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ABSTRACT 

Fourteen esters (formate, acetate,  proptonate, butyrate,  hexanoate, 
hep t anoa t e ,  and benzoate)  loca ted  a t  C-11 o£ l ~ - h y d r o x y e s t r o n e  and 
11~-hydroxyes t r ad io l -17~  were syn thes i zed  and eva lua ted  f o r  u t e r o t r o p l o  
and gonadotro~in  r e l e a s e  i n h i b i t i o n  in r a t s ,  as  wel l  as t h e i r  a b i l i t y  
to  d i s p l a c e  (~H) e s t r a d l o l - 1 7 ~  from the r a t  u t e r i n e  o y t o s o l l o  e s t rogen  
receptor .  

The most potent u te ro t rop lc  agent was l~(3-formoxyestrone which 
was 1,625 or 2,500 times as ac t i ve  as l~ -hyd roxyes t rone  in the u te ro-  
t rop i c  or gonadotropin release i n h i b i t i o n  assay, respec t i ve ly .  11~- 
Formoxyestrone was 7.5 t imes  as u t e r o t r o p i c  as e s t r a d i o l - l ~  and 
equal  to  e s t r a d i o l - 1 7 ~  in i n h i b i t l n E  gonadot ropin  r e l e a s e .  However, 
the most po ten t  i n h i b i t o r  o f  gonadot ropin  r e l e a s e  was 1 ~ - a o e t o x y -  
e s t r a d i o l - 1 7 ~ d l l o h  had 133~ o f  the  a c t i v i t y  o f  e s t r a d i o l - 1 7 ~ ,  a l though 
i t  had only  38~ o f  the  a c t i v i t y  o f  e s t r a d i o l - 1 7 ~ i n  the u t e r o t r o p i o  
a s say .  E s t e r s  l a r g e r  than the  ace toxy  group showed sha rp ly  decreased 
a c t i v i t i e s  in e i t h e r  a s s a y .  Despi te  the high e s t r o g e n i c  potency 
o f  the  1 1 - f o m a t e s  or  1 1 - a c e t a t e s ,  they wer~ r a t h e r  weak (6~ to  35~ 
as  a c t i v e  as e s t r ad~o l -17~)  in d i s p l a c i n g  ( B )  e s t r a d i o l - 1 7 ~  from 
the r a t  u t e r l n e  o y t o s o l i c  e s t rogen  r e c e p t o r .  

INTRODUCTION 

Reports on the use of  e s t e r i f i o a t i o n  to increase homonal a c t i v i -  

t i e s  are leg ion.  Among the examples are the conversion o£ the progesta- 

t l o n a l l y  i nac t i ve  17-hydroxyprogesterone to the h igh ly  ac t ive  17-acetoxy- 

progesterone (1) ,  and the use o f  androgenic es ters ,  such as testosterone 

~ -cyc lopen ty lp rop iona te  (2) ,  in  c l i n i c a l  p rac t i ce .  The c lass ic  studies 

o f  Miesoher, Soholz, and Tsehopp b6 years ago on the esters  o f  estrone 

and e s t r a d t o l - l ~  led to i n t e res t i ng  d iscover ies .  They found that estrone 

acetate or  propionate approximated estrone in t h e i r  threshold doses fo r  

both the product ion o f  vaEinal oo rn l r l oa t i on  ( "es t rus " )  and increase o£ 

u te r ine  weight in  mice. However, the ca lcu la t ion  o f  absolute potencies 

was complicated by an increase in the durat ion o f  estrus by esters of 
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e s t r o n e  or  e s t r a d t o l - 1 7 ~ w h e n  the l eng th  o f  the  carbon cha in  Of the 

esters was increased. Thus, from the point o f  view of total estrogenic 

activity, they concluded that esterification represented true "ac~v;z- 

tion" of estrogenic compounds (5). Using water-glycerol as the 

vehicle, Emmens found that the 3-esters of estrone and estradio[- 

17~were ~ore potent than their parent compounds in producing estrus 

in rats when administered Intravaginally ("topical application") 

than when injected subcutaneously. By his definition, the esters 

were thus "true estrogens," although he thought (but did not prove) 

that the eaters were converted to their parent compounds by the vaginal 

tissues through "local hydrolysis" (~). Segaloff and Nelson (~) 

and Segaloff (6) showed unequivocally that estrogenic esters are 

absorbed as such from oily vehicles after subcutaneous or intrasplenic 

injections in rats, and speculated that the prolonged action ofa~ 

ester was the result of slow adsorption and protection from metabolism 

by liver or spleen. The possibility of hydrolysis of an ester at 

target sites, however, could not be discounted. After nearly ~)~ 

years of research on esters of steroid hormones, the question of 

whether an ester is active per s~e or must be hydrolyzed to its parent 

compound before it can become biologically active has not been answered 

To regard esters as "pro-drugs" can be a dangerous assumption tc 

make, s i n c e  the  h y d r o l y s i s  o f  1 7 - a e e t o x y p r o g e s t e r o n e  would r e s u l t  

in  an i n a c t i v e  compound[ 

We have r e p o r t e d  t h a t  hydroxyl  g roups  a t  C-11 do not  f avor  e s t r o -  

g e n i c  a c t i v i t y  ( 7 ) .  Yet,  the  118 position has been e s t a b l i ~ e d  a s  

one o f  the  most f a v o r a b l e  p l a c e s  ( t h e  o t h e r  be ing  the 7a p o s i t i o n )  

on the steroid structure for modifications (8). Therefore, we investl- 
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gated the effect of esterifylng 11~-hydroxyl groups on estrogenic 

activity as measured by the uterotropic or gonadotropin release inhibi- 

tion assay in rats, as well as the ability of the 11~-esters to dis- 

place (3H) estradiol-17~ from the rat uterine cytosolic estrogen 

receptor. 

EXPERIMENTAL 

Infrared spectra were from KBr pellets and obtained from a Perkin 
Elmer infrared spectrophotometer model 710B. Melting points were 
determined on a Kofler micro-hotstage, and are uncorrected. 

The acyl anhydrides used in the work--acetic, propionic, butyric, 
hexanoic, and heptanoic--were from Aldrich Chemicals, Milwaukee, 
Wl. 

General method of preparation of 11-acyloxyestrogens by acyl 
anhydride-pyridlne: 

11~-Hydroxyestrone (9)(500 mg) was dissolved in 5 mL pyridlne, 
5 mL acyl anhydride added, heated on the steam bath for 15 mln, and 
then allowed to stand at room temperature for ; h. The mixture was 
diluted with water to precipitate the 3,11-diester which was collected 
by filtration and recrystallized from methanol. The yields were 
usually quantitative. 

The diester was selectively hydrolyzed by 5 mL saturated solution 
of KOH in 50 mL ethanol containing 25~ water v/v for 15 min at room 
temperature. The mixture was diluted with an equal volume of water 
and then treated with conc HC1 to precipitate the 11-ester. The 
precipitate was collected by filtration and recrystallized from methanol 
or aqueous methanol. The yields of the 11-esters were approximately 
40~. 

The 11~-hydroxyestrone 11-esters were reduced by sodium borohydride 
to the respective 11~-hydroxyestradiol-17~ 11-esters by the following 
method which took into account the difficulty of dissolving 11-esters 
in ethanol: the 11~-hydroxyestrone 11-ester (100 mE) was dissolved 
in 5 mL tetrahydrofuran (freshly redlstilled over KOH), 5 mL ethanol 
and 50 mg sodium borohydr ide  added,  and a l lowed to s tand  a t  room 
tempera tu re  fo r  30 min. During the r e a c t i o n ,  whenever t u r b i d i t y  
occur red ,  water  was added u n t i l  the s o l u t i o n  became c l e a r .  A f t e r  
a c i d i f i c a t i o n  with aqueous 10~ HC1, e x t r a c t i o n  with d ich lo romethane ,  
e v a p o r a t i o n  o f  the  e x t r a c t ,  and r e c r y s t a l l i z a t i o n  o f  the r e s i d u e  
from aqueous methanol (or  pe t ro leum e t h e r ,  bp 60-110 ° ,  with some 
d i ch lo rome thane ) ,  the  1 1 - e s t e r s  of  11~ -hyd r oxye s t r a d i o l - 17~  were 
o b t a i n e d  in  y i e l d s  o f  65~ to 85~. 

1 1 ~ - F o r m o x y e s t r o n e . - - l ~ - H y d r o x y e s t r o n e  (143 mg) was mixed with 
3 mL 88~ formic ac id  and hea ted  on the steam bath  f o r  30 min. A f t e r  
c o o l i n g ,  smel l  c o l o r l e s s  pr isms of  l ~ - f o r m o x y e s t r o n e  c r y s t a l l i z e d  
ou t ,  which were c o l l e c t e d  by f i l t r a t i o n  and r e c r y s t a l l i z e d  from methanol 
to  a f f o r d  119 mg (84~ y i e l d )  of  the p roduc t .  

l ~ - F o r m o x ~ e s t r a d i o l - l ~ . - - 1 1 ~ - F o r ~ o x y e s t r o n e  was reduced by 
sodium borohydr ide  by the  above-mentioned p rocedure ,  except  t ha t  
the  t empera tu re  was main ta ined  a t  4 ° to  avo id  the  p o s s i b i l i t y  o f  
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hydrolyzlng the formate. 111~-Formoxyestradiol-171~ was obtained :~ 
655 yield after recrystallization from aqueous ~ethanol. 

1 1 ~ - B e n z o ~ l o x ~ e s t r o n e . - - 1 1 ~ - H y d r o x y e s t r o n e  ~ - a c e t a t e  (mp 185- ~8"~ 
p repared  by p y r t d i n e - a o e t i e  a n h y d r i d e  a o ~ t y l a t i ~ . n  ,~f 11~-hydroxyes"  cone 
a t  room t e m p e r a t u r e  f o r  30 :oin~ "3,.30 mR) ~as ~ txed  w i t h  1.¢ mL t~;.~-,x-v" 
c h l o r i d e ,  5 mL p y r i d i n e ,  and P~ ml d lch l :~ romethane.  (NOTR: ~ i c h i : ~ -  
methane i s  a b s o l u t e l y  neces.sary "?.~, ~he ~qzqy!:t.'.~.>:" ~c. o,~¢u~. 
a p p a r e n t l y  d i s s o c i a t e s  ( s o l , J ~ t l i z e s ~  tb~ ~.vPidi~e-henzo~t~ ~.1;] )~-, i , .  
complex Which is .~therwise ..... ~ ~:: ~Lvr~ ~,ir:,~. ' Th~ 'nixt-:r~. : . . , L 9  j ~  ~ . . ~ "  

Pefluxe(! on "he ~t:eam b~tb " ": mi':, :,qd ~h~: :;'"wed t: :.-.P~:, 
a t  room t e m p e r a t u r e  [ 'or ~ ~ D ~ l ~ i o r ,  w~t~ wa*.,~:-. ~ave a soi~ .~. ~ . .  
was ~ollected by .rtltrat t~r. :,r,~ -,.,eryst.~'.. [~,z,~d ;',',:m methano~ ." ,- ", 

225 mR 1~-benzoylox~,estro::.~ :-a':,~t:lte. Vh::: -,:d.; ~,~bjeete.J t ~ "-~. ::..~y- 
sis by KOH-aqueous ethan¢l ~=~ ~-'..~:~r~bed ~.b~.-~. ~r~e the usual ",,.,,up 

, ~" . . . .  :. " r -  and recrystallization From .netha~cl ~.:". m~ (:~ -~ " ' : e r a l t  . ,~=' ]~ 
less orisms ,.'.~" ~ 11~-benz,)yle~ ~¢,~- ~,:~s >t :c~:'v~d. 

i l~-Benzoyloxyestradiol-:TJ~.---Ig~-~e:~z~v!,.,xys~:rone ,.6~. ~'.. 
was reduced by soditlm horoh:'~,-~ .-' ,-, ,u. ~..:':e-mP"~ic, ned .9ro~ed.~- .. .,. . ~ . 

A f t e r  the us.;., i  workup ~r~ ~ . . . . .  .I ' '~.~ .,+'.c ~','.-,~ ~,~:e,),i. ~. me~h.~. . 
53 mg (365 'lie~..d~ e.f" 11~-.~:,'; .'. • .vestr.~di.:i-~': '.t~ was o b t a i n e d ,  

Physical characterist :"_L.._.. : )~  .c'~m~ ounds---':'~:'~ mp ,,f the ",:,.:-. 
pounds a re  ~ i ven  ~.n T~bl.~+ + ,~,~ ~ e t -  :~n!r~.~.~c ~ l r  ha~.~.~ ar~ =:v=~, 
in Tabl, ~. ?. 

Refe rence  comp0unds ,~ -F"  : -= : : . -d- !? i "  "~r:::: e:+; .'.:t~e ~er'e ~', ' , rc~a~.. , : . !  
from Searle Chemicals, T~.:.. "~'t ::-~gc, "-'.. : ~/~-qvdroxyestrone ~,?, :: I H -  
dlhydroxy-'. ,.+,., ~ ~ ~ s.O~-es, ra ~ ,.:: ~:~-+"-one ~ "~'. "!l~-hvdroxyest r a d ~ .  o] - I";'/~ 
(1 ~ ; ,.~,5,10)-estrc~tr~ene-~, " ;" ."  .... ' - i ~ I "  :;,- ,~.."~, :):-ep~.re,l ! ~. t h i n  ! a t . . . ~ , -  
t o r y  ( q ) .  

B ioassa~s . - -Tbe  m~thu+i~:k.~i,:~ z+C ,+t er.~rro~.'~, inh~bi ti.>', ". f" 
gonadotropin release, .~nd ~st,-.,~.e~.. .. ~.. receptor -assays P~3ve hee~ pr©-.,':ously 
published ~ Btoassav dat~, ~-.~ ~lvet~ i", Taht,, " 

r!..'.~l!:,!'+ ~N n. :)[~CU~.g~C,~J 
Chemist r y  

"-, 1 1 - D i e s t e r s  o f  111~-,~yd.-oxyestrof~ were e a s i l y  p repared  b~; 

the use of aey! anhydrides £n pv-idlne at steam bath temperature, 

As e x p e c t e d ,  the  ~ - e s t e r s  we,e ~ore e a s i l y  h y d r o l y z e d  by KOH tha,~ 

the 11-esters which are 1,3-dl~xial to the sterlcally hinderinR ~J~- 

methyl group, thus affording the 11-esters in falr y i e l d s .  Because 

v a l e r t c  a n h y d r i d e  was no t  c o m m e r c i a l l y  a v a i l a b l e  when ou r  work was 

u n d e r t a k e n ,  t he  p r e p a r a t i o n s  o f  1 1 ~ - v a l e P o x y e s t r o n e  and l ~ - v a l e r o x y -  

e s t r a d i o l - 1 7 ~ w e r e  no t  a t t e m p t e d .  

Acy l  h a l l d e s ,  s u c h  a s  b e n z o y l  c h l o r i d e ,  c a n  b e  u s e d  t o  e s t e r i f y  

t h e  1 1 ~ - h y d r o x y l  g r o u p ,  b u t  i t  r e q u i r e d  t h e  u s e  o f  d i o h l o r o m e t h a n e  
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to dissolve the benzoyl ohloride-pyridine oc~0plex in order for the 

reaction to succeed. 

Table 1. Names of the compounds and their mp 

Name o£ Compound 

1. 114~-Pormoxyeetrone (11~-formoxy-3-hydroxyl-l,3,5(10)- 
estratrlen-17-one) 

2. 11~-Pormoxyestradiol-17~ (11~-formoxy-l,3,5(lO)- 
eStratrlene-3,17~-dio1) 

3. 11~-Hydroxyestrone 3,11-diaoetate (3,11~-diacetoxy- 
1,3,5(10)-estratrlen-17-one) 

~. 11j~.Aoetoxyestrone (11~-aoetoxy-3-hydroxyZ-1,3,P(10)- 
estratrten-17-one) 

5. 11~-Aoetoxyestradiol-17~ (11~-aeetoxy-1,3,5(10)- 
estratrlene-3,17~-dto1) 

6. 11~-Hydroxyestrone 3,11-dlpr0pionate (3,11~-dlproplonoxy- 
1,3,5(10)-estratrien-17-one) 

7. 11~-Proplonoxyestrone (3-hydroxy-11~-proplonoxy- 
1,3,5(lO)-estratrlen-l?-one) 

8. 11~-Proplonoxyestradlo1-17~ (11~-proptonoxy-l,3,5(lO)- 
estratriene-3,17~-dio1) 

9. 11~-Hydroxyestrone 3,11-dtbutyrate (3,11~-dlbutyroxy- 
1,3,5(lO)-estratrien-17-one) 

10. 11~-Butyroxyestrone (1~(3-butyroxy-3-hydroxy-l,3,5(10)- 
estratrten-17-one) 

11. 11~-Butyroxyestrad2ol-17~ (11~-butyroxy-l,3,5(10)- 
estratrlene-3,17~-dio1) 

12. 11j~-Hydroxyestrone 3,11-dthexanoate (3,11~-dihexanoyl- 
oxy-l,3,5(lO)-estratrien-17-one) 

13. 11~-Hexanoyloxyestrone (11fl-hexanoyloxy-3-hydroxy- 
1,3,5(lO)-estratrien-17-one) 

lb. 11~-Hexanoyloxyestradio1-17~ (11~-hexanoyloxy- 
1,3,5(lO)-estratrlene-3,17~-dio1) 

15. 118-Hydroxyestrone 3,11-dtheptanoate (3,11~-diheptanoyloxy- 
1,3,5(10)-estratrien-17-one) 

16. 11~-Heptanoyloxyestrone (11~-heptanoyloxy-3-hydroxy- 
1,3,5(lO)-estratrien-17-one) 

17. 11~-Heptanoyloxyestradlol-17~ (11~-heptanoyloxy- 
1,~,5(10)-estratriene-3,17~-dioZ) 

18. 11~-Hydroxyestrone J-acetate 11-benzoate (3-acetoxy- 
11~-benzoyloxy-l,3,5(10)-estratrien-17-one) 

19. 11~-BenzoyZoxyestrone (11~-benzoyloxy-3-hydroxy- 
1,3,5(lO)-estratrJ, en-17-one) 

20. 11~-Benzoyloxyestradiol-17~ (11~bengoyloxy-l,3,5(lO)- 
estratrlene-3,17~-dio1) 

Hp (°c) 

260-26~ 

225-231 

185-187 

< 300 

222-226 

1~7-150 

2~7-2~9 

209-211 

112-11b 

196-198 

166-170 

99-100 

163-167 

183 -18b 

79-81 

150-153 

170-173 

25b-257 

269-271 

252-256 
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Table 2. Iv da ta  ( i n  om " I )  f o r  the compounds. The numbers t h a t  
are underlined are the most prominent bands. For explanations of 
symbols, see the footnotes below, 

CPd !70H ~OH 3K 17K 

1 . . . . .  3360 . . . .  1725 
2. 3550 3350 . . . . . . . .  
3 . . . . . . . . .  1768 17~8 

. . . . .  ~.~o . . . .  !Z~o 
5. ~alO 3300 . . . . . . . .  
6 ......... 1752 1738 
7 . . . . .  3380 . . . .  1721 
8. 3u5o ~ 5 o  ........ 

9 . . . . . . . . . .  176o 17~o 
10 . . . . .  ~ 5 0  . . . .  17~8 
11. ~ 5 o  7~5o ........ 
12 . . . . . . . . .  1750 17~0 
13 ..... ]~75 .... 1720(a) 
lu .  3550 3375 ........ 
15 ......... 1760 17~0 
16. ~ 7 5  1722(a) 
17. 3550 3375 ........ 
18 . . . . . . . . .  1750 17~0 
19 ..... 3375 .... 17~0 
20. ~ 7 5  325o . . . . . . . .  

,,!!,~ ~:~ ~:,C c:c coc coc coc 

1678 1605 . . . .  1500 I ~ 0  1195 . . . .  
~ . . . .  t5oo !22o  ~ . . . .  

1722 ~ 1590 1500 12~2 1205 . . . .  
1695 1618 . . . .  1508 1272 1220 . . . .  
17oo T ~  . . . .  15o8 ~ -12~2 . . . . .  
1720 ~ 1585 1500 1205 11~8 . . . .  

1595 ~ 119o . . . . . . .  
17oo i2 o 
i720 i610 1 5 8 5  !U95 i2~0 1 1 8 2  1150 
i695 1609 . . . .  
1700 1620 1588 
1,710 1600 i580 

1608 . . . .  
~9.o ~ . . . .  

1590 

 5oo 12,oo . . . . . . . .  

1500 1290 125e 1200 
1~90 1,,210 1170 11~0 
1500 1215 ! !70 . . . ;  
1505 1290 1265 122~ 
1500 1210 11a~ . . . .  172__~8 

1615 .... ~ !220 ~160 .... 

1688 1608 .... 1500 1270 1220 .... 
1700 1600 1580 !a90 1262 1208(b) .... 
1690 t 6 ~  1580 1500 1272 . . .  
1675 ~ 1580 IU95 1275 ..... ,.. 

Compound numbers oorrespond to those in Table 1. 

170H: O-H stPetehln8 of 17~-hydeoxy1; 3OH: O-H s t re toh lng  of  3 -hydroxy l ;  
3K: C=O s t re toh ln8  o f  3 -es te r ;  17K: C=O s t re toh tng  o f  1 7 - k e t o n e ; : l l K :  
C=O s t r e t e h l r ~  o f  11-ester ;  C=C: C-C s t re toh t r~  o f  r ing  A double bonds; 
COC: C-O-C s t re tch ing  of  es te r .  

a)combined 17-ketone and 11-ester carbonyls present ing a s ing le  band. 

b)Asstsned to the 3-aoeta te .  
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Table  3. In Vi t ro  and In Vlvo Data 

Compounds a uTb(dose) 

Est rone  100 (0.5 ) 
1 1 ~ d r o x y -  7.7 (6.5 ) 

1. 11~-Formoxy- 12500 (0.00") 
~. 11~-Aoetoxy- 625 ( 0 . 0 8 )  
~. l~ -Proptonoxy-  50 (1.0 ) 

1~. l~-Sutyroxy- 1.3 (,o ) ~..~ . 11~-Hexanoyloxy- 0.1 (500 ) 
• l~-Heptanoy loxy-  0.1 (500 ) 

1~. 11fl-Senzoyloxy- 2 (25 ) 

0VJ(dose) 0V/UT d RDA...._ e 

loo  ( , . o )  8 .0  ,6 
o . ,  ( lOOO) 15, o 

lOOO ( o . , )  lOO 15 
67 ( 6 . 0 )  75 6 

5 (80 ) 80 1 . 2  
0.6.(~25 ) 16 0.5 
InaotZ • •  0." 

o.o~ (10000) "2o 0.3 
6 (63 ) 2.5 o 

E s t r a d i o l - l ~  
l~ -Hydroxy -  

~. 11~-romoxy- 
~. 11~-Acetoxy- 
8. 11fl-Propionoxy- 

11. 11~-Butyroxy- 
1--~. 11~-Bexanoyloxy- 
1~. l~-Heptanoy loxy-  
20. 11~-Benzoyloxy- 

loo (o•o3) lOO ( o . , )  13 lOO 
, .3 ( 0 . 7 )  o. ,  ( l o o )  1,3 o 
300 (o.ol)  57 ( o . ? )  7o 35 

38 (0.08) 133 ( 0 . 3 )  3.8 27 
3 (1.0 ) , (9.0 ) 9 17 

o . o 7 ~ , 2  ) o . o ,  ( lOOO) 2 ,  13 
o.oo, (loooo) 20 

0.03 (too) 0.005 (7500) "75 16 
0.06 (51) 0.0, (1000) 20 2 

a) Underlined numbers are compound numbers glven In Table 1. 
b) UT: r e l a t i ve  u terot rop lo  a c t i v i t y ;  the a b i l i t y  of  a compound to 

double the welght of  rat  uterus with the reference compound (whloh 
appears f i r s t  In each of  the two d iv i s ions )  given the value of  100. 
(Total dose ln ju~ enclosed by parentheses.) 

o) Or: r e l a t i ve  gonadotropln release i n h i b i t i o n  a c t i v i t y ;  the a b i l i t y  
of  a compound to  ha lve  the weight of  p a r a b i o t i c  r a t  ovary with the 
r e f e r e n c e  ooupound (whloh appears  f i r s t  in each o f  the two d i v i s i o n s )  
g iven  the va lue  o f  100. (Tota l  dose l n ~  enclosed  by p a r e n t h e s e s . )  

d) 
ov/wr:  the  t o t a l  gonadot ropln  r e l e a s e  i n h i b i t i o n  dose d iv ided  by 
the  t o t a l  u t e r o t r o p l c  dose• 

e) 
RDA: r e ; a t t v e  d l s p l a o l n 8  a c t i v i t y ;  the a b i l i t y  o f  a compound to d i s -  
p l ace  (°B) e s t r a d i o l - 1 7 ~  from r a t  u t e ru s  cy top la smic  e s t rogen  r e c e p -  
t o r  as oumpared to  e s t r a d l o l - 1 7 ~ e h l o h  i s  g iven  the va lue  of  100. 

~) 
t n a o t :  p r a c t i c a l l y  i n a c t i v e ;  does not ha lve  the weight o f  p a r a b l o t t o  
r a t  ovary  a t  a t o t a l  dose o f  l O , O 0 0 j ~ .  

g) NC: not c a l c u l a b l e  by quanta l  Beans, a l b e i t  bein8 d e f i n i t e l y  u t e r o -  
t rop ic ,  a t o ta l  dose of  100 pg Increased the uter ine weight by 83~, 
but th i s  was not f~r ther  increased by a to ta l  dose of  500jug. 
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The remarkable ease and regiospeciflcity of preparing 1~-formoxy- 

estrone by merely mixing 11~-hydroxyestrene with 88% formic acid 

at steam bath temperature deserves further mention. In unpublisheC 

results from this laboratory, we have found that the method will 

also work with 17~-hydroxyl groups: estradlol-17~ can be smoothl~ 

esterified to estradiol-17~ 17-formate by our method. The phenolic 

3 - h y d r o x y l  group i s  not  a t tacked by fo rmic  ac i d .  On the o the r  .~rand, 

formlc-acetic anhydride prepared according to Huffman (10) will ~0rmyl- 

ate both 3- and 17~-hydroxyls of estradlo1-17(~ at room temperature 

when a few drops of pyridine is added as a catalyst. Tserng and 

Klein have formylated bile acids with formic acid-acetlc anhydride- 

perchlorlc acid (11). They stated that it was essential to remove 

all water from the formylation reaction by the use of acetic anhydride- 

perchloric acid if all hydroxyls (3u, 7u, and 12a) of bile acids 

were to be completely formylated. It is quite possible, therefore, 

that the water in 88~ formic acid somehow blocked the formylation 

of phenolic 3,hydroxyls in our experiments, albeit formylation of 

1~-hydroxyls (and 17~-hydroxyls) serendipitously occurred in 8~ 

yields. 

We noted that ir spectra (Table 2) supported the structures 

of our compounds, after comparing our assignments with those made 

by Neudert and Ropke for various steroidal esters ~(12). It lis note- 

worthy, however,  t h a t  1 1 ~ - e s t e r s  e x h i b i t  C=O s t r e t c h i n g  bands  that 

a r e  o f  wave numbers 20 t o  ~1 em "1 lower  than  normal  when the  3 - h y d r o x y l  

group is "free." This indleates that, in the KBr pellets, the carbonyl 

oxygen of an 1~-ester is strongly hydrogen-bonded to the phenol~o 

3-hydroxyl. Also noteworthy 18 the shift of the C-O-C band at ~;9~ cm "I 
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1,or 11~-proptonoxyestrone to  1288 on "1 for  11~-proptonoxyestradlo1-17~. 

We have no explanation 1,or the s ingular  anomaly that i s  apparently 

due to  the  p resence  o f  a 17~-hydroxyl group.  

Bioassa},s.-- 

11~-Formoxyestrone Is 125 times as uterot ropto as estrone and 

s u r p a s s e s  e s t r a d i o l - 1 7 ~  In  the  same b loas say  by a f a c t o r  o f  7 .5 .  

I t  i s ,  t o  the bes t  o f  our knowledge, the  most po ten t  u t e r o t r o p i e  

agent  f o r  r a t s .  What i s  even mere remarkable  i s  t h a t  I t s  r a t h e r  

poor RDA o f  15 would never  have p r e d i c t e d  i t s  hlgh u t e r o t r o p l e  potenoy.  

The compound i s  a l s o  a good i n h i b i t o r  o f  gonadot ropin  r e l e a s e ,  be ing  

10 t imes  as a c t i v e  as e s t r o n e  or equal  to  e s t r a d i o l - 1 7 ~  in  t h i s  r ega rd .  

1 ~ - F o r m o x y e s t r a d i o l - 1 7 ~  i s  a l s o  a po ten t  e s t r o g e n ,  being 3 

t imes  as  u t e r o t r o p l o  as e s t r a d i o l - 1 7 ~  but having on ly  57~ o1, the  

a b i l i t y  o1" e s t r a d i o l - 1 7 ~  to  i n h i b i t  gonadot rop tn  r e l e a s e .  Pa radox i -  

o a l l y ,  the  17~-hydroxys te ro id  was l e s s  a c t i v e  than i t s  1 7 - k e t o s t e r o i d  

o o u n t e r p a r t  in  e i t h e r  the  u t e r o t r o p t o  or  gonadot ropln  r e l e a s e  I n h i b i -  

t i o n  a s say ,  a l though  i t s  RDA was twtoe t ha t  o1, i t s  1 7 - k e t o s t e r o l d  

c o u n t e r p a r t .  Examination o1, the  da ta  In  Table  3 r e v e a l s  the  I n t e r e s -  

t i n g  laok  o1, di1,1,erenoe between the  u t e r o t r o p t e  po t enc i e s  o1, a 17-ke to -  

s t e r o i d  and i t s  l ~ - h y d r o x y s t e r o t d  c o u n t e r p a r t  when they a r e  l ~ - e s t e r s  

( excep t ing  the 1,ornate, hexanoate ,  and h e p t a n o a t e ) .  

The r e s u l t s  (Table  3 ) o1, t h e  l ~ - e s t e r s  o1, e s t r o g e n s  o l e a r l y  

show the 1 , u t i l i t y  o1, any a t t empt  to  q u a n t i t a t i v e l y  o o r r e l a t e  RDA 

with  b i o l o g i o a l  a c t i v i t y .  The 11~-es t e r s  do not enhanoe the  b inding  

o1, an e s t r o g e n t o  s t r u c t u r e  to  the  p u t a t i v e  " e s t r o g e n  r e o e p t o r "  ol" 

the  r a t  u t e r i n e  o y t o e o l .  ThereFore ,  t h e r e  e x i s t s  the  p o s s i b i l i t y  
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t h a t  the  u t e r i n e  oy t o s o l  e s t r o g e n  r e c e p t o r  has no th ing  to  do q u a n ~ i t a -  

t i v e l y  with the e l l o i t a t i o n  of  e s t r o g e n i c  a c t i v i t y .  

We demonst ra ted  t h a t  e s t e r i f i c a t i o n  of  the  11~-hydroxyl group 

can convert a very weak estrogen to a very potent one. 11~-Formoxy: 

estrone is 1,625 or 2,500 times as potent as 1~-hydroxyestrone b~; 

the uterotropic or gonadotropin release inhibition assay, respectively. 

This i3 reminiscent of the conversion of the progestationally inactive 

1?-hydroxyprogesterone to the highly active 1?-aeetoxyprogesterone. 

Apparently, estrogenic activity Is not favored when there is a proton 

donor or nucleophilic group, such as an hydroxy group, at C-11. 

The conversion of a proton donor or nucleophilc t~) a proton accep~or 

(such as the oxygen atoms of an ester) or eleotrophile (such as ~be 

carbonyl carbon of an ester) results in a marked enhancement of es£ro- 

Eenlc activity. 

In sharp contrast to the results obtained with esters at C-3 

or C-17 (3), the data in Table 3 show that uterotrople potency de0Pea@#s 

as the size of an 11~-ester group increases. In the estrone series, 

an 11@-ester is, on the average, 21 times as potent as the next higher 

homoloE as one goes from formate to hexanoate. 11~-Formoxyestrone 

is 125,000 times as uterotropie as 11~-hexanoyloxyestrone. In the 

estradiol-17~ series, there are also similar decreases in uterotropic 

potencies as one goes f~om formate to buty~ate. However, in the 

case of 1~-hexanoyloxyestradlol-1~, Its uterotroplc potency could 

not be calculated by quantal means because the uterine weight did 

not double at the dose of 500~E after reachlnE a plateau of 183~ 

of the control uterine welght at the dose of 100 ~g. On the other 

hand, the next higher homolog, 1~8-heptanoyloxyestradlol-17~, doutled 



a ~  5,  .m , m o  x ~ an 121 

the c o n t r o l  u t e r i n e  weight a t  the dose o f  100 ~gt  g iv ing  the oospound 

a potency of  only 1/10,000 of  tha t  o f  11~-fo~eoxyes t radio l -17~.  

The benzoyloxy group i s  nea r ly  equiva len t  to  a butyroxy group;  appar-  

e n t l y ,  it is mainly the slze of the'1~-substltuent that detemlnes 

estrogenic potency. From the data o f  Table 3, i t  can be read i l y  

perceived that the aoetoxy group represents a "out o f f "  l i m i t  in 

the s ize  o f  the l ~ - s u b s t i t u e n t  that  can be to le ra ted  by the speculated 

nphystologioal  estrogen receptorW; any subs t i tuen t  la rger  than an 

aoetoxy group resu l t s  in  a sharp drop in est rogenic potency as measured 

by e i t h e r  the utePotropto or  gonadotropio secret ion i n h i b i t i o n  assay. 

As we have prev ious ly  observed (8)~ u te ro t rop io  a c t i v i t i e s  and 

i n h i b i t i o n  o t  gonadotropin release do not p a r a l l e l .  The most potent 

i n h i b i t o r  o t  gonadotropin re lease was 11~-aoetoxyestradio l -17~whioh 

was 133~ as ac t i ve  as es t rad io l -17~.  I t  ~ras, however, only 38~ as 

ac t i ve  as estradiol-17~ in the u te ro t rop io  assay, thus present ing 

the best nseparationn between u te ro t rop io  and gonadtroptn re lease 

i n h i b i t i o n  a c t i v i t i e s  o t  any h igh ly  potent estrogen we have assayed 

so fa r .  I t  required only 3.8 times the t o t a l  dose to double u te r ine  

weight to halve the ovarian weight in  parab io t lo  ra t s .  

The resu l t s  may help one to speculate upon the physioochemioal 

cha rac te r i s t i c s  o t  whatever i t  i s  that  i s  required to i n te rac t  w i th  

an estrogen before t yp i ca l  b i o l og i ca l  a c t i v i t i e s  may be e l i c i t e d .  

There apparent ly  Is  a proton donor or  a nuo leoph i l lo  group w i th in  

the speculated "phys io log ica l  estrogen receptor "  in  the v i c i n i t y  

o t  C - l l  on t h e ~ s t d e  o t  the l tgand. Bxamplea o t  po ten t i a l  proton 

aooeptora other  than the 11~es te rs  that have resu l ted In potent 

estrogens are the l ~ -me thoxy l  (13),  l ~ - n i t r o  (14), and 11~-ohloro- 



methyl  (15) groups. An 11-keto group may be oonsidered as a proton 

acceptor also, but this modi~icatlon enhances estrogenic actlv~ty 

only if a 9~ configuration and a ]?-keto group are also present ~:. 

Finally, the size of the ;~-substituent cannot exceed that o~ ;~ 

acetoxy group if considerable estrogenic potency is desired. 

The results of esterifying 11p-hydroxyl groups of estrogens 

are in very sharp contrast to those of similar modifications of andro- 

gens and progestogens. The 11~-acyloxy (formoxy or acetoxy) group 

causes a marked decrease In activity for progesterone derivatives 

(11~,17-diacetoxyprogesterone had I/5, and 1~,17-diformoxyprogester' 

one, 1/13, of the activity of progesterone as measured by the McPhail 

test in rabblts)(17). 1~-Hydroxytestosterone 11,1~-diacetate wa~ 

found to be essentially inactive in the levator ani and seminal veslole 

assays in rats (18). 

The effect of the esterifieationof 11~-hydroxylestrogens strange- 

ly resembles that of the esterification of the 16~-hydroxyl group 

of the cardiac-active aglycone gitoxigenln (3~,1~,16~-trihydroxy- 

5~1~-card-20(22)-enolide). In their investigations of 31 digitalis 

glycosides and aglycones, Henderson and Chen found that gitoxlgenin 

was the least potent oardiotoxie agent of the series when tested 

on oats. Esterlfloation of the 16~-hydroxyl group, however, resulted 

i n  a very  remarkab le  inc rease in  potency;  indeed, g t t o x i g e n i n  16-foramte 

s u r p a s s e d  a l l  o f  t he  o t h e r  30 compounds in  c a r d i o t o x i o  a c t i v i t y  and.  

was 2} t imes  as  a c t i v e  as  d lEox in .  The o r d e r  of a c t i v i t y  o f  ~hree  

e s t e r s  a t  the  C-16 p o s i t i o n  of  g i t o x t g e n i n  was found to  be formate  > 

a c e t a t e  > p r o p l o n a t e  (19)o  
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