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The reac t ion  of 2 -hydroxymethy lene -3 -ke tos t e ro ids  with 2-ketoindoline in the p resence  
of hydrogen chlor ide gives s te ro ido[3 ,2 -b] (ca rbazo le - l -oxonium)  chlor ides ,  which split  
out a 2-ketoindoline molecule  under  the influence of phenylhydrazine and are  conver ted  
to s te ro ido  [3 ,2 - c ] - l ' - pheny l py razo l e s .  

Of the modified s te ro ids ,  pa r t i cu la r  attention has been d i rec ted  to those that contain he te rocycl ic  
r e s idues  that have a substant ia l  effect  on the physiological  act ivi ty of the s y s t e m  as a whole [1]. Continuing 
our r e s e a r c h  on the synthesis  of pyry l ium der iva t ives  of s te ro ids  [2-4], we have found that 2 -hydroxy-  
me thy lene -3 -ke tos t e ro ids  fo rm s te ro idopyry l ium sa l t s  I-IV with 2-ketoindoline on sa tura t ion  of solutions 
of equ imolecu la r  amounts of the reagen ts  in methanol,  ethanol, or  e ther  with hydrogen chlor ide .  
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1 R=R '=H,  R'=OH; II R=CH 3, R'=OH, R'=H; i l l  R=H, R,=OH, R"=C2Hs; 

IV R=CHs, R'=CsHtT, R "=H 

The IR s p e c t r a  of I-IV do not contain car 'bonyl group absorpt ion,  but the s t re tching v ibra t ions  of the 
C = C  bonds of the pyry l ium cation [5] appear  as two intense absorpt ion bands at 1650 and 1570 cm -I , 

The compounds that we obtained are of definite in te res t ,  since it is a s sumed  that  s te ro ids  that con-  
rain an indole res idue together  with a hormone  res idue  should also have d i rec ted  psychotonic activity [6]. 
In addition, the p resence  of a pyry l ium ring makes  it poss ib le  to use these compounds for  a number  of ad-  
ditional t r ans fo rma t ions  and for  the p repara t ion  of new der iva t ives .  In [2-4], pyry l ium der iva t ives  of 
s te ro ids  were  conver ted  to s te ro idopyr id ines  by t r ea tmen t  with ammonia .  However ,  sa l ts  I-IV could not 
be conver ted  to pyridine ba s e s ;  prolonged refluxing with ammonium acetate in acetic acid gave a complex 
mixture  of products  f rom which not even one could be isolated in the c rys ta l l ine  s tate  by ch romatography  
with a column filled with a luminum oxide. It is possible  that there- is  a ce r t a in  analogy between the be -  
havior  of these sa l ts  and that of benzopyryl ium sa l t s  in which the oxygen Ks bonded d i rec t ly  to the a romat ic  
r ing (as a rule ,  these compounds also are not conver ted  to pyridines  [7]). 

In teres t ing  resu l t s  are  obtained when sa l t s  I-IV are t r ea t ed  with phenylhydrazine .  17~ -Hydroxy-  
androstano [3,2-b] (c a rbazo le - l -oxon ium)  chloride (I) on refluxing with phenylhydr azine in alcohol is  apparen t -  
ly conver ted  to pyrazol ine  V, which spli ts  out a 2-ketoindoline res idue  to give 17f l -hydroxyandros tano-  
[3 ,2 -c ] - l ' - pheny lpyrazo le  (VI), while, under  s im i l a r  conditions, its N-methyl  der ivat ive  (II) is conver ted  to 
pyrazol ine  VII in analogy with many other examples  of the fo rmat ion  of pyrazol ines  f rom pyry l ium sal ts  
(for example ,  see [8, 9]): 
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Vl, VIII,  IX V, VII 

Vl R=OIt;  VIII I~-OCOCfl3; IX R~CaHL7; V I~'=tl; VII R'~CtI.~ 

Intense absorpt ion bands of a carbonyl  group (1690 em -~) and of a C -----C double bond (1600 cm -~) ap- 
pear in the IR s p e c t r u m  of pyrazol ine  VII.  On b r i e f  ref luxing in acetic acid, this compound gives 17fl - 
a ce toxyand ros t ano [3 ,2 - c ] - l ' - pheny lpy razo l e  (VIII) as a r e su l t  of spli t t ing out of a 2-ketoindoline res idue  
and s imul taneous  acetyla t ion of the secondary  hydroxyl  group.  Saponification of acetate  VIII with aqueous 
alcoholic alkali  leads to pyrazole  VI.  The convers ion  of sa l t s  of the I-IV type to pyrazo les  of the VI type 
can also be c a r r i e d  out without the isola t ion of the in te rmedia te  compounds .  For  example ,  pyry l ium sal t  IV 
fo rms  pyrazole  IX on more  prolonged refluxing with phenylhydrazine in alcohol.  

The fo rma t ion  of s t e r o i d o [ 3 , 2 - c ] - l ' - p h e n y l p y r a z o l e s  f r o m  sa l t s  I-IV may  be of definite in teres t ,  
since it is known that the d i rec t  r eac t ion  of 2 -hydroxymethy lene -3 -ke tos t e ro ids  with phenylhydrazine does 
not make it poss ib le  to obtain these products  in the pure s ta te  in good yields but, as a rule ,  gives p r i m a r i l y  
2 ' -pheny lpyrazo le s  [10, 11]. The absorpt ion m a x i m a  in the UV s p e c t r a  of pyrazo les  VI, VIII, and IX are 
found at 260 nm [10-12]. 

We were  unable to isolate  the expected pyry l ium sa l t s  on numerous  a t tempts  to condense ? -ke to -  
indoline and 1-methy l -2-ke to indol ine  with 16-hydroxy me thy l ene - I  7-ke tos tero ids  ; as in the preceding  p ap e r s  
[2-4], we explain this in t e r m s  of the known s t ra ined  c h a r a c t e r  of the cyclopentane r ing.  

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

The IR s p e c t r a  of mine ra l  off pas tes  were  r eco rded  with a UR-10 s p e c t r o m e t e r .  The UV s p e c t r a  of 
methanol  solutions were  r eco rded  with a Specord  spec t ropho tome te r .  The melt ing points were  de te rmined  
with a Kofler  block and were  not c o r r e c t e d .  The individuality of all of the compounds was ver i f ied  by c h r o -  
ma tog raphy  on plate s with a thin l aye r  of a luminum oxide. 

17-/3 -Hydroxyandrost_ano [3,2-b](c arbaz o le- l -oxonium} Chloride (I). A solution of 0.63 g (2 mmole} 
of 2 -hydroxymethy lened ihydro tes tos te rone  and 0.27 g (2 mmole)  of 2-ketoindoline in 15 ml  of methanol  was 
cooled with ice and sa tu ra t ed  with d ry  hydrogen chlor ide,  a f ter  which the mixture  was allowed to stand in a 
r e f r i g e r a t o r  for  a few hour s .  The resu l t ing  c rys ta l l ine  prec ip i ta te  was r emoved  by f i l t rat ion,  washed 
thoroughly with absolute e ther ,  and r e c r y s t a l l i z e d  f rom methanol  to g ive0 . 45  g (46~c) of a product with mp 
226~176 Found,%- C 71.8; H 7.8; C1 7.0; N 3.0. C28H3tC1NO 2 ' CH3OH. Calculated,G: C 72.0; H 7.9; C1 7.3; 
N 2.9. 

The following compounds were  s i m i l a r l y  obtained: 17~ -hydroxyandros tano  [3,2-b](9-methylc a rbazo l e -  
1-oxonium) chlor ide (II} (96~ yield, mp 243 ~ Found,~c: C 68.0; H 7.9; N ~.5. C29H36C1NO~. �9 3CH3OH. Cal -  
culated,%: C 68.3; tt 8.5; N 2.5). 1 7 a - e t h y l - 1 7  f l -hydroxyandrostano [3,2-b] (c a rbazo l e - l -oxon ium)ch lo r ide  
(IID (52% yield, mp 188-189 ~ Found,%: C 75.2; H 7.9; C1 7.6; N 3.1. C~0H.~sC1NO 2. Calculated,G: C 75.1; 
H 7.9; C1 7.4; N 2.9} and cho les tano[3 ,2 -b] (9 -methy lca rbazo le - l -oxon ium} chloride (IV} [92~c yield, mp 
147-148 ~ ( f rom aqueous alcohol).  Found,G: C 76.0; H 9.3; C1 6.3; N2 .5 .  C~TH~2C1NO �9 H20. Calculated,G: 
C 76.6;  H 9.3; C1 6.1; N 2.4]. 

17 f l -Hydroxyandros tano[3 ,2 -c ] -1 ' -pheny lpyrazo le  (VI). A solution of 1,03 g (2 mmole)  of chloride I 
and 0.4 g (4 mmole} of phenylhydrazine in 20 ml  of methanol  was ref luxed for a few hours ,  af ter  which it 
was cooled and poured into wa te r .  The product  was ex t r ac t ed  in the usual  way to give 0.35 g (45~} of a 
product  with mp 238 ~ (from b e n z e n e - p e t r o l e u m  ether}.  I max,  nm (log e ) : 212 (4.30), 268 (4.82}. Found,%: 
C 79.7; H 8.9; N 7.2. C26H3tN20. Calculated,G: C 80.0; H 8.7; N 7.2. 

17fl -Hydroxyandros t  ano [3,2-c ]-1 '  -phenyl -5 '  - (1 -methy l -2-ke to-3- indol iny l}-  A2-pyrazoline (VII). This  
compound was s i m i l a r l y  obtained in 67~c yield and had mp 184 ~ Found,G: C 78.1; H 8.1. C36H43N302, Ca l -  
culated,%: C 78.2; H 8.0. 

17 f l -Ace toxyandros t ano [3 ,2 -c ] - l ' - pheny lpy razo le  (VIII). A solution of I . I  g (2 mmole)  of pyrazol ine  
VII in I0  ml of acet ic  acid was ref luxed for  2 h, af ter  which the solvent  was r e m o v e d  by dis t i l la t ion at r e -  
duced p r e s s u r e ,  and the res idue  was c rys t a l l i zed  f rom b e n z e n e - p e t r o l e u m  e ther  to give 0.8 g (93%) of a 

203 



product  with mp 229 ~ k m a x ,  nm (log e): 270 (4.63), 212 (4.43). Found,%: C 77.6; H 8.3; N 6.0, 
C28H36N20. Calculated,%: C 77.8; H 8.3; N 6.5. Py razo le  VI was fo rmed  in quantitative yield when acetate 
VIII  was ref luxed in aqueous alcoholic alkali .  

Cho les t ano[3 ,2 -c ] - l ' - pheny lpyrazo le  (IX). A solution of 5.8 g (10 mmole)  of chloride IV and 2.16 g 
(20 mmole)  of phenylhydrazine in 20 ml  of methanol was ref luxed for  a few hours ,  af ter  which it was poured 
into wa te r .  The product  was ex t rac ted  in the usual way and c rys ta l l i zed  f rom b e n z e n e - p e t r o l e u m  ether  to 
give 3.2 g (66%) of a product  with mp 137-138~ ` ~max, nm (log s 270 (4.83), 212 (4.60). Found,~:  C 84.0; 
H 10.5. C~4HsoN 2. Calculated,%: C 84.0; H 10.3. 

LITERATURE CITED 

I. G.I. Zhungietu and G. N. Dorofeenko, Usp. Khirn., 3_66, 48 (1967). 
2. G.I. Zhungietu, G. N. Dorofeenko, and G. V. Lazur'evskii, Dokl. Akad. Nauk SSSR, 163, 372 (1965). 
3. G.I. Zhungietu, G. N. Dorofeenko, L. N. Volovel'skii, and G. V. Lazur'evskii, Khim. Geterotsikl. 

Soedin., 318 (1965). 
4. G.N. Dorofeenko, L. N. Volovel'skii, and B. M. Savin, Zh'. Obshch. Khim., 3_99, 659, 676 (1969). 
5. A.T. Balaban, G. Mateescu, and M. Elian, Tetrahedron, I_88, 1083 (1962). 
6. M.G. Lester, V. l~etrow., and O. Stephenson, Tetrahedron, 21, 1761 (1965). 
7. K. Dimroth, AngeW. Chem., 7_22, 331 (1960). 
8. G.N. Dorofeenko, A. N. Narkevich, and Yu. A. Zhdanov, Kh{m. Geterotsikl. Soedin., 1130 (1967). 
9. A.T. Balaban, Tetrahedron, 2_~4, 5059 (1968). 

I0. R.O. Clinton, A. J~ Manson, F. W. Stonner, H. C. Neumann, R. G. Christiansen, R. L. Clarke, J. H. 
Ackerman, D. F. Page, J. W. Dean, W. B. Dickinson, and C. Carabateas, J. Am. Chem. Soc., 8_~3, 
1478 (1961). 

11. R .  Hi rsehmann,  N. G. Steinberg,  P .  Buchsehacher ,  J .  H. Fr ied ,  G. J .  Kent, and M. T i sh le r ,  J .  Am.  
Chem.  Soe., 85, 120 (1963). 

12. N . J .  Doorenbos and L.  Milewich, J .  Org.  Chem.,  31, 3193 (1966). 

204 


