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0 ,5 - !0  m g / k g  i.m., N o r a d r e n a l i n  u n d  A d r e n a l i n  n n d  lso-  
p r e n a l i n  in  de r  Dosis  y o n  0,5 m g / k g  i.m. den  Se rum-  
spiegel  der  f re ien F e t t s g u r e n  a n  der  ges~ t t ig t en  R a t t e  
e r h 6 h t  (Tabel le  II) .  Diese W i r k u n g  w a r  bei  I soprena l in ,  
N o r a d r e n a l i n  u n d  bei  A d r e n a l i n  s t a r k e r  als bei  den  ande-  
t e n  Subs t anzen .  Die W i r k u n g  der  ad rene rg i s chen  Sti-  
m u l a t o r e n  auf  die f re ien F e t t s g u r e n  der  iRatte wi rd  d u t c h  
eine V o r b e h a n d l u n g  m i t  dem  f i -Adreno ly t ikum K6 592 
(10 m g / k g  i.m., 5 m i n  vo r  den  ad rene rg i sch  s t i m u l i e r enden  
Subs t anzen )  in  fo lgender  w a c h s e n d e r  A k t i v i t g t s r e i h e n -  
folge a n t a g o n i s i e r t :  Norad rena l in ,  Adrena l in ,  I soprena l in ,  
M e t a p r o t e r e n o l  (Tabel le  II) .  

Diskussion. Die neuen  f i -adrenergischen S u b s t a n z e n  
s t imu l i e r enden  Typs  (Terbu ta l in ,  Soterenol ,  S a l b u t a m o l  
u n d  Quin terenol )  zeigen n e b e n  b e d e u t e n d e n  t r acheo -  
b r o n c h o d i l a t a t o r i s c h e n  E i g e n s c h a f t e n  1-,, die m i t  l e i ch t en  
N e b e n w i r k u n g e n  auI  das  Herz  v e r b u n d e n  sind,  a u c h  
m~ssige h y p e r g l y k g m i s i e r e n d e  ~Wirkungen a n  der  R a t t e ,  
die n u r  in  h o h e n  Dosen  i m  Fa l l  y o n  Soterenol  u n d  y o n  
S a l b u t a m o l  a n  ein A n w a e h s e n  der  f re ien F e t t s g u r e n  des 
Se rums  assozi ier t  s ind ;  diese ad rene rg i schen  W i r k u n g e n  
s ind v o m  Typ  fl, da  sie d u r c h  eine V o r b e h a l l d l u n g  m i t  
e inem /%Adrenoly t ikum,  d e m  K6 592, a n t a g o n i s i e r t  
werden.  

W e g e n  ih re r  ge r ingen  W i r k u n g e n  auf  den  Glukose-  
u n d  Lip ids tof fwechse l  sowie auf  die Herzgefgsse  1 ~ h a b e n  
Te rbu t a l i n ,  Soterenol ,  Sa lbu t amol ,  Qu in t e r eno l  u n d  auch  
M e t a p r o t e r e n o l  eine s t a rke  W i r k u n g  auf  die adrenerg i -  
schen  R e z e p t o r e n  v o m  T y p  [?-2 u n d  eine schwache  Wi r -  

k u n g  auf  adrenerg i sche  R e z e p t o r e n  v o m  T y p  fl-1, en t -  
s p r e c h e n d  de r  Un te r t e i l ung ,  d ie  LANDS e t  a12 vorsch lugen .  

Die h y p e r g l y k g m i s i e r e n d e  Wi rkung ,  die wir  m i t  d e m  
f i -Adreno ly t ikum IK6 592 no t i e r t en ,  bes tXt ig t  Beobach-  
t u n g e n  y o n  ENGELI-IARDT 10. 

Summary. Act ions  of va r ious  ad rene rg ic  d rugs  (adre- 
nal ine,  no rad rena l ine ,  i soprenal ine ,  me t ap ro t e r eno l ,  te r -  
bu ta l ine ,  s a lbu tamol ,  soterenol ;  qu in te reno l ,  ch lorpre-  
nal ine)  on t he  g lycemia  a n d  on  free f a t t y  acids of t h e  r a t  
h a v e  been  descr ibed.  
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P r e p a r a t i o n  a n d  A n d r o g e n i c  A c t i v i t y  o f  N o v e l  H e t e r o c y c l i c  S t e r o i d s  

W e  wish  to  descr ibe t he  p r e p a r a t i o n  of oxa, selena-,  
te l lur io  and  re l a t ed  s teroids  as p robes  of s te ro id  s t r u c t u r a l  
r equ i r emen t s .  W e  h a v e  been  i n t e r e s t e d  in t h e  reasons  for 
t i le  i m p o r t a n c e  for  androgen ic  a c t i v i t y  of sp = a t o m s  a t  
C-2 a n d / o r  C-3 of s teroids1,  2. Th i s  could be  due  to  t he  
s ter ic  cha rac te r i s t i c s  of t he  sp 2 center ,  to  t he  e lec t ronic  
n a t u r e  of such  a toms ,  or, jo in t ly ,  to  b o t h  effects. The  
genera t  p r o b l e m  of d i s t i ngu i sh ing  be t w een  such  al ter-  
na t i ve s  ha s  been  rev iewed b y  MAUTNER = who  has  used 
isoster ic  non- i soe lec t ron ic  ana logs  to o b t a i n  i n f o r m a t i o n  
a b o u t  forces w i t h i n  t he  d rug- recep to r  complex  4. I t  is 
n o t e w o r t h y ,  in  th i s  connec t ion ,  t h a t  t he  va r ious  s t ruc tu re -  
a c t i v i t y  theor ies  conce rn ing  and rogens  ~ ignore t h e  effects 
of c o n f o r m a t i o n a l  t r a n s m i s s i o n  s and,  therefore ,  cons ider  
t h e  effects of a s t r u c t u r a l  a l t e r a t i o n  to  be  r e s t r i c t ed  to  
t h e  i m m e d i a t e  v i c in i ty  of t h e  modi f ied  grouping .  The  
poss ib i l i ty  t h a t  t h i s  is no t  t he  case can  also be  explored  
b y  t he  e x a m i n a t i o n  of isologous series a. 

Our  r ecen t  f ind ing  7 t h a t  2 - t h i a - A - n o r - 5 e - a n d r o s t a n -  
17fi-ol, p r e p a r e d  as a n  isostere  of 17f l -hydroxy-5e -  
andros t -2 -ene ,  is a p o t e n t  a n d r o g e n  led us to  exam ine  t he  
co r r e spond ing  o x a - a n d  selena-isologs.  R e d u c t i o n  of 
d ies te r  1 ~ (LiAltt~) gave  diol 2, m p  202-205 ~ wh ich  on  
h e a t i n g  in DMSO 9 af forded cyclic e the r  4, m p  140-143 ~ 
T r e a t m e n t  of d i b r o m i d e  3, w i t h  sod ium selenide 1~ gave  
se lenas te ro id  7, m p  157-159~ t he  t e l l u r io -de r iva t i ve  8, 
m p  145-146 ~ was o b t a i n e d  in ana logous  fash ion  b y  t he  
ac t ion  of sod ium te l lur ide  n on  3. Similar ly ,  t he  disulf ide 
9, m p  153-154 ~ was p r e p a r e d  f rom 3 b y  r eac t i on  w i t h  
sod ium disulf ide  1=. O x i d a t i o n  of t h i a s t e ro id  6 (NaIO~ in 
ace tone-wate r )  gave  on ly  e-sulfoxide 10 la, m p  139-140 ~ 
whereas  t he  ac t ion  of m-ch lo roperbenzo ic  acid on  6 gave 
sulfone 11, m p  243-244 ~ 

The  d a t a  f rom the  pha rmaco log i ca l  t e s t i ng  14,15 are 
d i sp layed  in t he  Table .  Selena- and  th i a s t e ro id s  7 a n d  
5 h a v e  c o m p a r a b l e  ac t i v i t y  b u t  oxa-, sulfoxide a n d  sulfone 
de r iva t i ve s  4, 10 a n d  11 are  inact ive .  Therefore ,  t h i a -  
s tero id  5 is a l m o s t  c e r t a in ly  ac t ive  as such, a n d  n o t  as 
i ts  mos t  l ikely sulfoxide a n d  sulfone me tabo l i t e s  10 a n d  11 
respect ively .  The  cova len t  r ad i i  1~ of se len ium (1.17 A) 
and  sulfur  (1.04 ~_) are n e a r l y  t h e  same, a n d  larger  t h a n  
oxygen  (0.66 2~), whereas  t he  e lec t ron  d i s t r i b u t i o n  in al l  
of these  he terocycles  is d i f fe ren t  1~. Therefore ,  t h e  f ac t  
t h a t  se lenas te ro id  7 is ac t ive ,  whereas  oxas te ro id  4 is 
inact ive ,  suggests  t h a t  sleric, a n d  no t  electronic fac tors  are 
i nvo lved  in t he  C-2, C-3 s t r u c t u r a l  r e q u i r e m e n t s  of and ro -  
gens. Con f i rma t ion  for th i s  was  p rov ided  b y  t h e  ac t iv i t ies  

A?< L ) 

H 

1 R t =  CO=Me, 1R~= Ac 
2 R 1 = OH, R= = H 
3 R 1 =  Br, IR 2 =  Ac 

OR 

H 

4 Z = O ,  R = H  
5 Z = S ,  R = H  
6 Z =  S, R = A c  
7 Z =  Se, R = H  
8 Z = T e ,  I R = H  
9 Z =  S-S,  R =  Ac 

10 Z = or-SO, R = Ac 
11 Z =  SOs, R =  Ac 
12 Z = CH=CH=CO, R = H 
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Weight (mg) ~ Body weight (g) 
Compound 
(total dose, mg) Ventral prostate Seminal vesicle Levator ani Initial Final. 

Castrate control 15.6 d= 0.41 11.8 4- 0.30 27.0 • 1.35 55 94 
Testosterone (0.3) 25.6 ~ 2.47 15.1 -b 0.76 31.4 ~ 2.50 55 96 
Testosterone (0.6) 52.5 4- 3.48 21.8 ~ 2.35 37.6 ~ 1.89 55 97 

p<0.001 p<0 .01  p<0 .01  

4 b (3.0) 23.3 -L 2.56 13.0 -4- 0.22 29.2 -4- 2.36 57 89 
p NS ~ p NS p NS 

5 a (3.0) 61.9 dc 6.04 48.6 :k 3.56 65.2 ~ 3.45 55 95 
p < 0.o01 p < 0.001 p < o.001 

5 (0.6) 40.5 q- 5.28 :[6.3 =[2 0.73 33.1 nL 4.30 - - 
p<0 .01  p<O.Ol 

7 (3.0) 84.6 ~ 5.42 51.0 4- 1.42 72.7 -~ 2.71 55 101 
p 0.001 p 0.001 p 0.001 

8 a (3.0) 92.6 =L 7.56 59.4 ~ 3.55 67.8 =~ 2.73 54 92 
p < 0.001 p < 0.001 p < 0.001 

8 a (0.3) 23.6 • 2.03 15.2 :Jz L51 34.7 -b 2.88 - - 
p<0 .05  p<0 . 10  p<0 .05  

9 a (3.0) 112.4 ~_ 3.34 79.1 • 2.68 71.5 :~ 3.90 55 102 
p < 0.001 p < 0.001 p < 0.001 

l0 b (3.0) 17.4 ~= 0.66 12.4 q- 0.16 30.0 ~ 2.51 57 91 
p NS p NS p NS 

l i  b (3.0) 13.3 -~ 0.81 12.4 q- 0.80 28.8 ~ 1.99 57 91 
p NS p NS p NS 

Mean • S.E. b Data from a second experiment with similar control values. " Not significant at p 0.01. a Data from another experiment 
with similar control values. 

of  t e l lu r io - s t e ro id  8 w h i c h  is s o m e w h a t  m o r e  ac[ ive  t h a n  
t h i a s t e r o i d  5, a n d  espec ia l ly  b y  d isul f ide  9, w h i c h  is 
t h a t  m o s t  ac t ive  c o m p o u n d  in t h e  series. T h e  c o v a l e n t  
r a d i u s  of t e l l u r i u m  (1.37 A) is c o n s i d e r a b l y  l a rge r  t h a n  
t h a t  of su l fur .  I t  i s  c lear  the re fo re ,  t h a t  an e x a c t  i sos te re  
of a v i n y l  g r o u p  is n o t  m a n d a t o r y  for  ac t i v i t y ,  b u t  t h a t  
a s o m e w h a t  l a rge r  s u b s t i t u t i o n  m a y  be  made .  Indeed ,  
even  t h e  e n l a r g e m e n t  of  t h e  r i ng  b y  t h e  i n s e r t i o n  of  two 
su l fu r  a t o m s  is pe rmis s ib l e ,  as  in 9. O n  t h e  o t h e r  h a n d ,  
t h e  7 - m e l n b e r e d  s y s t e m  A -hom o-4 -oxo -5c~ -and r os t a n -  
17fl-ol (12) is k n o w n  to  be  i nac t ive  is. O u r  d a t a  ind ica te  
c o n v i n c i n g l y  t h a t  an  A - r i ng  equivalent in size to a six- 
membered or larger carbocyclic ring, a n d  h a v i n g  atoms which 
flatten the ring in the vicinity of C-2 and C-3, or  t h e i r  
r e p l a c e m e n t ,  is i m p o r t a n t  for  a n d r o g e n i c  ac t iv i ty .  Elec-  
t r on i c  c h a r a c t e r i s t i c s  of t h e  A - r i ng  are  of m i n o r  i m p o r -  
tance .  T h e s e  s tud ie s  are  b e i n g  e x t e n d e d  1~. 

Zusammenfassung.  Die D a r s t e l l u n g  v e r s c h i e d e n e r  A- 
N o r - 5 c c - a n d r o s t a n - V e r b i n d u n g e n ,  die i m  A - R i n g  ein 
Schwefel- ,  Selen-  ode r  T e l t u r - A t o m  h a b e n ,  w i rd  beschr ie -  
ben .  Sic bes i tzen ,  im  G e g e n s a t z  zu den  e n t s p r e c h e n d e n  
O x a - V e r b i n d u n g e n ,  a n a b o l - a n d r o g e n e  Ak t iv i t~ t .  2 ,3-  
D i t h i a - 5 e - a n d r o s t a n - 1 7 f l - o l - A c e t a t  h a t t e  ebenfa l l s  h o h e  
a n a b o l - a n d r o g e n e  W i r k s a m k e i t .  D a r a u s  w i rd  geschlossen,  
dass  ftir die a n a b o l - a n d r o g e n e  Akt iv i t~ t ,  n i c h t  die e lek t ro-  
n i schen ,  s o n d e r n  die s t e r i s c h e n  E i g e n s c h a f t e n  der  C-2 
u n d  C-3 A t o m e ,  b e z i e h u n g s w e i s e  ihre  S u b s t i t u e n t e n ,  y o n  
B e d e u t u n g  sind.  
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