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SUMMARY 

3H- and 14C-Labelled doisynolic acid W E  prepared from 6,7-3H-, 
2,4,6,7-3H- and 4-14C-labelled oeatmdiol  and oestmne by a regulated 
a lka l i  fusion. Labelled nnrrianolic acid m a  similarly prepared f m m  
labelled oestr iot .  UnstabiZity o f  regioapecific tritium labels  i n  a l k a t i  
was observed by uae of  double labelled conpounds. 

INTROLlUCTION 

Among approximately one thousand artificial oestrogens so far tested, (’) 
doisynolic acid derivatives(2) (16 seco-oestrogen carboxylic acids) are the only 
type found to surpass oestradiol in oestrogenic activity evaluated either by the 
Allen-Doisy test or by uterine weight increase in rats.(lb) This type of 
oestrogeii is also unique in that the mode of administration, subcutaneous or 

oral, or methylation of the phenolic group does not affect its oestrogenic 

activity. 

at the l6aC3) and 2(4) positions. 

in the metabolism of oestrogens has not been excluded. For studies of the 
metabolism of D-seco ocstrogens and possible identification of the unknawn 

polar metabolites of oestradiol, the synthesis of labelled compounds with 

sufficiently high specific activities was desired. 

There is evidence that the major metabolism of oestradiol occurs 
The possibility of ring cleavage at C16/17 

Labelling of merrianolic 
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3 acid derivatives with 14C or 

Our method of synthesis is a modification of the 

H at the acidic side chain has been reported.('-7) 

I. R1 - OH, R2 - H; oestradiol IV. R3 = CH3; doisynolic acid 

11. R1 - 01, R2 = H; oestrone V. R3 = COOH; marrianolic acid 

111. R1 - 5 = OH; oestriol 

classical method of potassium hydroxide fusion of ~estrogens(~ 

original procedures failed to give labelled products with specific activities 

high enough for metabolic studies. 
in the oestrogens during alkali fusion wns observed by mixing 
labelled compounds and measuring the 

since the 

The loss of tritium at different positions 
3 14 H- and 4- C- 

C ratios of the purified products. 3 14 H/ 

MATERIALS AND METHODS 

Oestrone, oestradiol and oestriol were purchased from Searle Chemicals, 
14 Inc. Oe~trone-4-'~C (51.0mCi/mmole), oestradiol-4- C (51.4mCi/nnnole), oestriol 

-4- C (53.OmCi/umole) and oestradiol-2.4,6,7- H (100Ci/mmole) were obtained 

from Amersham Searle. Inc. Oestradiol-6,7- H (48Ci/mmole) and oestriol-6,7- 
3H (14.1Ci/nmole) were purchased from New England Nuclear Corp. 

was measured using a Packard Tri-Carb model 3375 as described prwiously(lO). 

The conversion to dpm was made using quenched standards. 

14 3 

3 

Radioactivity 

Thin-layer chromatography (TLCl. 

The plates were made with silica gel GF, E. ?lerck, Germany (0.25m 

thickness). 
as follows: for doisynolic acid, ch1oroform:acetone 80:ZO (System I), Bf 0.75, 
and ch1orofonu:isooctane:ethyl alcohol 80:20:6 (System II), Rf 0.31; for 
marrianolic acid, ch1oroform:acetone:formic acid 80:30:1 (System III), Rf 0 . 5 4 ,  

and ch1oroform:acetic acid 9O:lO (System IV), Rf 0.56. Both the acids were 
visualized in UV light as well as developed by Pnulv's diazotized reagent. 

The solvent systems used for purification and identification are 
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Prqarat ion of non-radioactive marrianolic acid. 

The ma te r i a l  was prepared according t o  the  method descr ibed by XacCorquodale 

Oes t r io l  ( l g )  was fused with potassium hydroxide (2Og) and water ( 3 m l )  et aZ.(') 

in a n icke l  c ruc ib l e ,  heated i n  a metal-bath a t  28O-29O0C f o r  one hour with 

occasional  s t i r r i n g  with a n i cke l  spa tu l a .  

i n  Water and f i l t e r e d  from p r e c i p i t a t e d  n i c k e l  oxide.  The f i l t r a t e  w a s  then 

s a t u r a t e d  with carbon dioxide gas t o  p r e c i p i t a t e  out  unreacted s t a r t i n g  material 

a s  a c o l o r l e s s  f l o c u l a n t  p r e c i p i t a t e  which w a s  f i l t e r e d  o f f .  The pa le  yellow 

f i l t r a t e  was then a c i d i f i e d  i n  t he  cold wi th  18N s u l f u r i c  a c i d  t o  y i e l d  an 

almost c o l o r l e s s  p r e c i p i t a t e .  It w a s  f i l t e r e d ,  washed thoroughly with co ld  

water and d r i ed  i n  a i r .  The crude ma te r i a l  w a s  dissolved i n  abso lu te  s l coho l  

and f i l t e r e d .  The yellow solution was  t r ea t ed  with a l coho l i c  potassium 

hydroxide solution; a sandy-colored potassium sal t  of t h e  des i r ed  ac id  

p r e c i p i t a t e d  out. 

in air .  It w a s  dissolved i n  minimum quan t i ty  of water  and t h e  solution was 

a c i d i f i e d  with 6N hydrochlor ic  ac id  and an almost c o l o r l e s s  p r e c i p i t a t e  w a s  

obtained.  The p r e c i p i t a t e  w a s  t r ea t ed  with Nor i t e  i n  aqueous acetone (1:l) 
and r e c r y s t a l l i z e d  a t  least twice,  g iv ing  300 mg of mar r i ano l i c  ac id ,  mp 

202-205 c (lit. ('1 mp 206-208 c )  . 

The yellow colored melt  was d i s so lved  

The p r e c i p i t a t e  w a s  f i l t e r e d ,  washed with a l coho l  and d r i e d  

preparation of non-redioactivc doispolic acid. 

This  was prepared from o e s t r a d i o l  and pu r i f i ed  as descr ibed above. For 

f i n a l  p u r i f i c a t i o n  it w a s  r e c r y s t a l l i z e d  from aqueous methanol t o  give 315 mg, 

mp 198-199 C ( l i t . (8)  mp 193-195 C). 

Preparation of radioactive marrianolic and doisynolic acids. 

Fusion experiment w i th  0estrone-4-'~C: I s o l a t i o n  of do i syno l i c  acid-  

I4C - Oe~trone-4- '~C ( luCi)  was fused with potassium hydroxide (4g) i n  a 
n i c k e l  c r u c i b l e  f o r  3-4 min a t  275-285 C. The m e l t  w a s  d i s so lved  i n  water 

(30 ml), washed wi th  e t h e r  (3  x 20 ml) t o  remove any n e u t r a l  product ,  t hen  

s a t u r a t e d  wi th  carbon dioxide gas followed by e x t r a c t i o n  wi th  e t h e r  (3 x 25 

ml) t o  remove unreacted oestrone.  The s o l u t i o n  was  then a c i d i f i e d  wi th  18N 
s u l f u r i c  ac id  and ex t r ac t ed  with e t h e r  ( 3  x 25 ml) t o  i s o l a t e  t h e  a c i d i c  

material. The e t h e r e a l  solution was washed with sa tu ra t ed  sodium ch lo r ide  

s o l u t i o n  and d r i ed  (NaZS04). The r e s idue ,  a f t e r  evaporat ion of t h e  e t h e r ,  

was then subjected t o  TLC (System I ) .  

do i syno l i c  ac id  was e lu t ed  with metltanol, and its radiochemical p u r i t y  was  

The r ad ioac t ive  peak corresponding t o  
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checked by TtC using systems I and I1 as well as by recrystallization to 
constant specific activity after addition of carrier (Table Za). 
fusion experiments (Table 2b-g) were carried out essentially as described 
as above. 

fusion experiments are summerized in Table 1. 

The other 

The starting materials. TLC system used and the products of the 

Table 1. Potassium hydroxide fus ion experiments with labelled oestroeens. 

Starting Material 

14 

(0.187uCi/ug) 

(b) 0E2-6,7-3i1; 2OuCi 

(175uCilug) 

(c) O E ~ - ~ - ~ ~ C ;  1uci 

(a) OE1-4- C; luCi 

(0.183uCi/ug) 
3 (d) OE3-6,7- H; 500pCi 

(52.6uCilug) 

( f )  O E ~ - ~ , ~ - ~ H ;  72.7yCi 

+ OE -‘.4-14C; 2uCi 
5.91uCi3H and 

10 .  16pCi14C/pg) 

(8) OE2-Z,4,6,7-3H; 36pCi 
14 

( 6.:4uCi3H and] 

3 

+ OE -4- C; luCi 

0. lsuci14c/Pg 

TLC Systen Product 

I and I1 Doisynolic acid-4- C 14 

3 I Doisynolic acid-7- H 

14 
111 Marrianolic acid-4- C 

3 I11 Marrianolic acid-7- H 

3 14 I Doisynolic acid-7- H-4- C 

111 Narrianolic a~id-7-~H-4-l~C 

3 14 I Doisynolic acid-7- H-4- C 
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Recryatall iaatia t o  constant specific ac t i v i t y .  

To an al iquot  of label led product purif ied by TLC w a s  added 20-50 mg of 

c a r r i e r  and recrys ta l l ized  several  times (doisynolic acid from aqueous methanol, 

marrianolic acid from aqueous acetone). 

counted by the  l iqu id  s c i n t i l l a t i o n  method(lO). 

One to 4 mg of dried c r y s t a l s  were 

Table 2. Crys ta l l iza t ion  of doisynolic and marrianolic 
acids  obtained from label led oentrogens 

Spec i f ic  a c t i v i t y  dpm/mg 
No. of 

Product c r y s t a l l i z a t i o n  3~i  1 k C  3H/14c* 

a. Doisynoibc TLC** 
acid- C 1 

2 
3 
4 

6. Doisynolic 
a ~ i d - ~ H  

c .  Marrianolic 
acid-I4C 

d .  Marrianolic 

e .  Doisynolic 
a ~ i d - ~ t l - ~ ~ C  

TLC 
1 
2 
3 

TLC 
1 
2 
3 

TLC 
1 
2 
3 

TLC 
1 
2 
3 

225 
211 
235 
217 
198 

1040 
1000 
1030 
1020 

750 
760 
640 
750 

3040 
3000 
2940 
3130 

346 60 5.8 
332 36 9.2 
358 49 1.3 
359 50 7.2 

f. Marrianoli TLC 12500 825 
a ~ i d - ~ H - ' ~ C  1 14500 870 

2 15200 920 
3 14900 900 

9. Doisyno i c  TLC 
acid-jH-14C 1 

L 
3 

2500 250 
2400 250 
2390 250 
2530 280 

15.2 
16.7 
16.5 
16.5 

10.0 
9.6 
9.6 
9.0 

* I n i t i a l  r a t i o s  of s t a r t i n g  mater ia ls  were 15 f o r  e ,  36 for  f ,  and 
35 f o r  9. 

Calculated as rad ioac t iv i ty  i n  an al iquot  of TLC eluaat  used/ 
weight of authent ic  acid added t o  it. 

** 
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RESULTS AND DISCUSSIONS. 

The results of identification of the labelled products by recrystallization 
to constant specific activity are in Table 2a-f. 
M r e  rather poor, varying from 0.1 to 2.0 percent. 
method for the preparation of doisynolic") 
fusion with alkali at high temperature is a drastic treatment. 
for the preparation of non-radioactive acids initiated from large amounts of 
starting materials. 

material, where the mass of the material is negligible. produced no desired 
product; almost all the tritium being exchanged to form radioactive water in 

the case of H-oestradiol. In the case of 14C-oestriol, a radioactive peak 

corresponding to marrianolic acid was obtained along with several adjoining 

peaks from which pure product could not be isolated. The best condition for 
the preparation of the D-seco acids was found to be fusion with alkali for 
a very short period of time, usually 3-4 min; then the by-products were less 
and the desired product could be sufficiently purified by repeated TLC. 

The yields of the syntheses 
The previously reported 

and marrianolic acid") by 
It is applicable 

The identical procedure, adopted in the case of radioactive 

3 

FKOQ the reaction mixture, negligible amounts of neutral and phenolic 
product (starting material) were obtained. The bulk of the radioactivity 
(about 50%) remained in the aqueous phase which could not be extracted with 

organic solvent. 
from the acidic fraction by repeated TLC. 
acid, 2-3 sharp radioactive peaks were obtained during TLC, one of which cor- 

responded to doisynolic acid. 
radioactive peaks were always obtained by TLC, one of which corresponded to 
marrianolic acid. 

Doisynolic and marrianolic acids were isolated and purified 
In the preparation of doisynolic 

In the preparation of marrianolic acid, three 

Fusion experiments with double labelled oestrogens indicated a regio- 
specificity of stability of the tritium labels. The 3H/14C of the purified 
doisynolic and marrianoiic acids were one-half that of the starting 6,7- H- 
4-"C-oestrogens (Table 2e and 2n. The 3H/14C of doisynolic acid isloated 
from 2 ,4.b.7-3B-4- 
starting ratio (Table 2g). 

that the tritium at the aromatic and benzylic positions arc exchanged and 
only the homobenzylic tritium at the 7-position remained. 

3 

14 C-oestradiol fusion became one-quarter that of the 
These results are consistent with a hypothesis 
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