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In a preceding  pape r  [1] we have repor ted  the p repara t ion  of i somer i c  5 ,6-bromohydr ins  by the r e a c -  
tion of 3 -ace ta t e s  of p regn-5 -eno l s  with Dibromantin  [1 ,3-dibromo-5,5-dimethylhydantoin]  in the p resence  
of pe rch lo r i c  acid in ethyl aceta te .  Continuing an invest igat ion of the influence of the solvent on the course  
of the react ion,  we have found that when this react ion  is pe r fo rmed  in d imethyl formamide ,  it is not the f ree  
b romohydr ins  but the i r  f o rma te s  (II) and (III) that are  formed.  The l a t t e r  have been isolated and cha rac -  
t e r ized  in the pregnane s e r i e s  - b o t h  the 3-ace ta te  6 - formate  of 5~-bromo-3~,6f l -d ihydroxypregnan-20-one  
(IIa) and the 3-ace ta te  5 - fo rmate  of 6f l -bromo-3f l ,5e-dihydroxypregnan-20-one {IIIa). The i r  separa t ion  was 
based  on the i r  different  solubil i t ies in d imethy l formamide .  The 6 - fo rmate  (IIa), which is spar ingly soluble 
in d imethyl formamide ,  prec ip i ta ted  f r o m  the react ion  medium, and the mixture  of the fo rmates  {IIa) and 
(IIIa) remaining  in solution in the d imethy l fo rmamide  was prec ip i ta ted  with water .  Fract ional  c rys t a l l i za -  
tion f rom acetone yielded the 5 - formate  (IIIa). On a th in - layer  c h r o m a t o g r a m  (TLC, Silufol, h ep t ane -e thy l  
acetate  (3 : 2) sys t em,  chromogenic  agent conc. sulfuric acid] compound (IIa) (Rf 0.41) was colored blue 
and compound (IIIa) (Rf 0.37) yellow. We es tab l i shed  the s t ruc tu res  of (IIa) and 0"Ha) on the bas i s  of the i r  
chemical  t r ans fo rma t ions ,  and it was conf i rmed by the resu l t s  of e l emen ta ry  analys is  and by IR and NMR 
spec t roscopy .  

The convers ion  under  the action of zinc dust in acet ic  acid of a mixture  of (IIa) and (IIIa) into p r e g -  
nenolone ace ta te  (Ia) shows that no skeletal  r e a r r a n g e m e n t s  take place in the compounds under  considerat ion.  
Alkaline hydrolys is  of the fo rma te  (IIa) gave the 5fl,6-oxide (VIIa) identical  with the product  fo rmed  by the 
alkali t r ea tmen t  of the b romohydr in  {Va), which shows the fl or ientat ion of the formyloxy group. Finally,  
the s t ruc ture  of (IIa) was conf i rmed by its fo rmat ion  f r o m  the b romohydr in  (Va) and fo rmic  acid. 
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TABLE 1. Relat ive Retention T imes  and P r o -  
por t ions  of the Components in the Mixture Ana-  
lyzed 

Compound 

3~5 -Hydroxypregna-5,16 - 
dien-20-one acetate 

| a  
VHa 
IXa 
lb 
Vllb 
IXb 
lC 
VII c 
IX c 

.•.et• lative 
ntion 

time 

1,00" 
1,11 
2,70 
3,35 
1,52 
3,09 
3,93 
1,26 
2,74 
3,78 

AmL in the 
reaction 
mixture, °k oxides 

7 , o  - 
54,0 2~7 
19,5 1,00 
1,5 

64,5 2,80 
23,0 1,0 
2,0 

54,5 1,56 
35,0 1,00 

Ratio o f the 
5B,6- t o  
the 5a,6- 

*The re la t ive  re tent ion t imes  are  r e f e r r e d  to 
HPDA, the re tent ion t ime of whichwas  2.3 rain. 

Alkaline hydrolys is  conver ted  the fo rmate  (IIIa) 
into the 5c~,6-oxtde (IXa), identical  with a sample  ob- 
tained previous ly  [1]. It was imposs ib le  to convert  
the b romohydr in  (Xa) into the fo rma te  {IIIa) by the 
es te r i f i ca t ion  of the t e r t i a ry  hydroxy group. 

The NMR spec t r a  of (IIa) and (IIIa) differ  by 
t i e  signals of the protons at C3, which are  located 
at 5.35 ppm for  (IIa) and 4.7 ppm for  (IIIa). The up- 
field shift of the signal of the proton in the spec t ru m 
of (l'IIa) can be explained by a 1,3-diaxial  in teract ion 
of the proton with the fo rmyl  group at C 5. The r e -  
action of 16,17-disubst i tuted pregnenolones (17o and 
Ic) with Dibromantin in the p re sence  of perch lor ic  
acid in d imethy l fo rmamide  takes  place s imi l a r ly .  
According to T i C ,  the reac t ion  f o r m s  a mixture  of 
the l e s s  po la r  6fl-formate {IIb) (Rf 0.41) and the more  
po la r  5~- formate  (IIIb) (Rf 0.36) and, respec t ive ly ,  

the 6f l-formate (IIc) (Rf 0.37) and the 5c~-formate {IIIc) (Rf 0.31). To conf i rm the s t r u c t u r e s  of the 6fl~for- 
mate  (IIb) and the 5c~-formate (IIIb), we obtained the i s o m e r i c  b romohydr ins  (Vb) and {Xb) by the react ion 
of {Ib) with hypobromous  acid in ethyl aceta te .  According to GLC [Silufol, b e n z e n e - m e t h a n o l  (23 : 2) sys tem] ,  
the b romohydr in  (Vb) is l ess  mobile CRf 0.34) than its i s o m e r  (Xb) (Rf 0.48), which ag rees  with the resu l t s  
that we have obtained prev ious ly  on the mobil i ty of b romohydr ins  as a function of the i r  s t ruc tu re  [1]. The 
IR s p e c t r u m  of (Vb) has an absorpt ion  band at 3620 cm - t  cor responding  to a secondary  hydroxy group, while 
in the spec t rom of (Xb) an absorpt ion band at 3595 cm -1 c h a r a c t e r i z e s  a t e r t i a r y h y d r o x y  group. The con- 
f igurat ions  of the b romohydr ins  obtained for  the f i r s t  t ime were  conf i rmed by the i r  NMR spec t r a  and by 
the i r  convers ion  into the cor responding  5,6-oxides (VIIb) and (IXb). The l a t t e r  have not been descr ibed  in 
the l i t e ra tu re  and were  the re fo re  cha r ac t e r i z ed  by their  e l emen ta ry  analyses  and the i r  IR and NMR spec t r a .  

On t r ea tmen t  with alkali,  the b romohydr in  Wb) and its fo rmate  (IIb) f o r m  one and the same 5fl,6-oxide 
(VIIb), which shows the identity of the a r r angemen t  of the subst i tuents  at C~ and C 6. The react ion of hypo- 
b romous  acid with the 5~,6-oxide (VIIb) [which is fo rmed  in the alkaline hydro lys i s  of the fo rmate  (II)] in 
acet ic  acid solution gave the b romohydr in  {Vb). 

F r o m  the mix tu re s  of fo rma te s  of 16,17-disubsti tuted pregnenolones ,  only the 6fl i s o m e r s  (IIb) and 
(IIc) were  isolated.  The s t ruc ture  of (IIc) was conf i rmed by its IR and NMR spec t r a  and i ts  convers ionin to  
the 5fl,6-oxide (VIIc), identical  with a sample  obtained previous ly  [1]. The NMR spec t r a  of (IIb) and (Itc) 
have very  s i m i l a r  values  of the s ignals  of the protons at C s and C 6 in the 5.4-5.5-ppm region and the signal 
of a proton at 8.01 ahd 9.7 ppm cha rac t e r i s t i c  of a fo rmyl  group. 

We judged the quanti tat ive ra t io  of the i somer i c  f o rma te s  indirect ly - f r o m  the ra t io  of the 5/L6- and 
5~,6-oxides {VIIa, b, c) and (IXa, b, c) obtained by t rea t ing  the reac t ion  mix tu res  with po tass ium carbonate  
in methanol and subsequent  acetylat ion.  The resu l t s  of gas- l iquid  chromatography  are  given in Table 1. 

F r o m  the ra t io  of the 5/~,6- and 5c~,6-oxides it must  be concluded that the 6fl-formyloxy der iva t ives  
(IIa, IIb, and IIc) p redomina te  in the reac t ion  mix tu re s .  This  can be explained by s t e reochemica l  f ac to r s  
favor ing the p re fe ren t i a l  fo rmat ion  of an in te rmedia te  s -o r i en t ed  b romonium ion (/%) r a the r  than the fl ion 
(B). The reac t ion  of the c~- and f l -bromonium ions with a nucleophilic agent - d imethy l fo rmamide  - f o r m s  
the in te rmedia te  compounds C and D,the hydro lys i s  of which leads to the cor responding  formyloxy der iva -  
t ives  (II and III). 
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A s imi lar  explanation of the addition of dimethylformamide to an a -bromonium ion has been given 
previously by H. Reimann [2], K. Morita [3], and D. Klinot [4] in the study of the addition of halogens to/x~ 
and A 5 double bonds. 

E X P F R I M F  NTA L 

The NMR spect ra  were obtained on a JNM-4H-100 instrument in CDC13 with hexamethyldisiloxane 
as standard; the IR spec t ra  of 1% solutions of (IIa, b, c; IIIa, Vb, and Xb) were taken in chloroform andthose 
of the other compounds in the form of mulls in paraffin oil on a Pe rk in -E lmer  457 instrument;  the specific 
rotations were determined in chloroform on an t~LPU-0,1 instrument.  The ratio of the i somers  (VIIa, b, 
c) and (IXa, b, c) was determined in a JEOL model-810 gas chromatograph with a f lame-ionizat ion detector.  
The s ta in less -s tee l  column (60 × 0.3 cm) was filled with 2% of XF-60 on Chromosorb WHMDS (80-100 mesh). 
The tempera ture  of the column was 200°C, that of the detector 225°C, and that of the sample inlet unit,230°C. 
The rate of flow of the c a r r i e r  gas, helium, at the outlet was 50 ml /min .  The molecular  weights were de- 
termined mass  spec t rometr ica l ly .  The amounts of C, H, and Br found in compounds (IIa, IHa, IIb, Hc, Vb, 
Xb, VIIb, and IXb) corresponded to the calculated f igures.  

3-Acetate 6 -Formate  of 5(~-Bromo-3fl ,6fi -dihydroxypregnan-20-one,  C24H3.~OsBr (Ha) andthe 3-Acetate 
5 -Formate  of 6f~-Bromo-3fz,5~-dihydroxypregnan-20-one C25Ha5OsBr (IIIa). With heating to 60°C, 5 g of 
pregnenolone acetate was dissolved in 80 ml of dimethylformamide and the solution was rapidly cooled to 
15°C (the react ion was performed at this temperature) ,  and 12.2 ml of 10% perchlor ic  acid solution was 
slowly added. A microcrys ta l l ine  precipitate deposited. Then 2.4 g of Dibromantin was added to the reac-  
tion mixture in portions over 30 min. The mixture became t ransparent  and after  5-10 min a precipitate 
deposited. The mixture was s t i r red  for another 30 rain and the precipitate was fil tered off and was washed 
on the funnel with a 10% solution of sodium sulflte and with water  to neutrality.  This gave 2 g of (IIa). After 
recrys ta l l iza t ion  f rom acetone, mp 178-179°C (decomp.), [a]D-27.5°C. IR spectrum, cm- l :  1727, 1710, 
1250, 1175. NMR spectrum, ppm: 0.57 (18--CH3), 1.25 (19-CH3), 1.97 (3-0OCCH3) 2.07 (21-CH3), 5.35 

" t - -  C.//O~ - Found mol. wt. 484. Calculated mol. wt. 483.42. (3-H),  5.4O (6--S), 8.24 \ 
\ H I "  

After the addition of 20 ml of a 10% solution of sodium sulfite, a precipitate deposited f rom the di- 
methylformamide solution, and this was fil tered off and washed with water  to neutrali ty.  This gave 1.77 g 
of (IIIa). An analytical sample was isolated by recrys ta l l iza t ion from acetone, mp 175-176.5°C (decomp.), 
[MD 0°C. IR spectrum, era-l:  1727, 1697, 1245, 1175. NN_R spectrum, ppm: 0.64 (18-CH3), 1.35 (19-CH3), 

1.97 (3-OOeCH3), 2.07 (21-CH3), 4.7 (3--H), 5.13 (6-H), 8.08 - - C  H/.  

Water was added to the mother  solution until precipitation was complete.  The precipitate was filtered 
off and washed with water .  This gave 3.8 g of a mixture of (IIa), (IIIa), and a more polar  substance. The 
mixture was chromatographed on a 30-fold amount of silica gel. A mixture of benzene and ether  (19 : 1) 
eluted 0.3 g of (IIa) and 2.9 g of a mixture of (Ha) and (IIIa); and a mixture of benzene and methanol (19 : 1) 
eluted 0.3 g of the 3-acetate of 3fl,5~,6fl-trihydroxypregnan-20-one (IV), mp 224-225°C, [(~]D+30.4 °. Mol. 
wt: found, 392; calculated, 392.49. IR spectrum, cm- l :  3630, 1725, 1705, 1250. Li terature  figures [5]: 
mp 228-230°C; [O~]D+36 °. 

3-Acetate 6 -Formate  of 5a-Bromo-3fl ,6f3-dihydroxy-16a,17a-dimethylpregnan-20-one,  C2~H39OsBr 
(IIb). With heating to 80°C, 5 g of the acetate of 16~,17~-dimethylpregnenolone (Ib) was dissolved in 150 ml 
of dimethylformamide.  Rapid cooling formed a suspension, and to this suspension were added 12.2 ml of a 
10~0 solution of perchlor ic  acid at 15°C and 2.4 g of Dibromantin over 30 rain. The react ion mixture was 
s t i r red  for 40 min, and the precipitate was filtered off and was washed with 10% sodium sulfite solution and 
with water  to neutral i ty.  This gave 2.95 g of (IIb). After recrys ta l l iza t ion f rom acetone, mp 194°C (decomp.), 
[O~]D--83°. IR spectrum, cm-l :  1725, 1695, 1255, 1175. NMR spectrum, ppm: 0.66 (18-CH3), 0.80 (16-CH3), 

1.026 (19-CH3), 1.25 (17-CH3), 1.94 (3--OOCCH~), 2.06 (21--CH3), 5.4 (3--H, 6--H), 8.01 C . 
H /  

F rom the mother  solution, water precipitated 3.8 g of a mixture of (IIb), (IIIb), and an unidentified 
more polar compound. The: :~;()mers (IIb) and (IIIb) have very s imilar  polari t ies,  and therefore  it is impos-  

36 



sible to separa te  them by rec rys ta l l i za t ion .  Chromatographic  separa t ion  on a column of s i l ica  gel is also 
imposs ib le  because  of the i r  labi l i ty.  

3-Acetate  6 - F o r m a t e  of 5~-Bromo-3f i ,6f l -d ihydroxy-16~,17-epoxypregnan-20-one ,  C24H3406Br (IIc). 
Under s i m i l a r  conditions, 5 g of the acetate of 16~,17-epoxypregnenolone (Ic), 2.4 g of Dibromantin,  80 ml  
of d imethyl formamide ,  and 12.2 ml  of a 10~o solution of pe rch lo r i c  acid gave 6.7 g of a mixture  of (Tic), 
(IIIc), and (Vc). The mixture  was dissolved in 8 ml  of ch loroform,  and 16 ml of e the r  eluted 0.6 g of (Vc) 
contaminated with smal l  amounts of (IIc) and (IIIc). Pure (Vc) with mp 169-172°C (decomp.), [~]D--17.2°, 
was isolated by f rac t ional  c rys ta l l i za t ion  f rom ethyl aceta te .  

After  the evapora t ion  of the solvent,  the residue (6 g) was chromatographed  on 180 g of s i l ica  gel. A 
mix ture  of benzene and e ther  (19 : 1) eluted 3.86 g of (IIc). An analyt ical  sample  was obtained by c ry s t a l l i z a -  
tion f rom methanol ,  mp 186.5-187°C (decomp.), [O~]D--49°. IR spec t rum,  cm- l :  1727, 1700, 1245, 1180. 
NMR spec t rum,  ppm: 1.12 (18-CH3), 1.4 (19-CH3), 2.09 (3-OOCCH 3, 21-CH3), 5.4 (3-H) ,  5.51 (6-H) ,  

B e n z e n e - e t h e r  (9 : 1) eluted 0.46 g of (VIIc) and 0.63 g of (IXc), the constants  and spec t r a  of ~,hich 
were  identical  with those obtained prev ious ly  [1]. 

3-Acetate  of5c~-Bromo-3fl ,6B-dihydroxy-  16c~, 17o~-dimethylpregnan-20-one, C2~H3904Br (Vb) and the 
3-Acetate  of 6f l-Bromo-3fl ,5a-dihydroxy-16o~,17~-dimethylpregnan-20-one,  C25H3904Br (Xb). Over  30 min, 
12.2 ml  of 10~o pe rch lo r i c  acid solution and 2.4 g of Dibromantin  were  added in four  por t ions  to a suspen-  
sion of 5 g of the aceta te  of 16~, lT~-dimethylpregnenolone (Ib) in 75 ml of ethyl ace ta te .  The suspended 
m a t t e r  d issolved comple te ly .  The solution was s t i r r ed  for  45 rain and was then washed with a 10% solution 
of sodium sulfite and with wa te r  to neut ra l i ty .  After  drying, the solvent was evapora ted  to 1/2 of the o r ig -  
inal volume.  The prec ip i ta te  that deposited was f i l tered off, giving 2.87 g of (Vc). After  reprec ip i ta t ion  
with e the r  f r o m  ch loroform,  the (Vb) had mp 160-161°C (decomp.), [c~]D-58.8°. IR spec t rum,  cm- l :  3620, 
1730, 1695; NMR s p e c t r u m  (pyridine), ppm: 0.6 (18-CH3), 0.77 (16-CH3), 0.87 (19-CH3), 1.44 (17-CH3), 
1.94 (3--OOCCH3), 1.95 (21--CH3), 4.35 (6-H) ,  5.66 (3--H). 

The mothe r  solution was again evapora ted  until a prec ip i ta te  appeared.  This  was f i l tered off andwas  
washed on the f i l t e r  with a smal l  amount of cooled ethyl acetate ,  giving 2.11 g of (Xb). After  r e c r y s t a l l i z a -  
tion f r o m  ethyl aceta te ,  mp 208°C (decomp.), [O~]D--65.4°. IR spec t rum,  cm- l :  3595, 1730, 1695. NMR 
spec t rum,  ppm: 0.82 (18--CH3) , 0.99 (16--CH3) , 1.11 (19-CH3), 1.47 (17--CH3), 2.1 !3-OOCCH3) , 2.15 (21-  
CH3) , 4.1 (6-H), 5.22 (3-H). 

Acetate of3#-Hydroxy-5fl,6-epoxypregnan-20-one (VHa). A mixture of 5.88 g of (Ila) and 6 g of cal- 
cined potassium acetate in 60 ml of absolute methanol was boiled for 1 h 45 rain. Then the methanol was 
evaporated to incipient crystallization and was cooled with ice water and diluted with water. The precipi- 
tate was filtered off and was recrystallized from acetone. This gave 3.8 g of (VIIa). A pure sample was 
obtained by additional recrystallization from acetone, mp 134-136°C [~]D +39°. Literature figures [5]: mp 
137-139°C; [O~]D+43 °. 

Acetate of 3fl-Hydroxy-16(~,17~-dimethyl-5fl,6-epoxypregnan-20-one, C25H3504 (VIIb). A. A mixture 
of 0.5 g of (lib), 0.45 g of potassium acetate, 25 ml of methanol, and 2 ml of water was boiled for 1.5 h. 
Then, with cooling, water was added to the reaction mixture, and the resulting precipitate ~,as filtered off 
and dried. The 0.26 g of (VIb) so isolated was acetylated with Ac20-CsHsN , giving 0.35 g of (VIIb). The 
latter was recrystallized from methanol, mp 194.5-196.5°C, [~]D--33.4 °. 

B__~. The analogous treatment of 0.5 g of the bromohydrin (Vb) (0.5 g of potassium carbonate, 25 ral of 
methanol, and 2 ml of water) and subsequent acetylation yielded 0.4 g of (VIIb), mp 194-195.5°C. It gave no 
depression of the melting point in admixture with the sample of (VIIb) obtained above. IR spectrum, cm-1: 
1730, 1690, 1250; NMR spectrum, ppm: 0.64 (18-CH3) , 0.82 (16-CH3) , 0.97 (17-CH3, 19-CH3) , 1.98 (3-- 
OOCCH3), 2.04 (21--CH3) , 3.02 (6--H), 4.72 (3-H). 

Acetate of 3fl -Hydroxy- 16o~, 17ce-dimethyl-5~,6-epoxypregnan-20-one, C 25H3sO4 (IXb). Under the con- 
ditions de~cribed, 0.5 g of (Xb) gave 0.36 g of (IXb) with mp 219-221.5°C; after recrystallization from meth- 
anol [Oi]D--66 °. IR spectrum, cm-1: 1725, 1690, 1250. NMR spectrum, ppm: 0.61 (18--CH3) , 0.82 (16--CH3), 
0.98 (17--CH3, 19--CH3) , 1.98 (3-OOCCH3) , 2.04 (21--CH3) , 2.86 (6--H), 4.83 (3-H). 
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3-Acetate of 5a-Bromo-3fl ,6f l-dihydroxy-16a,17a-dimethylpregnan-20-one (Vb). At 18°C, 0.3 ml of a 
16% acetic acid solution of hydrogen bromide was slowly added to a suspension of 0.25 g of (glib) in 3 ml 
of glacial acetic acid. After 2 h, 5 ml of water  was added with cooling. The resulting precipitate was fil- 
tered off and was washed with water  to neutrality, giving 0.3 g of (Vb), mp 159-160°C (decomp.), [a ]D-58  °. 
The sample of (Vb) gave no depression of the melting point in admixture with a sample of the substance ob- 
tained by the reaction of (ib) with hypobromous acid in ethyl acetate.  

3-Acetate 6 -Formate  of 5a-Bromo-3fl ,6fl-dihydroxypregnan-20-one (IIa). A mixture of 0.3 g of (Va) 
and 4 ml of 87~c formic  acid was kept at room temperature  for 48 h. Then the reaction mixture was poured 
into ice water.  The substance was extracted with chloroform, washed to neutrality, and dried. After the 
chloroform had been distilled off, the residue was crysta l l ized f rom ether,  giving 0.21 g of (IIa) with mp 
175°C (dec.rap.). The IR spect rum was identical with that of the sample obtained previously.  

3-Acetate of 3fl-Hydroxypregnan-20-one (Ia). A mixture of (IIa) and (iIIa) (1 g) in 25 ml of glacial 
acetic acid was treated v.ith 1 g of zinc dust in the boiling-water bath for 2 h. The zinc dust was filtered 
off and washed with ethyl acetate, and then the solvent was evaporated, the residue was treated with water, 
and the result ing precipitate was fil tered off and washed with water  to neutrality.  After two rec rys ta l l i za -  
tions f rom acetone, 0.4 g of (Ia) was obtained with mp 146.5-147.5°C, [aiD+ 18 °. It gave no depression of 
the melting point with an authentic sample.  Li tera ture  figures [6]: mp 149-151°C; laiD + 19 °. The IR spec-  
t rum was identical with that of an authentic sample.  

3-Acetate of 3~-Hydroxy-16a,17a-dimethylpregnan-20-one fib). The analogous t reatment  of 0.94 g 
of (IIb) with zinc dust in acetic acid gave 0.42 g of (Ib), mp 219.5-221°C, [a iD-72  °. Li terature figures [7]: 
mp 218-219°C; [a ]D-62 °. The IR and NMR spect ra  were identical with those of an authentic sample. 

SUMMARY 

The reaction of 3fl-acetoxy-AS-steroids with hypobromous acid in dimethylformamide has been studied. 
It has been shown that this reaction forms formates of bromohydrins. 
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