
Jmrnal cf Labelled Compounds - October-Decenber - 1/01. IX, n04 

JETER!?Iil;<TI’I:d DF PURITY 3F SOME T?ITI!’,T9 STEP.OIDS, 

Edward J. Merill and Gerald G. Vernice? 

Analytical and Physical Chemistry Department 

Warner-Lambert Research Institute, 170 Tabor Road, 

Morris Plains. New Jersey 07950 U.S.A. 
Received o n  September 2 7 .  1973 

S U M M A R Y  

When radiolabeled s tero ids  a t  high s p e c i f i c  a c t i v i t i e s  are 

required f o r  bio2ogicaZ s tudies ,  the par t icu lar  requirements 

o f  p u r i t y  must be determined. The analyses t o  which the  com- 
pound i s  subjectr:2 i s  bade6 on these requirements. Analytical 

methods are complicated because of the radiochemical ins tabi -  

l i t y  and the lack of s u f f i c i e n t  sample. Methods have been de- 

veloped which w i l l  allow IR  and UV spectra t o  be determined 

with subsequent recovery of the  sample. A pm‘rne requis i te  for 
t h i s  i s  spec ia l ly  pur i f ied  solvents.  The acceptabi l i ty  of cer- 

t a i n  solvents f d r  t h i s  use can be determined by concentrating 
an aliquot o f  the solvent and then examining t h e  residue by 

TLC. Spraying the developed chromatogram with a 5 %  solution o f  

phosphomolybdic arid i n  ethanol, foltoued by heating w i l l  re- 

veal. tho presence of impurit ies i n  the  solvents.  These impu- 

r i t i e s  appeur as spots and can readily be misinterpreted as 

contaminants in the sample if w p u r i f i e d  solvents are used t o  

manipulate a pure  s tero id .  Problems associated w i t 1 1  the determi- 
nutiox af rudtoehmnical pur i ty  v i a  GLC and TLC w i l l  be discus- 

sed. The synthccis o f  t r i t i u t e d  e t h p y l  estra&ol i t s  qc lc :wntu i !  
ethr.1. ,mi thc cgclopentyl e ther  of noret’iznarom acetate w i l l  

i l l u s t r a t e  the above problems. 
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DISCUSSION 

S i n c e  many s t e r o i d s  r e q u i r e  on ly  microgram q u a n t i t i e s  t o  e x h i b i t  b i o l o g i c a l  
e f f e c t s ,  t h e  u s e  of r a d i o l a b e l e d  s t e r o i d s  having ve ry  high s p e c i f i c  a c t i v i t i e s  
i s  mandatory i f  p h y s i o l o g i c a l  doses  are  t o  be admin i s t e red .  The commercially 
a v a i l a b l e  t r i t i u m  and 1 4 C  l a b e l e d  s t e r o i d s  a r e  supp l i ed  a t ,  o r  ve ry  n e a r ,  t h e  
maximum t h e o r e t i c a l  amounts of r a d i o a c t i v i t y  of 29 C i l m i l l i a t o m  
62 mCifmil l ia tom of "C, r e s p e c t i v e l y .  

I n  any d i s c u s s i o n  of p u r i t y ,  t h e  important  q u e s t i o n  f o r  t h e  u s e r  t o  cons ide r  
is  no t  how pure  t h e  m a t e r i a l  i s  bu t  whether t h e  subs t ance  i s  s u f f i c i e n t l y  pu re  
fur t h e  in t ended  ourpose.  I t ,  t h e r e f o r e ,  f o l l o w s  t h a t  t h e  r equ i r emen t s  o f  r ju r i tv  

w i l l  va ry  wi th  each  i n v e s t i g a t o r .  A t  Warner-Lambert where t h e s e  r ad iochemica l s  
are used in v a r i o u s  t r a c e r  and me tabo l i c  s t u d i e s ,  i n  o r d e r  f o r  a s t e r o i d  t o  be 
cons ide red  "pure," i t  must a s s a y  between 98-102%. T h i s  i n c l u d e s  bo th  chemical 
and r ad iochemica l  p u r i t y  and a p p l i e s  t o  b o t h  syn thes i zed  and purchased r a d i o -  
l a b e l e d  s t e r o i d s .  

of 3H and 

The d e t e r m i n a t i o n  of t h e  chemical  p u r i t y  of most s t e r o i d s  a t  t h e s e  high 
s p e c i f i c  a c t i v i t i e s  is d i f f i c u l t  because of t h e  small samole s i z e  and t h e  i n h e r e n t  
r ad iochemica l  i n s t a b i l i t y .  The sample s i z e  is u s u a l l y  mi l l i g rams  or less. 
Obviously,  one cannot  u se  t h e  u s u a l  a s s a v s  where no thought  i s  g iven  t o  samole 
r ecove ry .  

The thought  of sample recovery is  impor t an t  and t h i s  oroblem must be d i s -  
cussed .  These r a d i o l a b e l e d  s t e r o i d s  a r e  u s u a l l y  handled i n  s o l u t i o n  and ,  
t h e r e f o r e ,  t h e  s o l v e n t s  become extremely impor t an t .  G e l l e r  and Si lvermann (1) 
have r e p o r t e d  t h a t  c e r t a i n  i m p u r i t i e s  i n  s o l v e n t s  can i n c r e a s e  t h e  r a t e  of 
decomposi t ion of r a d i o l a b e l e d  s t e r o i d s .  F ranke l  and Kalbandov (2)  a l s o  noted 
t h i s  decomposi t ion by i m p u r i t i e s  i n  s o l v e n t s .  I t  is a b s o l u t e l y  e s s e n t i a l  t h a t  
p u r i f i e d  s o l v e n t s  be used when hand l ing  t h e s e  small o u a n t i t i e s  of m a t e r i a l s .  
Decomposition w i l l  occur  j u s t  i n  t h e  p rocess  of removing t h e  s o l v e n t  a t  room 
temperature .  The methods which a r e  used t o  p u r i f y  our s o l v e n t s  a r e  as r e fe renced :  
methanol ( 3 ) ,  e t h y l a c e t a t e  ( 4 ) ,  ace tone  ( 5 ) ,  benzene ( 6 ) ,  and cyclohexane (7). 

The e m p i r i c a l  t e s t  t h a t  we use t o  check t h e  s o l v e n t s  i s  a s  f o l l o w s .  Using 
u l t r a s o n i c a l l y  c l eaned  g l a s sware ,  50 m l  of t h e  s o l v e n t  i n  a f l a s k  i s  placed on 
a r o t a t i n g  evapora to r  and t h e  s o l v e n t  removed. Any r e s i d u e  i n  t h e  f l a s k  i s  
q u a n t i t a t i v e l y  t r a n s f e r r e d  i n t o  an  e longa ted  t e s t  t ube  (8) with 10 m l  of t h e  
same s o l v e n t .  The s o l v e n t  i s  a g a i n  removed under  a s t r eam of p u r i f i e d  o i l  pump 
n i t r o g e n .  Twenty m i c r o l i t e r s  of t h e  s o l v e n t  were added,  s w i r l e d  t o  d i s s o l v e  any 
r e s i d u e ,  and 10 p 1  a p p l i e d  t o  a s i l i c a  g e l  G or CF u l a t e ,  o r e v i o u s l v  washed wi th  
methanol ,  r e a c t i v a t e d  by h e a t i n g ,  and develoued i n  a mix tu re  of  4 o a r t s  of cvclo-  
hexene and 1 p a r t  o f  ace tone  u n t i l  t h e  s o l v e n t  f r o n t  has  r i s e n  t o  about  10 cm 
above t h e  o r i g i n .  The s o l v e n t s  a r e  a l lowed t o  evapora t e  from t h e  p l a t e  which 
i s  then sp rayed  wi th  a 5% phosphomolybdic a c i d  s o l u t i o n  i n  e t h a n o l .  On h e a t i n g  
z t  120°C f o r  5-15 minu tes ,  a v i s i b l e  b l u e  s p o t  or s o o t s  w i l l  anpea r  a t  d i f f e r e n t  
R f  v a l u e s  i f  t h e  s o l v e n t s  a r e  impure,  a s  shown i n  Fig. 1. 
s e n s i t i v e ,  r e s u l t s  were ob ta ined  wi th  impure s o l v e n t s  a f t e r  sp ray ing  wi th  a 2 %  
s u l f u r i c  a c i d  s o l u t i o n  i n  50% aqueous methanol and h e a t i n g .  When about  3-4 l i t e r s  
of s o l v e n t  a r e  p u r i f i e d  by t h e  p rev ious ly  mentioned p rocedures ,  they w i l l  not  
e s h i b i t  s p o t s  bv t h e  above method. Scale-up of t h e s e  above u u r i f i c a t i o n  methods 
were u n s u c c e s s f u l  f o r  some unknown reason .  I might add t h a t  no th ing  w a s  d e t e c t e d  
i n  t h e s e  s o l v e n t s  o n  s e v e r a l  GLC columns nor by v a r i o u s  s p e c t r a l  methods.  Using 
these p u r i f i e d  s c l v e n t s ,  we were a b l e  t o  man ipu la t e  nanv s t e r o i d s  v i t h o u t  de- 
L.ompcsit i cn .  

S i m i l a r ,  bu t  l e s s  
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Cherr.ica1 P u r i t y  

The procedures  u s u a l l y  used t o  de t e rmine  t h e  chemical  p u r i t y  of r a d i o l a b e l e d  
s t e r o i d s  i n c l u d e  an examinat ion of t h e  u l t r a v i o l e t  (W) spectrum, t h e  i n f r a r e d  
(IR) spectrum, a q u a n t i t a t i v e  t h i n - l a v e r  chromatogram (TLC) o r  g a s - l i q u i d  

chromatography (GLC). For  radiochemical  s t a b i l i t y  r easons ,  t h e  weighed s t e r o i d  
i s  u s u a l l y  kept  i n  s o l u t i o n ,  i n  e i t h e r  benzene,  hexane. cyclohexane.  o r  i n  com- 
b i n a t i o n  wi th  a n o t h e r  s o l v e n t ,  t o  r educe  t h e  r ad iochemica l  decomuosi t ion.  

To de te rmine  t h e  W spectrum, a n  a l i q u o t  of t h i s  s o l u t i o n  corresponding t o  
about  50-100 p g  depending on t h e  chromaDhore, is p i p e t t e d  i n t o  a 5-ml vo lumet r i c  
f l a s k ,  t h e  s o l v e n t  is removed and t h e  sample d r i e d  i n  vacuo. The s o l v e n t  i n  
which t h e  UV is t o  be de t e rmined ,  u s u a l l y  methanol ,  e t h a n o l ,  or e t h y l  a c e t a t e ,  
i s  then  added t o  volume. The snectrum is determined i n  t h e  u s u a l  manner us ing  
t h e  u n i v e r s a l l y  a v a i l a b l e  l-cm c e l l  and compared w i t h  a snectrum of an  a u t h e n t i c  
sample s i m i l a r l y  p repa red .  The e n t i r e  samole can be r ecove red  hv a g a i n  removing 
t h e  s o l v e n t  and r e c o n s t i t u t i n g  wi th  whatever s o l v e n t  is t h e  most s u i t a b l e  f o r  
s t o r a g e .  Before t h i s  recovery s t e p ,  t h e  t o t a l  amount of r a d i o a c t i v i t y  can  be 
determined on t h e  s o l u t i o n  used f o r  t h e  UV v i a  l i q u i d  s c i n t i l l a t i o n  suec t romet ry .  
If i t  i s  necessa ry  t o  d i l u t e  t h i s  s o l u t i o n  t o  f a c i l i t a t e  coun t ing ,  nonrad io lahe led  

FIG. 1 TLC SPRAYED WITH PHOSPVOMOLVBDIC A C I D  

ItLCtlI C l A M  S l V E l t S  I E f I I E  PINNCAlM 
" ."C . . 
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s t e r o i d  or ” c a r r i e r ”  must be added. A r u l e  of thumb is t o  ma in ta in  a concen t r a -  
t i o n  of a t  least 1 mg of m a t e r i a l  p e r  100 m l  of s o l u t i o n .  
ma in ta ined ,  e r r a t i c  r e s u l t s  w i l l  u s u a l l y  r e s u l t ,  as p r e v i o u s l y  r e p o r t e d  by 
s e v e r a l  workers  (9). 

I f  t h i s  i s  no t  

Various methods were t r i e d  i n  o r d e r  t o  o b t a i n  a s a t i s f a c t o r y  I R  spectrum 
and t h e  fo l lowing  method found t o  be t h e  most r e l i a b l e .  An a l i q u o t  of t h e  s t o c k  
s o l u t i o n  r e p r e s e n t i n g  20-100 ug of s t e r o i d  i s  p i p e t t e d  i n t o  a small t e s t  t u b e ,  
and t h e  s o l v e n t  removed under  a s t r eam of n i t r o g e n .  The r e s i d u e  is d r i e d  i n  
vacuo and t r a n s f e r r e d  wi th  chloroform or methylene c h l o r i d e  o n t o  20 mg of K B K .  
An e x c e l l e n t  mix c a n  b e  ob ta ined  on g r i n d i n g ,  and t h e  I R  determined a s  a 0.1- 
0.5% KBr m i c r o p e l l e t  u s ing  a SpeCtKOphotometeK wi th  s c a l e  expansion and a beam 
condensing u n i t  such a s  a Perkin-Elmer 621. I t  should be kep t  i n  mind t h a t  
t h e  I R  of a h igh  s p e c i f i c  a c t i v i t y  (SA) 3H or *‘C l abe led  compound may d i f f e r  
from its n o n r a d i o a c t i v e  c o u n t e r p a r t ,  depending on t h e  l o c a t i o n  of t h e  l a b e l .  
The sample can be r ecove red  by e x t r a c t i o n  i f  necessa ry .  

A q u a n t i t a t i v e  TLC system s p e c i f i c a l l y  designed t o  a l l o w  s e p a r a t i o n  of 
t h e  p o t e n t i a l  i m p u r i t i e s  can  a l s o  b e  used t o  de t e rmine  t h e  chemical  p u r i t y .  
Gene ra l ly ,  when 25-100 p g  of s t e r o i d  a r e  a p p l i e d  t o  t h e  p l a t e ,  and t h e  developed 
chromatogram is v i s u a l i z e d  by any of t h e  u s u a l  methods,  i m p u r i t i e s  a t  t h e  0.1% 
l e v e l  can be d e t e c t e d .  Sometimes t h i s  same TLC can be scanned t o  e s t a b l i s h  t h e  
r ad iochemica l  p u r i t y .  

If a GLC method is a v a i l a b l e .  i t  a l s o  can be used t o  de t e rmine  t h e  chemical  
p u r i t y .  The amount of sample consumed for t h e  GLC i s  s m a l l ,  on t h e  Order of 
. l o  ug wi th  a f lame i o n i z a t i o n  d e t e c t o r .  However, t h e  p r e p a r a t i o n  of a 1% s o l u t i o n  
u s u a l l y  used i n  GLC work may be a problem. Normally,  t h e  e q u i v a l e n t  of about  
100 ug of t h e  s t e r o i d  is t r a n s f e r r e d  i n t o  a test tube  which, on removal of t h e  
s o l v e n t ,  c o n c e n t r a t e s  t h e  s o l i d s  i n  a small a r e a .  Then t h e  sample is  r e c o n s t i t u t e d  
wi th  10 u 1  of an a p p r o p r i a t e  s o l v e n t .  

Radiochemical  P u r i t y  

Genera l ly ,  t h e  d e t e r m i n a t i o n  of t h e  radiochemical  p u r i t y  is e s t a b l i s h e d  by 
some form of chromatography coupled wi th  r a d i o d e t e c t i o n .  With s t e r o i d s  of  h igh  
s p e c i f i c  a c t i v i t i e s ,  i t  i s  mandatory t h a t  t hey  b e  a p p l i e d  t o  t h e  chromatogram 
by superimposing them over  a m o t  of t h e  nonrad ioac t ive  m a t e r i a l .  Decomposition 
may occur  which can b e  mistaken f o r  a r a d i o  contaminant  a s  shown i n  F i g .  2 .  

To i l l u s t r a t e  some of t h e  p rev ious  s t a t e m e n t s ,  t h e  a c t u a l  a n a l y s e s  performed 
on two series of s t e r o i d s ,  which were l a b e l e d  by s y n t h e s i s  i n  ou r  l a b o r a t o r i e s ,  
w i l l  be d i s c u s s e d .  The i r  p u r i f i c a t i o n  was most e a s i l y  accomplished bv p r e p a r a t i v e  
TLC. The u s u a l  250 micron t h i c k  20 x 20 cm p l a t e  proved t u  be t h e  most conveni- 
e n t .  However, i t  i s  a b s o l u t e l y  e s s e n t i a l  t o  prewash t h e  p l a t e  by ascending 
chromatography i n  p u r i f i e d  methanol t o  remove c e r t a i n  contaminants  which e x h i b i t  
end a b s o r p t i o n  i n  t h e  U V .  The p l a t e  must he r e a c t i v a t e d  by h e a t i n g  i n  a n  oven 
a t  105°C f o r  1 5  minutes  and then s t o r e d  i n  a c losed  box t o  p reven t  r e a b s o r p t i o n  
of anv l a b o r a t o r y  chemicals .  I n c i d e n t a l l y ,  s i l i c o n e  g r e a s e  is never  used because 
i t  r e a d i l y  d i s s o l v e s  i n  s o l v e n t s  and i n t e r f e r e s  wi th  most a n a l v t i c a l  determin-  
&it ions. 
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Radioscan of Estrone-6,7dH spotted directly on Silica Gel 

FIG. 2 PADIOSCAN OF ESTR0I:E 
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UV SPECTRUM OF M E T H A N O L  E L U A T E  OF SIL ICA GEL GF 

From 2 cm x 18 cm area. 
before methanol oosh. 

210 nm 3 5 0  
From 2 cm x IS cm areo. 

o f  o mefhonol prewashed plafe. 

FIG. 3 UV SPECTRUM OF METHANOL ELUATE OF SILICA GEL PLATE 

When a 2 cm x 18 cm area from an unwashed plate was scraped from the plate, 
packed into a small liquid chromatography column and eluted with 10 ml of methanol, 
the W spectrum shown in Fig. 3 was obtained. A washed plate, similarly scraped, 
in which purified solvents have been used is shown also. The eluate was filtered 
through a fine fritted glass funnel t o  remove fine particles cf the adsorbent. 

Using the method shown in Fig. 4 ,  ethynylestradiol-6,7-?H (EE-%I) and 
3-cyclopentyloxy-17a-ethyn~lestradiol-6,7-3H,’ (q~inestrol-b,7-~tI) were 
synthesized and purified (10). The UV and IR of each were identical with 

authentic samples. 
activity of 5 4 . 2  Ci/mM in either ethyl acetate, benzene, or  cvclohexane, and it 
was only after sequential reduction of the specific activity t o  1.82 Ci/mM i n  
benzene that the compound stabilized. Now, the rate of decomposition is about 
3-4% per year. 

The EE-6,7-3H was radiochemically unstable at the high suecific 

8v converting the EE-6,7-3H having a specific activity of 5 4 . 2  Ci/mM 
immediately into its cyclopentyl ether and purifying by TLC. the produc t  obtained 
was cliemicallv and radiochemically pure by UV, IR. and TLC. The TLC solvent of 
iuclchesanelacetone ( 4 : l )  using silica gel GF coated plates (11) will separate 
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E t h y n v l r s l r r d i o l - 6 . 7 -  3 H  Quincst ro l -6 .7 -  'H 

FIC. 4 SVNTHESIS OF QUINESTROL-6,7-3H 

t h e  i n t e r m e d i a t e s  and is a n  e x c e l l e n t  system f o r  t h e  d e t e r m i n a t i o n  of contamin- 
a n t s .  The s p e c i f i c  a c t i v i t y  w a s  54.8 Ci/mM and had decomposed by 5% a f t e r  3 
months,  when s t o r e d  i n  9 p t s .  benzene and 1 p t .  methanol  a t  5OC under  N.. When 
t r i t i u m  w a s  i nco rpora t ed  i n t o  t h e  c y c l o p e n t y l  r i n g  a t  t h e  1'. 2' .  and 3' p o s i t i o n s  
a t  a s p e c i f i c  a c t i v i t y  of 42.7 C i / m M ,  t h e  compound e x h i b i t e d  abou t  3% decomposi- 
t i o n  a f t e r  3 months when s t o r e d  under t h e  same c o n d i t i o n s .  When t h e  c y c l o p e n t y l  
r i n g  w a s  l a b e l e d  w i t h  14C i n  t h e  l1 p o s i t i o n  a t  a s p e c i f i c  a c t i v i t y  of 14 .3  mCi/mM, 
no decomposi t ion was noted a f t e r  more than  two y e a r s .  

The o t h e r  example of t h e  s y n t h e s i s  and p u r i f i c a t i o n  of s e v e r a l  t r i t i a t e d  
s t e r o i d s  (12) a l s o  beg,.l k i t h  6-dehydroestrone as shown i n  F i g .  5. Again, 
because of t h e  h igh  SA's of t h e s e  s t e r o i d s ,  p u r i f i c a t i o n s  were a l l  accomplished 
by column o r  TLC procedures .  The unusual f e a t u r e  of 3-cyclopent loxy-19-nor- 
17a-pregna-3,5-dien-2O-yn-17-01-7-~H 17-ace ta t e  (quingestan01-7-~H a c e t a t e )  
is t h a t  i t  i s  an  eno l  e t h e r  which a s  a c l a s s  a r e  u s u a l l y  n o t  s t a b l e  a t  a pH 
below 7. 

The e t h y l  e n o l  e t h e r  d i d  not s e p a r a t e  on TLC from t h e  c y c l o p e n t y l  e n o l  
e t h e r  (qu inges t an01-7 -~h  a c e t a t e ) .  However, GLC proved ve ry  h e l p f u l .  Using 
a 6 f t .  x 0.1 i n .  g l a s s  column packed with 60-100 mesh Gas Chrom Q coa ted  wi th  
2% SE-30 us ing  a helium f low of 50 ml/min and a t empera tu re  no h i g h e r  t han  
213"C, t h e  e t h y l  e n o l  e t h e r  and t h e  c y c l o p e n t y l  e n o l  e t h e r  had r e t e n t i o n  times 
(R ) of about  6 and 18 rnin., r e s p e c t i v e l y .  Unexpectedly,  t h e  a n a l y t i c a l  GLC 
o f t t h e  h igh  s p e c i f i c  a c t i v i t y  q ~ i n g e s t a n o l - 7 - ~ H  a c e t a t e  e x h i b i t e d  an a d d i t i o n a l  
band. I t  was s t i l l  p r e s e n t  a f t e r  r e p u r i f i c a t i o n .  Even tua l ly ,  i t  was d i scove red  
t h a t  t h e  i n j e c t i o n  t empera tu re  was c r i t i c a l .  Anv sample i n j e c t e d  above 213°C 

' Q u i n g r s t a n o l  a c e t a t e  i s  l i s t e d  i n  United S t a t e s  Accepted Xames (C5.W). 
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FIG. 5 SYNTHESIS OF QUINGESTANOL-8- 1: ACETATE 

would produce t h i s  band due  to  d e c o m p o s i t i o n  of t h e  q ~ i n g e s t a n o l - 7 - ~ t i  a c e t a t e  
on t h e  column. 

The r a s e  of h y d r o l y s i s  of t h i s  compound should  a l s o  he  mentioned.  A s i l i c a  
gel p l a t e  w a s  s u f f i c i e n t l v  a c i d  to  c o m p l e t e l v  h v d r o l v z e  t h e  sample when spocL,~d.  
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This  s t e r o i d  could be manipulated by i n c o r p o r a t i n g  0.05% p y r i d i n e  o r  p i p e r i d i n e  
i n t o  a l l  t h e  s o l v e n t s  which con tac t ed  t h e  sample and by u s i n g  alumina p l a t e s .  
Glassware was always p r e r i n s e d  w i t h  t h e s e  s o l v e n t s  t o  keep t h e  s o l u t i o n  on t h e  
b a s i c  s i d e .  

Th i s  paper  has  a t t empted  t o  demons t r a t e  t h a t  d e s p i t e  t h e  i n s t a b i l i t i e s  u s u a l l y  
encountered w i t h  r a d i o l a b e l e d  h igh  s p e c i f i c  a c t i v i t y  s t e r o i d s ,  t h e  u s u a l  a n a l y s e s  
can  be performed wi th  recovery of t h e  l i m i t e d ,  expensive sample p o s s i b l e  i n  most 
c a s e s .  
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