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SUIPIARY: The p r e p a r a t i o n  of the  well-known gestogen n o r g e s t r e l  

i n  a t r i t i u m  l a b e l l e d  form i s  described. S t a r t i n g  m a t e r i a l  was 

18-nethy1-3-methoxy-estra-1,3,5(10),8,14-pentaen-1~~-o1 

acetate. I n  a four  s tep  syn thes i s  l ~ - e t h i n y l - 1 7 B - h y d r o x y - l 8 -  

methy1-04d8l5dr- w-estr-4-en-3-one was obta ined w i t h  a spe- 

c i f i c  a c t i v i t y  of 52 Ci/mmol and a rad iochemica l  p u r i t y  7 99 9:. 

3 
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INTRODUCTION 

Dur ing  our  work on the  syn thes i s  and the  b i o l o g i c a l  e f f e c t s  o f  

s t e r o i d  hormones, we needed a radioimmunoassey (RIA) f o r  t he  

wor ldwide used geatogen n o r g e s t r e l  [ 11. Taking i n t o  conslde- 

r a t i o n  our  former s t u d i e s  on s t e r o i d  l a b e l l i n g  [2 - 5 1  we 

used aga in  the  t r i t i u m  l a b e l l i n g  i n  14.15-posit ion f o r  prepa- 

r i n g  the  t race r .  because the  necessary 18-methyl-3-methoxy- 

estra-1,3,5(10),8,14-pentaen-176-o1 g i s  an a v a i l a b l e  p roduc t  

o f  t he  pharmaceut ica l  f a c t o r y  VEB Jenapharm (GDR). 
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Schulz has recommended the 15.16-position f o r  t r i t i um l a b e l l i n g  

of  no rges t re l  and o the r  gestogens [6J. He used a 15.16-dehydro 

d e r i v a t i v e  as s t a r t i n g  mater ia l ,  and prepared i t  i n  a f o u r  

step synthesis i n c l u d i n g  a m i c r o b i a l  156-hydroxyletion. 

I n  agreement w i t h  our r e s u l t s  r 4  

der ivat ive,  the c a t a l y t i c  hydrogenation o f  the analogous 

13-ethyl  d e r i v a t i v e  a proceeded mainly t o  the l&product , 

Howeverr the r a t i o  14Oy14B was lowerr  due t o  the greater  hin- 

drance of  the 13-ethyl  group i n  comparison t o  the 13-methyl 

group, Howeverr 18-methyl-3-methoxy-eatra-1,3.5(10),8(14)- 

pentaen-178-01 acetate was hydrogenated i n  the requi red 

h igh r a t i o  o f  14W14137 90 :6, 

f o r  the 13-methyl-pentaenol 

RESULTS AND DISCUSSION 

C a t a l y t i c  hydrogenation o f  2 w i t h  t r i t i u m  gas i n  benzene i n  the 

presence o f  5 7: pal ladium b lack on barium s u l f a t e  [-/I y ie lded  

3 lS-m0thyl-3-methOXy-f14~,15~- 1j7-estra-1,3~5(10) ,%tetraen- 

1713-01 acetate 2, A two-step reduct ion o f  g w i t h  sodium i n  

l i q u i d  ammonia resu l ted  i n  18-methyl-3-methoxy- f 1 4 6 , 1 5 ~ ~ H ] -  

estra-2,5(10)-dien-l78-01 3 under simultaneous cleavage o f  the 

17R-acetate [8,3Je Oppenauer ox ida t i on  [ l o ]  o f  3 gave 
18-nethyl-3-methoxy-fi4dr156- 3 W-est  ra-2,5(10)-dien-17-one 2 

which was converted by e t h i n y l a t i o n  w i t h  Grignard-reagent [6 2 
t o  18-methyl-17d-ethiny1-3-methoxy-~l4~rl5d-5H~-estra-2r5( lO)-  

dien-17B-01 2. A c i d i c  cleavage y ie lded  18-methyl-17d-ethinyl- 

1 7 ~ - h y d r o ~ y - f i 4 d . , 1 5 6 - ~ ~ - e s t  r-4-en-3-one 6 [ 11 1, the 
&44Cr15a- 3 w-norgest re l .  

Dur ing c a t a l y t i c  hydrogenation of 1.04 mmol 

o f  1,15 m m o l  t r i t i u m  was measured. This higher value resu l ted  

from the uptake o f  the c a t a l y s t  (3 umol T2/mg Pd) and f u r t h e r  

reduct ion o f  the 8,g-double bond a t  a lower ra te,  a l though 

the f a s t e r  reduct ion of the 14.15-double bond was stopped 

a consumption 

/ 
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a f t  r 30 minutes, b: monitor ing w i t h  the measured hydroge- 

na t i on  curve [ 5 ] .  A f t e r  Cen t r i f uga t ion  o f  the ca ta l ys t ,  two- 

f o l d  exchange o f  l a b i l e  t r i t i u m  and freeze-drying, a s p e c i f i c  

a c t i v i t y  o f  57 Ci/mmol f o r  z was found. 

The l a b e l l e d  compound 2 was converted by a two-step B i r c h  re-  

duct ion o f  the 8,g-double bond (sodium/l iquid ammonia) w i t h  

a n i l i n e  [ 8 3  t o  the 80.9d-configuration and o f  the aromatic A 

r i n g  w i t h  isopropanol  [ 9 J  t o  the  2,5(10)-diene-system under 

simultaneous cleavage o f  the 170-acetate t o  2. The second re- 

duct ion step d i d  not proceed q u a n t i t a t i v e l y  i n  s p i t e  of  the  

excess o f  reagent. I n  t h i s  way, t race8 o f  i8-methyl-3-methoxy- 

e s t r a d i o l  remained i n  3. The s p e c i f i c  a c t i v i t y  of 3 showed the 

same value as f o r  2. 

Oxidat ion o f  the 178-hydroxyl group t o  the 17-ketone is neces- 

sary f o r  e th iny la t i on .  I n  order t o  r e t a i n  the given p r o t e c t i o n  

o f  t h e  3-ketone as an enolether - t o  prevent a t tack i n  t h i s  

p o s i t i o n  dur ing e t h i n y l a t i o n  - we used the  Oppenauer ox ida t i on  

[ l O J  i n  a n e u t r a l  t o  weak bas ic  medium. The reac t i on  was 

q u a n t i t a t i v e  and the s p e c i f i c  a c t i v i t y  of  the compound 4 formed 

remained the same as 3. 
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The 17-ketone was e t h i n y l a t e d  by r e a c t i o n  i n  s i t u  t o  2 w i t h  

athinylmagnesium bromide generated from ethylmagnesium bromide 

and acetylene. Th is  r e a c t i o n  aga in  d i d  no t  proceed quant i -  

t a t i v e l y  i n  s p i t e  o f  excess o f  reagent. Near ly  10 E o f  2 
remained unchanged. 

Consecutive t reatment  o f  crude 5 w i t h  concentrated hyd roch lo r i c  

a c i d  y i e l d e d  fi4d,15+ v - n o r g e s t r e l  5 w i t h  two i m p u r i t i e s :  

18-methyl-17d-ethinyl-estradiol and 18-methyl-estr-4-ene-3,17- 

dione. 

Prepara t ive  t .l.c. separa t i on  o f  the  crude produc t  obta ined 

y i e l d e d  5 w i t h  a rad iochemical  p u r i t y  799 and a s p e c i f i c  

a c t i v i t y  of 52 Ci/mmol. 

3 

EXPERIMENTAL 

A l l  a c t i v e  experiments were made i n  boxes. The hydrogenat ion 

w i t h  t r i t i u m  (produced i n  USSR) was performed i n  a s p e c i a l  

apparatus, which was a l s o  app l i ed  i n  former l a b e l l i n g  s t u d i e s  

[4,12,13]. F o r  measuring the  s p e c i f i c  a c t i v i t y  we used a 

Beckman LS-233 l i q u i d  s c i n t i l l a t i o n  spectrometer; f o r  mon i to r i ng  

the  radio-t.1.c.s we employed the  Ber tho ld-Fr ieseke scanner 11. 

The chemicals used were p.a. grade. 

The so lvent  system f o r  t.1.c. on s i l i c a  g e l  (H and PF Merck) 

o r  S i l u f o l  p l a t e s  (Kava l i e r ;  k S R )  was cyc lohexane/ethy l  

ace ta te  ( 1 : l )  f o r  the  r e a c t i o n  s teps  1 - 3 and b u t y l  ace ta te  

f o r  s teps  4 and 5 and f o r  p r e p a r a t i v e  i s o l a t i o n  o f  the  l a b e l l e d  

norges t re l .  A f t e r  development, t he  a n a l y t i c a l  chromatograms 

were sprayed w i t h  v a n i l l i n - s u l f u r i c  a c i d  and heated t o  180 OC 

t o  r e v e a l  the  spots, o r  were viewed under uv - l i gh t .  

18-Me thyl-3-methoxy-[iM, 15d-3w-est  ra-1,3,5( 10) ,8- t e  t raen- 

178-01 aceta te  (2) 

Compound & (351,6 mg, 1,04 mmol), c a t a l y s t  (921 mg 5 ;; p a l l a -  
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dium b lack  on barium s u l f a t e )  and anhydrous benzene (8  m l )  were 

p u t  i n  a f l a s k  and, under s t i r r i n g ,  hydrogenat ion wi th t r i t i u m  

(p  -600 t o r r )  was performed a t  room temperature. The t r i t i u m  

uptake was f i n i s h e d  a f t e r  30 minutes (uptake 1.15 mmol). The 

c a t a l y s t  was c e n t r i f u g e d  and washed w i t h  benzene. To the  com- 

b ined supernatants  e thano l  (20 ml) was added and the m ix tu re  

s t i r r e d  f o r  two hours a t  40 - 50 OC t o  remove l a b i l e  t r i t i u m .  

A f t e r  a two- fo ld  f reezo d r y i n g  compound 2 (364,8 mg) was ob- 

t a i n e d  w i t h  a s p e c i f i c  a c t i v i t y  o f  57 Ci/mmol. 

3 18-Methvl-3-methoxy-A4~~,1%- H7-eetra-2,5tlO)-dien-17B-ol ( 3 1  

Compound 2 (364,8 mg) was d i sso l ved  i n  a m ix tu re  o f  te t rahydro-  

f u r a n  (8 m l ) ,  a n i l i n e  (0,35 m l )  and l i q u i d  ammonia (100 ml). 

Under s t i r r i n g ,  sodium (600 mg) was added and s t i r r i n g  o f  the  

dark b l u e  s o l u t i o n  cont inued f o r  30 minutes. Then i sop ropano l  

(1,5 ml) was added and a f t e r  f u r t h e r  s t i r r i n g  f o r  one hour the  

s o l u t i o n  was d i sco lou red  by a d d i t i o n  o f  more ieopropanol. A f t e r  

warming up t o  room temperature the  s t e r o i d  was p r e c i p i t a t e d  by 

a d d i t i o n  o f  water  and removed by f i l t r a t i o n .  A f t e r  washing 

w i t h  water the  p r e c i p i t a t e  was d i sso l ved  i n  benzene and 

f reeze-dr ied.  Compound 3 (296,4 mg) was obta ined as a f i n e  

wh i te  powder w i t h  a s p e c i f i c  a c i t i v i t y  o f  56 Ci/mmol. 

3 18-Me t hyl-3-me thoxy-A4&1%- H les t  ra-2,5(10)-dien-17-one ( 4 1  

Compound 3 (236,4 mg) was d i sso l ved  i n  to luene (12 n l )  and, 

a f t e r  a d d i t i o n  o f  cyclohexanone (1,25 m l )  and aluminium t o r t .  

b u t y l a t e  (500 mg), the m ix tu re  was heated under s t i r r i n g  and 

r e f l u x  f o r  one hour. A f t e r  c o o l i n g  t o  60 OC, a s o l u t i o n  o f  

NaK-tar t ra te (750 mg) i n  water (7,5 m l )  was added and then the  

organ ic  so l ven ts  were removed on a r o t a r y  evaporator .  

The res idue was ex t rac ted  w i t h  benzene, the organ ic  l a y e r  

washed w i t h  NeC1-solution, d r i e d  w i t h  Na2S04 and then 
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f reeze-dr ied.  Compound 4 (290 mg) was ob ta ined w i t h  t he  same 

s p e c i f i c  a c t i v i t y  as 3. 

18-Met hyl-17d-e t hinyl-3-me tho~y-/ l .4d,15d-~H]-es t ra-2,5( 10)- 

dien-178-01 (5) 

Tet rahydrofuran (50 01 ; anhydrous) was sa tu ra ted  with 

acety lene a t  -5 OC t o  0 OC. Then Gr ignard  reagent, prepared 

from magnesium (2,4 g) and e thy lb romide (10,5 g) i n  t e t r a -  

hydro furan  (75 m l ;  anhydrous), was added w i t h i n  20 minutes 

under c o o l i n g  fo l l owed  by f u r t h e r  conduct ing o f  ace ty lene f o r  

30 minutee. compound (290 mg), d i sso l ved  i n  te t rehydro-  

f u r a n  (20  m l ;  anhydrous), was added and the  m i x t u r e  s t i r r e d  

f o r  2 hours w h i l e  coming up t o  room temperature. The r e a c t i o n  wae 

poured i n t o  a sa tu ra ted  s o l u t i o n  o f  NH4C1 i n  water (300 ml) 

and a f t e r  separa t ing  the upper o rgan ic  l a y e r  the  equeous 

s o l u t i o n  was e x t r a c t e d  w i t h  benzene. The combined organ ic  

l a y e r s  were then f reeze-dr ied  and d i r e c t l y  used f o r  the l a s t  

r e a c t i o n  step. 

18-Fle t hyl-17d-ethinyl-17B-hydroxy-[l4&, ~ % - ~ H ] - e s t  r-4-en- 

3-one (6 )  

The r e s u l t i n g  raw m a t e r i a l  o f  5 was d i s s o l v e d  i n  d imethy l -  

formanide (3 n l )  and concentrated HC1 (0,3 m l )  added. 

A f t e r  one hour the  m ix tu re  was poured i n t o  sa tu ra ted  

NaC1-solut ion (30 m l )  and the p r e c i p i t a t e  formed was 

ex t rac ted  w i t h  benzene. The organ ic  l a y e r  was added w i t h  

NaC1-solution u n t i l  the pH va lue  was n e u t r a l  and then 

f reeze-dr ied.  

The r e s u l t i n g  o i l y  res idue was p u r i f i e d  by p r e p a r a t i v e  t.1.c. 

on s i l i c a  g e l  p l a t e s  (2  mm; 20 x 20 cm; Merck, FRG) w i t h  

b u t y l  ace ta te  as so lvent .  The f i n a l  p roduc t  5 had a rad io -  

chemical p u r i t y -  99 % and a s p e c i f i c  a c t i v i t y  o f  52 Ci/mmol. 
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