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JOURNAL OF IMMUNOASSAY, 1 ( 1 ) ,  129-147 (1980) 

"CUS'I'OM'hNTI&SIS OF PL4DIOLIGAIJDS FOR RIA 
TEROUGII ACTIVATED ESTERS I. TESTOSTERONE 

J u s t i n e  R.  Tantchou and W. Roy Slaunwhite, Jr .  
Schools of Medicine and D e n t i s t r y  

S t a t e  U n i v e r s i t y  of New York a t  Euffa lo  
Buffalo, New York 14214 U.S.A. 

A E STRAC T 

The c u r r e n t  method of l a b e l i n g  small molecules f o r  rad io-  
innnunoassay by coupl ing iodohis tamine t o  haptens through a mixed 
anhydride r e a c t i o n  is unacceptable  t o  c l i n i c a l  l a b o r a t o r i e s .  
Therefore ,  ropose t h e  u s e  of a s imple two-step procedure: 
t reatment  of I-2-iodohistaminewith the  a c t i v a t e d  ester of a 
small molecule followed by t h i n  l a y e r  chromatograph t o  remove 
unlabeled l igand .  Only one r a d i o a c t i v e  substance,  Y251-2-iodo- 
his tamine,  need be stocked, and t h e  a v a i l a b i l i t y  of l a b e l e d  
l i g a n d s  is l i m i t e d  only  by the  number of nonradioac t ive  a c t i v a t e d  
esters. T h i s  p r i n c i p l e  i s  i l l u s t r a t e d  by t h e  use  of t e s t o s t e r o n e .  
N-Hydroxysuccinimidyl esters of t e s t o s t e r o n e  hemisuccinate  and of 
testosterone-3-carboxyn1ethyloxime were coupled t o  2-iodohistamine, 
1251-2-iodohistamine o r  t o  lZ5I-2,  5-di iodohis tamine.  
condi t ions  requi red  r e a c t i o n  of 20-50 f o l d  molar excess  of ester 
i n  7 5 ~ ~  of te t rahydrofurep  wi th  iodohis tamine i n  75pL of b u f f e r  
a t  pH 8.5 f o r  30 min a t  4 . The r e a c t i o n  mixture  w a s  a p p l i e d  
d i r e c t l y  t o  a pre-absorbent TLC p l a t e  coated wi th  s i l i ca  g e l  and 
run  i n  t h e  system, benzene:ethanol :acet ic  a c i d ,  75:24: 1 (v:v:v). 
The des i red  rad io l igand  was e l u t e d  i n  85% y i e l d .  

Optimum 

The performance of iodine-125 mono-and d i i o d i n a t e d  h is tamine  
d e r i v a t e s  of t e s t o s t e r o n e  3-carboxymethyloxime (T-3-CMO) and tes- 
tos te rone  hanisuccina te were tested as  model compounds using tes- 
tos te rone  a n t i s e r a  d i r e c t e d  a g a i n s t  b o t h  ends of t h e  molecule. 
Using non-radioact ive t e s t o s t e r o n e  a s  t h e  d i s p l a c i n g  l igand ,  
apparent  a s s o c i a t i o n  c o n s t a n t s  were n o t  g r e a t l y  d i f f e r e n t  from 
those  using 3H-testosterone as  t h e  r a d i o l i g a n d .  When non-radio- 
a c t i v e  T-3-CI10 was used as t h e  d i s p l a c i n g  l i g a n d  i n  a homologous 
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130 TANTCHOU ANTI SLAUNWHITE 

sys teu ,  however, t h e  apparent  a s s o c i a  t i o n  c o n s t a n t  increased  more 
than t e n f o l d .  The s p e c i f i c i t y  of both a n t i s e r a  improved s l i g h t l y  
us inb  1251-2-iodohistaninyl l j g a n d s .  
t o  d e t e r n i n e  t h e  b e s t  combination f o r  c l i n i c a l  usage; theory  would 
favor  t h e  heterologous system. 

Vore work w i l l  be requi red  

C i i t y  e t  a l .  (1) suggested that iodoimidazoles  might be more 

s t a b l e  than iodophenols and, hence, more s u i t a b l e  f o r  l a b e l i n g  

l i g a n d s  i n  radioimniunoassay procedures. More s p e c i f i c a l l y ,  they  

suggested r e p l a c i n g  iodo t y r o s  i n e  d e r  iva  t e  s wi th  iodo h is tamines .  

I n  a previous paper, we  publ ished t h e  s y n t h e s i s  of t h r e e  iodo- 

h is tamines  a s  well as that  of 1251-2-iodo- and 1251-2, 5-diodo- 

his tamines.  The l a t t e r  was shown t o  be less s t a b l e  than t h e  

former ( 2 ) .  

Coupling of iodohis tamines t o  t h e  a s s a y  l igand  has always 

been done by means of a mixed anhydride r e a c t i o n  (3-7). 

cedure, r e q u i r i n g  s e v e r a l  e x t r a c t i o n s  as w e l l  as  a t h i n  l a y e r  

chromatographic s t e p ,  has  presented  a b a r r i e r  t o  i t s  adopt ion  in 

t h e  c l i n i c a l  chemistry l a b o r a t o r y .  

a l t e r n a t i v e  proposal  which has t h e  hal lmark of u n i v e r s a l i t y .  

This  pro- 

I n  t h i s  paper we p r e s e n t  an 

N-Iiydroxysuccinimide esters a re  c u r r e n t l y  widely used i n  bio-  

chemistry.  A s  a c t i v a t e d  esters, they  are less r e a c t i v e  than 

N-hydroxyphthalimidyl (8,9) and d i n i t r o p h e n y l  ( 1 0 , l l )  esters (and, 

hence, more s t a b l e ) ,  bu t  s u f f i c i e n t l y  react ive t o  be  a t t a c k e d  by 

even a weak nucleophi le .  Thei r  s y n t h e s i s  through a carbodi imide  

r e a c t i o n  i s  t e c h n i c a l l y  less demanding than  t h e  mixed anhydr ide  

r e a c t i o n  and, i n  our  hands, p rovides  h igher  y i e l d s .  Such esters 

w i l l  react w i t h  any primary, unhindered amine, such as  h is tamine  

o r  t y r o s i n e  esters, e i t h e r  f r e e  o r  iod ina ted ,  t o  form a s t a b l e  

l i g a n d  i n  a s i n g l e  s t e p .  

The r a d i o a c t i v e  l i g a n d s  produced were compared w i t h  3H-T i n  

binding t o  two a n t i - t e s t o s t e r o n e  a n t i s e r a .  There was g e n e r a l  

agreement among t h e  v a r i o u s  l i g a n d s ,  i n d i c a t i n g  e s s e n t i a l  equiva- 

lence of 251-2-iodohistamine l i g a n d s  w i t h  tritium l a b e l e d  l i g a n d  . 
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RADIOLIGAND THROUGH ACTIVATED ESTERS. I 131 

We ques t ion ,  however, t h e  s u i t a b i l i t y  of 2 ,5-di iodohis tamine 

l i g a n d s  on s e v e r a l  grounds. 

EXF'ERIT%NTAT. 

Materials 

Testosterone-3-(O-carboxymethyl) oxime (T-3-CM0, I )  (12) was 

synthesized by t h r e e  methods: t h a t  of Brenner e t  a l .  (13) gave  

higher  c rude  y i e l d s  (80%) than  d i d  t h e  s t r o n g l y  a l k a l i n e  condi- 

t i o n s  of Erlanger  e t  a l .  (14) (68%) o r  Chen et  a l .  (15) (65%). 

The p r o p e r t i e s  of t h e  compound used are as fol lows:  

( l i t . ,  167-185 crude product  ( 1 4 ) ) ;  Amax , 250 nm, E~~~ , 15,400. 

Tes tos te rone  hemisuccinate (T-17B-succ, IV) was synthes ized  i n  

85% y i e l d  by r e f l u x i n g  t h e  s t e r o i d  w i t h  s u c c i n i c  anhydride.  

P r o p e r t i e s  are a s  fol lows:  mp 186-187'; 241 m, €241 , 
17,400. 2-Iodohistamine (decomposition poin t ,  220'; 
XEmH 

211 ' 
Cyclohexylcarbodiimide, N-hydroxysuccinimide, h i s tamine  dihydro- 

c h l o r i d e  and carboxymethoxylamine (0-(carboxymethyl) hydroxy- 

lamine) hemihydrochloride were purchased from Aldr ich  Chemical Co., 

Milwaukee, W i s . ;  s t e r o i d s  from S t e r a l o i d s ,  Inc., Wilton, NH; 
alumina (Woelm n e u t r a l ,  a c t i v i t y  grade  1 )  from Sigma Chemical C o . ,  

S t .  Louis, MO.; one an t ibody w a s  produced i n  sheep a g a i n s t  

T-3-CMO-RSA (Research P l u s  S t e r o i d  Labora tor ies ,  Inc., Denvi l le ,  

NJ) and t h e  o t h e r  was produced by u s  i n  a goa t  a g a i n s t  T-17B- 

succinyl-BSA i n  1973; 1B,2B-3H-testosterone (40 C i /  m o l e )  w a s  

purchased from New England Nuclear Corp. (Boston, MA); and a l l  

o t h e r  chemicals  were purchased from F i s h e r  S c i e n t i f i c  Co., 

Rochester, NY. 

mp 179-181' 
0 E t O H  E tOH 

X E t O H  E tOH 
max ' 

5,500) and 1251-2-iodohistamine were prepared by u s  ( 2 ) .  

Solvents  

A l l  s o l v e n t s  were grade  A and were used wi thout  p u r i f i c a t i o n  

wi th  t h e  except ion  of e t h e r s .  

f i e d  by shaking w i t h  a f r e s h  s o l u t i o n  of 104 potassium i o d i d e  

Water- insoluble  e t h e r s  were pur i -  
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132 TANTCHOU AND SLAUNWHITE 

whi le  water-soluble  e t h e r s  were passed through a column of alumina 

(Woelm n e u t r a l ,  a c t i v i t y  grade  1). 

Equipment 

Melting poin ts ,  determined on a Fischer-Johns mel t ing  p o i n t  

apparatus ,  are uncorrected.  I n f r a r e d  s p e c t r a  of n u j o l  m u l l s  were 

recorded on a Beckman IR-33 spectrophotometer, c a l i b r a t e d  us ing  

t h e  1603 c m - l  band of a t h i n  polystyrene f i l m .  

i n  r e c i p r o c a l  centeme ters. 

a Perkin-Elmer double beam spectrophotometer connected t o  a 

Perkin-Elmer recorder ;  d a t a  are repor ted  i n  nanometers. Radio- 

a c t i v i t y  w a s  q u a n t i t a t e d  on a Packard model 1578 ganuna s c i n t i l l a -  

t i o n  spectrometer. Microanalyses were performed i n  t h e  Department 

of Chemistry a t  t h i s  Univers i ty  o r  by G a l b r a i t h  Labora tor ies ,  

Knoxville, TN. 

Data are repor ted  

U l t r a v i o l e t  s p e c t r a  were recorded on 

Buffers  

Sodium phosphate buf fer ,  0 .1  M, pIi 6.5-8.0 and sodium b o r a t e  

buf fer ,  0.1 M, pIi 8 .5  and 9.0 were employed. The R I A  a s s a y  b u f f e r  

w a s  phosphosal ine-gelat in  (PS-G) b u f f e r ,  0.05 M ,  pll 7.0, prepared 

by d i s s o l v i n g  6.893 of Nali2P04'€i20, 7 . lg  of Na2HPO4, 8.76g of 

NaC1, 1.OOg of N a N 3  ( p r a c t i c a l )  and 1.OOg of unflavored g e l a t i n  

i n  1.00 L of s o l u t i o n .  

Polyethylene g l y c o l  (PEG) s o l u t i o n  

30g of Carbowax 6,000 and 0.lg of N a N 3  was d isso lved  i n  

100 mL of water. 

Chroma tograp hy 

Thin l a y e r  p l a t e s  coated w i t h  si l ica g e l  conta in ing  a phos- 

phor (Quantum LQDF preadsorbent  p l a t e s ,  P i e r c e  Chemical Co., IL )  
were used i n  t h e  so lvent  system, to1uene:ethanol :acet ic  a c i d ,  
75: 24: l  (v:v:v) . 
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RADIOLIGAND THROUGH ACTIVATED ESTERS. I 133 

Syntheses: 

N-Hydroxysucc inimidyl ester of tes to  s terone-3- (O-carboxyme thy l )  
oxime (111 

(0- (2-0x0-3- (2 , 5' -d ioxypyrrol-1 ' -yl-3-oxapr opanyl) N-17 8- 

N-Eydroxysucc i n i -  hydroxyandro s t-4-en-3-yl i d  en e hydroxy lamine) . 
mide w a s  r ec rys t a l l i zed  from e t h y l  a c e t a t e  by add i t ion  of di-2- 

propyl e the r .  Then, 1.15g (10 mmoles) of t h i s  compound and 3.61g 

(10 mmoles) of testosterone-3-(O-carboxymethyl) oxime were d i s  - 
solved i n  a minimum volume (15 mL) of pu r i f i ed  pyr id ine .  This  

mixture was cooled to  less than -10' ( t he  beaker conta in ing  t h e  

so lu t ion  was placed i n  acetone-dry i ce )  a t  which po in t ,  2.47g 

(12 mmoles) of dicyclohexyl carbodiimide w a s  added. The so lu t ion  

was s t i r r e d  a t  -10' f o r  two hours, lef t  a t  room temperature f o r  

t en  hours and then t r ea t ed  wi th  0.12 mL of a c e t i c  ac id  t o  des t roy  

excess dicyclohexyl carbodiimide. Af t e r  one hour, t h e  mixture w a s  

d i lu t ed  wi th  5 mL of tetrahydrofuran; t he  p r e c i p i t a t e  cons i s t ing  

of d i cyc lohwyl  urea was f i l t e r e d  of f  and washed wi th  tetrahydro- 

furan. The combined f i l t r a t e  and washings were evaporated to  

dryness under reduced pressure  a t  25-30' t o  y i e ld  a dark, o i l y  

product which s o l i d i f i e d  upon add i t ion  of co ld  water. 

was dissolved i n  methanol and t r ea t ed  severa l  times wi th  n e u t r a l  

charcoal u n t i l  a white so l id  w a s  obtained. It was then c r y s t a l -  

l i z e d  twice from methanol and once from te t rahydrofuran/ l igh t  

petroleum e ther .  Yield of crude product, 82%. The pure compound 

had t h e  following proper t ies :  mp, 157-159'; XEtoH max 9 244; €244 9 

36,900; vmax, 1830 and 1790 (C = 0 of succinimide), 1740 (C = 0 

e s t e r ) ,  1635 (N = C conj.);  R f ,  0.55; ca lcd .  f o r  C2#31+N206: C, 

65.48, H, 1.41; expt l ,  C,  65.61, H, 1.50. 

The product 

EtDH 

N-Hydroxysuccinimidyl ester of t e s tos t e rone  h w i s u c c i n a t e  (V) 
(3-oxoandrost-4-en-llB-yl N-2,5-dioxypyrrolyl succ ina te)  

Testosterone hemisuccinate (3.9g o r  10 mmoles) was e s t e r i f i e d  

by the  method described above, using 1.15g (10mmoles) of N- 

hydroxysuccinimide and 2.4g (12 mmoles) dicyclohexyl carbodiimide. 
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134 TANTCHOU AND SLAUNWHITE 

Crude y i e l d ,  80%. Its p r o p e r t i e s  are a s  fol lows:  mp, 139-142; 
X E t O H  

1750 ( C 4 ,  e s t e r ) ,  1630 ( C 4 ,  ketone);  R f ,  0.50; ca lcd .  f o r  

C27H35N07; C,  66.78; €i, 7.27; e x p t l .  C,  66.80; H, 7.07. 

E t O H  242; E~~ , 34,200; vmax 1815 and 1790 (C=O of succinimide)  max ' 

0- (histaminylcarboxyme thyl )  t e s t o s t e r o n e  oxime (0-( 2-oxo-5- 
( im i d a  201-4 ' - y l  ) -3-a zap entanyl  ) N- 17 B- hydr oxyandr o s t -4 -en- 3- 
yl idene  hydroxylamine) (111 without  iod ine)  

To a s o l u t i o n  of 0.37g (2 mmoles) of h i s tamine  dihydrochlo-  

r i d e  i n  a minimum volume ( 5  mL) of b o r a t e  b u f f e r ,  pH 8.0, was 

added 0.925g (2 mnloles) of t h e  N-tiydroxysuccinimide ester of tes- 

tosterone-3-0-carboxymethyloxime i n  10  mL of te t rahydrofuran .  The 

mixture  was s t i r r e d  a t  4' f o r  two hours  a f t e r  which i t  was poured 

i n t o  cold water. Attempts a t  c r y s t a l l i z a t i o n  were unsuccessfu l  in 

producing t h e  d e s i r e d  compound i n  the  fol lowing so lvents :  methanol/ 

water; 100% methanol; bemenelwater  o r  benzene/acetone. (A crys-  

t a l l i n e  byproduc t was id  en t i f  i e d  as t e s t o s  terone-3-0-car boxyme thy- 

loxime by i t s  melt ing p o i n t  and Rf) .  

mixture, a f t e r  f i l t e r i n g  o f f  t h e  byproduc t, was evaporated and t h e  

amorphous compound obtained was t r e a t e d  w i t h  charcoa l  u n t i l  a 

whi te  product was obtained;  t h i s  compound c r y s t a l l i z e d  from 

methanol. Crude y i e l d ,  5972. The p r o p e r t i e s  of t h e  compound are 

The mother l i q u o r  of t h e  

E t O H  a s  follows: mp, 212-225; Xmax , 200 and 248; t z ~ ~ ~ ,  5,200 ; 

E~~~ 9 14,600 , vmax,3340 (N-H + OH); 1630 (C=O, amide I ) ;  1575 E t O H  

(X-E, amide 11), 1310 (N-C, amide 111); R f ,  0.60. 

Oxoandrostenyl kis taminyl  succinamate (3-oxoandrost-4-en-l7~-yl 
J-2-( imidazol-4 '-yl ) e t h y l  succ inama t e )  (VI vi tl-ou t iod ine)  . 

I t  was synthesized a s  ahove, using 0.46g (2.5mmoles) of h i s -  

tamine d ihydrochlor ide  and 1.21g (2.5 m o l e s )  of  N-hydroxysoccini- 

miayl e s t e r  of t e s t o s t e r o n e  hemisuccinate. The sane method of 

p u r i f i c a t i o n  of t h e  product  was appl ied .  Crude y i e l d ,  65%. I ts  

p r o p e r t i e s  are  a s  fol lows:  nip 218-221°, 202 and 242, 

3360 (li-€1); 1630 ( 0 x 4 ,  EtOH E t O H  
~ 2 ~ 2  9 6,000; €242 9 16,100; vmax s 

amide I) ;  1580 (N-H, amide 11); 1320 (C-N, amide 111); R f ,  0.62. 
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RADIOLIGAND THROUGH ACTIVATED ESTERS. I 135 

C-- ( 2 -  iodo h is taminylcar  boxamidomethyl) t e s t o s t e r o n e  oxime (111) 
{ i)-2-oxo-5 ( 2  - i O d O  imiddzol-4 ' -yl)  -3-a zapentanyl  .';-17E;-hytlroxy- 
andro s t-4-en-3-ylidene hydroxylanice)  

r!lis cottipourid wis s y n t t e s i z e d  i n  t h e  same manner a s  t h e  non- 

iod ina ted  forni using 0.621: (2  mmoles) of 2- iodohis tamine and 3.32g 

(2 m o l e s )  of  1:-hydroxysuccinimidyl ester of T-3-C?*0. The product  

w a s  p u r i f i e d  w i t h  c h a r c o a l  as  p r e v i o u s l y  d e s c r i b e d .  

60;". Its  p r o p e r t i e s  are  as  fo l lows:  

24P; E~~~ , 5,500 , E~~~ , 14,600; vmnx,(s imilar  t o  nonlodina ted  

form);  R f ,  5.31. 

Crude y i e l d ,  

l ip ,  202-205, Arrlax , 233 and LtOtI 

c tOl' c tOk1 

Oxoandrostenyl-2-iodohistaminyl succinamate (V) I3-oxoandrost-4- 
ec-17 6-yl N-2-( 2 '-iodoimidazol-4 ' -yl)  e thy1 succinama t e }  

T h i s  compound was a l s o  s y n t h e s i z e d  i n  the same manner as t h e  

non-iodinated form; 0.62g (2 mmoles) of 2- lodohis tamine and 0.98g 

(2 mmoles) of f;-hydroxy.succinimidyl ester of T-17~-hemisucc ina te  

were used.  The Same method of p u r i f i c a t i o n  was a p p l i e d .  Crude 
E t O f I  
202 , y i e l d ,  5 7 X .  I t s  p r o p e r t i e s  are as  follows: mp, 19P-192; E 

E t O i l  5,600 , E~~~ , 15,900 ; v (similar t o  non-iodinated form); max , 
R f ,  0.35. 

Xeac t ion  of 1251-2-iodohistamine w i t h  a c t i v a t e d  esters 

F i f t y  nanomoles (10 pL of a 5.0 mM e t h a n o l i c  s o l u t i o n )  of 

Pi-hydr ox ysucc inimid y l  ester of t e s t o  s t er one- 3- ( 0-c a r boxyme t hyl )  

oxime o r  t e s t o s t e r o n e  hemisucc ina te  was added t o  a c r u d e  i o d i n a -  

t i o n  mixture  (2) and s t i r r e d  f o r  30 min a t  4'; t h e  m i x t u r e  w a s  

then  chromatographed o n  a t h i n  l a y e r  p l a t e .  

one hour; t h e  p l a t e s  were d i r e c t l y  a p p l i e d  t o  X-ray f i l m  (Kodak 

RP, r a p i d  process ing  f i l m )  by i n s e r t i n g  then between two b o a r d s  

and cover ing  them w i t h  aluminum f o i l .  A f t e r  30 rnin i n  t h e  d a r k ,  

t h e  f i l m s  were developed and t h e  areas cor responding  t o  t h e  2- 

iodohis tamine  d e r i v a t i v e s  were c a r e f u l l y  scraped o f f  and e x t r a c t e d  

w i t h  1 0  niL methanol.  The d i i o d o h i s t a m i n e  d e r i v a t i v e s  were a lso 

l o c a t e d ,  scraped o f f  and e x t r a c t e d  w i t h  1 0  mL methanol .  These 

A f t e r  a i r  d r y i n g  f o r  
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136 TANTCHOU AND SLAUNWHITE 

de r iva t ives  were s tored  a t  t hese  concent ra t ions  i n  the  cold room 

and d i lu t ed  as needed a t  the  time of radio-immunoassay. 

Rad ioimmunoassay 

To 12 x 75 mm d i sposab le  polyethylene tubes  was added i n  

t r i p l i c a t e  100 pL PS-G buffer ,  100 pL of nonspec i f ic  bovine gamma 

g lobul in ,  100 VL of antiserum d i l u t e d  wi th  PS-G buf fe r  t o  g ive  

50-60% binding, l00~L of r ad ioac t ive  l igand  (g. 0.1 p o l e  of io- 

dina ted  l igand or  0.2 pmole of 3H-T) and 100 pL of s t e r o i d  (1Opg/ 

mL of 95% e thanal  d i l u t e d  t o  50-1,000 pg/lOO pL wi th  the  assay  

buf fer )  o r  plasma e x t r a c t .  The "zero" tube  contained no nonradio- 

a c t i v e  s t e ro id .  Af te r  s tanding overnight  a t  room temperature, t he  

tubes were placed i n  an  ice-water ba th  f o r  30 min; then 400 pL of 

PEE so lu t ion  was added except f o r  t h ree  "zero" tubes  t o  which 

400 pL of a s say  bu f fe r  w a s  added i n  order  t o  determine t o t a l  

r ad ioac t iv i ty .  The tubes were vortexed, incubated a f u r t h e r  

15 min and cent r i fuged .  The supernatant ,  which con ta ins  the  un- 

bound f r ac t ion ,  was decanted i n t o  count ing v i a l s  to which 5 mL of 

l i q u i d  s c i n t i l l a t i o n  f l u i d  was added. When a gamma counter  was 
used, t he  bound r a d i o a c t i v i t y  i n  the  p r e c i p i t a t e  was counted d i -  

rec t l y  . 
t he  method of Walker (16) i n  which Y = a-8 '' - where a and 6 are 

the  upper and lower limits of Y ' ,  t h e  f r a c t i o n  bound when a and B 
a r e  not  taken i n t o  account .  

using a concent ra t ion  of ant ibody 10-100 times that used f o r  t h e  

standard curve while  B was the  nonspec i f ic  binding found using lpg  

of nonradioact ive s t e r o i d .  Vdlues a r e  given i n  Table 3. 

Binding cons tan ts  were der ived by Scatchard a n a l y s i s  using 

I n  each case, a was determined by 

Re la t ive  binding a c t i v i t y  (RBA) used t h e  r e l a t i o n s h i p  pro- 

posed by Rodbard and Lewald (17) i n  which 
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RADIOLIGAND THROUGH ACTIVATED ESTERS. I 137 

wliere K and 1: a r e  a s s o c i a t i o n  c o n s t a n t s  of t e s t o s t e r o n e  and 

c ross - r eac  t i n g  s t e r o i u ,  r e s p e c t i v e l y .  T h i s  method has t h e  advan- 

t age  of using p o i n t s  i n  t h e  r e g i o n  of  h i g h e s t  c r o s s - r e a c t i o n  a t  low 

c o n c e n t r a t i o n s  of a n t i g e n s .  

t 

KOSUL'I'S A.W DISCUSSION 

N-liydroxysuccinimidyl ester of testosterone-~3-(O-~ar~oxyn1ethyl) 
oxinie (11) 

This  coilipouiid was o b t a i n e d  i n  good y i e l d  by t h e  method of  

Kudinger and Xuegg (13) , u s i n g  e q u b o l a r  amounts of t e s t o s t e r o n e  

carboxyiiethyloxime and N-hydroxysuccinimide w i t h  207: excess d i -  

cyclohexyl  carbodi imide.  The p r e s e n c e  of t h e  succ in imidy l  group 

c o n s i d e r a b l y  inc reased  t h e  molar e x t i n c t i o n  c o e f f i c i e n t  of  t h e  

s t e r o i d  d e r i v a t i v e  (c. tw ice  t ha t  o f  t e s t o s t e r o n e ) .  T h i s  was 

a l s o  n o t i c e d  on  TLC w i t h  N-hydroxysuccinimidyl esters showing a 

more i n t e n s e  p u r p l e  c o l o r  under u l t r a v i o l e t  l i g h t  (254 nm) t h a n  

d i d  t h o s e  of t e s t o s t e r o n e .  The i n f r a r e d  spectrum showed c l a r a c -  

t e r i s t i c  bands of a n  ester d e r i v a t i v e ;  i.e., s t r o n g  ester c a r b o n y l  

s t r e t c h i n g  band a t  1740 cm-l, s t r o n g  ester C-C and C - 0  coup led  

s t r e t c h i n g  a t  1220 crn-l. Convincing proof of t h e  a s s i g n e d  s t r u c -  

t u r e  was t h e  e l emen ta l  a n a l y s i s  which was i n  good agreement w i t h  

t h e  c a l c u l a t e d  v a l u e s  f o r  ca rbon  and hydrogen. 

h- hydr oxy succ i n  fin i d y l  ester of  t es t o  s t e r o n e  hemisucc i n a  t e  (V ) 

P h y s i c a l  p r o p e r t i e s  s i n i i l a r  t o  those above were obse rved .  The 

i n f r a r e d  spectrum showed a c h a r a c t e r i s t i c  band a t  1750 cm-l ( c a r -  

boxy l i c  ester ca rbony l  s t r e t c h i n g ) ;  t h e  C-C and C-0 coupled 

s t r e t c h i n g  were p r e s e n t  a t  1220 c111-l; t h e  C-3 k e t o n e  ca rbony l  

group was still  p r e s e n t  a t  1670 cm-l. 

f u r t h e r  proof of t h e  a s s i g n e d  s t r u c t u r e .  

Elemental  a n a l y s i s  p rov ided  

S t a b i l i t y  o f  t h e  a c t i v a t e d  esters 

N-Hydroxysucc i n i m i d y l  ester of  t e s t o s t e r o n e  car boxpiethyloxime 
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138 TANTCHOU AND SLAUNWHITE 

OH 

0 I 

N // (Jp / 0 

I 
0-CH2 .CO.O.N 

0 

m-C6H11 

c-0 

m*c6H11 

I 
I 

dicyclo- 
hexyl urea 

+ o+m 

VI 

FIGURE 1. Reaction Scheme 

m s  taken a s  a n  example  f o r  t h i s  study. 

succinimidyl e s t e r s  a r e  not a s  r e a c t i v e  a s  other ac t iva t ed  e s t e r s ,  

they a r e  r e a c t i v e  enough t o  be very  quickly a t tacked  by a nucleo- 

ph i l e  (even a weak one),  and we an t i c ipa t ed  some hydro lys is  i n  

aqueous media. A t  pH 6.5, only 9% of t he  e s t e r  w a s  hydrolyzed 

Even though N-hydroxy- 
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RADIOLIGAND THROUGH ACTIVATED ESTERS. I 139 

*, 
at 

I "  

S tatil i t y  s tudy  of : :-~:ydroxysuccin~midyl ester. Two hundred 
and f i f t y  inicroiaoles of W-iiydroxysucciniulidyl ester of t e s t o s t e r -  
one car'ooxymethyloxinie was d i s s o l v e d  i n  d ioxane:buf fer  (1.5 ml: 1. nd) 
a t  tile pi: i n d i c a t e d .  -2t t h e  t h e s  i n d i c a t e d  a l i q u o t s  were t e s t e d  
f o r  t h e  r e l e a s e  of :i-iiydroxysucciniralide (,iiS) 1Jy a r.iodifiet; F o i i n  
;.ietiwd ( 19)  ;:j:iij releaseti = (concn. Ni.5 i n  a l i q u o t / i n i t i a l  concn) 
1iJiJ. 

a f t e r  20 min, whereas a t  pH 8.5,  86% of  t h e  ester was hydrolyzed 

(Fig 2 ) .  The h y d r o l y t i c  p r o c e s s  was o n l y  s l i g h t l y  slowed by de-  

c r e a s i n g  t h e  temperature .  From t h i s  in format ion  we  recommend t h a t  

t h e  a c t i v a t e d  ester should be s t o r e d  i n  a n  anhydrous c o n d i t i o n  i n  

p l a s t i c  c o n t a i n e r s  a t  low temperature .  

Reac t ion  of iodohis tamine  w i t h  a c t i v a t e d  esters 

The c o u p l i n g  r e a c t i o n  w a s  a t tempted  a t  d i f f e r e n t  pR's 

(Table 1); t h e  optimum y i e l d  was o b t a i n e d  a t  pH 8.5. T h i s  r e s u l t ,  

which may seem p e c u l i a r  a t  f i r s t  g l a n c e  because i t  a p p e a r s  c o n t r a -  

d i c t o r y  t o  t h e  f a c t  that t h e r e  is  r a p i d  h y d r o l y s i s  of t h e  ester a t  

t h i s  pH can  be i n t e r p r e t e d  a s  fo l lows .  There a r e  two amino groups  

i n  h is tamine  having d i f f e r e n t  pK's. 

ence of a n  unprotonated amino group t o  ac t  as a n u c l e o p h i l e .  

Coupling r e q u i r e s  t h e  pres -  

The 
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140 TANTCHOU AND SLAUNWHITE 

pl; of t h e  i m i d a z o l y l  amino group i s  around 5.87 (20) and a t  low 

pli, coup l ing  presumably i n v o l v e s  o n l y  t h i s  arujno group. 

imidazo lp l  d e r i v a t i v e s ,  howevtr, a r e  u n s t a b l e .  b y e r  (21 )  r e p o r t -  

ed t h e  i i n p o s s i b i l i t y  of  s y n t h e s i z i n g  K -acetyl ini idazole  i n  a n  

aqueous niediuni and N - acg l  h i s t i d i n e  was s i n l i l a r l y  r e p o r t e d  t o  Le 

u n s t a b l e  (22) .  The n e t  r e s u l t  of  t h e  two-step r e a c t i o n  i s  a n  ac- 

c e l e r a t i o n  of  t h e  h y d r o l y s i s  of t h e  a c t i v a t e d  ester. The pi: o f  

t h e  s i d e  cllaiii amino group i s  9.70 (22);  a t  pL 3.5, 6.X! a r e  d i s -  

s o c i a t e d .  d e a c t i o n  f a v o r s  t h e  p r i i t a r y  amino group r a t h e r  t h a n  t h e  

r i n g  secondary amino group and t h e  antide formed i s  s t a b l e .  Tliere- 

f o r e ,  a s  o n e  i n c r e a s e s  t h e  PI:, t h e r e  is a n  i n c r e a s e  i n  t h e  amount 

of s t a b l e  product ,  b u t  a l s o  nlore h y d r o l y s i s  of  a c t i v a t e d  e s t e r .  

Thus, t h e  outcome is t h e  " r e s u l t a n t "  of  two opposing f o r c e s :  

t h e  pll i n c r e a s e s ,  t l i e r e  is (1)  i n c r e a s i n g  d i s s o c i a t i o n  of  t h e  

printary amine f a v o r i n g  inc reased  a c y l a t i o n  t o  g i v e  t h e  s t a b l e  

Nim -Ac y l  

i m  

im 

as  

TABLE, 1 

E f f e c t  of  pR on  t h e  Yield* o f  t h e  Coupling Reaction** 

& 

Expt. 7.0 8.0 8 .5  9.0 

t 1 38 52 6 0  58 

2 40 5 1  6 5  55 

*The y i e l d s  determined g r a v i m e t r i c a l l y  a re  expressed a s  p e r c e n t  o f  
iodohis tarnine inco rpora t ed  and a r e  c o r r e c t e d  f o r  p rocedura l  l o s s e s  
determined as fo l lows :  200 mg of  compound 111 (F ig  1 )  w a s  d i s -  
solved i n  met lmml;  t h e  s o l v e n t  was evapora t ed ,  t h e  p r e c i p i t a t e  
washed w i t h  water ,  c o l l e c t e d  and d r i e d .  
co r re spond ing  t o  a r e c o v e r y  of  a b o u t  857. 

**Reaction between compound I1 and  2- iodohis tamine (Fig 1). The 
l a t t e r  compound was d i s s o l v e d  i n  2.5 m l  b o r a t e  b u f f e r  i n  e x p e r i -  
ment /I2 and i n  2.5 nl phosphate  b u f f e r  i n  experiment  #l a t  t h e  
i n d i c a t e d  pH; t h e  ester was d i s s o l v e d  i n s .  4 ml of  t e t r a h y d r o -  
f u r a n .  The r e a c t i o n  was c a r r i e d  o u t  a t  4' f o r  30 min w i t h  a two- 
f o l d  molar e x c e s s  o f  ester (0.46 g o f  ester and 0.15 g of 2-iodo- 
h i s t amine ) .  

About 177 mg was ob ta ined ,  
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RADIOLIGAND THROUGH ACTIVATED ESTERS. I 1 4 1  

1 . i f c c t  O C  ~ . L E  o n  Coupling* 

1 i r i e  (:tin) 

iL 20 3 u 40 60 90 1 2 0  

Y i e l u  f 2 .  4 c 5 3  f-0 61  60  53  

*i:eactiori bas c n r r i e u  o u t  a t  4" uciii; tt.4cjg 
A?:;uccii-iir; iUjl e s t e r  ot' T-3-Ci"j j.n ~ 2 .  4 nl t e t r a l i y d r o f u r a n  wit11 
0.15 t: of  2-i.odcltistai.b-inc ( u . 5  niimle) d i s s o l v e d  i n  2 .5  nii 0 . 1  : i  
h o r a t e  L u f f e r ,  P I ,  S.5 f o r  tlie lengt!i of time i n d i c a t e d .  

~ ~ k y i e l t l s  c o r r e c t e d  f o r  p r o c e d u r a l  l o s s e s  a r e  based o n  i o d o l i i s t a -  
mine.  

(1 i m o ~ e )  o f  c.-.liykIro- 

p roduc t  and ( 2 )  i n c r e a s e d  h y d r o l y s i s  o f  a c t i v a t e d  e s t e r  I o a e r  Lng 

t h e  a v a i l a b i l i t y  of suLsstrate.  

A ~laxiiiial y i e l d  m s  a t t a i n e d  by 30 m i r i  \*hen a twofold e x c e s s  

of e s t e r  ha$ employed (Table  2 ) .  T h i s  y i e l d  bas i n c r e a s e d  t o  

75-80L wlien a i U  f o l d  molar e x c e s s  o f  e i t h e r  r e a c t a n t  was used  

(da t a  n o t  slwwn) . 
Tne p u r i t y  of t h e  n o n - r a d i o a c t i v e  l i g a n d s  o b t a i n e d  bas es- 

t a h l i s h e d  ti lrougi,  tile s h a r p n e s s  o f  t l i e  i , i e l t i ng  p o i n t  and t h e  con-  

s t a n c y  o f  t h e  ~ i o l a r  e x t i n c t i o n  c o e f f i c i e n t  i n  t h e  u l t r a v i o l e t .  

The p r e s e n c e  of c h a r a c t e r i s t i c  a ~ i i d e  a b s o r p t i o n  bands i n  t h e  

i n f r a r e d  confirmed tlie i d e n t i t y  of t h e  p roduc t s .  Adducts  w i t h  

2 ,5 -d i iodoh i s t amine  were a l s o  p repa red  even tnougn 2,5-di iodo-  

h i s t amine  i s  less s t a b l e  t i lan 2 - iodoh i s t amine  ( 2 ) .  

Coupl ing o n  a m i c r o s c a l e  u s i n g  l a b e l e d  i o d o h i s t a m i n e s  gave 

p r o d u c t s  i d e n t i c a l  t o  t h o s e  of t h e  a u t h e n t i c  s t a n d a r d s .  When 

5 m o l e s  of h i s t a m i n e  was i o d i n a t e d  w i t h  0.25 m l e s  of iodide-125 

(500 U C i )  and  t h e  c r u d e  r e a c t i o n  m i x t u r e  t h e n  r e a c t e d  w i t h  50 

nuioles of a c t i v a t e d  ester, w e  i s o l a t e d  a f t e r  TLC 345 p C i  (69% 

y i e l d )  of 2 - iodoh i s t aminy l  a d d u c t  and 22 p C i  (4% y i e l d )  of 2,5- 

d i i o d o h i s t a m i n y l  adduc t. 

We d i d  not isolate  1251-2-iodohis tamine p r i o r  t o  c o u p l i n g  a s  

t h i s  would have e n t a i l e d  a n  a d d i t i o n a l  TLC. C a l c u l a t i o n  s h o w s ,  
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142 TANTCHOU AND SLAUNWHITE 

however, t h a t  i f  we had done so t h e  y i e l d  of  t h e  c o u p l i n g  r e a c t i o n  

would have been 85-90% ( a f t e r  TLC). 

2- iodohis tamine w i l l  be  c o i m e r c i a l l y  a v a i l a b l e  i n  t h e  n e a r  f u t u r e .  

I t  i s  a n t i c i p a t e d  that l Z 5 I -  

The l i g a n d s  l a b e l e d  w i t h  iodine-125 were compared w i t h  t h e  

t r a d i t i o n a l  t r i t i a t e d  l i g a n d .  No c o n s i s t e n t  t r e n d s  are seen  i n  

t h e  a s s o c i a t i o n  c o n s t a n t s  of  t h e  2 - iodoh i s t aminy l  l i g a n d s ,  t h e  

a s s o c i a t i o n  c o n s t a n t s  remaining mos t ly  i n  t h e  r a n g e  of 0.33-3.0 

t imes  t h e  a s s o c i a t i o n  c o n s t a n t  of 3H-T (Tab le  3) 

i n  t h e  c a s e  o f  t h e  homologous l i g a n d s .  

excep t  pe rhaps  

G i l b y  and J e f f c o a t e  (23) have po in ted  o u t  that i n  t h e  homo- 

logous  system bo th  t h e  l i g a n d  and t h e  a n t i g e n  c o n t a i n  t h e  same 

b r idge  and t h e  a n t i b o d y  "sees" t h e  "br idged" l i g a n d  as more l i k e  

TABLE 3 

P r o p e r t i e s  of  t h e  Two A n t i b o d i e s  f o r  Each of  F i v e  Labe l l ed  Tes tos -  
t e r o n e  P r e p a r a t i o n s  

T-3-CMO-RSA Ab 

Radiol igand a B t i t e r  Ka ( 4 O )  nlL1-l 

~ H - T  85 5 1: 8QQt 1.25 f 0.3* 
T-3-CPlO -2 -I 48 1 1: 1,100 0.3 f 0.02 
T-3-CMO-2,5-1 50 5 1: 300 1 . 0  f 0.1 
T-176-SUCC-2-1 90 3 1: 700 3.0 f 1.0 
T-l7fi-succ-2,5-1 50 2 0.3 f 0.01 

.................................................................. 

T-17$-succinyl-BSA Ab 

3€i-T 92 1 0  1: 5 ,  OOOt 0.6 f O . l *  
T-3-CMO-2-1 60 1 1: 6,000 0.1 f 0.05 
T-3-CM0-2,5-1 72 3 0.2 f 0.02 
T-176-succ-2-I 88 7 1: 18,000 0.3 f 0.07 
T - ~ ~ B - s u c c - ~ ,  5-1 48 1 1:4,000 0.9 f 0.01 

+ti ters producing 50% b ind ing  w i t h  s. 0.1 pmole of i o d i n a t e d  
l i g a n d  and 0.2 pmole of 3H-T 

*Values r e p r e s e n t  t h e  mean f S.D. of i n t e r a s s a y  p o i n t s  (n=3) a f t e r  
c o r r e c t i o n  f o r  a and 6 (see Methods f o r  d e t a i l ) ;  n o t e  that t h e  
r ad  i o l  igand d e s i g n a t e d  was d i s p l a c e d  by n o n r a d i o a c t i v e  t e s t o  ster - 
one. 
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i t s e l f  and b inds  i t  mre a v i d l y  t h a n  i t  d o e s  t r i t i a t e d  t e s t o s t e r -  

one.  We t e s t e d  t h i s  by us ing  T-3-C110 i n s t e a d  of n o n - r a d i o a c t i v e  

t e s t o s t e r o n e  in a n  a s s a y  w i t h  anti-T-3-CMO-RSA a n t i s e r u m  and T-3- 

C110-2-1 a s  t h e  r a d i o l i g a n d .  The a s s o c i a t i o n  c o n s t a n t  bas 1 2  f 

3.4nM-1 (n = 4 ) ,  conf i rming  p r e v i o u s  o b s e r v a t i o n s  (23) that  t h e  

b r i d g e  d o e s  l a v e  a p o s i t i v e  e f f e c t  o n  b ind ing .  

S i n c e  a s s a y  s e n s i t i v i t y  i s  d i r e c t l y  r e l a t e d  t o  t h e  a s s o c i a -  

t i o n  c o n s t a n t  (o r  t h e  minimal amount d e t e c t a b l e  i s  i n v e r s e l y  re- 

l a t e d  t o  Kass) (16), one cou ld  improve t h e  a s s a y  s e n s i t i v i t y  by a t  

least a n  o r d e r  of magnitude by d e r i v i t i z i n g  t h e  l i g a n d  b e f o r e  

a s s a y .  T h i s  ,is, of cour se ,  t h e  b a s i s  of  a v a s t l y  improved a s s a y  

f o r  CAMP (24,25) .  In t h e  c a s e  o f  s t e r o i d s ,  it w i l l  be  p r o f i t a b l e  

t o  a t t e m p t  a similar c o u r s e  o n l y  i n  t h e  c a s e  of  t h o s e  s t e r o i d s  

p r e s e n t  i n  v e r y  low c o n c e n t r a t i o n s ,  f o r  example, e s t r a d b l  and 

a l d o s t e r o n e .  

The 2 ,5 -d i iodoh i s t aminy l  l i g a n d s  were n o t  f u l l y  i n v e s t i g a t e d  

f o r  r e a s o n s  n o t  a p p a r e n t  he re .  D i i o d i n a t i o n  of h i s t a m i n e  d o e s  n o t  

occur  r e a d i l y  a t  n e u t r a l  pIi ' s  and by t h e  t ime pHl0 i s  reached ,  

t r i i o d i n a t i o n  has become prominent ( 2 ) .  The re fo re ,  p r e p a r a t i o n  

of 1251-2, 5-di iodohis tamine i s  economica l ly  u n a t t r a c t i v e .  

more, 2 ,5 -d i iodoh i s t amine  i s  somewhat u n s t a b l e ,  decomposing w i t h  

a h a l f - l i f e  o f  approx ima te ly  1 8 0  days ,  whereas  2- iodohis tamine i s  

q u i t e  s t a b l e  (2 ) .  The d a t a  shown (Tab le  3) i n d i c a t e s  that i n  3 

o u t  of 4 cases t h e  d i i o d i n a t e d  d e r i v a t e  b i n d s  as w e l l  a s  o r  b e t t e r  

t han  t h e  monoiodinated l i g a n d .  

F u r t h e r  

The o t h e r  v e r y  impor t an t  parameter i n  R I A  i s  s p e c i f i c i t y .  We 

checked t h i s  f o r  each  homologous system (Table  4 ) .  I n  a l l  bu t  o n e  

case, t h e  2- iodohis taminyl  l i g a n d  was s l i g h t l y  more s p e c i f i c  t l a n  

t h e  t r i t i a t e d  t e s t o s t e r o n e  i n  c o n t r a s t  t o  a p r e v i o u s  r e p o r t  ( 7 ) .  

Thus, t h e  two major  c r i t e r i a  of  R I A ,  s e n s i t i v i t y  and s p e c i -  

f i c i t y ,  a r e  s a t i s f i e d .  It is ,  of c o u r s e ,  obv ious  - as  i t  h s  been 

f o r  y e a r s  - that t h e  anti-T-34MO-RSA a n t i s e r u m  should be used i n  

p r a c t i c a l  a p p l i c a t i o n s .  

We l a v e  n o t  addres sed  t h e  n e x t  q u e s t i o n  of  whether  t o  u s e  a 
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TABLE 4 

Effect ive Association Constants and Relat ive Binding Ac t iv i ty  (RBA) of Various Steroids  Using the  
Designated Labeled Steroids and Non-Radioactive Steroid 

T-3-CMO-RSA Ab T-~~B-succ-BSA Ab 

K, RBA K a  RBA 

s t e ro id  38-T T-34~0-2-1 3H-T T-3-CMO-2-1 3H-T T-176-succ-2-1 3H-T T-17B-succ-2-1 

tes tosterone 1 3 .  1.00 1.00 0.2 0.56 1.00 1.00 
5a -DET 0.2 0. Il 0.56 0.29 0.15 0.12 0.97 0.81 
progesterone 0.0005 0.0005 0.001 0.001 0.12 0.10 0.78 0.65 
Il-deoxycort i- 

co sterone 0.012 0.005 0.006 0.001 0.18 0.07 0.51 0.31 
androstenedione 0.005 0.003 0.03 0.01 0.07 0.05 0.32 0.18 
androstenediol 0.015 0.01 0.04 0.02 0.03 0.01 0.29 0.10 

- 0.06 0.03 0.30 0.15 cort isone - - - 

cj 
P z 
cj 
rl 
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homologous o r  h e t e r o l o g o u s  r a d i o l i g a n d  i n  p r a c t i c e .  Theory p r e -  

d i c t s  (16) t h e  i n a d v i s a b i l i t y  of making K* > K. S i n c e  w e  d i d  n o t  

have a n a l y t i c a l l y  pure (as determined by e l emen ta l  a n a l y s i s )  2- 

i o d o h i s t a n i n y l  l i g a n d s ,  K*, t h e  a s s o c i a t i o n  c o n s t a n t  of t h e  r a d i o -  

l i g a n d ,  was never  determined.  T-3-CM0, however, had a n  a s s o c i a t i o n  

c o n s t a n t  more tlrau t e n f o l d  g r e a t e r  t h a n  that of t e s t o s t e r o n e ,  i n d i -  

c a t i n g  that  t h e  a s s o c i a t i o n  c o n s t a n t  o f  T-3-CMO-1251-2-iodohista- 

mine would probably be  much g r e a t e r  t h a n  that of t e s t o s t e r o n e  when 

t h e  anti-T-_l-€PlO-IlSA a n t i s e r u m  was employed. Conversely,  one 

r!iight p r e d i c t  tlla t T-17 6-succ i n y l  --l 51-2-iodo h i s t a m i n e  would have 

a n  a s s o c i a t i o n  c o n s t a n t  t o  t h e  sanie a n t i s e r u m  s l i g h t l y  less t h a n  

that of t e s t o s t e r o n e .  I f  so,  t h i s  r a d i o l i g a n d  would produce a 

s t e e p e r  s t a n d a r d  c u r v e  and a more r e p r o d u c i b l e  a s s a y .  

In summary, t h e  advan tages  of  t h e  a c t i v a t e d  ester method are 

t h e  ease, s i m p l i c i t y  and r a p i d i t y  of  p r e p a r a t i o n  o f  r a d i o l i g a n d s ,  

making "custon" s y n t h e s i s  f e a s i b l e .  K e a c t i o n  t a k e s  30 min, TLC 

1-2 Iir and d e t e c t i o n  and e l u t i o n  0.25 - 1 hr .  Thus, p u r e  l a b e l e d  

l i gand  c a n  b e  ob ta ined  i n  2-4 lir. I t  i s  s t a b l e  and can  be  counted 

i n  a g a t i u ~  c o u n t e r .  The on ly  l i m i t a t i o n s  p r e s e n t l y  a r e  t h e  a v a i l -  

a b i l i t y  of a c t i v a t e d  esters and t h e  d e c i s i o n  i n  r e g a r d  t o  t h e  u s e  

of  a homologous o r  h e t e r o l o g o u s  r a d i o l i g a n d s .  

laLen froii, a p o r t i o n  o f  a d i s s e r t a t i o n  subi, i i t ted by 
J u s t i n e  h.. l an t c lwu  t o  t!ke Gradua te  School,  SUisZ a t  Cuf fa lo ,  i n  
p a r t i a l  f u l f  i l l u e n t  of t i le  r equ i r en ien t s  f o r  a d o c t o r  o f  Ph i losophy  
degree .  Correspondence and r e q u e s t s  f o r  r e p r i n t s  should tie ad -  
d r e s s e d  t o  1.1. Roy Slaunwhite ,  Department of  Liocheni is t ry ,  
102 Cai-y l lal l ,  Sb?N/9, I h f f a l o ,  NY 1421.4. 
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