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Synthesis and Biological Activity of 9a-Hydroxy- l l /~-Nitro- l ,3 ,5  (10)-Estratrienes; a New Class of 
Potent Estrogenic Steroids 

In  the  course of our inves t iga t ions  on ni t ro  steroids,  we 
p repared  a new series of es t rogens  wi th  a h y d r o x y  
group in the  9~- and  a n i t ro  group in the  l iB-pos i t ion .  
We repor t  in th is  communica t i on  the  prepara t ion ,  t he  
s t ruc ture  and  the  biological proper t ies  of some of the  
c o m p o u n d s  of th i s  series. 

The 3-aeetoxy-1,  3, 5(10), 9 ( l l ) - e s t r a t e t r aen-17-one  (I) 1 
dissolved in anhydrous  e thy l  ether ,  was  t r e a t ed  for 30 illin 
a t  0~ wi th  ni t r ic  acid (d = 1.52); a f te r  wash ing  the  
organic layer  w i th  aqueous  sod ium b ica rbona te  solut ion 
and usual work-up, 11 B-nitro-l, 3, 5(10)-estratriene-3, 9c~- 
diol-17-one 3-acetate~.(II; mp 235-240~ laid + 36~ 
2ma x 268, 273 nm; e = 800, 700) was obtained. Its struc- 
ture follows from elemental analysis, (addition of 1 mole- 
cule of HNO z to the starting compound), the IR-spectrum 
(3740 cm -~, hydroxy group: 1760 cm -r, 3-acetate: 

t e m p e r a t u r e  gave 11B-nitro-i ,  3, 5(10), 8(9)-es t ra te t raen-  
3-o1-17-one ace ta te  3 ( I I I ;  m p  190-193~ Zmax 271 n m ;  
e = 12,900); i ts  I R - s p e c t r u m  (no h y d ro x y l  bands  and  a 
b a n d  a t  1550 cm -z due  to  a ni t ro  group in a sa tu ra t ed  
posit ion) and  N M R - s p e c t r u m  (Chart  1) d e m o n s t r a t e  t h a t  
e l imina t ion  of the  h y d r o x y  group in t roduces  a double  
bond  be tween  carbon  a toms  8 and  9. 

This easy dehyd ra t i on  po in t s  to an c~-axial configura-  
t ion  of the  9 -hydroxy  group ( t rans-diaxial  e l iminat ion  
wi th  t he  axial  8 B-hydrogen) 4. 

Alkaline hydro lys i s  of I I  gave the  cor responding  
3 -hydroxy  der iva t ive  IV  (mp 225-228~ "~'raax 279, 285 
rim; e = 1940, 1700) whereas  N a B H  4 reduc t ion  furnished 
the  3,17B-clio1 der iva t ive  V 5, which  by  ace ty la t ion  wi th  
acetic  anhydr ide  in pyr id ine  furn ished  the  d iace ta te  VI 
(rap 215-218~ '~'max 268, 275 n m ;  e = 1230, 1060). 

Chart I 

Compound "~ H Multiplicity J (c/s) Assignment 

II 2.82 1 Doublet 6.5 CH-1 otto splitting 
(half of AB) to CH-2 

3.07 1 singlet (overlaps - CH-4 
inner line of B) 

3.13 1 doublet 6.5 CH-2 orto splitting 
(half of AB) to CH-1 

4.77 1 quartet 8 CH-11eq 
(X of ABX) Jneq, l~eq + Jlleq,12ax 

III 3.00 3 ' singlet - - 
3.92 1 quartet 9 CH-11eq 

(X of ABX) Jlleq,12eq + Jlleq,12ax 

1740 cm -i ,  17-ketone:  1550 cm -i ,  n i t ro  group) and the  
N M R - s p e c t r u m  which  suppor t s  the  B-axial pos i t ion of t he  
ni t ro  group a t  C-11 (Chart  1). 

D e h y d r a t i o n  of I I  w i th  acetic  anhydr ide  and  p- 
to luene-sulphonic  acid in acet ic  acid for 3 h a t  room 

Table I 

R p 

Compound R R' 

II CHACO O 
IV H O 
V H c~H, BOH 
VI CH3CO 0r BOCOCH3 
Vll CHz(CH2)4CO O 

v i i i  ] -(cH2)2co o 
iX C1CH~CH 2 O 

XI CH 3 O 
XIl CH 3 ~C=CH, BOH 
XIII CH~ 0oH, BOCOCHa 
XIV CH a ~H, BOCO(CH.o)2-C] 

W i t h  the  same reac t ion  descr ibed above, s t a r t ing  f rom 
the  cor responding  1, 3, 5 (10), 9 ( 1 t ) - e s t r a t e t r aenes  e, t he  fol- 
lowing 9 ~-hydroxy-  11 B-nitro der iva t ives  were p repa red ;  
11 B-nitro-i ,  3, 5(lO)-estratriene-3, 9 ~-diol-17-one 3-hex- 
anoa te  (vii; mp 151-153~ ~max 268, 275.5 n m ;  e =  870, 
750; [~]D + 26~ l i B - n i t r o - i ,  3, 5(10)-estratr iene-3,9~- 
diol-17-one 3-cyc lopenty lpropiona te  (viii;  mp 193 to  
195~ ~m= 267, 275.5 n m ;  e = 910, 750; E~]D + 25~ 
3- (2'- chloroethoxy)  - 11 / / -n i t ro -  1, 3, 5(10) - e s t r a t r i en -  9~-  
ol-17-one ( IX;  m p  199-200 ~ ~max 277, 285 n m ;  e = 1600, 

1 K. TSUDA, E. OHKI and S. NozoE, J. org. Chem. 28, 786 (1963). 
2 Satisfactory analytical values have been obtained for all the 

compounds described; melting points were taken on a Fisher- 
Johns block and are uncorrected; rotations were determined at 
20-22 ~ in CHCI~ at the sodium D-line; UV-speetra were run in 
95% ethanol. 

8 For 3-methoxy-l,3,5(10), 8-estratetraenes, "~max of 273-275 nm 
with e = 15,900-18,500 are reported by L. DORFMA~, Chem. Rev. 
53, 47 (1953). 

4 K. Ts~zn& S. NozoE and Y. OKADA, Chem. pharm. Bull, Tokyo 17, 
1022 (1963), reported that addition of HBrO to 3-acetoxy-l,3,5 
(10),9(11)-estratetraene gives the 9cc-hydroxy-11B-bromo deri- 
vative. 

5 Compound V did not crystallize but gave a single spot in thin- 
layer chromatography; it was directly converted to VI. 

6 All the starting compounds were prepared from 3-hydroxy-l,3, 
5(10),9(11)-estratetraen-17-one by employing the usual reactions; 
the intermediates were checked by UV- and IR-spectra and by 

. thin-layer chromatography and used without further purification 
for the nitration reaction. 
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1340; [a~D + 28~ 3 - c y c l o p e n t o x y - l l f l - n i t r o - l , 3 ,  5(10)- 
e s t r a t r i en -9a -o l -17 -one  (X;  m p  218-223~ Z~a, 277 r im; 
e = 1540; [ t i p  + 27~ 3 - m e t h o x y - l l f i - n i t r o - 1 ,  3, 5(10)- 
e s t r a t r i en -9a -o l -17-one  ( X I ;  m p  218-221~ 2m~, 277.5, 
285 n m ;  e =  1860, 1640; [aID + 32~ 3 - m e t h o x y - 1 7 e -  
e thynyl-11/3-ni t ro-1,  3, 5(10)-es t ra t r iene-9e ,  17/3-diol ( X I I ;  
a m o r p h o u s ;  "~max 277.5, 285 n m ;  e = 2480, 2200; [C~]D 

TabIe If. Estrogenic activity of 9a-OH, ll/~-NO2-steroids 

Compound Minimal effective dose (/z g) 

s.c. OS or/s.c. 

Estrone 3 100 33 
Estradiol 0.3 30 100 
Ethinylestradiol 0.3 3 10 
II 3 3 1 
IV 3 1 0.3 
V 30 30 1 
VII 3 3 1 
VIII 3 3 I 
IX 3 3 1 
X 1 1 1 
XI 3 3 1 
XII 1 1 1 
XIII 3 1 0.3 
XIV 3 3 1 

The  c o m p o u n d s  l i s ted  in Tab le  I were assayed  for 
es t rogenic  a c t i v i t y  in  c a s t r a t e d  female  r a t s  e i the r  b y  s.c. 
or b y  orM route .  The  es t rogenic  effect  was  d e t e r m i n e d  b y  
t h e  modi f i ca t ions  of t h e  vag ina l  cy to logy  chang ing  f rom 
t h e  d ies t rous  p a t t e r n  (nega t ive  smear)  to  t he  p roes t rus -  
es t rus  t y p e  (posi t ive  smear) .  The  m i n i m u m  effect ive  dose 
(MED) was cons idered  as t h e  one p r o d u c i n g  a pos i t ive  
smea r  in  1 ou t  of 3 r a t s  or in  2 ou t  of 5. 

As s h o w n  in Tab le  II ,  all  t h e  c o m p o u n d s  of t h e  series 
d i sp lay  a h i g h  es t rogenic  a c t i v i t y  a n d  show M E D  of t h e  
same order  b y  s.c. and  b y  oral  rou te  (os) (rat io os/s.c. ~ 1). 
The  reference  c o m p o u n d s  are, ins tead ,  m u c h  less ac t ive  
b y  oral  t h a n  b y  s.c. admin is t ra •  t h u s  g iv ing  h ighe r  
os/s.c, ra t ios .  

I n  conclusion,  t he  9~-OH,  11~-NO2-steroids  are  p o t e n t  
es t rogenic  agen t s  b y  oral  route ,  desp i te  t he  f ac t  t h a t  t h e y  
do n o t  possess t h e  1 7 a - e t h y n y l  g roup  w h i c h  is genera l ly  
i n t r o d u c e d  in to  a s te ro ida l  molecule  in  o rder  to  ach ieve  
ora l  ac t iv i ty .  

The  absence  of t h e  17 ~-alkyl  g roup  seems to be  in te res t -  
ing in v iew of a poss ible  cl inical  app l ica t ion ,  since 17 e- 
a lky l  s teroids  are  genera l ly  cons idered  to  i m p a i r  t he  l iver  
func t ion .  

Riassunto. Pe r  az ione  del l ' ac ido n i t r ico  su 1,3,5(10),  
9 ( i l ) - e s t r a t e t r a e n i  sono s ta f f  o t t e n u t i  9~- idross i - l l /3 -  
n i t r o - l , 3 , 5 (10 ) - e s t r a t r i en i ,  i qua l i  h a n n o  m o s t r a t o  u n a  
i n t e r e s san t e  a t t i v i t k  e s t rogens  s i s  pe r  v ia  orale  che pe r  v ia  
s o t t o c u t a n e a .  

--83 ~ ; 3 - m e t h o x y - l l / 3 - n i t r o - i ,  3, 5 (10)-es t ra t r iene-9a ,  17 
f l -dio117-acetate  ( X I I I ;  m p  180-182 ~ ~max 277, 284 n m ;  
e = 2 0 3 0 ,  1770; [C~]D--49~ 3 - m e t h o x y - l l f i - n i t r o - l , 3 ,  
5 (10)-es t ra t r iene-  9 c~, 17 fi-diol 17 -cyc lopen ty lp rop iona t e  
( X I V ;  m p  145-146~ "~max 277.5, 285 n m ;  e = 1650, 1470; 
[ ~ ] D  - 2 8 0 )  �9 
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Anaesthetic Properties of Some Esters of 2-Piperidylcarbinols 

A n a e s t h e t i c  a c t i v i t y  was u n e x p e c t e d l y  found  a m o n g  
some d i p h e n y l a c e t y l  es ters  of 2 -p iper idy lca rb ino ls  syn-  
t h e t i z e d  for  p h a r m a c o l o g i c a l  sc reen ing :  s u b s e q u e n t  
work  on  these  new a n d  r e l a t ed  c o m p o u n d s ,  r epo r t ed  in 
t he  T a b l e  shed  some l igh t  on  t he  s t r u c t u r e - a c t i v i t y  rela-  
t i onsh ip  a n d  t h e  conclus ions  are b r ie f ly  r epo r t ed  here.  

Chemistry. The  a m i n o  alcohols  e m p l o y e d  in t he  syn-  
thes i s  of t he  c o m p o u n d s  r epo r t ed  in t h e  T a b l e  were 
o b t a i n e d  acco rd ing  to  one of t he  fol lowing p rocedures :  
(a) C o n d e n s a t i o n  b e t w e e n  p y r i d i n e  a n d  a c e t o n O ,  cyclo- 
p e n t a n o n e  2 or c y c l o h e x a n o n e  2 in t h e  p resence  of Mg/ 
HgC12 a f fo rded  t h e  2 -pyr idy lca rb ino l s  wh ich  were r educed  
(P tO 2 in E t O H )  to  give t h e  co r r e spond ing  2-piper idyl -  
carbinols .  E q u i m o l a r  a m o u n t s  of a 2 -p ipe r idy lca rb ino l  
a n d  a n  a l d e h y d e  (mos t ly  fo rma ldehyde )  were h y d r o -  
g e n a t e d  a t  30 a t m  in  E t O H  w i t h  Pd /C  c a t a l y s t  to  yie ld  
t he  N-a lky l -2 -p ipe r idy lca rb ino I s  used in  t h e  p r e p a r a t i o n  
of c o m p o u n d s  1 ,4- -11 .  (b) T he  m e t h y l  es ter  of D or  Z 
1 -methy lp ipeco l i c  acid3, cis or trans 1 ,6-d imethy l -  
p ipecol ic  acid 4 or  1 -me thy lp ro l ine  ~ was  a d d e d  to  a large  
excess of a n  e the rea l  so lu t ion  of CH3MgBr.  I n  these  condi-  
t ions ,  i nve r s ion  a t  C 2 was m i n i m i z e d  a n d  in t h i s  w a y  t he  
aminoa lcoho l s  e m p l o y e d  for  t he  p r e p a r a t i o n  of c o m p o u n d s  
2, 3, 14, 15, 16 were  o b t a i n e d .  (c) 1 -methy l -2 -p ipe r idy l -  
ca rb ino l  6 a n d  l ~ - d i m e t h y l p i p e r i d y l c a r b i n o U  ( u n k n o w n  
isomer)  used in t h e  syn thes i s  of c o m p o u n d s  13 a n d  12, 
were p r e p a r e d  accord ing  to  t h e  l i t e ra tu re .  

The aminoa lcoho l s  were esterified in pyridine with t h e  
a p p r o p r i a t e  acyl  ch lor ide  to  give t he  es ters  r epor ted ,  
w i t h  t h e  e x c e p t i o n  of c o m p o u n d  7 w h i c h  was o b t a i n e d  
b y  r e d u c t i o n  of t he  n i t r o b e n z o y l  es ter  a n d  c o m p o u n d  9 
which  was o b t a i n e d  b y  br ie f  hydro lys i s  of t he  d ipheny l -  
eh lo roace ty l  es ter  as r epo r t ed  b y  KIN~ and  HOLMXS s. 

Pharmacology. Loca l  a n a e s t h e t i c  ac t iv i t i e s  of t he  
c o m p o u n d s  r epo r t ed  in the  Tab le  h a v e  been  e v a l u a t e d  
acco rd ing  to  t h e  CHANCE-LoBsTEIN9 t e s t  (corneal  
anaes thes ia ) .  E a c h  s u b s t a n c e  was  t e s t e d  a t  v a r y i n g  
c o n c e n t r a t i o n s  b y  t he  a d m i n i s t r a t i o n  of 0.1 ml  of a 
0 .85% sal ine so lu t ion  u n d e r  t he  eyel ids  of guinea-pigs .  
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