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Abs t rac t  -- Pyridylandros tane  d e r i v a t i v e  & w a s  synthes ized from compound 

4 and shown t o  e x e r t  remarkably h igh  molecular-biological  a c t i v i t y  i n  t h e  - 
Na,K-ATPase t e s t  f o r  c a r d i o t o n i c  s t e r o i d s .  

Recent ly  one of our  groups has  r epor t ed  i t s  preliminary r e s u l t s  on t h e  model 

s y n t h e s i s  o f  pyr id ine-  and pyridone-androstane de r iva t ives  r e l a t e d  t o  c a r d i o t o n i c  

s teroids . ' )  This communication has prompted Wiesner and h i s  c o l l a b o r a t o r s  t; 

presen t  t h e i r  s y n t h e s i s  o f  a z a b u f a l m 2 ) .  Now we wish t o  r e p o r t  the s y n t h e s i s  of 

17B-(3'-pyridyl)-14p-androst-4-ene-30,14-diol I which d i f f e r s  from s c i l l a r e n i n  2 

and canari(:enin 2 only  i n  t h e  na tu re  of t h e  heterocycle  a t  t h e  p o s i t i o n  178 

[Scheme i), and t o  d i s c l o s e  t h e  b i o l o g i c a l  a c t i v i t y  of t h e  t a r g e t  compound 1, 
i t s  n a t u r a l  c o u n t e r p a r t s  and j, a s  w e l l  a s  t h e  s ~ m t h e t i c  in t e rmed ia te s  2, lo, 

and 11 i n  t h e  !Ja,K-ATPase t e s t  f o r  c a r d i o t a o i c  s t e r o l d s 3 ) i ~ a b l e  1 ) .  

The r e a d i l y  access ib leL ' )  h;-di,o:y-ketone & wds canver+cd t o  i t s  tetrr:h:-:Iropyr2nyl 

e t h e r  2 ( e ihydrogymn,  p-TS.; l n  Cii,Cl ) and t h e  l e t t c r  compound, d issolvei?  i n  
< 2 

e t h e r ,  was t r e a t e d  a t  - 7 8 ' ~  wi th  3-pyr idy1. l i th i .u~ prenared5) fro?; 5-hromopyridine 

an? r i -butyl l i th iwn.  l h e  a d d l t i o n  product  thus obtained !;as ccctyl;?t.cd w i t ! )  a c e t i c  

anhydride i n  pyr id ine  i n  tile prr-serce of I'l,;i-dimeth)'l-4-aminopyridjne, snbseauent- 

l y  t h e  tc t rahydropyranyl  Eroup was s p l i t  of f  w i th  p-TSA i n  acetone,  arid t h e  



The diacetate  4 was rearranged t o  the d iace ta te  6 by boiling its 0.064 M 

solution i n  the xylem - acet ic  acid mixtare (24:5) fo r  12 h i  70% yield7); 

1.35 and 1.15 (angular q 3 ) .  

Selective reduction of C16-C17 double bond i n  compound 6 vas car r ied  out by 

means of diimide8)(generated from hydrazine hydrate, propionic acid,  and a i r )  t o  

give the product 1 i n  75% yield; m.p. 195-197'~; 'H NMR S(ppm) 5.28(ZH.m,C6- and 

-H), 1.03 and 0.65 (angular E 3 ) .  5 5  - 
The diacetate  Z was hydrolyzed w i t h  methanolic KOH, and the dihydroxy derivat ive 

was treated first w i t h  ace t ic  anhydride i n  pyridine a t  room temperadre for  

Ih and then with mesyl chloride i n  pyridine. The 5 , l b d i e n e  8 was obtained i n  

73% yield; m.p. 189-192'~; 'H NMR S(ppm) 5.44(lH,m,C6-H), 5.31(1H.br s.C15-Fi), 

1.05 and 0.62 (angular CEli). 
Scheme 1 

0 
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Hydrolys is  o f  e s t e r  p o u p  i n  8 (xOH-M~OH) followed by Oppenauer ox ida t ion  

(aluminum isopropoxide,  cyclohexanone, t o l u e n e )  furnished t h e  u , l -unsa tu ra t e6  

ketone p; 86?s y ie ld ;  m.p. 170-173O~; 3 1680 cm-l; 'ti !GvR S(ppm) 5.76(1H,s,c,+-H_), max 

5.35(1H,m,C15-E), 1.23 and 0.65 ( a n g u l a r  CH ). -3 
Tne compound 3 was reac ted  wi th  N-bromoncetamide i n  t h e  presence  of p e r c h l o r i c  

a c i d  i n  aqueous d ioxane9)for  1 .5  h .  The r e a c t i o n  mixture was made a l k a l i n e  

wi th  10% KOH which r e s u l t e d  i n  t h e  t r ans fonna t ion  of in t fpmedia te  bromohydrin t o  

1 1  epoxide 10; m.p. 213-215'~; 9 max1675 cm- ; H hbH S(ppm) 5.70(lH,s,C4-E), 3.50tlH: 

s.Cl5-H), 1.18 and C.52 (angu la r  CE3). 

' h e  carbonyl  group i n  compound 10 was S e l e c t i v e l y  ond s t e r e o s p e c i f i c a l l y  reduced 

with li Liliun t r i (  t s r t -butoxy)aluminm h y d r i d e l O )  t o  g i v e  3"-hydroxy compound 

i n  95% y i e l d ;  m.p. 202-204'~; 'H NliR S(ppm) 5.31(1H,s,C4-ki), 4.15(lH,in,C3-5). 

3.48(lH,s,Cl5-lj). 1.05 and 0.59 ( angu la r  CH ). 
-3 

F i n a l l y ,  t h e  epoxide r i n g  i n  compound 2 was reduced wi th  LiAlIl,, i n  b o i l i n g  

TiiF t o  Eive  W e  d l01  i n  92% y i e l d ;  d max:600 cm"; 'H i<hR S(ppm) 8.4?(lH,br s,  

CZl-H), 8 .37 (1H,d . J=5~z ,C~~-H) .  7 .72(1H,d , J=DH~,C~~-5) ,  7.16(1H,ddVJ=8Hz,J=5Hz, 

CZ3-g), 5.29(1H,s,C4-Ti). 4.14(1H,m,C3-5). 2 . 8 0 ( 1 ~ , m . C ~ ~ - g ) ,  0.98 and 0.51 (an@- 

131. CH~). 

' h e  molecular-biological  a c t i v i t i e s  of t h e  compow?ds examined a r e  compiled i n  

t h e  Table 1. These a r e  expressed i n  terms of t h e  concentra t ion producing,  i n  t h e  

e a u i l i b r i m  s t a t e ,  half-maximun i n h i b i t i o n  of the  enzyme a c t i v i t y ,  Ig0 values .  

Table 1 

1"lolecular-biological  a c t i v i t y  a s  charecter ized by t h e  concen t ra t ions  

r equ i red  t o  a f f e c t  half-maximum i n h i b i t i o n  of t h e  a c t i v i t y  o f  Na,K- 

ATPase from c a r d i a c  muscles of guinea-pig and man. 

-------- ----- -- ........................................................... 
Compound Guinea-pig enzyme, IgO ,nM Hunan enzyme, 150rM ------------------ ----- - ---- --------- ..................................... 

1 - 1.6 0.13 

2 - 0.22 n o t  determined 

2 2.5 n o t  determined 

9  - n o t  determined 46 

10 - 1 3  6.4 

11 - 1 5  1.8 ---------------- ----- - ------- ---- ........................................... 



A s  can be seen from Table 1, biological ac t iv i ty  is weakened a f t e r  formal repla- 

cement of the pentadienolide- by the pyridine-substi tuent (-1) but a t  l eas t  

maintained a f t e r  formal replacement of butenolide- by pyridine-substituent ( 5 4 ) .  

The observed gradation Of biological ac t iv i ty  of pyridine derivatives 3z)q is 

similar to  that  of corresponding butenolide derivatives, namely 38-acetoxy- 

:L -h>aro~y- 58.140-card-20(22)-enolide (150-1.2p), 3fl-acetoxy-14.158-epoxy- 

58,11J -car"- -20( 22 1-enolide ( ~ ~ ~ - l y M ) ,  and 30-acetoxy-5fl-card-14,20( 22 )-dieno- 

l i d e  (I~&oo)IM). Apparently, compounds i n  the two compared se r i e s  in t e rac t  

with the same binding Si te  area of Na,K-ATPase, which implies tha t  the pyridine 

androstane derivative 1 i s  a t rue  analogue of natural  cardiotonics 2 and 2. 
It i s  of relevance tha t  17fl-(39-fur~l)-ateroid derived from digitoxygenin''), 

likewise devoid of carbonyl group i n  the side substituent, exhibit  cardiotonic 

ac t iv i ty  comparable to  the natural  cardenolides.12) 
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