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Lynestrenol  ( 19-nor- 17c~-pregn-4-en-20-yn- 17-oi) is a progestat ional  agent  t 
and  is used a lone (Orgametr i l  and  Exluton*)  a n d  in combina t ion  with mestranol  
(Lyndiol ,  O v a n o n  and  Orga lu ton)  or e thynyles t rad io l  (P regnon  28) in oral con- 
t raceptives and  o ther  preparat ions.  Lynestrenol  in formula t ions  can be de termined 
by t.l,c. 2--~I, followed by compar i son  of  spot areas I° or  a spec t rophotomet r ic  
finish z-9"~, by co lumn  c h r o m a t o g r a p h i c  me thods  t2"la, by g,l.c. ~4. by a radio- 
cllemical me thod  ~s, by i.r. spec t romet ry  ~ t, and  by  t i t rat ion ~T. 

In the work described here, a po la rograph ic  de te rmina t ion  for lynestrenol 
w~'~s sought. Since the c o m p o u n d  itself is not  reducible at a dropping mercury  
e lec t rode  18-2°, as can be deduced f rom its s t ructure ,  lynestrenol must  be con- 
ver ted  to a po la rographica l ly  active substance by  some chemical  method.  A variety 
of  me thods  has been proposed  for the po la rograph ic  de te rmina t ion  of steroids by 
chemical  derivatization~ 9.z~-aa, including ni trosat ion,  oxidat ion,  and formation el" 
add i t ion  compounds .  N o n e  of  these me thods  seems to be adequate  for lynestrenol. 
A new method  of chemical  modif ica t ion was found for lynestrenol:  the c o m p o u n d  
gives by t r ea tment  with concen t ra t ed  sulfuric acid or mixtures  of  this acid with" 
methanol ,  a n u m b e r  of  react ion products ,  of" which some are polarographical ly  
reducible. To establish if this convers ion  could form the basis of  a quant i ta t ive 
m e t h o d  for lynestrenol,  the influence of  sulfuric acid concen t ra t ion  and  time of  
t r ea tmen t  has been studied. 

E X P E R I M E N T A L  

' A p p a r a t u s  

The po la rograph ic  curves were run  with a Pr ince ton  Applied Research Cor- 
pora t ion  Model  174 Pola rographic  Analyzer,  with a d rop  t imer  and  a Hous ton  
O m n i g r a p h i c  Model  2200-3-3 X-Y Recorder.  A the rmos ta t  (Tamson  TX 9-100) 
was  employed  to keep the  po la rograph ic  cell (l~4etrohm EA 876, volume 20 ml) 
at a t empera tu re  of  25°C. 

* Org.'lmetril, Exluton. Lyndiol and Orga lu ton  are r~.istered trade names of  Organon Nederland 
B,V.. Oss (The N~th~rlands) and Prvgnon 28 and Ovanon  of  Nourypharma,  Oss (The Netherlands). 
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A three-electrode system was used, consist ing of a d ropp ing  m e r c u r y  working  
electrode, a p la t inum wire auxil iary e l e c t r o d e . ( M e t r o h m  EA 202) and  a sa turated 
calomel reference electrode (SCE, M e t r o h m  EA 404). 

Reagen ts 
The reagents  were of analyt ical  quality, unless s tated otherwise  and  were 

used wi thout  fur ther  purification. Lynestrenol  was of  commerc ia l  quality*. The 
mercury  used was of po la rographic  qual i ty  (Merck,  Da rms tad t ) .  The ni t rogen 
employed  was deoxygenated  previously by an alkaline solut ion of  pyrogallol  2~. 

A 0.005~,,, (w/v) Tri ton X-100 ( R o h m  & Haas, Phi lade lphia)  solution in 
distilled water  was Used in order  to suppress polarographic  maxima.  

React ion solutions I to IV were prepared,  consisting respectively of  mixtures  
of 20, 40, 60 and  80?/o (v/v) concen t r a t ed  sulfuric acid (Baker,  Deven te r )  and methanol  
(Merck,  Darms tad t ) .  Reaction solution V consisted of  concen t r a t ed  sulfuric acid 
wi thout  any  addi t ion (95,7~,, (w/w) HzSO,~, 4,3~,, (w/w) H 2 0  ). The  mixtures  were 
prepared by dilution of  the necessary volume of concen t ra ted  sulfuric acid with 
methano l  to 250 ml. The  volume of the acid was de te rmined  f rom the weight and  
the density. 

Procedure 
Approximately I0 mg of lynestrenol was weighed accurately, dissolved in 

one of the reaction solutions I-V and made up to I00 ml in a volumetric flask. 
Then the lynestrenol-sulfuric acid solution was transferred to a 50-ml buret. 

The Triton X-100 solution (I0 ml), 25 ml of methanol and a quantity (0-4 
ml) of concentrated sulfuric acid depending on the reaction solution used, were 
pipetted into a 50-ml volumetric flask. At predetermined intervals, 5 ml of the 
lynestrenol-sulfuric acid solution were added from the buret into this mixture in 
order  to stop the chemical reaction. After cooling to  room tempera ture ,  the 
solut ion was made  up to 50 ml with methanol .  All po la rograph ic  solut ions finally 
consisted of  10~/o (v/v) concen t ra ted  sulfuric acid and 20~. (v/v) of  the Tr i ton X-100 
solution in methanol  and conta ined  approx imate ly  0.5 nag of modif ied lynestrenol.  

Oxygen  dissolved in the po la rographic  solution w~ts r emoved  by bubbl ing for 
10 rain with a ni trogen flow,' which had been presa tura ted  with v.'lpors of a solu- 
tion of  the po la rographic  compos i t ion  in a gas bubbler. T h e n  the lynestrenol  solut ion 
was polarographed .  The polarographic  curves were recorded from - 350 to -- 1100 
mV vs. SCE in the differential pulse m o d e  at a sensitivity of  I, 2 or  5 ~tA full scale. 
The modu la t i on  ampl i tude was 100 mV, the scan-rate 2 mV s-1 and the d rop  
t ime I s t h roughou t  the experiments .  The  height of  the me rcu ry  co lumn was  
kept  cons tan t  at  70 era. 

R E S U L T S  A N D  DISCUSSION 

The exper iments  showed that  at least three polarographica l ly  reducible 
derivatives can be formed from lynestrenol  in the sulfuric a c i d - m e t h a n o l  mixtures,  
d.epending on acid concent ra t ion  a n d  t ime of reaction. The c o m p o u n d s  A, B a n d  

* Courteously supplied by Organon Ncdcrland B.V., Oss (The Netherlands).  
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Fig. I. (a) Polarographic  curve of solution containing 20'.'4; sulfuric acid. (b) Peak current v s .  time in  

20'~, sulfuric acid. Es,= --770 :-aV vs. SCE. 

(o) lIJ.A 

3 0 m ; n  

/ 
2h 

"350 

"I 

sh 

?2 h 

I 0 -  

-I' in tel. 
un i ts  

5 -  

-6~0 -7~0 mY vs SCE 

( b )  

f.....___.------- 

Fig. 2. (a) Convers ion  of compound  A to compound B with time in 40.% sulfuric acid. (b) Peak current 
v s .  time in 40~.~, sulfuric :lcid. /~,= --770 mV v s .  SCE. 
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C have peak potentials (Fro)respectively at --770, --660 and  --550 mV v s .  SCE in 
the polarographie  solut ions used. After 4 h, the polarographic  curve of  solut ion [ 
(20% HzSO4)s ta r ted  to show a minor  wave, owing  to the format ion  of c o m p o u n d  
A (Fig. la). The peak cur ren t  (Iv) is plot ted vs. time in Fig. lb. 

With increased acid concen t ra t ion  (solution II: 40~(, H~SO4), c o m p o u n d  A 
is formed much sooner.  After about  6 h, the polarographic  curve shows a new 
compound  B, which was not detectable before. After a reaction t ime of  72 h. 
c o m p o u n d  A is a lmost  complete ly  converted into B (Fig. 2a). Figure 2b shows the 
peak current of  c o m p o u n d  A .'is a function of t ime for the first 4 h. 
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Fig. 3. (a) Deve lopment  of  c o m p o u n d  13 with t ime  in 60% stmlfuric acid. (b) Peak cur ren t s  vs. t ime in 
60% sulfuric acid. 

In the first stage of  the reaction in solution III (607/,; H2SO4), both  com- 
p o u n d s  A and  B are present.  In this medit, m. A is conver ted  into B much  faster 
than in solution II. After about  1.5 h, only c o m p o u n d  I3 is detectable  (Fig. 3a). 
The  peak currents  of  c o m p o u n d s  A and  B a re  plotted as a function of t ime in 
Fig. 3b. 

In the polarographic  curves of solution IV (80~  HzSO4)  only c o m p o u n d  
B appears  (Fig. 4a). C o m p o u n d  A may  be formed, but  this c o m p o u n d  is comple te ly  
conver ted  to B within I0 min. The peak cur ren t  for c o m p o u n d  B was found to be 
independent  of  time (Fig. 4b). 

In solution V (undi lu ted  concent ra ted  sulfuric acid), c o m p o u n d  B is initially 
the or~ly detectable c o m p o u n d .  However,  after 4 11, a c o m p o u n d  C appears  in the 
polarographic  curve (Fig. 5a). The peak current  for c o m p o u n d  B was p lo t ted  v s .  

t ime for the first 4 h, a n d  was found to be independent  of t ime (Fig. 5b). 
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Fig, 4, (a) Development of  compotmd B in 80% sulfuric acid, (b) Peak current u.~. time in 80% sulfuric 
acid, F_.p = - 660  mV ux. SCE, 
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F ig .  5. ( a )  D e v e l o p m e n t  o f  c o m p o u n d  B in 100'X, su l fur ic  ac id .  ( b )  P e a k  c u r r e n t  vs.  t i m e  in lO0'Z, s u l f u r i c  
ac id .  F n , - -  - - 6 6 0  m V  vs .  S C E .  

T h e  resul t s  o b t a i n e d  wi th  the  five reac t ion  so lu t i ons  a re  p resen ted  in Fig.  6 
as  p lo t s  o f  peak  c u r r e n t  v s .  t ime.  F o r  p u r p o s e s  o f c o m p a r i s o n ,  the  peak  cu r r en t s  w e r e  
c o r r e c t e d  for a p o l a r o g r a p h i c  b lank ,  and  ca l cu l a t ed  for an  una ly t i ca l  c o n c e n t r a t i o n  
o f  10 m g  o f l y n e s t r e n o l  in 100 ml o f  r eac t ion  so lu t i on  and  a c u r r e n t  sens i t iv i ty  o f  5/~A 
full scale.  Fig. 6 s h o w s  that  t he  p o l a r o g r a p h i c  p e a k - c u r r e n t  o f  c o m p o u n d  B can serve  
for  the  d e t e r m i n a t i o n  o f  l ynes t r eno l  if s o l u t i o n s  I I I - V  a re  used.  T h e  lp v a l u e s  for 
c o m p o u n d  B a r e  c o n s t a n t  a f te r  1.5 h o r  sooner .  T h e  sens i t iv i ty  o f  the  d e t e r m i n a t i o n  
d e p e n d s  on  the  ac id  c o n c e n t r a t i o n  o f  the  r eac t ion  s o l u t i o n  a n d  dec reases  in the  
o r d e r  I I I  to  V. W h e n  s o l u t i o n  I o r  11 is used,  the  /p - t ime  cu rves  o f  c o m p o u n d  A 
(Ep = -- 770 m V  v s  S C E )  rise s l o w l y  a t  first. A m o n g  o the r  th ings ,  this is c a u s e d  b y  the  
s low ra te  o f  d i s s o l u t i o n  o f  the  s te ro id  in these media .  

W o r k  is n o w  in p r o g r e s s  to  es tab l i sh  the  chemica l  c o n s t i t u t i o n  o f  the p o l a r o -  
g r a p h i c a l l y  r e d u c i b l e  c o m p o u n d s  and  the  r eac t i on  m e c h a n i s m .  
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Fig. 6. Peak current vs. t ime for samples of lynestrcnol in solutions I-V. E n = - - 7 7 0  mV v.~. SCE for 
curves I and II. Eo= --660 mV vs. SCE for curves III-V.  Sensitivity 5 irA f.s.d. 

Spectroscopic da ta  (to be published) suggests that  the s t ructure  of c o m p o u n d  
B is 19-nor-pregna-14,16- dien-20-one. The  17~-ethynylcarbinol g roup  of the steroid 
is rearranged z'~ to a A ~ 6-20-one group and the double  bond  at C,~ is moved through 
the steroid backbone  to C~4. The  appl icat ion of  the method  for the de terminat ion  of 
lynestrenol in formula t ions  is also being examined.  

The  influence o f  acids on o ther  steroids conta ining a 17~-ethynyl-carbinol- 
g roup  will also be investigated. 

The  au thors  are  indebted to P. M. l- looymans and  L. M. M. van Tetering, 
who  made  valuable exper imental  contr ibut ions  to this work. 

S U M M A R Y  

Lynestrenol  ( 19-nor- 17~-preg-4-en-20-yn-17-ol)  can be converted to polaro- 
graphical ly active substances  by  treatment with sulfuric a c i d - m e t h a n o l  solutions.  
Maximal  sensitivity is obta ined  in 6 0 ~  sulfuric acid so lut ions  but deve lopment  of  
the active c o m p o u n d  requires 1.5 h; slightly poorer sensitivity is found in 8 0 ~  
sulfuric acid so lut ions  but the reaction requires only  I0 min. 
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