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We have p rev ious ly  [1] r epor ted  on the oxidation with a tmosphe r i c  oxygen of a compound of a new 
c l a s s -  3 , 1 7 - d i o x o - 1 9 - n o r a n d r o s t - 4 - e n e - 1 0 f l - c a r b o x y l i c  a c i d -  in acetone solution. This  react ion  fo rms  
the cor responding  10f l -hydroperoxide  with a yield of 60-80%. 

Continuing our  invest igat ion,  we have made use  of this react ion  to obtain hydroperoxides  of the p re~-  
nane s e r i e s  - 10B-hydrope roxy-16a ,  1 7 ~ - d i m e t h y l - 1 9 - n o r p r e g n - 4 - e n e - 3 , 2 0 - d i o n e  (Via) and 1 0 ~ - h y d r o p e r -  
o x y - 1 9 - n o r p r e g n - 4 - e n e - 3 , 2 0 - d i o n e  (VIb) - f rom the cor responding  acids (Va, b). These  compounds were  
synthes ized  in o r d e r  to study t he i r  biological  act iv i ty .  We are  the f i r s t  to have obtained the hydroperoxide  
(Via). T h e  synthes is  of the hydroperoxide  (VIb) f rom 3 ,20-d ioxopregn-4-ene-19-ca rboxa ldehyde  is men-  
t ioned in a patent  [2], but no phys icochemica l  c h a r a c t e r i s t i c s  of this  compound are  given. 

We have inves t igated the influence of solvents  and var ious  ca ta lys t s  on the oxidation of the compounds 
under  cons idera t ion .  Of the ten solvents  t e s t ed  (ethyl ace ta te ,  heptane,  benzene,  dioxane, ch loroform,  p y r -  
idine, methanol ,  butanol, isobutanol,  and acetone),  the bes t  p roved  to be acetone since in this solvent only 
sma l l  amounts  of by -p roduc t s  a re  fo rmed .  The oxidation takes  place in more  compl ica ted  fashion and more  
s lowly in  methanol :  according  to GLC in addition to the initial  acid and the main  reac t ion  product  - the 
10f l -hydroperoxide  - four  by -p roduc t s  were  detected,  two of which were  isolated and were  identified as 
19 -norandros t -4 -ene ,3 ,17 -d ione  and 19 -no rand ros t -5 -ene -3 ,17 -d ione  (and s i m i l a r l y  in the pregnane  s e r i e s ) .  
In the o ther  solvents  under  the oxidation conditions only the products  of the decarboxyla t ion  of the acid - 
i s o m e r i c  19 -norandros t ene -3 ,17 -d iones  (or 19-norpregnene-3 ,20-d iones )  - a re  fo rmed .  

As ca ta lys t s  we have tes ted  f e r r i c  chloride [3], sodium hydroxide [4], and benzoyl  peroxide [5, 6]. A 
cata ly t ic  amount of f e r r i c  chloride added to a solution of the acid being oxidized in acetone caused no change 
in the ra te  of the reac t ion .  The p re sence  of a ca ta ly t ic  amount of  alkal i  a cce l e r a t ed  the decomposi t ion of 
the acid to the i s o m e r i c  19-nor  compounds.  In the reac t ion  solution, the initial  acid had d i sappeared  a f t e r  
4 h and the spots  of the by-p roduc t s  had inc reased  in size (TLC resul t s ) ;  the yield of hydroperoxide  did 
not exceed  50% ( iodometr ic  t i t ra t ion) .  The addition of a rad ica l  in i t ia tor  - benzoyl  peroxide - to a solution 
of the acid in acetone did not change the ra te  of the reac t ion .  Thus,  it may  be a s sumed  that  f ree  rad ica l s  
do not tal~e pa r t  in the oxidation p r o c e s s .  This  was conf i rmed  by record ing  the e l ec t ron  spin resonance  
s p e c t r u m .  It is obvious that  the fo rmat ion  of the hydroperoxide  takes  place by an ionic mechan i sm - through 
the s tabi l iza t ion of the carbanions  (a and b) fo rmed  by the decarboxyla t ion  of the acid with the subsequent  
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The pregnane hydroperox ides  were  obtained under  the op t imum conditions - a i r  was bubbled through 
a solution of the acid in acetone at 35-40°C for  30-35 h. The yields  of the hydroperox ides  {IVa) and (VIb) 
were  75%and 72%, r e spec t ive ly .  The s t r u c t u r e s  of the hydroperox ides  were  conf i rmed by a posi t ive iodine 
t e s t  and by the r e su l t s  of  IR and NMR spec t roscopy .  Reduction of the hydroxy perox ides  (Via) and VIb) with 
t r imethy lphospbi te  gave 10f l -hydroxy de r iva t ives  (~¢IIa) and (VIIb). 

The init ial  ac ids  were  p r e p a r e d  f rom the ace ta tes  of the b romohydr ins  via  the :6fl,19-oxides in the 
following way [7,8]- 

{;,..g ,r.,=s G=O C=D 

( "  : ,. ¢ S 'Fh  'R, 

a~.O v ~ -  R O , u _ 0 
6 r ~  Br  '~r . 

C= 0 - R~= H c=o C=O • 

_ .  ±--R~ ~,..,.,.L:-B. I _ . I.-R, 
HOBO --,~= ItOO R~ ~ --R~ 

It is in te res t ing  to note the effect  of  the long-range  influence of groups  on the occu r r ence  of the r e -  
act ions descr ibed.-  We worked with a subs tance  having no subst i tuents  in the 16 and 17 posi t ions  and also 
with 16~, 17q-d ime thy l  de r iva t ives .  

The reac t ion  of the 3 -ace ta t e  of 5 ~ - b r o m o - 3 f l ,  6fl-dihydroxy-16c~, 17ct-dimethylpre~ 'nan-20-one (Ia) 
with lead t e t r a a c e t a t e  led to rapid  oxidative cycl izat ion - in 30 min (yield of  the oxide (IIa) 96%) - while 
the 3uacetate  of 5c~-bromo-3fi ,6B-d ihydroxypre~nan-20-one  (Ib) r eac ted  with lead t e t r a a c e t a t e  more  slowly - 
1.5 h (yield of the oxide (IIb) 81%). In the oxidation of the 19-alcohols  (IVa and IVb) with the Jones  reagent  
to the co r respond ing  acids {Va, VIb), a cons iderable  r e t a rda t ion  of the reac t ion  was found in the case  of 
the 16o~, 17c~-dimethyl-subst i tuted 19-alcohol  (IVa). The oxidation of (IVa) requi red  4 h for  complet ion 
while the oxidation of (IVb) took place  comple te ly  in 2 h. 

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

The NMR s p e c t r a  were  obtained on a JNM-4H-100 ins t rument  in CHC13 and CDC13 with HMDS as the 
s tandard;  the UV s p e c t r a  were  taken in 96%ethanol; the IR s p e c t r a  of mul l s  of the subs tances  in paraff in  
oil were  r eco rded  on a P e r k i n - E l m e r  457 ins t rument ;  and the specif ic  ro ta t ions  were  de te rmined  in ch loro-  
fo rm onan I~LPU-0.1 ins t rument .  

3fl-Acetoxy-5ce-bromo-16o~, 17c~-dimethyl-6fl, 19-epoxypregnan-20-one  (Ha, R~ =Ac). With s t i r r ing ,  
8.4 g of lead t e t r aace t a t e  (washed on the funnel with dry  benzene and dr ied in the vacuum of an oil pump) 
and 1.2 g of  iodine were  added rapidly  to 5.32 g of the 3 -ace ta t e  of 5c~-bromo-3~,6fi-dihydroxy-16o~, 17cv- 
d imethy lpregnan-20-one  (Ia) in 150 ml  of  dry  benzene.  The reac t ion  mix tu re  was heated to 40-50°C and 
then the i l lumination (two 200-W lamps)  was switched on and the mix ture  was brought to the boil .  A p r e -  
cipi tate of lead diaceta te  s epa ra t ed  out, and the s ta r t ing  m a t e r i a l  and the lead t e t r a a c e t a t e  gradual ly  passed  
into solution. The mix tu re  was boiled with i l lumination for  30 rain. At the end of the react ion,  the p r o -  
nounced iodine colora t ion of the mix tu re  had lightened cons iderably .  Af ter  the reac t ion  mix tu re  had cooled 
to room t e m p e r a t u r e ,  the lead diacetate  that  had deposi ted was f i l te red  off and was washed s e v e r a l  t imes  
with d ry  benzene.  The combined benzene solut ions were  washed with a 3% solution of sodium sulfite for  
decolora t ion  and then with wa te r  to neu t ra l i ty  and were  dr ied  with calcined sodium sulfate .  The solvent  
was evapora t ed  off in vacuum at a t e m p e r a t u r e  not exceeding 40°C. This  gave 5.1 g (96%) of (Ha, R 3 =Ac). 
Af ter  r ep rec ip i t a t ion  with e the r  f rom methylene chlor ide the compound (IIa), with the composi t ion  C25Hs7Or- 
Br ,  had mp 163-165°C, [Oe]D-17°. IR spec t rum:  1730, 1695, 1240 cm -1. NMR spec t rum,  ppm: 0.71 (18-CH3), 
0.84 (16-CH3),  1.036 (17-CH3),  2.005 (3-OOCCH3) , 2.06 (21-CH3), 3.687 (19-CH2) , 3.863 (6 -H) ,  5 . 17 (3 -H) .  
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3f l -Ace toxy-5~-b romo-6~ ,  19-epoxypregnan-20-one  (IIb, R s =Ac). F rom 20.5 g of (Ib) in 600 ml  of 
benzene,  32 g of lead t e t r a a c e t a t e ,  and 4.6 g of  iodine by boiling for  1.5 h was obtained 16.45 g (81%) of (IIb) 
with mp 148-150°C, [~]D + 54.5 °. Without purif icat ion,  the technica l  product  was used in the following s tage.  
L i t e r a tu re  d a t a - m p  152-154°C, [~]D+58 ° [9]. 

5 ~ - B r o m o - 3 f l - h y d r o x y - 1 6 ~ ,  17~-dimethyl-6f l ,  19-epoxypregnan-20-one  (Ha, R~=H). Fo r  hydro lys i s ,  
3.4 g of  (IIa, R 3 =Ac) was dissolved in 70 m l  of methanol ,  and a solution of 2 g of po ta s s ium carbonate  in 
8 ml  of wa te r  was added and the mixture  was boiled for  1 h. Af ter  cooling, the solution was shaken with a 
sma l l  amount of ac t ivated carbon and f i l tered,  and the f i l t ra te  was evapora ted  in vacuum to sma l l  volume 
and then wa te r  was added with cooling. The prec ip i ta te  that  deposi ted was f i l te red  off and was washed with 
wa te r  to neut ra l i ty .  This  gave 3.24 g of (IIa, R 3 =H), with the composi t ion C23H35BrO 3. Af ter  r e c r y s t a l -  
l izat ion f rom 10 vo lumes  of methanol ,  mp 218.5-219.5°C, [~]D-20° .  IR spec t rum,  cm- l :  3500, 1680. NMR 
spec t rum,  ppm: 0.699 (18-CH3) , 0.818 (16-CH3).  1.01 ( 1 7 - C H  3) 2.02 (21-CH3) , 3.75 (19-CH2) , 3.98 (6 -H) ,  
3.1 ( 3 -  H). 

5q -Bromo-3f l -hydrexy-6f l ,  19-epoxypregnan-20-one  (Ill), R~ =H). The hydro lys i s  of 5 g of (IIb, R a =Ac) 
(150 ml  of  methanol ,  2.7 g of po tass ium carbonate ,  and 11 ml  of water)  under  the conditions desc r ibed  above 
gave 4.16 g of  ffIb, R3=H) with mp 180-181.50C, [~]D+61 °. L i t e r a t u r e  data - mp 179-180°C, [~]D+61 ° [9]. 

5 ~ - B r o m o - 1 6 a ,  17~-dimethyl-6f l ,  19-epoxypregnane-3 ,20-d ionc  (IIIa). At 10°C, 7.8 m l o f a  solution of 
ch romium t r ioxide  (an aqueous solution of which 10 ml  contained 2.7 g of ch romium tr ioxide and 2.3 ml  of 
cone. su l fur ic  acid) was added dropwise  to a cooled solution of 5.2 g of  (IIa, R 3 =H) in 105 ml  of methylene 
chlor ide ,  and the mix tu re  was s t i r r e d  at room t e m p e r a t u r e  for  2 h, a f t e r  which t ime  the initial compound 
had d i sappea red  [TLC; b e n z e n e - m e t h a n o l  (23 : 2) sys t em] .  The organic  l aye r  was poured off and the c h r o m i -  
um sa l t s  were  washed with methylene chlor ide .  The combined solution was washed with wa te r  to neutra l i ty ,  
dr ied,  and evapora t ed  in vacuum at a bath t e m p e r a t u r e  ~ 30°C. This  ~ave 5.2 g of the c rys ta l l i z ing  dione 
(IIIa), which was used  in the following s tage without puri f icat ion.  

5~-Bromo-6f l ,  19-epoxypregnane-3 ,20-d ione  (IIIb). The oxidation of 13.7 g of (IIb, R~ = H) (275 ml of 
methylene chlor ide and 20.5 ml  of  ch romium tr ioxide solution) was p e r f o r m e d  under  the conditions de -  
s c r ibed  above.  After  working up, 13.96 g of substance  (IIIb) was obtained, and this was used  without pur -  
i f icat ion in the following s tage .  

19-Hydroxy-16~ ,  17~ -d ime thy lp r e6n -4 -ene -3 ,2  0-dione (IVa). To a suspension of 5.2 g of (IIIa)in 100 ml  
of i sopropanol  were  added 52 g of zinc dust and 1.65 ml  of  acet ic  acid. The reac t ion  mix ture  was boiled 
for  5 h. Then it was cooled to 40°C and the zinc dust was f i l te red  off and carefu l ly  washed with methylene 
chlor ide .  The combined solut ions were  washed with 2%hydrochlor ic  acid (to i s o m e r i z e  the A 5 bond) and 
with wa te r  to neut ra l i ty .  Af te r  drying o v e r  sodium sulfate ,  the solvent  was evapora t ed  off, the c rys ta l l ine  
res idue  was mixed with 10 ml  of ethyl  aceta te ,  and a f t e r  cooling the solid m a t t e r  was f i l te red  off. This  gave 
3.6 g (85%) of (IVa). Af te r  r e c ry s t a l l i z a t i on  f rom ethyl  aceta te  the (IVa) with the composi t ion  C23H3403, had 
mp 217.5-219°C, lOt]D+81.5°. UV spec t rum:  Xmax 242 nm (log e 4.24). IR spec t rum,  cm- l :  3350, 1700, 
1660, 1610. NMR spec t rum,  ppm: 0.68 (18-CH3), 0.81, (16-CH3), 1.00 (17-CH~), 2.04 (21-CH3), 3.95 
( 1 9 - C H ~ ,  5.86 ( 4 - H ) .  

The res idue  (2.58 g) a f t e r  the dis t i l la t ion of the ethyl  aceta te  in vacuum was ch romatographed  on 78 g 
of alumina° A mix ture  of benzene and e the r  (19: 1) eluted 1.22 g of (IVa) with the composi t ion  C23H3603, mp 
217.5-219°C and 0.3 g of 3fl, 1 9 - d i h y d r o x y - 1 6 ~ , 1 7 ~ - d i m e t h y l p r e g n - 4 - e n e - 2 0 - o n e  with mp 190-1920C, [ ~ ] D -  
50.9 °. IR s p e c t r u m ,  cm- l :  3370, 1690. NMR spec t rum,  ppm: 0.72 (18-Ctt3) , 0.80 (16-CH3) , 0.99 (17-CH3), 
2.04 (21-CH3),  3.53 (3 -H) ,  3.73 (19-CH~), 5.687 (4 -H) .  

19 -Hydroxypregn-4 -ene -3 ,20 -d ione  (IVb). The analogous opening of the oxide ring of 13.96 g of  (IIIb) 
(275 mg of isopropanol ,  140 g of  zinc dust, and 4.6 ml  of acet ic  acid) gave 7 g (61.7%) of (IVb) with mp 161- 
164°C. Af ter  r ec ry s t a l l i z a t i on  f rom a threefo ld  amount of  ethyl  ace ta te ,  mp 167-169°C, [~]D +179°" Ac-  
cording to the l i t e ra tu re  - m p  169-171°C, [q]D+182 ° [9]. 

The 3;3, 19-Dihydrexy-16q ,  17c~-d imethy lpregn-4-en-20-onecarbexy l ic  Acid (Va). A solution of 3 g 
of (IVa) in 300 m l  of  acetone (the acetone had been pur i f ied by being mixed with an aqueous solution of 
ch romium t r ioxide  followed by d i s t i l l a t ion )was  cooled to 10°C and, in a cu r ren t  of argon,  10 ml  of ch romic  
acid was added dropwise .  The solution was s t i r r e d  at room t e m p e r a t u r e  for  4 h, the p r o g r e s s  of the r e -  
act ion being moni to red  by TLC [Silufol, b e n z e n e - m e t h a n o l  (23 : 2) sys t em] .  The exces s  of ch romic  acid 
was decomposed  with a sma l l  amount of  i sopropanol ,  and then 300 ml  of  benzene was added to the reac t ion  
mix tu re  and it was s t i r r e d  and the organic  l aye r  was sepa ra t ed  f rom the insoluble ch romium sa l t s .  The 
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organic  l aye r  was washed th ree  t imes  with sa tura ted  common salt  solution and once with water .  After  dry-  
ing the solvent was evapora ted  off in vacuum at a bath t empera tu re  not exceeding 40°C. The crys ta l l iza t ion 
f rom acetone gave 2.6 g (83.5%) of (Va), C23H3204, with mp 166-167°C, [~]D+l16 °. UV spect rum:  )'max 
246 nm (log e 4.09). IR spec t rum,  cm-l :  3700 (0.02%solution in CC14), 1720, 1690, 1635. NMR spect rum,  
ppm: 0.68 (18-CH3) , 0.83 CI6-CH3) , 0.998 (17-CH3) , 2.04 (21-CH3) , 5.89 (4 -H) .  

3 ,20-Dioxopregn-4-ene-19-carboxyl ic  Acid (Vb). At 10"C, 11.7 ml of a solution of chromic  acid was 
added to a solution of 3.87 g of (IVb) in 200 ml of acetone.  Oxidation was pe r fo rmed  at room t empera tu re  
fo r  2 h, and the reac t ion  mixture  was worked up as descr ibed  above. This  gave 3.7 g (91.5%) of (Vb) with 
mp 145-147°C, [~]D+100 °. L i t e ra tu re  d a t a -  mp 147-149°C, [q]D+94" [9]. 

10~-Hydroperoxy-16~,  17~-d imethy l -19-norpregn-4-ene -3 ,20-d ione  (Via). Air  was bubbled through 
a suspension of 2.26 g of the acid (Vb) in 23 ml of acetone at 30-35°C for  30 h. TLC [fixed layer  of s i l ica  
gel; b e n z e n e - m e t h a n o l  (23 : 2) sys tem] showed the p resence  of the initial acid and of two less  polar  spots 
which may be assigned to 16~, 17q-d ime thy l -19-norp regn-4 -ene -3 ,20-d ione  and its A 5 i somer .  The p r e -  
cipitate that had deposited f rom the react ion mixture  was f i l te red  off and washed with a smal l  amount of 
benzene.  This gave 1.17 g (53%) of (Via), with the composit ion C22H320 4. After  r ec rys ta l l i za t ion  f rom 
methanol,  mp 188-189°C (decomp.), [~]D+55 °. UV spect rum:  Xma x 238 nm (log e 4.19). IR spect rum,  
cm-I:  3280, 1700, 1660, 1620. NMR spec t rum,  ppm: 0.608 (18-CH3) , 0.768 (16-CH3) , 0.88 (17-CH3) , 
1.946 (21-CH3) , 6.097 (4 -H) .  

The mother  l iquor yielded 0.48 g of (Via) with mp 185-1870C (decomp.). The total  yield of (Via) was 
75%. 

10f l -Hydroperoxy-10-norpregn-4-ene-3 ,20-d ione  (VIb). The autooxidation of 3.2 g of (Vb) under  
s imiIar  conditions gave 1.6 g (52%) of (VIb), C20H2804; a f te r  recrys taUiza t ion  f rom methanol,  mp 158.5- 
160°C (decomp.), [~]D+160 °. UV spect rum:  )'max 237 nm (log e 4.19). IR spec t rum,  cm-l :  3350, 1705, 
1660, 1610. NMR spec t rum,  ppm: 0.61 (18-CH3) , 2.06 (21-CH3) , 5.92 (4 - I t ) .  

The mother  solution was evapora ted  to dryness  in vacuum, the residue was dissolved in benzene,  
and the solution was washed t h r e e - f o u r  t imes  with 5% sodium carbonate solution and with water  to neutral i ty  
and was evaporated.  This ~ave 0.6 g (20%) of (VIb) with decomp, p. 151-153°C. The total  yield of (vIb) was 
72%. 

10f~-Hydroxy-16c~, 17q-d ime thy l -19-norp regn-4 -ene -3 ,20-d ione  (vIIa). A suspension of 0.5 g of (Via) 
in 2.5 ml of methanol was t r ea t ed  with 0.25 ml of t r ime thy l  phosphite.  The t empera tu re  of the react ion 
mixture  rose  to 30-35°C. Then it was left  at room t empera tu re  for  30 rain and was poured into ice water .  
The precipi ta te  was f i l te red  off and washed with water .  This gave 0.48 g (100%) of (VII), composit ion 

C22H3203; a f te r  r ec rys ta l l i za t ion  f rom methanol,  mp 209-210°C, [~]D+48 °. UV spect rum:  )~max 237 nm 
(log e 4.16). IR spec t rum,  cm-l :  3460, 1680, 1660, 1618. NMR spect rum,  ppm: 0.685 (18-CH 3) 0.762 
(16-CH3) , 0.892 (17-CH3) , 1.940 (21-CH3) , 5.850 (4-H) .  

10$-Hydroxy-19-norp regn-4 -ene -3 ,20 -d ione  (Vl-ib). Compound (VIb) was conver ted into (vIIb) with 
quantitative yield under  the conditions descr ibed  above. After  r ec rys ta l l t za t ion  f rom methanol,  (vIIb) had 
the composit ion C20H2803, mp 168.5-169.5°C, [~]D+160 °. UV spect rum:  ~'max 236 nm (lo~ ~ 4.164): IR 
spec t rum,  cm-l :  3350, 1710, 1665, 1630. NMR spect rum,  ppm: 0.614 (18-CH~), 2.08 (21-CH3) , 5.68 
(4 -  H). 

16a, 17a -Dimethy l -19 -norp regn-5 -ene -3 ,20 -d ione  (vIIIa). A mixture  of 0.7 g of (V) and 1.5 ml of 
pyridine was heated at 60°C for 2 h. Then 3 ml of water  was added to the cooled solution and a f te r  b r i e f  
cooling the precipi ta te  that had deposited (0.4 ~ ) was f i l te red  off, washed with water ,  and rec rys taUized  
f rom methanol.  This was the dione (vIIIa), C22H3202, mp 136-137.5°C, lOt]D+150°. NMR spect rum,  ppm: 
0.60 (18-Ctt3),  0.78 (16-CH3) , 0.95 (17-CH3) , 2.05 (21-CH3). 

16o~, 17a -Dimethy l -19 -norp regn-4 -ene -3 ,20 -d ione  (IXa). The i somer iza t ion  of 0.2 g of (VIIIa) was 
pe r fo rmed  in methanol solution in the p resence  of four drops of concentra ted hydrochlor ic  acid at room 
t e m p e r a t u r e .  According to TLC [fixed l aye r  of s i l ica  gel, b e n z e n e - m e t h a n o l  (23 : 2) system],  the react ion 
was complete a f te r  4 h. The methanol was evapora ted  off, and water  was added to the res idue .  After  cool-  
ing, the precipi ta te  was f i l te red  off and washed with water .  Compound (IXa), r ec rys t a l l i z ed  f rom methanol,  
had the composit ion C22H3202, mp 148.5-150.5°C, lOt]D+24.3°. IR spect rum,  cm-l :  1690, 1670, 1615. NMR 
spect rum:  0.62 (18-CH3) , 0.725 (16-CH3), 1.0 (17-CH3) , 2.05 (21-CtI3) , 5.79 (4 -H) .  

177 



SUMMARY 

The synthesis of 10fl-hydroperoxy-19-norpregn-4-ene-3,20-dione and its 16o4 17~-dimethyl deriv- 
ative from the corresponding 10fl-carboxylic acids has been effected. The Lnfluence of solvents and cata- 
lysts on the autooxidation of the acids has been studied. 
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