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SUfQlARY 

The mixed anhydride synthesis provides a route to  an iodinated 

form of the synthetic estrogen d ie thyls t i lbes t ro l  (DES). Labelling 

of histamine by the oxidative Chloramine-T method prior t o  coupling 

t o  4-0-( carboxypropyl )-diethylsti  1 bestrol (1) minimizes radiation 

damage to the sensit ive DES derivative. The radioiodinated deriv- 

a t ive  has demonstrated b i n d i n g  t o  an anti-DES serum, t h u s  making 

possible a potentially useful iodine-based radioimnunoassay fo r  DES. 

Key Words : Diethyl s t i  1 bestrol , Radioimnunoassay , Radioiodi ne Label 1 ing, 
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INTRODUCTION 

Analytical methods fo r  detection of organic chemicals classed as 

carcinogens have a t t rac ted  much attention i n  recent years. 

radioimnunoassay (RIA) procedures f o r  the carcinogen d ie thyls t i lbes t ro l  

u t i l i ze  a tritium-labelled tracer.  C 1 y 2 ]  
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Problems inhe ren t  i n  the l a b e l l i n g  procedure and i n  t h e  s torage o f  t h i s  

s e n s i t i v e  chemical o f t e n  r e s u l t  i n  c o s t l y  delays t o  the user, as we have 

experienced. Thus, we have attempted t o  circumvent the problems associated 

w i t h  t h e  t r i t ium-based assay by i n v e s t i g a t i n g  the  poss ib le  development o f  a 

1251-based RIA. 

r e p o r t  i n  t h i s  paper the synthes is  o f  a rad io iod ina ted  d e r i v a t i v e  o f  d i e t h y l -  

s t i l  b e s t r o l  prepared by the  mixed anhydride coup1 i n g  r e a c t i o n l  31 

No such assay has been repo r ted  t o  our knowledge. We 

EXPERIMENTAL PROCEDURES 

Synthesis o f  4-0-(Carboxypropyl)-diethylstilbestrol (1). 

To a s o l u t i o n  o f  DES (2  g, 7.45 mnol) i n  60 m l  o f  4 : l  methanol / te t ra-  

hydrofuran (MeOH/THF) con ta in ing  potassium carbonate (3.11 g ,  22.51 mnol) were 

added dropwise, a t  60 OC, 1.34 m7 o f  e t h y l  4-bromobutyrate (1.83 9, 9.39 mnol) 

i n  60 m l  o f  THF. 

a t  25 OC. 

The r e a c t i o n  was a l lowed t o  proceed i n  t h e  dark f o r  92 hr 

Ho+OCH2CH2CH2t-OH \ /  0 

Fol lowing f i l t r a t i o n  t o  remove potassium carbonate, the f i l t r a t e  was reduced 

t o  dryness under a stream o f  n i t rogen .  The res idue was taken up i n  250 m l  

o f  e t h y l  acetate, washed tw ice  w i t h  water (150 ml ea.), d r i e d  over sodium 

s u l f a t e  (Na2S04), and reduced t o  dryness i n  vacuo. 

The crude e s t e r  (800 mg), an o f f - w h i t e  s o l i d ,  was taken up i n  80:ZO 

benzene/ethyl acetate, and chromatographed i n  t h e  dark over  s i l i c a  ge l  

(Ma l l i nck rod t  CC-7) using 80:20 benzene/ethyl acetate as e l u t i n g  so l ven t .  

Fract ions conta in ing the  e s t e r  were combined, so l ven ts  were evaporated jn- 

vacuo (keeping the  bath temperature below 37 OC), and the s o l i d  was r e -  
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crys ta l l ized  from ethyl acetate/hexane, giving about 200 mg of the product: 

mp 128-130 OC ( l i t .  mp 1'1 118-119 OC).' Alternatively, t h i n  layer chromatog- 

raphy of a part  of the mixture on s i l i c a  gel (Brinkman precoated glass-backed 

plates) u s i n g  2:l hexane/ethyl acetate gave material of mp 122-125 OC from 

ethyl acetate/hexane. 

Scheme 1. 

Preparation of the Radioiodinated Histamine Amide of 
4-0-(  Carboxypropyl)-dieth ylstilbestrol 

- 1 H 

'Elemental analysis and spectral properties were i n  agreement w i t h  the 
assigned s t ruc ture  and calculated elemental composition. 
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The e s t e r  (100 mg, 0.261 nmol) was t r e a t e d  w i t h  0.5 m l  o f  2 fi sodium 

hydroxide i n  3 m l  o f  methanol a t  r e f l u x  f o r  one h r .  The m ix tu re  was a c i d i -  

f i e d  t o  pH 5.5 w i t h  g l a c i a l  a c e t i c  a c i d  and d i l u t e d  w i t h  10 m l  o f  water. 

m ix tu re  was ex t rac ted  w i t h  e t h y l  ace ta te  ( 2  x 10 m l ) ,  and the e t h y l  acetate 

was washed w i t h  water, d r i e d  over sodium s u l f a t e ,  and reduced t o  dryness 

-- i n  vacuo. The res idue was r e c r y s t a l l i z e d  from chloroform t o  y i e l d  39 mg 

(42%) o f  a wh i te  product: mp 161-163 OC ( L i t .  mp c 2 1  166-168 %) .A 

The 

Synthesis o f  1251- label led Histamine D e r i v a t i v e  o f  1. 
Synthesis o f  the mixed anhydride was begun f i r s t .  (Scheme I )  The 

carboxyl compound L ( 2 . 5  mg, 7 pmol, i n  50 p l  o f  dioxane) and 10 p l  each o f  

t r i - k -bu ty lam ine  (1 :5 i n  dioxane) and i sobu ty l ch lo ro fo rma te  (1 :10 i n  dioxane) 

were mixed a t  10 OC f o r  20 min. The m ix tu re  was then d i l u t e d  w i t h  3.4 in1 

o f  dioxane. 

The r a d i o i o d i n a t i o n  o f  h is tamine can be t imed such t h a t  i t s  completion 

co inc ides w i t h  completion o f  the synthes is  o f  t he  mixed anhydride. 

(2.2 pg, i n  10 p1 o f  0.5 !sodium phosphate, pH 8.0) and sodium i o d i d e  lZ5I 

(S.A. 17 Ci/mg, 1 m C i ,  10 111, i n  0.1 c?. NaOH) were combined i n  a 1.5 m l  

stoppered polystyrene con ica l  tube (Wal ter  Sarstedt  Co.) . 
i n i t i a t e d  w i t h  Chloramine-T (50 ug i n  10 p1 o f  water)  and quenched a f t e r  1-1.5 

min by a d d i t i o n  o f  sodium m e t a b i s u l f i t e  (300 pg i n  10 p1 o f  water) .  

Histamine 

Reaction was 

To the i o d i n a t i o n  m ix tu re  were added 50 p l  o f  t he  mixed anhydride 3, 
and t h e  r e a c t i o n  tube was g e n t l y  vortexed. 

and l e f t  i n  a l ead  conta iner  a t  0-4 OC f o r  2 h r .  The r e a c t i o n  m ix tu re  was 

then d i l u t e d  w i t h  500 p1 o f  phosphosaline b u f f e r  (0.01 c?. phosphate, 0.15 c?. 
NaC1, pH 7.0, wi th 0.5% g e l a t i n )  and chromatographed over a Sephadex 6-25 

column (1 x 30 cm), e l u t i n g  twenty 35-drop f r a c t i o n s  w i t h  the  above b u f f e r  

The r e a c t i o n  tube was stoppered 

*Elemental ana lys i s  and spec t ra l  p roper t i es  were i n  agreement w i t h  the 
assigned s t r u c t u r e  and ca l cu la ted  elemental composit ion. 
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t o  remove excess i od ide .  The e l u t i n g  so l ven t  was modi f ied t o  con ta in  dioxane 

(1 :1) and t h i r t y  f r a c t i o n s  (35-drop) were co l l ec ted .  Ten-m ic ro l i t e r  a l i q u o t s  

o f  each f r a c t i o n  were assayed f o r  r a d i o a c t i v i t y  i n  a Packard Model 5330 

Auto-Gamma S c i n t i l l a t i o n  Spectrometer. 

genera l l y  appeared a t  about f r a c t i o n  34 and was spread over severa l  f r a c t i o n s .  

The 1251-histamine d e r i v a t i v e  (4)  -. 

DISCUSSION 

Our o b j e c t i v e  i n  a t tempt ing t o  develop the 1251-based radioimnunoassay 

was t o  e l i m i n a t e  the  problems associated w i t h  the t r i t ium-based assay. 

I n t r o d u c t i o n  o f  t he  bulky i od ine  l a b e l  d i r e c t l y  i n t o  the aromatic r i n g s  of  

the DES molecule would reduce both the  immunoreactivi ty and b i o l o g i c a l  

a c t i v i t y  o f  t he  compound. 

p o s s i b i l i t y  o f  avoid ing i n t roduc ing  i o d i n e  d i r e c t l y  i n t o  the  r i n g  s t ruc tu res .  

The r a d i o i o d i n a t i o n  o f  histamine, used o f t e n  i n  the p repara t i on  o f  1251- 

l a b e l l e d  phenol ic  s te r i ods ,  “11 was employed i n  t h i s  syn the t i c  procedure. 

The h is tamine d e r i v a t i v e  was coupled t o  the 0-carboxyl d e r i v a t i v e  (1) , 
prepared by 0-a1 k y l a t i o n  o f  DES w i t h  e t h y l  4-bromobutyrate and a l k a l i n e  hydro- 

l y s i s  o f  the e t h y l  e s t e r .  Reaction o f  the carboxyl d e r i v a t i v e  1 w i t h  i s o -  

b u t y l c h l o r o f o n a t e  i n  dioxane i n  the presence o f  t r i - 5 -bu ty lam ine  gave the  

mixed anhydride 3, which was then coupled t o  2 t o  g i v e  the amide d e r i v a t i v e  5. 

The mixed anhydride synthes is  thus o f f e r e d  the 

The rad io iod ina ted  ma te r ia l  (approximate s p e c i f i c  a c t i v i t y  96 Ci/mnol ) 

obtained i n  t h i s  way has demonstrated imnunoreac t i v i t y  when assayed w i t h  an 

antibody t o  DES (30% bound a t  a 1/1000 d i l u t i o n  o f  the antiserum). The 

iod ina ted  d e r i v a t i v e  has been d i l u t e d  t o  l ess  than 500,000 cpm/lO u l  a l i q u o t  

w i t h  phosphosaline b u f f e r  which contained 0.1% Thimerosal (Sigma Chemical CO.) 

and 0.1% g e l a t i n .  

remained s t a b l e  f o r  a t  l e a s t  one month. 

When s t o r e d  i n  t h i s  form a t  4 OC i n  t h e  dark, i t  has 
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