. A. Akhrem, A. V. Kamernitskii, and A. V. Skorova, Izv. Akad. Nauk SSSR, Set. Khim., 1970, 654. 
A. A. Akhrem, V. A. Dubrovsky (Dubrovskii), A. V. Kamernitzky (Kamernitskii), and A. V. Skorova, 
Tetrahedron, 25, 4737 (1969). 

1302 


