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ABSTRAC T 

Pentafluorobenzoyl  derivat ives of estrone,  estradiol-17B and 
tes tos te rone  were  prepared  and charac te r ized  by their  melt ing point, 
in f ra red  spectrum, fluorine content and R F values on th in- layer  
ch romatograms .  The stability, gas chromatographic  behavior  and electron 
affinity of these der ivat ives  were  investigated.  In cont ras t  to the 
3-heptaf luorobutyrates  of es t rone and estradiol ,  the corresponding 
pentafluorobenzoates were  shown to be stable e s t e r s .  The electron affinity 
of the 3-pentafluorobenzoates and the 3-heptafluorobutyrates  of es t rogens  
was of the same order .  In the 17-position of es tradiol  and tes tosterone,  
introduction of the pentafluorobenzoyl group was markedly  more  effective 
in enhancing electron capturing capacity than was heptafluorobutyration.  
Conditions for pentafluorobenzoylation were  defined under which the react ion 
is specific for phenolic hydroxyl groups. Of the der ivat ives  investigated, 
es t rone pentafluorobenzoate and es t radiol -3-pentaf luorobenzoate-17-hepta-  
f luorobutyrate  were  found to be most  suitable for determinat ion of es t rone 
and estradiol ,  respect ively .  A method for the preparat ion,  purif icat ion by 
th in - layer  chromatography,  and quantitation by electron capture detection 
-gas chromatography of these two estrogen der ivat ives  on a sub-nanogram 
scale  is descr ibed.  

INTRODUCTION 

The low concentrat ions of s teroid hormones in body fluids, 

especial ly in plasma,  requi re  ext remely sensi t ive methods for  their  

determinat ion.  Recently, several  methods for u l t r a -mic rode te rmina t ion  of 

s teroid hormones by gas chromatography have been described,  using 
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halogenated derivat ives for electron capture detection. Of the var ious 

derivat ives investigated, heptafluorobutyrates received par t i cu la r  attention, 

owing to their  high electron affinity (2). A method for measu remen t  of p l a sma  

estrogens as the i r  heptafluorobutyrates was published by Wotiz (3). Although 

this method is very  sensitive,  its main disadvantage is the instabili ty of 

phenolic heptafluorobutyrate es te r s  in the presence  of mois ture  or hydroxylic 

solvents, which renders  their  purification by th in- layer  or paper 

chromatography impossible (3). Chromatographic purif icat ion of the s teroid  

derivative before gas chromatography is most  desirable for two reasons:  

f i rs t ,  because many residual  substances accompanying the s teroid throughout 

the isolation procedure  reac t  with the halogenated reagent  to give electron 

capturing compounds which may ser iously  in ter fere  with the detection. 

Secondly, losses  due to incomplete es ter i f icat ion of the s teroid or  decomposi-  

tion of the derivative cannot be accounted for, unless the derivative is 

chromatographical ly separated f rom any f ree  s teroid that may be present .  

The aim of the p resen t  study was to find derivat ives of phenolic and 

other hydroxysteroids  which are stable enough to be purif ied l~y conventional 

chromatography and yet  show electron absorbing ability of the same o rde r  as 

the heptaf luorobutyrates .  It was expected that pentafluorobenzoates would 

fulfill both demands: since in es ters  of pentafluorobenzoic acid the carbonyl 

group is stabil ized by conjugation with the benzene ring, these es te r s  should 

be less  susceptible to hydrolysis  than es te rs  of sa turated acids, while the 

p resence  of five fluorine atoms in the molecule should give r i se  to high 

electron affinity. 
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EKP ERIMENTAL 

Reagents  and Apparatus 

Steroids  were  purchased  f rom Ikapharm, Ramat-Gan,  I s r ae l .  All 
solvents  were  of analytical  grade  and were  red i s t i l l ed  be fo re  use .  
Tr ie thy lamine  was of analytical  grade and was ref luxed over  KOH and 
dis t i l led be fo re  use .  Penta f luorophenylhydraz ine  was pu rchased  f rom 
Pen insu la r  C h e m r e s e a r c h  Inc . ,  Gainsville,  F lor ida .  Pentaf luorobenzoyl  
ch lor ide  was purchased  f rom Aldrich Chemical  Co. Inc. and was red i s t i l l ed  
under  reduced  p r e s s u r e .  Heptaf luorobutyr ic  anhydride was pu rchased  f rom 
Pen insu la r  C h e m r e s e a r c h  Inc. It was ref luxed over  P~O 5 , disti l led, and 
the f rac t ion  boiling at 109°C was col lec ted  (3). 

Th in - l aye r  chromatography  was p e r f o r m e d  on 5 x 20 cm glass  p la tes  
which were  coated with a 0.25 mm l a y e r  of s i l i ca  gel GF 254 (Merck AG, 
Darmstadt ,  Germany) .  The plates  were  washed by pre running  in methanol,  
and we re  then act ivated at 110 ° C for  one hour .  A P a c k a r d  Rad iochromato-  
g r am Scanner  Model 7201 was used for  scanning radioact iv i ty  on 
c h r o m a t o g r a m s .  

Melting points were  de te rmined  on a F i s h e r - J o h n s  Apparatus and a re  
c o r r e c t e d .  In f r a r ed  s p e c t r a  were  obtained on a P e r k i n - E l m e r  237 Grating 
Spec t ropbotometer ,  using potass ium b romide  m i c r o - p e l l e t s .  

Gas liquid c h r o m a t o g r a p h y . -  A Packa rd  7821 Gas Chromatograph  
was used with e i ther  a Model 811 hydrogen f lame ionization de tec to r  o r  a 
Model 810 eSNi e lec t ron  capture  de tec to r .  T w o - m e t e r - l o n g  coi led 
s i lanized glass  columns were  used; columns of 4 mm internal  d i ame te r  in 
conjunction with the hydrogen f lame ionization detec tor ,  and 2 mm columns 
with the e lec t ron  cap ture  de tec tor .  Columns were  packed with 1% XE-60, 
1% QF-1 o r  3% SE-30 on Gas Chrom Q mesh  100/120 (Applied Science Labs .  
Inc. ) and we re  opera ted  at 200-240°C. 

Fo r  e l e c t ron -cap tu r e  detection, the c a r r i e r  gas used was a rgon/  
methane  (90 : 10) at 33 m l / m i n .  (inlet p r e s s u r e  31 p . s . i .  ). The gas was 
pur i f ied  by sequential  passage  through act ivated molecu la r  sieve's of types 
5A and 13X (Linde Air P roduc t s  Co.) .  High inlet  p r e s s u r e s  and high 
column t e m p e r a t u r e s  were  r equ i r ed  to shor ten  the re tent ion  t imes  of the 
re la t ive ly  non-vola t i le  pentaf luorobenzoates .  To p r e s e r v e  gas flow r a t e s  
compat ible  with maximal  de tec tor  r e sponse  under  these  conditions,  smal l  
d i ame te r  columns were  used.  These  also min imize  bleeding r a t e  and on- 
column absorption,  and hence enhance sens i t iv i ty .  Pu l s e s  of 12 V amplitude 
and 11 ~sec width (Hewle t t -Packard  Model 212A pulse  genera tor )  we re  
applied at 230 ~ sec in tervals  to the detec tor ,  giving a standing c u r r e n t  of 
2 . 2 x  10-gA. Detec tor  r e sponse  was l inear ly  r e l a t ed  to mass  when the 
d e c r e a s e  in c u r r e n t  induced by passage  of the e l ec t ron-cap tu r ing  compound 
did not exceed 3xl0-ZOA. Under the conditions used, this applied ove r  the 
range  of 20-500 pg for  those compounds l i s ted  in Table II whose m o l a r  
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r e s p o n s e  was  equal  to o r  h ighe r  than tha t  of  e s t r o n e  h e p t a f l u o r o b u t y r a t e .  
~For l a r g e r  amounts ,  the t r a n s f o r m a t i o n  p r o p o s e d  by  Wentwor th  et  al.  (4) 
and S immonds  e t  al.  (5) b e c o m e s  n e c e s s a r y  to l i n e a r i z e  the r e s p o n s e ] .  
P e a k  a r e a s  w e r e  m e a s u r e d  with a m e c h a n i c a l  p l a n i m e t e r .  Mo la r  r e s p o n s e s  
w e r e  c a l cu l a t ed  f r o m  the l i n e a r  po r t i on  of  the c u r v e s  ob ta ined  by p lo t t ing  
peak  a r e a s  v s .  m a s s .  

D e t e c t o r  t e m p e r a t u r e  was  v a r i e d  f r o m  200 - 300°C : fo r  m o s t  of the 
compounds  t e s t e d  248°C was  found to be  op t imal ,  bu t  f o r  e s t r a d i o l - 3 - m e t h y l  
e t h e r - 1 7 - h e p t a f l u o r o b u t y r a t e ,  e s t r o n e - 3 - p e n t a f l u o r o b e n z o a t e  and t e s t o s t e r o n e -  
1 7 - c h l o r o a c e t a t e  280°C was op t imal  and was  u sed  fo r  quant i ta t ive  
d e t e r m i n a t i o n s .  

P r e p a r a t i o n  of  D e r i v a t i v e s  

P e n t a f l u o r o b e n z o y l a t i o n  of phenol ic  h y d r o x y l s . -  The  s t e r o i d  o r  s t e r o i d  
d e r i v a t i v e  (100 mg) was  d i s so lved  in 30 ml  benzene ,  1 .5  ml  t r i e t h y l a m i n e  
and 0 .15 ml  p e n t a f l u o r o b e n z o y l  c h l o r i d e  w e r e  added, and the m i x t u r e  was  
al lowed to s tand  ove rn igh t  at r o o m  t e m p e r a t u r e  in the da rk .  Subsequent ly  
3 ml of 3N HC1 was  added, and the m i x t u r e  was  l e f t  at r o o m  t e m p e r a t u r e  f o r  
30 m i n u t e s .  The aqueous phase  was  then r e m o v e d .  The b e n z e n e  solut ion 
was  washed  once  wi th  1 /10 vo lume  of  3N HC1, twice  wi th  1 /10 vo lume  
1N Na2CO s , twice  with 1 /10  vo lum e  w a t e r ,  and was e v a p o r a t e d .  The  
r e s i d u e  was  c r y s t a l l i z e d  t h r e e  t i m e s  f r o m  a c e t o n e - m e t h a n o l .  Under  t h e s e  
condi t ions  no s ign i f ican t  e s t e r i f i c a t i o n  of non-pheno l i c  h y d r o x y l s  o c c u r r e d .  

P e n t a f l u o r o b e n z o y l a t i o n  of 17 ~ - h y d r o x y l s .  - E s t e r i f i c a t i o n  of 17 8 - 
hyd roxy l  g roups ,  which  a r e  l e s s  acidic  than phenol ic  hyd roxy l s ,  r e q u i r e d  
h ighe r  c o n c e n t r a t i o n s  of r e a c t a n t s  and l o n g e r  r e a c t i o n  t i m e s .  The s t e r o i d  o r  
s t e r o i d  d e r i v a t i v e  (100 rag) was  d i s so lved  in 4 ml  of a 20% solu t ion  of  
t r i e t h y l a m i n e  in benzene  and 0.15 ml  p e n t a f l u o r o b e n z o y l  c h l o r i d e  was  added.  
Af te r  s tanding fo r  46 hour s  at r o o m  t e m p e r a t u r e  in the dark ,  3 ml  of 
3N HC1 and 6 ml benzene  w e r e  added, and the m i x t u r e  was kep t  at r o o m  
t e m p e r a t u r e  fo r  30 min .  F r o m  h e r e  on the p r o c e d u r e  was  s i m i l a r  to tha t  f o r  
p r e p a r a t i o n  of phenol ic  p e n t a f l u o r o b e n z o a t e s .  

E s t r o n e  p e n t a f l u o r o b e n z o a t e  was p r e p a r e d  f r o m  e s t r o n e  ( 3 - h y d r o x y -  
e s t r a - 1 ,  3, 5 ( 1 0 ) - t r i e n - 1 7 - o n e )  by  the m e th o d  fo r  pen t a f luo robenzoy la t i on  of 
phenol ic  h y d r o x y l s  d e s c r i b e d  above.  The c r y s t a l l i n e  p r o d u c t  ob ta ined  
c o n s i s t e d  of n e e d l e s  me l t ing  at 165-166°C . F l u o r i n e  ana lys i s :  Ca lcd .  f o r  
C2BH~lF50  3 : 2 0 . 4 7 % ,  found: 20.66% . The i n f r a r e d  s p e c t r u m  showed two 
c a r bony l  absorp t ion  bands  at 1730 cm  -1 and at 1747 cm  -1 , and the OH 
s t r e t c h i n g  band at 3360 cm -1 - p r e s e n t  in the s p e c t r u m  of e s t r o n e  - was  
absent .  

E s t r a d i o l - 3 - p e n t a f l u o r o b e n z o a t e  was  p r e p a r e d  f r o m  e s t r a d i o l  ( e s t r a -  
1, 3, 5 (10 ) - t r i ene -3 ,  17 8-d io l )  by the p r o c e d u r e  d e s c r i b e d  fo r  p e n t a f l u o r o -  
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b e n z o y l a t i o n  of  pheno l i c  h y d r o x y l s .  I t  c r y s t a l l i z e d  in need l e s ,  m e l t i n g  a t  
127-129°C . F l u o r i n e  a n a l y s i s :  c a l cd ,  f o r  C ~ s H ~ s F s O s :  20.38% , 
found: 20.06% . The  i n f r a r e d  s p e c t r u m  showed  an e s t e r  c a r b o n y l  a b s o r p t i o n  
band  at 1752 c m  -~ and an OH s t r e t c h i n g  band  at 3390 c m  -x . The  ARMr 
va lue  ( see  r e f .  6, 7 f o r  defini t ion)  f o r  p e n t a f l u o r o b e n z o a t e  f o r m a t i o n  f r o m  
e s t r a d i o l  w a s  0 .44  on an X E - 6 0  g a s  c h r o m a t o g r a p h y  co lumn,  and w a s  
p r a c t i c a l l y  iden t i ca l  wi th  the c o r r e s p o n d i n g  va lue  fo r  e s t r o n e  (0.45),  bu t  
d i f f e r e n t  f r o m  the ARMr (0.64) f o r  p e n t a f l u o r o b e n z o y l a t i o n  of t e s t o s t e r o n e  
(17 8 - h y d r o x y a n d r o s t - 4 - e n - 3 - o n e ) ,  thus  ind ica t ing  tha t  the  p r o d u c t  w a s  
e s t r a d i o l - 3 - p e n t a f l u o r o b e n z o a t e  and not  e s t r a d i o l - 1 7 - p e n t a f l u o r o b e n z o a t e .  
The  l oca t i on  of the  e s t e r  g roup  was  f u r t h e r  e s t a b l i s h e d  by  c o n v e r s i o n  to 
e s t r o n e  p e n t a f l u o r o b e n z o a t e :  an a l iquot  of  the e s t e r i f i c a t i o n  p r o d u c t  w a s  
ox id i zed  wi th  CrO s in d ry  p y r i d i n e  (8). The ox ida t ion  p r o d u c t  w a s  s u b j e c t e d  
to t h i n - l a y e r  c h r o m a t o g r a p h y  us ing  s y s t e m  A (Tab le  I), and l o c a t e d  on the  
p l a t e  by  i ts  u l t r a v i o l e t  l igh t  a b s o r p t i o n .  I t s  m o b i l i t y  w a s  iden t i ca l  wi th  tha t  
of  authent ic  e s t r o n e  p e n t a f l u o r o b e n z o a t e .  Upon e lu t ion  wi th  e thyl  a c e t a t e  and 
e v a p o r a t i o n  of the  so lven t ,  a c r y s t a l l i n e  m a t e r i a l  w a s  ob t a ined  which  m e l t e d  
at 160-163°C . I t s  i n f r a r e d  s p e c t r u m  and i t s  r e t e n t i o n  t i m e  on an X E - 6 0  
c o l u m n  w e r e  iden t i ca l  wi th  t hose  of  e s t r o n e  p e n t a f l u o r o b e n z o a t e .  

E s t r a d i o l - b i s p e n t a f l u o r o b e n z o a t e  w a s  p r e p a r e d  f r o m  e s t r a d i o l  by  the 
p r o c e d u r e  f o r  p e n t a f l u o r o b e n z o y l a t i o n  of 17 B - h y d r o x y l  g r o u p s  d e s c r i b e d  
above,  e x c e p t  tha t  tw ice  the amount  of  p e n t a f l u o r o b e n z o y l  c h l o r i d e  w a s  u s e d .  
The  p r o d u c t  m e l t e d  at 140-141°C . F l u o r i n e  a n a l y s i s :  c a l cd ,  f o r  
C s ~ H ~ F l o O  4 : 28.79% , found: 29.07% . The  i n f r a r e d  s p e c t r u m  showed  
two e s t e r  c a r b o n y l  b a n d s  at 1743 c m  -1 and at 1762 c m  -~ and no OH 
s t r e t c h i n g  band  w a s  p r e s e n t .  

E s t r a d i o l - 3  m e t h y l  e t h e r - 1 7 - p e n t a f l u o r o b e n z o a t e  w a s  p r e p a r e d  f r o m  
e s t r a d i o l - 3 - m e t h y l  e t h e r  by  the m e t h o d  f o r  p e n t a f l u o r o b e n z o y l a t i o n  of 17 8 -  
h y d r o x y l  g r o u p s  d e s c r i b e d  above .  I t  c r y s t a l l i z e d  in n e e d l e s ,  m e l t i n g  at 
147-148°C . F l u o r i n e  a n a l y s i s :  c a l cd ,  f o r  C ~ H 2 s F s O s :  1 9 . 7 9 % ,  
found: 19.50% . The  i n f r a r e d  s p e c t r u m  showed  an e s t e r  c a r b o n y l  band  at 
1740 c m  -1 , and no OH s t r e t c h i n g  band  w a s  p r e s e n t .  

T e s t o s t e r o n e  p e n t a f l u o r o b e n z o a t e  w a s  p r e p a r e d  f r o m  t e s t o s t e r o n e  by  
the  m e t h o d  fo r  p e n t a f l u o r o b e n z o y l a t i o n  of 17 B - h y d r o x y l  g r o u p s  d e s c r i b e d  
above .  I t  m e l t e d  at 169-170°C . F l u o r i n e  a n a l y s i s :  c a l c d ,  f o r  C~eH~TFsO 3 : 
19.70% , found: 18 .96% . The i n f r a r e d  s p e c t r u m  showed  an e s t e r  c a r b o n y l  
band  at  1735 c m  -1 , and no OH s t r e t c h i n g  band  w a s  p r e s e n t .  

E s t r a d i o l - 3 - m e t h y l  e t h e r - 1 7 - h e p t a f l u o r o b u t y r a t e  w a s  p r e p a r e d  f r o m  
e s t r a d i o l - 3 - m e t h y l  e t h e r  a c c o r d i n g  to the  m e t h o d  of N a k a g a w a  e t  al .  (9) f o r  
t e s t o s t e r o n e  h e p t a f l u o r o b u t y r a t e .  The p r o d u c t  c r y s t a l l i z e d  f r o m  m e t h a n o l  in 
long n e e d l e s  m e l t i n g  at  62 -63°C  . F l u o r i n e  a n a l y s i s :  c a l cd ,  f o r  
C~3H25FTO~:  27.59% , found: 26.70% . The  i n f r a r e d  s p e c t r u m  showed  an 
e s t e r  c a r b o n y l  band  at  1775 c m  - I  , and no OH s t r e t c h i n g  band  w a s  p r e s e n t .  
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Table I .  

Thin layer  chromatography of f luorinated derivat ives of s teroids  

C o m p o u n d *  

Estrone 

Estrone PFBe 

Estradiol 

Estradiol- 3-P FB e 

Estradiol-3-PFBe-17-HFBu 

Estradiol-bis-PFBe 

Est rad io l -3-ME 

Es t rad io l -  3-ME- 17 -P FBe 

Testos terone 

Testos terone PFBe  

R F Values 

System A[ System B[ System C I System D 

0.17 

0.53 

0.00 0.00 

0.44 0.75 

0.38 0.51 

0.14 0.07 

0.54 0.66 

0.30 

0.59 

.0.95 

0.28 

0.69 

System A: Benzene/acetone (97:3). 
System B : Cyclohexane/acetone (96:4). 
System C : Pe t ro leum ether  (b .p .40-60°C)/benzene (1:1). 
System D : Benzene/acetone (9:1) 

* PFBe,  pentafluorobenzoate; HFBu, heptafluorobutyrate;  ME, methyl 
e ther .  

Estradiol-3-pentaf luorobenzoate-17-heptaf luorobutyrate  was p repared  
f rom estradiol-3-pentaf luorobenzoate  according to the method of Nakagawa 
et al. (9) for tes tos terone heptafluorobutyrate.  It c rys ta l l i zed  f rom acetone- 
methanol in plates melt ing at 125-126°C . Fluorine analysis: calcd, for 
CasH2aF laO 4 : 34.4% , found: 34.6% . T h e  inf ra red  spectrum showed two 
es te r  carbonyl bands at 1748 cm -1 and at 1778 cm -1 and no OH stretching 
band was present .  

Testosterone heptafluorobutyrate was prepared  as descr ibed by 
Nakagawa et al. (9). Melting point: 86-88°C [ l i te ra ture  (9) 86-88Oc ] .  
Fluorine analysis:  calcd, for  C~3HaTF70 s : 27.48%, found: 27.23% . The 
inf ra red  spectrum was identical with that published by Nakagawa et al. (9). 
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Es t rone-3-methy l  e ther-17-pentaf luorophenylhydrazone was p repared  
according to the method of Attal et al. (10). The melt ing point was 188-189°C 
[ l i t e ra ture  (10) 189-190°C ]. The inf rared  spect rum was identical with that 
published by Attal et al. (10). 

Tes tos terone chloroacetate  was prepared as descr ibed by Brownie 
et al. (11). Melting point: 123-124°C r l i t e ra tu re  (11) 124-125°C ~. The 
inf ra red  spect rum was identical with that published by Neudert  and 
Ropke (12). 

Each of the der ivat ives  gave a single peak when chromatographed on 
two different  columns (1% XE-60, 1% QF-1 or 3% SE-30) and detected 
with a hydrogen f lame ionization detector .  

Est rone heptafluorobutyrate and es t radiol -bisheptaf luorobutyra te  
were  prepared  in nanogram amounts by the method of Wotiz (3). 

Micro-prepara t ion  of es trone-pentaf luorobenzoate  and es t rad io l -3-  
pentaf luorobenzoate-17-heptaf luorobutyrate  (10 -1 o _ 10-8 g) was conducted 
as follows: 50 ~l of a 0.1% solution of pentafluorobenzoyl chloride in benzene 
and 50 ~l of a 2% solution of t r ie thylamine in benzene were  added to the dry 
steroid;  the la t te r  contained t r i t ia ted s teroid as t r a c e r .  The mixture  was 
left  overnight at room tempera ture  in the dark.  In the case of estrone,  the 
react ion mixture  was then evaporated to dryness  under a s t r eam of ni trogen.  
For  preparat ion of the estradiol  derivative,  20 ~l of a 10% solution of 
heptafluorobutyric anhydride in hexane was added at this stage, the mixture  
was kept at 60°C for  30 minutes,  and was then taken to dryness  under a 
s t r eam of nitrogen.  The dry res idues ,  containing ei ther  es t rone pentaf luoro-  
benzoate or  es t radiol-3-pentaf luorobenzoate-17-heptaf luorobutyrate  were  
chromatographed on thin- layer ,  using sys tem A and sys tem B (Table I), 
respect ive ly .  Following chromatography,  the th in- layer  plates were  scanned 
for radioactivi ty and the radioactive zones were  eluted in 5 ml ethyl acetate.  
The eluates were  evaporated, the dry res idue was dissolved in a known 
volume of ethyl acetate, and an aliquot was injected into the gas chromato- 
graph. 

.RESULTS AND COMMENTS 

As anticipated, pentafluorobenzoylation of the phenolic hydroxyls of 

es t rone and estradiol  yielded stable es te r s .  These es te rs ,  in cont ras t  to the 

corresponding heptafluorobutyrates (3), can be purif ied by th in- layer  

chromatography,  and can be prepared in crys ta l l ine  form.  The higher 
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stabili ty of pentafluorobenzoates of es t rone and estradiol  was also evident 

f rom the fact  that ne i ther  prolonged contact with 3N HC1 (30 minutes at 

room temperature)  nor  washing of solutions of the der ivat ives  in organic 

1N Na~CO s resul ted in any cleavage of the phenolic es te r  solvents with 

bond. 

The retention t imes of the pentafluorobenzoates are considerably 

longer than those of the corresponding heptafluorobutyrates;  however, the 

mola r  responses  they elicit  are of the same o rde r  or  even higher (see 

Table II). 

Another advantage of the pentafluorobenzoates l ies in the fact that 

specifici ty for phenols can be achieved under  appropriate react ion conditions: 

using a low concentration of t r ie thylamine,  under the conditions outlined for 

microprepara t ion  of the estrogen derivatives,  pentafluorobenzoylation of 

phenolic hydroxyl groups is quantitative, but the less  acidic 17-hydroxyl 

groups do not react .  This was demonstra ted in severa l  experiments  in which 

t r i t ia ted  estrone, estradiol ,  es t rad io l -3-methyl  e ther  and tes tos terone  were  

t rea ted  individually as described, and the products were  chromatographed 

on th in- layer  in paral le l  with the respect ive authentic f ree  s teroids  and 

pentafluorobenzoates.  Scanning of the chromatograms  for radioactivi ty 

revealed that estrone and estradiol  had been quantitatively converted to the 

corresponding 3-pentafluorobenzoates,  whereas  es t rad io l -3-methyl  ether 

and tes tos terone  remained unchanged (less than 3% conversion).  

Estrone pentafluorobenzoate and es t radiol-3-pentaf luorobenzoate-17-  

heptafluorobutyrate,  when prepared  on a nanogram or subnanogram scale,  
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were  sufficiently pure for electron capture detection - gas chromatography.  

Thus, when 100 picogram of es t rone or  es t radiol  were  converted to these 

derivat ives,  chromatographed on th in- layer  and a 1/5 aliquot (equivalent to 

20 p icogram of f ree  steroid),  was injected into the gas chromatograph,  a 

c lear ly  defined peak of the derivat ive was obtained (Fig. 1), while a s imi la r ly  

t rea ted  reagent  blank showed no peak in the corresponding a reas .  

Table II shows the re la t ive retention t imes  and re la t ive  molar  

responses  of var ious  halogenated s teroid  der ivat ives .  Estrone pentaf luoro-  

benzoate was found to be most  sa t i s fac tory  for quantitation of es t rone.  Its 

mola r  response  was 2.6 t imes higher than that of es t rone heptafluorobutyrate 

and 6.5 t imes  higher than that of es t rone-3-methy l  e ther-17-pentaf luoro-  

phenylhydrazone, while the preparat ion of the la t te r  is more  t ime consuming.  

Estradiol-3-pentaf luorobenzoate ,  as such, was not used for  electron 

capture detection of estradiol ,  since it is des i rable  to es te r i fy  the second 

hydroxyl group, to prevent  absorption on the gas chromatography column. 

On the other  hand, estradiol-3,  17-bispentafluorobenzoate had an excess ively  

long retention time, and was therefore  not suitable for gas chromatography.  

As s teroid  17-heptafluorobutyrates,  in cont ras t  to phenolic heptafluro-  

butyrates ,  are stable (13), the gas chromatographic behavior of es t rad io l -3-  

pentafluorobenzoate-17-heptafluorobutyrate seemed worth exploring. This 

derivat ive had a re la t ively  shor t  retention t ime,  its mola r  response was 

equal to that of es t radiol-bisheptaf luorobutyrate ,  and it could successful ly  be 

prepared  in sub-mic rogram amounts (14). 
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Table II 

Relative retention t imes and rela t ive mola r  responses  

of var ious  s teroids  and fluorinated der ivat ives .  

C o m p o u n d *  

Relative retention 
t imes** 

QF-1 SE-30 XE-60 
230°C 230°C 240°C 

Relative mola r  
response*** 
at optimal 

detector  temp. 

Est rone 0.30 0.58 0.74 
Est rone HFBu 
Estrone P FBe 1.90 2.65 2.10 
Es t rone-3-ME 0.22 0.50 0.31 
Es t rone -3 -ME-17-PFPh  1.00 3.87 2.02 

Estradiol  0.20 0.61 0.68 
Es t rad io l -3 -PFBe  1.20 2.81 1.88 
Es t rad io l -b i s -P  FBe 7.07 8.13 
Es t rad io l -3 -PFBe-17-HFBu 1.30 2.59 1.06 
Es t radio l -b is -HFBu 

Est radiol -3-ME 1.47 0.54 0.29 
Es t rad io l -3 -ME-17-PFBe  0.87 2.61 1.14 
Es t r  adiol-3-ME-17-HFBu 

Testos terone 0.47 0.66 0.65 
Testos terone PFBe 3.22 3.34 2.89 
Testos terone HFBu 
Testosterone chloroacetate  1.58 1.79 1.87 

1.0 
2 . 6 t  

0.4 

2.5 
2.6 

2.2 
0 . 2 t  

3.1 
1.2 
0 . 1 t  

* PFBe,  pentafluorobenzoate; HFBu, heptafluorobutyrate;  
ME, methyl ether;  PFPh,  pentafluorphenylhydrazone.  

** Retention t imes relat ive to proges terone .  (Retention t imes of 
progesterone were  9.0 rain. ,  7.2 rain. ,  and 4.5 rain. on QF-1, 
SE-30 and XE-60 , respectively) .  

*** Molar responses,  re la t ive to estrone heptafluorobutyrate,  were  
calculated from the slopes of the l inear  portion of the m a s s / r e s p o n s e  
curves (see Experimental  section). The detector  response to 
estrone HFBu was 4 .4x103 A x s e c . / m o l e .  Column used was XE-60. 

t Detector  tempera ture  280°C ; for all other compounds the optimal 
t empera ture  was 248°C. 
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Fig. I. Gas chromatogram of f luorinated der ivat ives  of s te ro ids  on XE-60 
at 235°C ~ using an electron capture  detec tor .  A, e s t r ad io l -3 -pen ta f luoro -  
benzoate-17-heptaf luorobutyra te ,  equivalent to 20 p icogram f ree  es t radiol ;  
B, es t rone-3-pentaf luorobenzoate ,  equivalent to 25 p ieogram f ree  es t rone;  
C, tes tos terone-pentaf luorobenzoate ,  equivalent to 28 p icogram f ree  
t e s tos te rone .  

Es t r ad io l -3 -methy l  e ther -17-pentaf luorobenzoate  had an e lec t ron 

affinity s imi la r  to both es t rad io l -3-penta f luorobenzoa te -17-hepta f luoro-  

bu tyra te  and es t rad io l -b i s -heptaf luorobutyra te ,  but its prepara t ion  is s o m e -  

what more  labor ious .  Es t rad io l -3-methy l  e ther -17-heptaf luorobutyra te ,  

although a stable der ivat ive  (a 17-heptafluorobutyrate) ,  showed an ex t remely  

low e lec t ron  affinity, much lower  than the analogous t e s tos te rone  

heptaf luorobutyrate .  We can offer  no explanation for  this apparent d is -  
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crepancy,  but our findings are  in accordance with those of Exley (13). 

Tes tos te rone  pentaf luorobenzoate  hag a 2.6 t imes  higher m o l a r  

r e sponse  than t e s tos te rone  heptafluorobutyrate,  and may be the der ivat ive  

of choice for  t e s tos te rone  assay.  

It is intended to uti l ize the new der ivat ives ,  es t rone  pentaf luoro-  

benzoate  and es t radio l -3-pentaf luorobenzoate-17-heptaf luorobutyra te ,  for  

the development of a sensi t ive  method for  est imation of es t rone  and 

es t radio l  in mammal ian  plasma,  employing sequential  th in- layer  

chromatography and e lec t ron capture  detection - gas chromatography.  
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