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H 9.45; found:  C 73.15; H 9.40. Unde r  sui table  experi-  
m e n t a l  condi t ions  (neutral  pH,  slow hydrogena t ion  rate) 
t he  fo rmat ion  of t he  16a-methyl - i somer  m a y  be com- 
p le te ly  avoided .  A chloroform suspension of IV,  in t he  
presence of a small  a m o u n t  of  methanol ,  was t rea ted  wi th  
b romine  and hydrobromic  acid to give 21-bromo-16~- 
methyl-5e-pregnan-3fl ,  17,¢-dio1-11,20-dione (V), m.p.  220  
to  223 °, [~]D + 90.1° (dioxane) ; Anal. calc. for C~2HsaBrO~: 
C 59.86; H 7.54; Br  18.1; found:  C 59.70; H 7.43; Br  18.38. 
Po tass ium ace ta te  in ref luxing ace tone  conver ted  V to 
16fl-methyl-5a-pregnan-3fl ,  17~, 21-triol-11, 20-dione 21- 
ace ta te  (VI), m.p.  223-227 °, ~a]r) + 95.8 ° (dioxane) ; Anal. 
catc. for C~4Ha80~: C 68.58; H 8.63; found:  C 68.06; 
H 8.54. Chromic  acid in acetone ~ or  chromic  anhydr ide  in 
acet ic  acid or  N-b romoace t amide  oxidized VI  to 16fl- 
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me thy l -  5c¢-pregnan- 17 e, 21-diol- 3,11, 20-trione- 21-acetate  
(VII),  re.p. 210-213 °, [e]D + 120° (dioxane);  Anal.  cMc. 
for Cz4Hz~Os: C 68.9; H 8 . t9 ;  found:  C 68.3; H 7.82. Com- 
pound  V I I ,  when  t r ea t ed  wi th  b romine  i n  dioxane,  
y ie lded the  2 ,4 -d ibromo-der iva t ive  (VIII ) ,  which,  as 
crude product ,  was dehyd rob romina t ed  in d imethy l -  
fo rmamide  solut ion 1° to give 16fl-methylprednisone-2l- 
acetate (IX) ,  m.p.  224-229 °, [mID + 210° (dioxane);  

)'max. 238 mbt , ~lWi cm % 358 (methanol) .  I X  was de-ace ty la ted  
by  conven t iona l  me thods  to 16fl-methylprednisone (X), 
m.p. 200-205 °. [~3D + 200° (dioxane), E 1% cm 416 a t  239 m ~  
in methanol .  I X  and X are  ident ica l  wi th  au then t i c  
specimens.  

Zusammen/assung. Es wird fiber die Hers te l lung  des 
16-Methylprednisons ber ich te t ,  welche yore  Hecogen~n 
ausgehend tiber ca. 15 S tufen  durchgef i ih r t  wird.  Als 
wicht ige Zwischenstufe  t r e t en  5a-Pregn-16-en-3f l -ol - l l ,  
20-dion-Aceta t  und 16-Methylen-5x-pregnan-3fl,17c¢-diol- 
11,20-dion auf:  le tz teres  wird durch  eine stereospezif ische 
ka ta ly t i sche  R e d u k t i o n  in das en tsprechende  16fl-MethyI- 
de r iva t  umgewandel t .  
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C o n v e r s i o n  of  1 7 a - H y d r o x y p r e g n e n o l o n e  
t o  C o r t i s o l  

In  the  c o m m o n l y  accepted  scheme of adrena l  cor t icoid 
biosynthesis ,  cort isol  is considered to arise f rom the  con- 
vers ion of pregnenolone  (3fl-hydroxy-pregn-5-en-20-one) 
to  progesterone,  which is t h e n  successively hyd roxy l a t ed  
to cortisot.  I t  has been demons t r a t ed  1, however ,  t h a t  
pregnenolone can undergo ini t ial  17~-hydroxylat ion,  re- 
sul t ing in the  format ion  of 17a-hydroxypregnenolone,  and 
this  p roduc t  has  been isolated f rom dog adrena l  ve in  
blood a. I t  has  been proposed a t h a t  17~-hydroxypregnen-  
otone is the  precursor  of dehydroep iandros te rone  (DHA),  
e i ther  in the  adrena l  or  elsewhere, and this  convers ion has 
been shown to  occur  in a pa t i en t  wi th  adrena l  cancer  4 and 
in pa r t i cu la te  f ract ions  of beef  ad rena l  and tes t i sL W e  
h a v e  examined  the  metabo l i sm of 17a-hydroxypregnen-  
olone and have  {ound t h a t  i t  is conver ted  to 17a-hydroxy-  
progesterone,  l l -deoxycor t i so l  and  cort isol  by  adrena l  
slices f rom the  human ,  gu inea  pig and rat .  

Experimental. 17~-hydroxypregnenolone-7-H ~ (New 
E n g l a n d  Nuc lea r  Corp.) was d i lu ted  wi th  s table  17~- 
hydroxypregneno lone  and ch roma tog raphed  in the  
sys tem to luene /propylene  glycol. Mater ia l  f rom the  ma jo r  
peak  conta ined  93% of t he  r ad ioac t i v i t y  and had  a 
specific a c t i v i t y  of 2.9 x 10 s cpm/mg.  Pregnenolone-7-H a 
(New Eng land  Nuclear  Corp.) was di lu ted wi th  s table 
pregnenolone  and ch romatographed  in the  s y s t e m  Bush 
B 3. The  m a j o r  peak  conta ined  89% of the  r ad ioac t iv i t y  
and  had a specific a c t i v i t y  of 1.8 × 108 cpm/mg.  T r i t i u m  
and C ~ count ing  were per formed in the  Packa rd  Tr i -Carb 
Scint i l la t ion spec t romete r  a t  an app rox ima te  eff iciency 
of 15% for t r i t i um and  809' 0 for carbon ~4. 

Incuba t ions  were per formed in p H  7.4 sa l ine-phosphate  
buffer  6 for 3 h under  air a t  37°C. The  h u m a n  adrenals  
were  ob ta ined  f rom two w o m e n  undergoing  ad rena l ec tomy  
for breas t  cancer.  The  ra ts  and guinea pigs were kil led by  
decapi ta t ion ,  

H u m a n  adrenal  slices wi th  to ta l  weights  of 3.1 g and 
5.5 g were incuba ted  wi th  5.2 × 108cpm and 1.3 x 10 v c p m  
respec t ive ly  of 17a-hydroxypregnenolone .  S imi lar ly  3.1 g 
of slices were incuba ted  wi th  2.8 × 108 cpm of pregnen-  
olone. A to ta l  of 504 mg of guinea pig adrenal  slices and 
374 mg of ra t  adrena l  slices were each incuba ted  wi th  
5.2 X l0  s cpm of 17~-hydroxypregnenolone.  Af te r  incu- 
ba t ion ,  200 7 of the  fol lowing s teroids  were added :  
cortisol,  l l -deoxycor t i so l ,  17u-hydroxyprogesterone,  pro-  
gesterone,  cor t icoster0ne and D H A .  The con ten t s  of the  
flask were ex t rac ted  w~th 80% acetone,  de fa t t ed  in cold 
70% methanol ,  and par t i t ioned  be tween  hexane  and 70% 
methanol .  The  3f l-hydroxysteroids  were separa ted  wi th  
digitonin.  The  non-dig i tonin-prec ip i tab le  steroids were 
in i t ia l ly  c h r o m a t o g r a p h e d  in ch loroform]formamide .  
Posi t ion of  t he  compounds  was de te rmined  by  U V  ab-  
sorp t ion  and the  Z i m m e r m a n  react ion,  and r ad ioac t iv i t y  
by  scanning on a Ba i rd -Atomic  s t r ip  scanner.  Ev idence  
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for the conversion of the labelled 17a-hydroxypregnen- 
olone to other steroids was obtained as follows: 

Cortisol was elated and chromatographed in system 
Bush C. An aliquot was acetylated with acetic anhydride 
in pyridine and chromatographed in Bush B 3 and cyclo- 
hexane: dioxane/methanol : water (4 : 4/2 : 1) *. An aliquot 
of the cortisol from Bush C was oxidized with sodium bis- 
muti late and chromatographed in Bush B v After elation, 
it was oxidized with chromic acid for 10 min and re- 
chromatographed in system Bush Bx, in which the Rf was 
equal to tha t  of androst-4-en-3,11,17-trione. The radio- 
active peak migrated with the carrier steroid throughout.  
In one s tudy with the human adrenal slice, the cortisol was 
acetytated with C~4-acetic anhydride and the ratio of H s 
to C ~* determined after chromatography in Bush Ba, 
cyclohexane: dioxane/methanoI: water, and after elution 
with 2% acetone in chloroform from a silica gel column. 
The specific activities of the eluted cortisol acetate were 
93, 90, and 88 in the two paper systems and from the peak 
tubes of the column respectively. 

I7o~-hydroxyprogesterone was chromatographed in 
ligroin/propytene glycol and Bush B a. I t  could not be 
acetylated with acetic anhydride in pyridine. Acetylation 
in about  60% yield was accomplished by adding p-toluene- 
sulfonic acid to the acetylation reagents. The resulting 
compound was chromatographed in Bush A where it  
migrated at  the same rate as 17e-acetoxyprogesterone. 
The radioactive peak coincided with the carrier steroid 
throughout. 

1 ?-deoxycortisol was chromatographed in Bush Ba, an 
aliquot acetylated and rechromatographed in Bush A and 
the dioxane system. The acetylated product was reduced 
with sodium borohydride, oxidized with sodium bis- 
muthate  and chromatographed in Bush A. An aliquot of  
the material from Bush B a was oxidized with bismuthate.  
These two bismuthate oxidation products had an RI in 
Bush A identical to androstenedione. The radioactive 
peak migrated with the carrier compound in all systems. 

Dehydroepiandrosterone w a s  successively chromato- 
graphed in ligroin/propylene glycol and Bush A. After 
acetylation, the product was chromatographed in hep- 
tane/phenyl  Cellosolve. The mobilities of the radioactive 
peak and the carrier compound coincided. In the human 
and guinea pig adrenal slices, the D H A  contained less than 
5% of the combined radioact ivi ty of the three 17a- 
hydroxysteroids discussed above. Tritium-labelled DHA 
could not be identified in the rat adrenal slice incubation. 

Corticosterone and progesterone were not tritium-labelled 
after incubation with 17e-hydroxypregnenolone. 

The human adrenal slices converted 9% of the labelled 
17¢¢-hydroxypregnenolone to cortisol and 6% of the 
pregnenolone to cortisol. Thus 17e-hydroxypregnenolone 

was at  least  as good a precursor of Cortisol as was 
pregnenolone. In Several separate but  not.  paired in- 
cubations with guinea pig adrenal slices, pregnenolone and 
17~-hydroxypregnenolone were equally active as cortisol 
precursors. 

Discussion. The existence of a biosynthetic pathway to 
17~-hydroxyprogesterone via 17~-hydroxypregnenolone 
has been tacit ly assumed ~, but  evidence has not  been 
presented to support this. I t  is clear from the present 
s tudy tha t  17~-hydroxypregnenolone is a good substrate 
for the adrenal 3fl-ol dehydrogenase system and tha t  in 
the adrenal slice this constitutes a major metabolic trans- 
formation of the compound. The preliminary comparison 
of the relative activities of pregnenolone and 17e-hydroxy- 
pregnenolone suggests tha t  17a-hydroxylation of pregnen- 
olone may be as rapid as the conversion of pregnenolone 
to progesterone. These results do not  support  the view 
tha t  17e-hydroxypregnenolone is the important  pre- 
cursor of DHA within the adrenal gland, since the con- 
version of 17a-hydroxypregnenolone to D H A  was rela- 
t ively small. This, of course, does not  exclude the con- 
version of 17e-hydroxypregnenolone to D H A  by des- 
molases outside the adrenal gland as has been suggested 
earlier a. Indeed, the finding tha t  17a-hydroxypregnen- 
olone was a precursor of urinary pregnanetriol in two 
elderly adrenalectomized women ~ suggests tha t  an extra- 
adrenal 3fl-ol dehydrogenase system may be present. 

I t  is of interest tha t  17a-hydroxypregnenolone was a 
suitable substrate for the 3fl-ol-dehydrogenase system of 
the rat  adrenal. Thus, when a 17e-hydroxylated substrate 
was present, the,  rat  adrenal was able to synthesize 
cortisol 8. 

Zusammen/assung. Nebennierenschnitte yon Rotten, 
Meerschweinchen und Menschen synthe t i s ie r ten  17c~- 
Hydroxyprogesteron, l l-Deoxycortisol und Cortisol aus 
17x-Hydroxypregnenolon. Diese Verbindung, als Aus- 
gangsprodukt ffir die Cortisolsynthese, ist ebenso wirk- 
sam wie pregnenolon. Die Umwandlung yon 17~-Hydroxy- 
pregnenolon in Dehydroepiandrosteron verl~uft weniger 
vollkommen als zu 17x-Hydroxycorticoiden. 
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Identification du glucosiduronate de  5 f l - p r e g n a n e  
3a ,  2 1 - d i o l  2 0 - o n e  ( T H D O C )  a p r ~ s  administration 

de  c o r t e x o n e  

Nous avons administr6 h u n  homme normal 50 mg de 
cortexone par voie orale en 3 prises et les urines de 24 h 
ont  6t6 recueillies. Les st6ro~des libres et conjugu6s sont 
extraits  A pH 7 par le m~Iange 6ther/6thanol 3/1 v /v  1. 
Les corticost6roides libres sont extraits par le dichloro- 
m6thane et les corticost6ro~des conjugu6s sont fractionn6s 
sur alumine en ester-sulfates et  glucosiduronates 2. 

La fraction glucosiduronate a 6t6 chromatographi6e sur 
celite purifi6 en utilisant les solvants: tolu~ne-ac6tate de 
buthyle-butanol  (40:50:10) comme phase mobile et le 

m6tange acide ac6tique-eau-m6thanol (5 : 45: 50) 3 comme 
phase s ta t ionnai re .  Les glucosiduronates sont d6tect6s par 
la rdaction de Totlens, rassembl6s et chromatograhpi6s sur 
papier dons ce mSme syst~me. Les taches de glucosid- 
uronates ont 6t6 r6v616es par le r6actif acide ac6tique- 
sulfurique 9/1 ( v +  v) 4. 
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