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RADIOIODO (Z)-1,2-BIS (4‘-HYDROXYPHENYL) -1-IODO-1-PROPENE. 

Flanagan, R., R.C. Lentle, D.G. McGowan, and L.I. Wiebe. 
Faculty of Pharmacy 6 Pharmaceutical Sciences, University of Alberta, 
Edmonton, Alberta T6G 2N8, and W.W. Cross Cancer Hospital, Edmonton, Alberta 
T6G 122. 

As part of a current project to develop radiolabelled estrogens, a series of 
compounds based on the DES (diethylstilbestrol) molecule in which one of the ethyl 
groups has been replaced by iodine was prepared. In accordance with the 

I R = H  R = H  

I1 R = H  R = C H  
1 

1 3 
R = CH3 R1 = CH 

3 
I11 

established (1) structure activity relationships, the remaining ethyl has been 
reduced to a methyl group in order to preserve the desired steric properties of 
the molecule. These derivatives have been prepared in a dihydroxy, dimethoxy and 
a mixed monohydroxy monomethox form. 
generated using Na12’I or Na13’I and a suitable precursor, and the 12*1 derivative 
by neutron activation in the U of A Slowpoke reactor. 

The title compound was prepared as follows. 1,2-Bis(4’-methoxyphenyl)-2-methyl- 
ethanone was transformed into the hydrazide with hydrazine hydrate. Treat- 
ment of the latter with a solution of iodine in ether at R.T.(2) afforded the cis 
isomer which was easily transformed into the trans I11 by isomerization with 
U.V. light. The removal of the methoxy groups was effected with trimethylsilyl- 
iodide (3) giving either 2[_ or depending on the amount used. 

Initial labelling experiments involved exchange labelling of 2[_, I and III with 
Na13’I or NaIZ5I in DMF. 
Eventually the reaction could be performed at 6OoC in 4 hours using cuprous ion as 
a catalyst. Presumably this improvement was due to the formation of an “ate“ 
complex. Recently in an attempt to prepare labelled r, 
specific activity, the cyano and the fluoro derivatives VII and VIII were 
synthesized by treatment of III with CuCN and AgF. 
have resulted in the production of almost carrier free III albeit in low yield. 
Initial biological experiments with I, 11 and III showed each compound to have an 
in vivo +lifeofapproximately 24 hours with rapid deiodination and appreciable 
excretion of radioactivity via both biliary and urinary routes (4). 

(1) J. Grundy. B. Rev. 48, 281 (1956). 

(2) J . R .  Campbell, A. Pross and S. Sternhell. w. J. e. 24,1425 (1971). 
( 3 )  M.E. Gung and M.A. Lyster. J. %. E m .  42, 3761 (1977). 
(4) 

The 12’1 and 13*1 labelled molecules were 

This was found to proceed slowly even at 16OoC. 

and III of much higher 

Initial experiments with VII 

W.H. Laarhoren, R.J.F. Nivand, and E. Hairnga. Experientia. 17, 214 (1961). 

R. Flanagan, B.C. Lentle, D.G. McGowan, andy.1. Wiebe, presented at the 
Annual Scientific Meeting, Australian and New Zealand Society of Nuclear 
Medicine, Sydney, Feb. 1980. 

See also J.A. Katzenellenbogen, D.F. Heiman, R. Gosuami, et al. J. s. Kd. 
20 ,  671 (1979) for a recent paper in which some similar tritiated derivatives 
were studied. 
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Subs t ra te  Nucleophi le  C a t a l y s t  Temp. T i m e  Y ie ld  

I11 ~ a 1 1 3 1  NONE l 0 O 0 C  16 hrs < 2 0 %  

I11 ~ ~ 1 1 3 1  cu 6 0 ° C  4 h rs  >95% 
+ 
+ 
+ 
+ 

I1 ~ a 1 1 3 1  cu  6OoC 8 hrs  60 % 

I ~ a 1 1 3 1  cu 6 0 ° C  8 hrs 50% 

I11 ~ ~ 1 1 2 5  cu 6OoC 4 h r s  >95% 

I11 CuCN - 1 6 O o C  16 h r s  >95% 

I11 A g F  - 1 6 O o C  16 hrs  80% 

V I I  ~ ~ 1 1 3 1  cu 1 6 O o C  16 hrs  0% 
+ 

A l l  reaction p e r f o r m e d  i n  DMF 
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A2 3 
77 ( Br)-16a-BROMOESTRADIOL-17R, A H I G H  SPECIFIC A C T I V I T Y ,  GAMMA-EMITTING 

ESTROGEN THAT SHOWS SELECTIVE, RECEPTOR-MEDIATED UPTAKE BY UTERUS AND DNBA- 
INDUCED PIANMARY TUMORS I N  RATS 

.T. A. Xatzenellenbogen*, S .  G .  Senderoff*,  11. J .  Welch t , K .  D .  NcElvany' 

*School of Chemical Sciences,  Un ive r s i ty  of I l l i n o i s ,  Urbana, I l l i n o i s  61801; 
+Mallinckrodt I n s t i t u t e  of Radiology, Washington Un ive r s i ty  School of Medicine, 
S t .  Louis,  Missouri  63110. 

16a-Bromoestradiol-17B (16aBr-E 178) is  syn thes i zed  from e s t r o n e  3-acetate-  
17-en01 a c e t a t e  (E (OAc) )(I) by t reatment  w i th  bromine-acetic a c i d  i n  bu f fe red  
d i e t h y l  e t h e r  f o r  $5 min a t  0" C producing 16a-bromoestrone-3-acetate (16a-E 
OAc) (2)  which is  subsequent ly  reduced wi th  LiAlH4 i n  THF a t  0" C t o  g ive  a 
1 .7  : 1 mix tu re  of 16aBr-E217B and 16aBr-E 17a.(3)  
r e a d i l y  sepa rab le  by chromatography on s i l i c a  g e l .  

Binding t o  t h e  e s t rogen  r e c e p t o r ,  determined by competi t ion wi th  ( H)-estradiol-  
178 (E -178) ( i n  lamb u t e r i n e  c y t o s o l )  i n d i c a t e s  a f f i n i t i e s  of 125% f o r  
16aBr-4 17B and 5.5% f o  
r e p r e s e n t s  K of 3 x 10 TI) .  
binding (4),a16aBr-E217B is expected t o  have a binding s e l e c t i v i t y  ( d i s t r i b u t i o n  
between r e c e p t o r  v e r s u s  non-receptor binding s i t e s )  comparable t o  t h a t  of E2-17B. 

The s y n t h e s i s  of (77Br)16aBr-E217B followed t h a t  of t h e  unlabeled m a t e r i a l ,  as 
o u t l i n e d  i n  F igu re  1. E1(OAc) 
was mixed wi th  N a 7 7 B r  (produce2 by s p a l l a t i o n  a t  t h e  Los Alamos Meson Physics  
F a c i l i t y  ( 5 ) ) ,  30% H 02 and g l a c i a l  a c e t i c  a c i d .  
7 7 B r  was 6 5 4 0 %  compiete w i t h i n  3 hours .  A n a l y t i c a l  hp lc  a f t e r  work-up shows 
a s i n g l e  r a d i o a c t i v e  peak corresponding t o  16aBr-E OAc. 
wi th  a c l a r i f i e d  LiA1H4 s o l u t i o n  i n  THF f o r  10 min a t  -78" C ,  followed by 
quenching wi th  THF-ethyl a c e t a t e  (1:l) a t  -78" C ,  t o  minimize r e d u c t i v e  and 
hydrogenolyt ic  debromination. 
by hp lc  on a Whatman PARTISIL Pi-9 column t o  y i e l d  75% (77Br)16aBr-E217B and 
25% (77Br) 16aBr-E217a. 
w i th  no i m p u r i t i e s  d e t e c t a b l e  by u l t r a v i o l e t  absorbance o r  r a d i o a c t i v i t y .  

T i s sue  uptake s t u d i e s  were done i n  immature (25 day) Sprague-Dawley rats and 
mature (110-130 day) Sprague-Dawley ra ts  bea r ing  mammary adenocarcinoma (induced 
by in t r avenous  i n j e c t i o n  of 5 mg 7,12-dimethylbenz(a) an th racene  (DNBA) on day 50 ) .  
The r a t s w e r e i n j e c t e d  in t r avenous ly  and s a c r i f i c e d  a f t e r  one hour .  Five immature 
r a t s  were i n j e c t e d  wi th  (77Br) 16aBr-E217B; doses  of 2-20 V C i  were admin i s t e red ,  
w i th  no d i f f e r e n c e s  i n  t i s s u e  d i s t r i b u t i o n .  The d a t a  i n  Table  I show t h e  average 
% i n j e c t e d  dose pe r  gram f o r  each of t e n  t i s s u e  samples,  and t h e  r a t i o s  of counts  
p e r  gram t o  counts  p e r  gram of blood. 

t h e  average uterus-to-blood r a t i o  dec reases  from 13.0 t o  1 .95 i n  t h e  presence 
of e s t r a d i o l ,  confirming t h a t  t h e  uptake of t h e  r a d i o l a b e l e d  e s t rogen  is 
receptor-mediated.  

Four mature rats bea r ing  mammary adenocarcinoma w e r e  i n j e c t e d  wi th  20-150 V C i  
(77Br) 16aBr-E 17B, and f o u r  were adminis tered 15  yg e s t r a d i o l  i n  a d d i t i o n  t o  
20 y C i  (77Br)lgaBr-E217B. A s  shown i n  Table  11, t h e  p re sence  of 15  Ug e s t r a d i o l  
dec reases  t h e  uterus-to-blood r a t i o  from 1 3 . 1  t o  1 .29,  and t h e  mammary tumor-to- 
blood r a t i o  from 6.27 t o  1.00. 

2 
2 

1 

These epimeric  a l coho l s  a r e  

3 

16aBr-E 17a r e l a t i v e  t o  t h a t  of es t radiol-17B (100% 
2 tj i a s e d  on our empi r i ca l  model f o r  non-receptor 

i n  ace t a t e -bu f fe red  THF-Et 0 a t  room temperature  

Organic i n c o r p o r a t i o n  of t h e  

This  m a t e r i a l  was reduced 1 

The r e s u l t i n g  epimeric  a l c o h o l s  were sepa ra t ed  

The s e p a r a t i o n  a l lows  t h e  i s o l a t i o n  of (77Br) 16aBr-E217B 

F iv  r a t s  were i n j e c t e d  wi th  15  pg 
e s t r a d i o l  (E2-17B) i n  a d d i t i o n  t o  20 y C i  ( 7 7Br)16aBr-E217B. A s  shown i n  Table I, 
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I n  summary, t h e  s y n t h e s i s  of 77Br-labeled 16aBr-E217B has  been accomplished i n  
h igh  y i e l d .  T i s sue  d i s t r i b u t i o n  s t u d i e s  i n d i c a t e  s e l e c t i v e ,  receptor-mediated 
up take  of t h i s  h igh  s p e c i f i c  a c t i v i t y  gamma-emitting e s t r o g e n  i n  u t e r u s  and 
DMBA-induced mammary tumors i n  ra t s .  An estima of 500 Ci/mmole f o r  t h e  
minimum v a l u e  of t h e  s p e c i f i c  a c t i v i t y  of t h e  ("Br)16aBr-E217 B w a s  determined 
from the  up take  of t h e  r a d i o l a b e l e d  e s t r o g e n  i n  mammary tumors which c o n t a i n  
~1 pmole e s t r o g e n  r e c e p t o r  p e r  gram ( 6 ) ,  assuming a maximum of 33% r e c e p t o r  
s a t u r a t i o n .  

(1) Leeds,  M.S., Fukushima, D.  and Ga l l aghe r ,  T . F . ,  J .  Am. Chem. Soc. ,  76, 2943 

(2) 
(3)  
(4)  Katzenellenbogen, J . A . ,  Car l son ,  K . E . ,  Heiman, D.F. and Lloyd, J . E . ,  i n  

(1954).  
Sishman, J.  and B i g g e r s t a f f ,  W.E., J.  Org. Chem.. 2, 1190 (1958) .  
Muel ler ,  G.P. and Johns ,  W.F., J .  Org. Chem., 6, 2403 (1961).  

"Radiopharmaceuticals:  S t r u c t u r e  A c t i v i t y  Re la t ionsh ips" ,  R.P. Spencer ,  
ed . ,  Grune and S t r a t t o n ,  i n  p r e s s .  
Grant ,  P.M., n i p p l e .  X . E . ,  Ben t l ey ,  G.E.,  e t  a l . ,  American Chemical S o c i e t y  
Eee t ing ,  Honolulu,  H a w a i i ,  1979. 
T s a i ,  T.-L. S . ,  Rut ledge,  S . ,  Katzenel lenbogen,  B.S. ,  Cancer R e s . ,  3, 
5043-5050 (1979) .  

(5)  

(6) 
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THF-Et20 AC 

77 

77 
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25" ( Br)16aBr-E217B OH H 

H OH ( Br)l 6aBr-E21 7 a  

FIGUBE 1. React ion Scheme f o r  t h e  S y n t h e s i s  of  (77Br)16ffBr-E217B 
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TABLE I. T i s s u e  Uptake S t u d i e s  of (77Qr)16aBr-E 178 i n  Immature R a t s *  2 

blood 

u t e r u s  

o v a r i e s  

lung  

k idney  

s p l e e n  

l i v e r  

stomach 

esophagus 

muscle 

% I D  pe r  gram 

(77Br) 16dr -E217  f? 

0.49*0.12 

7.83k2.20 

2 .17i0 .29  

0.58'0.08 

1.2320.28 

0 .31 t0 .03  

2.36tO. 50 

0.91iO. 38 

0.85k0.87 

0.67k0.22 

c ts  p e r  gram 
c t s  p e r  gram of blood 

77 ( Br) 16dr -E217  B 

* 
f i v e  ra t s  w e r e  i n j e c t e d  i n  each  case 

1.00 

13.0k3.4 

2.43'1.99 

1.15'0.19 

2.1821.42 

0 .59 t0 .23  

5 .02t2 .08  

2 .O3?0.78 

1.1950.51 

1.19kO. 5 1  

77 
( Br)l6aBr-E 1 7 B  
+ 1 5  pg E2-lff? 

1.00 

1 . 9 5 t l .  24 

2 . 5 4 9 . 4 2  

1. 20f0 .46 

1.39fO. 79 

0.91iO. 35 

3 .96 t1 .87  

1.2220.83 

2 .33 t1 .51  

1 .07 t1 .14  

TABLE 11. T i s s u e  Uptake S t u d i e s  of (77Br)16aBr-E217R i n  Mature R a t s  
Bear ing  Mammary Adenocarcinoma* 

c t s  per  gram 
c t s  p e r  gram of blood 

blood 

tumor 

u t e r u s  

o v a r i e s  

lung  

k idney  

s p l e e n  

l iver  

stomach 

esophagus 

musc le  

1.00 

6.27t2.66'  

13.1k2.7 

5 .10t0 .67  

1.27k0.12 

2.48k0.46 

1 .23 t0 .12  

4.12f0.60 

0.87k0.62 

2 .37t1 .22  

1.1OtO. 28 

83 

(77Br)16aBr-E 178 
+ 15 pg  E2-176 

1.00 

1.00+0.17 ' 
1.29tO. 20 

2.17tO. 5 1  

1 .25 t0 .11  

1.43tO. 12  

0.99kO.11 

3.8820.68 

1.68k1.94 

0.93k0.34 

l.OOt0. 1 7  
* 

f o u r  rats w e r e  i n j e c t e d  i n  each  case 

'eight tumors i n  f o u r  ra t s  

'seven tumors i n  f o u r  ra t s  
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ENHANCING RADIOCHROMATOGRAPHY SCANNING: 
A PRACTICAL APPROACH 

N. VINBERG AND K. KRISTENSEN. 
THE ISOTOPE-PHARMACY, DK 2700 BRUNSHBJ, DENMARK. 

The most frequent way o f  measuring the  rad iochemical  p u r i t y  o f  a g iven l a b e l l e d  
compound s t i l l  i s  t o  sub jec t  the compound t o  one or another form o f  chromatography 
or e lec t rophores i s  w i t h  a subsequent scanning o f  the chromatogram/electrophoregram. 

The d i f f e r e n t  methods f o r  runn ing  the  chromatograms/electrophoregrams are  u s u a l l y  
described i n  some d e t a i l ;  o f t e n  a s t r i c t  adherence t o  the descr ibed method i s  
necessary i n  order t o  o b t a i n  r e l i a b l e ,  rep roduc ib le  r e s u l t s .  

The a c t u a l  scanning procedure, however, has so f a r  received on ly  l i t t l e  a t t e n t i o n ,  
Apart from some papers dea l i ng  wi th the  t h e o r e t i c a l  aspects o f  f.ex. the importance 
o f  a c o r r e c t  background s u b t r a c t i o n  (1) on ly  l i t t l e  has been publ ished i n  t h i s  
f i e l d .  I n  p r a c t i c e ,  the i n d i v i d u a l  l a b o r a t o r i e s  have been l e f t  t o  do t h e i r  own 
inst rument  o p t i m i z a t i o n  on an e m p i r i c a l  basis. We f e l t  t he re  was a need f o r  a 
Pharmacopoea standard, desc r ib ing  the requirements t o  be f u l f i l l e d  by a scanning 
inst rument .  I n  p a r t i c u l a r ,  parameters l i k e  r e s o l u t i o n ,  e f f i c i e n c y ,  s t r a y  background 
in te r fe rence ,  and c o l l i m a t i o n  seemed re levan t .  

A s  most chromatogram scanners today a r e  o f  t he  moving chromatogram/fixed de tec to r  
t ype?  an approach based on a chromatogram phantom seemed the  bes t  so lu t i on .  The 
requirements o f  such a phantom should be 

1. 

2. 

3 .  Small sample volume(s) 

4. 

With these cons ide ra t i ons  i n  mind we have const ructed a phantom (based on an idea  
from a HEW p u b l i c a t i o n  ( 2 ) )  c o n s i s t i n g  o f  a perspex p l a t e  wi th  p a r a l l e l ,  3 mm wide 
and 1 mm deep grooves. The grooves are ground with va ry ing  d is tances symmetrical ly 
around a median groove c lose t o  the middle o f  t he  phantom. The grooves a re  f i t t e d  
with a t h i n  s i l i c o n  rubber tub ing,  which f i t s  snugly i n t o  the grooves. The open 
ends o f  t he  tub ing  a re  f i t t e d  w i t h  standard 21G t u e r  i n j e c t i o n  needles ( c u t  s h o r t )  
and t e f l o n  stopcocks. The tub ing  may be i n  one l e n g t h  (wound i n  zig-zag through 
the grooves) or  i n  seve ra l  l eng ths  wound i n  p a t t e r n s  s u i t a b l e  f o r  one's purpose. 

When f i l l e d  w i t h  a r a d i o a c t i v e  s o l u t i o n  the p a t t e r n  o f  t ub ing  represents  a "chroma- 
togram" wi th "bands" o f  a c t i v i t y .  With t h e  t u b i n g  i n  one l e n g t h  the  bands con ta in  
equal amounts o f  a c t i v i t y  as viewed by the de tec to r .  

We have used the phantom on 3 d i f f e r e n t  scanners wi th d i f f e r e n t  isotopes (Tc-99m, 
1-131 and Na-22). The r e s u l t s  showed g rea t  d i f f e rences ;  i n  p a r t i c u l a r  the resolu-  
t i o n  and s t r a y  background i n t e r f e r e n c e  showed l a r g e  v a r i a t i o n s .  The r e s u l t s  
showed l a r g e  d i f f e rences  i r i  scanner performance w i th  d i f f e r e n t  types o f  de tec to rs  
and/or c o l l i m a t o r s .  The r e s u l t s  together  wi th a d e t a i l e d  d e s c r i p t i o n  o f  the 
scanning phantom w i l l  be presented. 

(1 )  

P o s s i b i l i t y  t o  est imate c o l l i m a t o r  e f f i c i e n c y  and counter r e s o l u t i o n  w i t h  
a f r e e  choice o f  isotopes,  scanning speed, and s l i t  w id th  

P o s s i b i l i t y  t o  d iscover  any l o n - l i n e a r  response throughout the  l e n g t h  o f  
a chromatograni 

Easeness o f  ope ra t i on  and decontamination. 

F.ex.  M e l l i s h ,  C.E.: L i m i t s  o f  accuracy i n  the  determinat ion of p u r i t y  by 
t h i n - l a y e r  and paper chrcmatography, IAEA-PL-336/lo (1970). 

Hine, G.J., Paras, P & Warr, C.P.: "Measurements o f  t he  performance parameters 
o f  gamma cameras". HEW P u b l i c a t i o n  (FDA 78/8049) Dec 1977. 

( 2 )  
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17.1 
I N  VITRO B I N D I N G  ASSAYS AS A GUIDE FOR OPTIMIZATION OF THE STRUCTURE OF STEROID 
RECEPTOR-BINDING RADIOPHARMACEUTICALS: ESTIPlATION OF RECEPTOR VS NON-RECEPTOR 
BINDING 

3 .  A. Katzenellenbogen, D. F. Heiman, 3 .  E .  Lloyd, and K. E. Carbon.  
School o f  Chemical Sciences,  Universi ty  of I l l i n o i s ,  Urbana, I L  61801 

The achievement of  adequate t a r g e t  t o  background a c t i v i t y  r a t i o s  wi th  radiopharma- 
c e u t i c a l s  whose uptake i s  mediated by s t e r o i d  receptors  requi res  c a r e f u l  considera- 
t i o n  of t h e  receptor  concentrat ion i n  t h e  t a r g e t  site and t h e  binding a f f i n i t y  t h a t  
t h e  radiopharmaceutical has f o r  t h e  receptor  and non-receptor binding p r o t e i n s .  
Eckelman (1) has provided a model which can be used t o  estimate t h e  maximum recep- 
tor-bound t o  f r e e  r a t i o  t h a t  can be a t t a i n e d  with a radiopharmaceutical, based on 
its receptor  binding a f f i n i t y  and t h e  concentrat ion of receptor .  While it is use- 
f u l  t o  know t h i s  r a t i o ,  it is more important t o  understand t h a t  t h e  majori ty  of 
background a c t i v i t y  produced by a s t e r o i d  radiopharmaceutical w i l l  be  due t o  agent  
bound to  non-receptor p r o t e i n s  r a t h e r  than t o  f r e e  reagent .  W e  have developed an 
approach t h a t  provides  a q u a n t i t a t i v e  estimate of  t h e  "binding s e l e c t i v i t y "  of a 
radiopharmaceutical, i .e.,  i t s  d i s t r i b u t i o n  between receptor  vs  non-receptor bind- 
i n g  sites. This  approach w i l l  be i l l u s t r a t e d  i n  connection with t h e  development 
of es t rogen receptor-based imaging agents  f o r  human b r e a s t  tumors. 

Non-receptor binding f o r  es t rogens  is of  t w o  types:  high a f f i n i t y  ( s p e c i f i c )  and 
low a f f i n i t y  (non-specif ic) .  The high a f f i n i t y  (serum) binders ,  such a s  sex- 
s t e r o i d  binding p r o t e i n  (SBP), show a pronounced s p e c i f i c i t y  f o r  s t r u c t u r a l  and 
stereochemical f e a t u r e s  of l iqands ,  b u t  a s p e c i f i c i t y  t h a t  is d i f f e r e n t  from t h a t  
of t h e  es t rogen  receptor .  Therefore, t h e  binding of hormone receptor-based radio- 
Charmaceuticals t o  these  p r o t e i n s  can be minimized by introducing s t r u c t u r a l  fea-  
t u r e s  (e .g . ,  s t e r o i d a l  118-methoxy o r  17a-ethynyl groups) o r  employing non-ster- 
o i d a l  ske le tons  (e .q . ,  hexes t ro l )  t h a t  g r e a t l y  reduce binding t o  SBP, b u t  do not  
a f f e c t  binding t o  t h e  es t rogen  receptor .  The binding to  low a f f i n i t y ,  non-receptor 
p r o t e i n s ,  such as serum albumin, shows l i t t l e  s e l e c t i v i t y  towards l iqand  s t r u c t u r e  
o r  s tereochemistry,  and s t u d i e s  by Hansch ( 2 )  have shown t h a t  serum albumin binding 
of n e u t r a l  compounds depends mainly on l i p o p h i l i c i t y .  

To extend t h i s  a n a l y s i s  t o  t h e  type of  low a f f i n i t y  binding l i k e l y  t o  be encoun- 
t e r e d  with s t e r o i d  radiopharmaceut icals ,  w e  have measured t h e  non-specific binding 
a f f i n i t y  of s e v e r a l  rad io labe led  s t e r o i d s  and s t e r o i d  analogs i n  u t e r i n e  cy toso l  
and have examined t h e  c o r r e l a t i o n  between t h e i r  non-specif ic  binding index (nk) 
and var ious es t imates  of  t h e i r  l i p o p h i l i c i t y  (measured or ca lcu la ted  octanol-water 
p a r t i t i o n  c o e f f i c i e n t s  ( P ) ;  reverse  phase chromatographic capac i ty  f a c t o r s ) .  The 
most s a t i s f a c t o r y  r e l a t i o n s h i p  (equat ion 1) w a s  obtained using P ca lcu la ted  accord- 
i n g  t o  t h e  fragment method of  Rekker ( 3 ) .  

log  nk - 0.438 log  P ( f )  talc - 2 . 1 1  .... 1 cytosol  - 

It is  p a r t i c u l a r l y  convenient t o  express  t h e  non-specific binding of a compound 
(NSB) r e l a t i v e  t o  t h a t  of t h e  parent  es t rogen e s t r a d i o l  (equat ion 2 ) .  This  equa- 
t i o n  can be used t o  c a l c u l a t e  t h e  NSB of  any new estrogen der iva t ive .  

1 compound - e s t r a d i o l  

compound - 
log NSB = 0.438 [ log P ( f )  

= 0.438 [log p ( f )  

log  P ( f )  

4.631 . . . .2 

In  addi t ion ,  w e  propose t o  use t h e  r a t i o  of t h e  receptor  binding a f f i n i t y  of an 
es t rogen  radiopharmaceutical (RBA = Kgompound/Kaestradiol) t o  i ts  non-specific bind- 
ing  (NSB) as an index of i t s  binding s e l e c t i v i t y  ( B S I ) .  

RBA BSI  = - X 100% 
NSB 

.... 3 
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The receptor  binding a f f i n i t y  (RBA),  t h e  non-specif ic  binding (NSB), and t h e  bind- 
ing  s e l e c t i v i t y  i n d i c e s  (BSI) of  several halogenated es t rogens  are given i n  Table 
1. 

I t  i s  apparent t h a t  among t h e  es t rogens  bear ing halogens i n  aromatic p o s i t i o n s ,  
only those containing f l u o r i n e  have respec tab le  BSI values; even though bromo and 
iodohexestrols  have moderate receptor  binding a f f i n i t i e s ,  t h e  aromatic halogens are 
s u f f i c i e n t l y  l i p o p h i l i z i n g  t o  raise t h e  NSB va lues  of  these  compounds t o  unaccept- 
able l e v e l s .  The s i t u a t i o n  i s  d i f f e r e n t  f o r  es t rogens  bear ing halogens a t  a l i -  
p h a t i c  pos i t ions :  
a f f i n i t i e s ,  although t h e  NSB va lues  f o r  t h e  bromo and iodo analogs remain q u i t e  
high. The D-ring bromo and iodo e s t r a d i o l s  have some of  t h e  h ighes t  Binding 
S e l e c t i v i t y  Indices  (BSI) :  t h e i r  a f f i n i t i e s  f o r  receptor  are very good and i n t r o -  
duct ion of t h e  halogen a t  an a l i p h a t i c  r i n g  p o s i t i o n  causes only a moderate 
increase i n  NSB. While comprehensive, cont ro l led ,  i n  vivo t i s s u e  d i s t r i b u t i o n  da ta  
on these  compounds are not y e t  a v a i l a b l e ,  the d a t a  that  do e x i s t  (4-7) support the 
use of t h e  binding s e l e c t i v i t y  index as an appropr ia te  means f o r  es t imat ing  t a r g e t  
t o  background r a t i o s  f o r  s t e r o i d  radiopharmaceuticals based on t h e  estrogen recep- 
t o r .  

1-Subst i tuted hexes t ro ls  a l l  have q u i t e  high receptor  binding 

Eckelman W.C.,  Reba R.C.,  Gibson R.E. ,  Rzeszotarski  W . J . ,  Vieras  F . ,  Mazaitis 
J . K . ,  and Franc is  B . ,  J .  Nucl Ned. 20, 350 (1979). 
Helmer F . ,  Kiehs K . ,  and Hansch C . ,  Biochemistry 2, 2858 (1968). 
Rekker R.F., "The Hydrophobic Fragmental Constant", E lsev ier  North Holland, 
New York, 1978. 
Katzenellenbogen J . A . ,  Hsiung H . M . ,  Carlson K . E . ,  McGuire W.L., Kraay R . J . ,  
and Katzenellenbogen B.S., Biochemistry 14, 1742 (1975) .  
Komai T . ,  Eckelman W.C., Johnsonbaugh R . E . ,  Mazai t is  A . ,  Kubota H . ,  and Reba 
R . C . ,  J. Nucl. Med. 18, 360 (1977) .  
Hochberg R.B. ,  Science 205, 1138 (1979). 
Mazaitis J . K . ,  Gibson R . E . ,  Komai T . ,  Eckelman W.C. ,  Francis  B . ,  Reba R . C . ,  
J .  Nucl. Med. 2 , 1 4 2  (1980) .  
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Table 1. Receptor Binding A f f i n i t y  (RBA), Non-Specific Binding (NSB), and Binding 
S e l e c t i v i t y  Indices  (BSI) of Halogenated Estrogen Derivat ives .  

BS 12 b 
A r o m a t i c  Ring RACfiXlOO% NSB- 
Halogenated Estrogens X Y (E2=100) (E2=l) (E2=100) 

F H 101 1.24 81 
H F 128 1.24 10 3 
B r  H 1.2 2.71 0.44 
H B r  10 2.71 3.7 

Y 
X Y 

HO X@ 

F H 240 3.30 73 
B r  H 19 7.21 2.6 
I H 14 9.72 1.4 

HO *OH H H I 29 9.72 3.0 
F 75 3.30 23 

X 

Aliphat ic  
Halogenated Estrogens R R’ X 

=O ( a ) B r  3.5 0.92 3.8 
=O ( B ) B r  0.92 

OH H ( a ) B r  125 1.52 82 
OH H ( B ) B r  5.5 1.52 3.6 
OH H ( a ) I  150 2.19 68 
OH H (6) I  57 2.19 26 

HO 

HO *OH X 

F 127 1.43 89 
B r  65 3.10 21 
I 60 4.45 13 

%C = ra t io  of  a s s o c i a t i o n  constants :  KcomPound ‘stradio’ x 100. a lKa 

b 
-NSB = non-specific binding,  ca lcu la ted  according to  equat ion 2. 

%SI = binding s e l e c t i v i t y  index = RAC x 100%/NSB; by d e f i n i t i o n ,  f o r  e s t r a d i o l ,  
BSI=100. 
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1 7 . 2  
I D E N T I F I A B I L I T Y  OF K I N E T I C  MODELS FOR I N  VIVO RECEPTOR SYSTEMS 

D.R. Vera, A.J. Thomas, P.O. Scheibe, K.A. Krohn 
Department o f  Radiology, U n i v e r s i t y  o f  C a l i f o r n i a  Medical Center, Sacramento, CA 
9581 7 

Among the  many mechanisms f o r  radiopharmaceutical l o c a l i z a t i o n ,  recep to r  mediat ion 
c u r r e n t l y  has an e x c i t i n g  p o t e n t i a l ,  Receptors t r a n s f e r  blood-borne rad io ind i ca -  
t o r s  i n t o  t h e  molecular b i o l o g i c a l  rea lm o f  metabolism where many disease 
processes begin. Many researchers a r e  now asking how external  measurement o f  t he  
time-dependent d i s t r i b u t i o n  o f  gamma-emitting recep to r  l i gands  can be used t o  
est imate such impor tant  phys io log i ca l  p roper t i es  as recep to r  concentrat ions, 
l igand-receptor  b ind ing constants and metabol ic  r a t e s  i n  a d d i t i o n  t o  hemodynamic 
parameters. 
are thus p r e r e q u i s i t e  t o  l o c a l i z a t i o n .  A successful des ign s t ra tegy  f o r  receptor-  
based radiopharmaceuticals must a l l o w  the experimenter t o  d i f f e r e n t i a t e  a f f e c t s  
o f  blood f l ow  from those o f  receptor  b ind ing,  f o r  w i thou t  proper design, t he  
t r a c e r ' s  f a t e  could be determined s o l e l y  by organ blood f low.  

Consider the  k i n e t i c  scheme i l l u s t r a t e d  i n  f i g u r e  1. 
i n j e c t e d  i n t o  t h e  blood may r e v e r s i b l y  communicate v i a  blood f l o w  ( Q  ml/min) w i t h  
the  blood o f  t he  t a r g e t  organ. Once a t  t he  r e a c t i o n  s i t e  the  l i g a n d  may r e v e r s i -  
b l y  combine w i t h  a f i x e d  but  unknown number o f  a v a i l a b l e  receptors  t o  form a 
l igand-receptor  complex (C moles). The r e a c t i o n  sequence may cont inue i n  the  
forward d i r e c t i o n  t o  produce a metabol ic  product ( P  moles). The k i n e t i c s  o f  t h i s  
model can be described by the se t  o f  d i f f e r e n t i a l  equations. Because o f  t he  
second-order na tu re  o f  t he  l i gand- recep to r  i n t e r a c t i o n ,  t h e  s e t  w i l l  be nonl inear .  
The degree o f  n o n - l i n e a r i t y  w i l l  depend upon t h e  r a t i o  o f  l i g a n d  dose (LA moles) 
t o  t h e  t o t a l  number o f  receptors  (R moles). When t h i s  r a t i o  i s  below 1%, the  
i n i t i a l  cond i t i on  used i n  most r a d i o t r a c e r  s tud ies,  pseudo- f i rs t -order  k i n e t i c s  
r e s u l t s :  The b ind ing  r a t e  constant 
and the receptor  concentrat ion a re  now mathemat ica l ly  inseparable. Thus, receptor  
mapping a t  t r a c e r  doses can be achieved o n l y  i f  t h e  forward b ind ing  r a t e  constant 
i s  r e g i o n a l l y  and p a t h o l o g i c a l l y  i n v a r i a n t .  

How can l igand-receptor  b ind ing  a t  t r a c e r  doses be used t o  map receptors  w i thou t  
blood f l o w  being the r a t e - l i m i t i n g  step? The range o f  kbR r e l a t i v e  t o  Q/V' should 
be chosen t o  a l l o w  k i n e t i c  parameters t o  be un ique ly  est imated from a se t  o f  
external  observations, namely the  measured radiopharmaceutical d i s t r i b u t i o n  
k i n e t i c s .  Th is  c o n d i t i o n  i s  r e f e r r e d  t o  i n  the systems a n a l y s i s  l i t e r a t u r e  as 
i d e n t i f i a b i l i t y  (1) and depends upon t h e  means by which the  system response i s  
observed. 
de tec to r  (D2)  t h a t  w i l l  measure both the  l i gand- recep to r  complex ( C )  and t i le  f r e e  
l i gand  ( L )  i n  the blood w i t h i n  the organ. 
moni tor  t he  l abe led  components ( L ' )  o f  blood ou ts ide  o f  t h e  target-organ. 
Together they make up a se t  of observers by which the  response o f  t h e  system i s  
recorded and i t s  parameters numer i ca l l y  estimated. 
of a parameter can be made o n l y  i f  an a l t e r a t i o n  o f  i t s  va lue e l i c i t s  a change i n  
the  observed response. 
i n v e s t i g a t e  the range o f  forward b ind ing r a t e  constants  t h a t  a l l o w  observat ion o f  
a l t e r e d  1 igand uptake produced by changes i n  recep to r  concentrat ion,  we performed 
a number o f  k i n e t i c  s imulat ions o f  a l i gand- recep to r  system ( 2 )  s i m i l a r  t o  t h a t  
shown i n  f i g u r e  1. 
observable system, because d i f f e r e n t  observer responses a r e  produced by progress ive 
decreases i n  receptor  concentrat ion.  

I n  a d d i t i o n  t o  t h e  p roper t y  o f  o b s e r v a b i l i t y ,  t h e  model must a l s o  be i d e n t i f i a b l e ;  
t h a t  i s  t he  computer program must be a b l e  t o  a p r i o r i  s e l e c t  a s e t  o f  model para- 
meters t h a t  produce a unique minimum o f  c h i  square. Standard l i n e a r  a lgeb ra i c  
methods a r e  used t o  examine an n-dimensional sur face o f  e r r o r  versus each para- 
meter. The best f i t  occurs a t  t h e  bottom o f  an e r r o r  parabola on t h i s  surface. 
I f  the  e r r o r  parabola has steep edges i t  w i l l  be eas ie r  t o  f i n d  than i f  i t  i s  a 

The l a t t e r  govern d e l i v e r y  o f  the t r a c e r  t o  t h e  recep to r  s i t e  and 

The l i g a n d  dose (LA moles) 

dR/dt i s  zero and hbR can be replaced by kk. 

I n  an in vivo recep to r  system the  t a r g e t  organ i s  viewed by a s i n g l e  

A second de tec to r  (D1) would be used t o  

An est imate o f  t he  magnitude 

Th is  c o n d i t i o n  i s  r e f e r r e d  t o  as system o b s e r v a b i l i t y .  To 

The f i r s t  set  o f  s imu la t i ons  g iven i n  f i g u r e  2 reveal  an 
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broad t rough .  
models by calculating an " iden t i f i ab i l i t y  index" which should ideally approach 
unity fo r  a steep or  eas i ly  ident i f iab le  system. 

The receptor system (Figure 1 )  using the ra te  constants l i s ted  on f igure  2 i s  
judged t o  be ident i f ' ab le  with an iden t i f i ab i l i t y  

25% change in any parameter value. 
minimum for  practical identification. 
a 50% decrease i n  receptor population f a i l s  t o  produce an observable change i n  
e i ther  detector.  
increase in the forward binding r a t e  constant, bb. 
would be d i f f i c u l t  t o  estimate the magnitude of a parameter which has no influence 
upon the system's behavior. 
to also be unidentifiable. This i s  confirmed by the computed iden t i f i ab i l i t y  
index of 10-6 and i s  numerically unidentifiable regardless of observer precision. 
A value of 10-6 i s  within the range of computational noise. 
r a t e  limiting kinetics indicated by the altered response t o  a 25% decrease in 
organ blood flow ( Q ) .  

In order t o  more generally apply the above resu l t s  we have found i t  helpful t o  
r e l a t e  the iden t i f i ab i l i t y  index of the  ligand-receptor model to the  r a t io  of 
the  pseudo-first order r a t e  constant (bbR) to the forward f i r s t  order hemodynamic 
transfer constant (Q/V' ), 

We have quantitatively evaluated the error parabola of several 

index of 10-3. 

Given these c r i t e r i a ,  a value of 10-3 i s  the 

We have assumed 
the collection of 10 i' counts and the  requirement of 95% confidence level for  a 

Figure 3 i l l u s t r a t e s  a system within which 

The only difference between the two systems i s  a 1000-fold 
I t  should be obvious tha t  i t  

As a r e su l t ,  we would expect an unobservable system 

Note the expected 

Model 
Identifiabil  i t y  

index 

HBP ( 2 )  5.0 x lo3 5.1 X 10-1 1 o - ~  

5.0 X l o6  5.1 X I d  10-6 

MQNB (3)  8.3 x 108 2.8 x I d  

Spiperone (4)  3.2 X 108 1.2 x 104 1 o - ~  
Haloperidol ( 4 )  9.8 x lo5 1.8 X lo1 1 o - ~  

In conclusion, given the classical  ideal radiopharmaceutical requirements of h i g h  
target t o  background, low radiation dose and low extratarget uptake, a t racer  
radioligand can be used to map receptor s i t e s  providing the forward r a t e  constants 
governing the transfer and binding of the ligand are  of the same order of magnitude 
and tha t  the binding r a t e  constant i s  regionally and pathologically invariant. 

(1) Grewal M.S. and Glover K. ,  I E E E  Transactions on Automatic Control AC-21: 
833 (1976). 

( 2 )  Vera D . R . ,  Krohn K.A. and Stadalnik R . C .  in "Radiopharmaceuticals 11: Proc. 
2nd Int. Symp. Sea t t le" ,  Sodd V.J., Allen D . R . ,  Hoagland D.R.  , Ice R . D .  , 
eds., Society of Nuclear Medicine, New York, 1979, p. 565. 

(3 )  Gibson R.E., Eckelman W.C. ,  Vieras F., e t  a l . ,  J .  Nucl. Med. 0 : 8 6 5  (1979). 
(4 )  Leysen J.E.,  Gomneren W. and Laduron P.M., Biochem. Pharmacol. a 3 0 7  (1978). 
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Figure 1 

L '  = moles of ligand in extra t a rge t  organ blood 
L = moles of ligand in  t a rge t  organ blood 
R = moles o f  t a rge t  organ receptor 
C = moles of ligand receptor complex 
P = moles of metabolic product 
LA = moles of injected ligand 
Q / V =  blood t ransfer  r a t e  constant (sec-l 
kb = forward binding r a t e  constant (sec- 
k-b= reverse binding r a t e  constant (sec-1) 
b, = m$tabolic ra te  constant (sec-1 ) 
D1 a L = precordial 
D2 a L + C = target organ  detector 

1 mole-]) 
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Simula t ion  Farameter s 

Ro = 3 x 10-6 moles = NI 

LA = 3 x 10-8 moles 

kb = 5 x l o 3  mole-lsec-'  

t+,, = 1 x 10-4 sec-1 

I den t  i f  i a b i l  i t y Cond i t i o n  

3 10-3 

P J J ,  50% 
d e t e c t o r  t 2  

Simula t ion  Parameters 

R, = 3 x 10-6 moles = N I  

LA = 3 x 10-8 moles 

k b  = 5 x 106 mole-lsec-1 

k m  = 1 x 10-4 sec-1 

I d e n t i f i a b i l i t y  Condi t ion  

1 x 10-6 

d e t e c  t o r  B 1 

t ime 
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17.3 
( 99?c)-NEOGALACTOALBUMIN: A GENERAL MODEL FOR SOME BIFUNCTIONAL CARBOHYDRATES 

K.A. Krohn, D.R. Vera, S.M. Stef fen.  
Department o f  Radiology, U n i v e r s i t y  o f  C a l i f o r n i a  i l ed i ca l  Center, Sacramento, CA 
95817. 
Carbohydrates cova len t l y  a t tached t o  po lypept ide chains form a c lass  o f  molecules, 
g lycoprote ins,  t h a t  i s  w ide l y  d i s t r i b u t e d  i n  nature. 
a l l o w  extens ive s t r u c t u r a l  branching t h a t  i s  unimportant i n  pept ide bonding, the 
number o f  conceivable o l igosacchar ide con f igu ra t i ons  i s  l a r g e  compared t o  t h a t  f o r  
po lypept ides.  Th is  c lass  o f  molecules i s  impor tant  i n  nature because c e l l - s u r f a c e  
g l ycop ro te ins ,  w i t h  t h e i r  h i g h l y  v a r i a b l e  arrangements o f  sugar s t ruc tu res ,  serve 
as i d e n t i f y i n g  markers t h a t  a l l o w  c e l l s  t o  un iquely  d i s t i n g u i s h  i n d i v i d u a l  chemi- 
c a l  s t r u c t u r e s  v i a  an e l e c t r o s t a t i c  "lock-and-key" i n t e r a c t i o n  w i t h  matching glyco- 
p ro te ins .  We are convinced t h a t  t he  chemical s p e c i f i c i t y  encoded i n  carbohydrate 
s t r u c t u r e s  can be e x p l o i t e d  t o  develop new recep to r  b ind ing  t r a c e r s  t h a t  w i l l  be 
usefu l  t i ssue-speci f i c  r a d i o d i  agnost i  c agents. The general developmental scheme 
invo lves  i d e n t i f y i n g  receptors  on the c e l l  sur face t h a t  are unique t o  t h e  t i s s u e  
o f  i n t e r e s t  and then l a b e l i n g  t h e  matching recep to r  l i gand .  In t h i s  paper we w i l l  
descr ibe our  a p p l i c a t i o n  o f  t h i s  concept t o  l igands f o r  hepa t i c  b ind ing  p r o t e i n  
(HBP) , s p e c i f i c a l l y  ( ggmTc)-neogal ac toa l  bumi n, and o f f e r  some general comments on 
the a p p l i c a b i l i t y  o f  s y n t h e t i c  b i f u n c t i o n a l  carbohydrates t o  o the r  c e l l  receptors .  

I n  recen t  years researchers have i d e n t i f i e d  a hepa t i c  pathway f o r  the accelerated 
e l i m i n a t i o n  o f  d e s i a l y l a t e d  g lycoprote ins.  T h e i r  removal from c i r c u l a t i o n  was 
mediated by membrane receptors  found on ly  on hepatocytes (1) .  
t u r a l  f ea tu re  f o r  a l l  g l ycop ro te in  d e r i v a t i v e s  which were suscept ib le  t o  r a p i d  
hepa t i c  clearance was the presence o f  non-reducing unmodified terminal  galactose. 
When as ia lop ro te ins  were subjected t o  a-galactosidase d i g e s t i o n  t o  cleave the  ga l -  
ac tosy l  res idue,  o r  galactose oxidase t o  conver t  C6 from an a lcohol  t o  an aldehyde, 
the r e s u l t i n g  g l ycop ro te ins  showed c i r c u l a t o r y  s u r v i v a l  t imes s i m i l a r  t o  t h e i r  
n a t i v e  counterpar ts  (1). Tryps in ized as ia log l ycop ro te ins  showed the same clearance 
k i n e t i c s  as the i n t a c t  as ia log l ycop ro te in  ( 2 ) ,  i n d i c a t i n g  the r e l a t i v e  unimportance 
of t he  pept ide backbone i n  accelerated clearance. 
s p e c i f i c  f o r  l i gands  con ta in ing  exposed unmodif ied galactose i n  the  appropr ia te 
anomeric form. 

Although we have success fu l l y  used Tc-99m-asialoceruloplasmin f o r  hepa t i c  imaging 
i n  r a b b i t s  (3-4),  i t s  r o u t i n e  use i n  humans was i n e v i t a b l y  l i m i t e d  due t o  a v a r i -  
e t y  o f  p r a c t i c a l  cons iderat ions.  Instead o f  enzymical ly  removing te rm ina l  s i a l i c  
a c i d  groups t o  expose the  molecular l igand,  galactose, a more c l i n i c a l l y  acceptable 
analog was produced by adding the galactose u n i t  t o  a human serum albumin backbone. 
The coupled carbohydrate has been named neogalactoal bumin (NGA). 

O f  t he  many methods a v a i l a b l e  f o r  a t tach ing  sugars t o  p ro te ins ,  we chose amidina- 
t i o n  us ing 2-imino-2-methoxyethyl-1-thioglycosides ( 5 ) .  I t  has the p r a c t i c a l  
advantages o f  convenience, low cost, h igh  chemical s t a b i l i t y ,  and coup l i ng  a t  m i l d  
pH. Amid inat ion i s  s p e c i f i c  f o r  pr imary NH2, the amidine bond and t h i o e s t e r s  are 
s tab le  under a c i d i c  cond i t i ons  (6,7) t h a t  are used f o r  technetium l a b e l i n g  and the 
t h i o - C l  e s t e r  i s  r e s i s t a n t  t o  plasma and membrane glycosidases ( 7 ) .  
our s y n t h e t i c  procedure are presented i n  f i g u r e  1. 

The e x t e n t  o f  sugar attachment was c o n t r o l l e d  by the  molar r a t i o  o f  r e a c t i n g  IME- 
t h ioga lac tose  and albumin. We can rep roduc ib l y  achieve any des i red  average r a t i o  
from 3 t o  40 gal/HSA. 
number o f  galactose res idues per  albumin molecule and may be adjusted over several 
orders o f  magnitude ( 8 ) .  
Technetium l a b e l i n g  was done by t h e  e l e c t r o l y t i c  method o f  Benjamin (9) as modi f ied 
by Dworkin (10). Immediately a f t e r  e l e c t r o l y s i s  (100 mA, 42 sec), 1 0 0 ~ 1  o f  25% NGA 
was added, incubated 30 min a t  room temperature, neu t ra l i zed ,  and then p u r i f i e d  by 
polyacrylamide P-2 gel chromatography. E lect rophores is  o f  t he  u n p u r i f i e d  r e a c t i o n  
product  a t  var ious times a f t e r  l a b e l i n g  i nd i ca ted  t h a t  the product  l o s t  5% o f  i t s  
i n i t i a l l y  bound a c t i v i t y  (90-95%) w i t h i n  20 min b u t  t he  remaining 90% was complete- 
l y  s tab le  f o r  several hours. 

Because g l y c o s i d i c  bonds 

The comnon s t ruc -  

The HBP recep to r  i s  h i g h l y  

D e t a i l s  o f  

The HBP receptor  b ind ing  a f f i n i t y  o f  NGA depends on the 
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One concern r e l a t e d  t o  the  use o f  Tc-NGA as a l i v e r  radiopharmaceutical was the 
p o s s i b i l i t y  o f  aggregation which cou ld  conver t  a hepatocyte agent i n t o  a r e t i c u l o -  
endo the l i a l  agent. The molecular weight  d i s t r i b u t i o n  was measured by P-300 po ly -  
acrylamide gel chromatography. Jus t  p r i o r  t o  e l u t i o n  o f  t he  f i r s t  peak, t he  c o l -  
umn was tempora r i l y  removed from t h e  chromatographic system and scanned. A c t i v i t y  
a t  t he  top  o f  t he  column would i n d i c a t e  an aggregate which had n o t  penetrated the 
gel and any ma te r ia l  a t  the v o i d  volume would suggest a h igh  MW product which 
could l o c a l i z e  v i a  phagocytic c e l l s  r a t h e r  than by HBP b ind ing.  The e l u t i o n  pro- 
f i l e  r e f l e c t e d  o n l y  the  small molecular  weight  s h i f t  produced by m u l t i p l e  galac- 
tose residues pe r  HSA molecule. There was no radiopharmaceutical i n  the  v o i d  vo l -  
ume o r  a t  t he  top  o f  t he  column, i n d i c a t i n g  t h a t  t h e  Tc-NGA was c o n s i s t e n t l y  f r e e  
o f  c o l l o i d s .  
With the confidence o f  h igh  HBP l i g a n d  p u r i t y ,  Tc-NGA was i n j e c t e d  i n t o  r a b b i t s .  
A t i m e - a c t i v i t y  curve generated over a p r e c o r d i a l  R O I  showed r a p i d  blood clearance, 
5% remaining i n  c i r c u l a t i o n  a t  15 min. A curve over  a hepat ic  901 showed a comple- 
mentary r a p i d  increase i n v o l v i n g  two phases, t he  f i r s t  r e l a t e d  p r i m a r i l y  t o  hepat- 
i c  b lood f l o w  and the  slower second phase t o  receptor  b ind ing.  
peaked a t  about 15 min and then g radua l l y  decreased as lysosomal enzymes began t o  
break down the  Tc-NGA. From 4-6% o f  t h e  i n j e c t e d  Tc appeared i n  the u r i n a r y  blad- 
der s h o r t l y  a f t e r  i n j e c t i o n ,  b u t  w i t h i n  15 min t h i s  concentrat ion s t a r t e d  t o  slow- 
l y  r i s e  as l abe led  lysosomal products ( i o n i c  Tc-99m) re tu rned  t o  the blood and 
were excreted by glomerular f i l t r a t i o n .  
mately 15% o f  t h e  i n j e c t e d  dose. 
t i v i t y ,  b u t  ga l l b ladders  removed a t  2 h r s  conta ined Z O . 1 %  o f  t he  i n j e c t e d  Tc. 
L i g a t i o n  o f  t he  common b i l e  duct  d i d  n o t  prevent  gu t  l o c a l i z a t i o n ,  suggesting t h a t  
i t  r e s u l t e d  from i o n i c  Tc i n  t h e  stomach secondary t o  lysosomal breakdown. 

We be1 ieve  t h a t  Tc-99-neogalactoal bumin has the  fea tu res  needed f o r  successful 
c e l l - r e c e p t o r  imaging o f  t he  l i v e r .  I t  can be synthesized w i t h  the number o f  
gal/HSA requ i red  t o  produce the  des i red  recep to r  a f f i n i t y ,  i t s  l a b e l i n g  i s  r a p i d  
and e f f i c i e n t ,  i t  produces a t r a c e r  l i g a n d  o f  h i g h  p u r i t y  and s t a b i l i t y ,  and i t  
binds on ly  t o  hepatocytes. 
t h a t  i t  accumulates i n  hepatocytes and s tays the re  f o r  s u f f i c i e n t  t ime t o  a l l ow  
m u l t i p l e  images o f  t h a t  organ. It does n o t  compete w i t h  b i l i r u b i n ,  thus i t s  value 
i s  independent o f  jaundice,  and the  t r a c e r  does n o t  en te r  the b i l i a r y  t r a c t .  

I n  a d d i t i o n  t o  neogalactoalbumin f o r  hepa t i c  sc in t i g raphy ,  o t h e r  s y n t h e t i c  l e c t i n s  
might  be usefu l  radiopharmaceuticals. For  example, gal-6-gal-B-albumin could be 
usefu l  f o r  imaging the  myocardium (11) and mannose-6-albumin f o r  the renal  tubules 
(12,13). 
some tumor c e l l s  b u t  the exact carbohydrate groups causing b ind ing  have n o t  been 
i d e n t i f i e d .  
b i f u n c t i o n a l  carbohydrate radiopharmaceuticals. 

The l i v e r  curve 

The u r i n e  a t  30 min contained approx i -  
I n  a l l  r a b b i t s  we saw a small amount o f  G I  ac- 

Tc-NGA i s  d i f f e r e n t  from a l l  o the r  l i v e r  agents i n  

Lec t i ns  have been i d e n t i f i e d  t h a t  b i n d  t o  pancreat ic  membrane and t o  

Each o f  these recep to r  systems suggest areas f o r  developing new 

Ashwell G. and Morel 1 A., Adv. Enzymol . 41, 99 (1974). 
Van Den Hamer C. ,  N o r e l l  A . ,  Scheinberq r, Hickman J and Ashwell G . ,  
J. B i o l  . Chem. 245, 4397 (1970). 
Vera D.R., K r 0 h n . A .  and S tada ln i k  R.C . ,  J .  Nucl. Med. 3, 685 (1978). 
Vera D.R. .  Krohn K.A. and Stadaln ik  R.C .  i n  "Radiooharmaceuticals 11: Proc. 
2nd I n t .  Symp. Sea t t l e " ,  Sodd V.J., A l l e n  D.R., Hoogland D.R., I c e  X.D., 
eds., Soc iety  o f  Nuclear Medicine, New York, 1979, p. 565. 
Lee Y . ,  Stowell  C.  and Krantz M . ,  Biochem. 15, 3956 (1976). 
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Figure 1. Synthesis of IME-thiogalactose and neogalactoalbumin. 

H o o H  OH 

Ac20/HC104 
7 

30-4OOC 

A c D o A c  

OAc 

Brz/H20/red P 
c 

10-2ooc 

CH20Ac Acoc)r 
OAc 

Galactose Galactose pentaacetate Acetobromo-galactose 
Acetobromo-galactose is extracted with chloroform, evaporated to a syrup and 
recrystallized with ether. (14) The yield is 70%. 

CH29Ac AcOQ 
S-C=NH.HBr Acetone 

AcoQBr + H ~ A N H ~  reflux 

S 
AH2 
Tetraacetyl -gal actosyl- 

thiopseudourea 
+ ClCH2CfI 
K2C03/l4aHSO3 I OAc 

MeOH 

2-Imino-2-methoxyethyl- 

( IME-thiogal actose) 
1-thio-B-D-galactose 

Cyanoaethyl-tetraacetyl-thiogalactose 

This reaction sequence is described in references 5 and 15.  The yield of each 
step is about 75%. The cyanomethyl is the best derivative t o  store. 

CHzOH CH20H 
I 

IME-thiogalactose Albumin (lys) Neogal actoal bumi n 
The neogalactoalbumin is purified by hollow-fiber dialysis against sterile saline, 
I t  is then membrane filtered, dispensed into multidose vials and lyophilized. 
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1 7 . 4  
(R,S)-3-QUIbTUCLIDINYL-4-IODOBENZILATE (4-IQNB). THE TRIAZINE APPROACH 

W.J. Rzeszotarski, W.C. Eckelman, R.E. Gibson, D . A .  Simms, and R.C. Reba. 
Radiopharmaceutical Chemistry, George Washington University, Washington, D.C. 20037. 

The development of receptor binding radiotracers for myocardial imaging depends on 
a high concentration of receptor in the heart and a radioligand with a high affini- 
ty for that receptor. The binding of QNB to the muscarinic cholinergic receptor 
in the heart is an example of such as system. In animals heart to blood ratios of 
as high as 30 are obtained using tritiated QNB (1). Based on these results the 
development of a gamma emitting derivative of QNB would allow the external detec- 
tion of the change in blood flow or receptors as a function of disease. 

Our early attempts to synthesize 4-IQNB through a direct thallation of QNB were 
unsuccessful. The second synthetic variant - the nitration of either benzilic 
acid or benzil - was similarly abortive. The only successful synthetic route to 
date is the one described below: 

4-Aminobenzil (I) was synthesized according to a modified method of Augl and Duffy 
(2)  requiring six synthetic steps. The overall yield was poor (c 10%) but the 
availability and inexpensiveness of the starting materials renders this approach 
practicable. The 4-aminobenzil was rearranged to yield 4-aminobenzilic acid (11) 
which in turn was esterified to its ethyl ester (111). The ethyl ester of 4-amino- 
benzilic acid was reacted with quinuclidin-3-01 to give the expected 4-amino-QNB 
(IV). The purified 4-amino-QNB was converted to the 4-triazino-QNB (V) according 
to the procedure reported by Tewson and Welch ( 3 ) .  Due to the numerous by products 
the purification of 4-triazino QNB is tedious and requires several chromatographic 
techniques. 

The pure 4-triazino-QNB in a catalyzed reaction with iodide gives the expected 
4-iodo-QNB (VI). 
mental analysis and mass spectroscopy. 

Preliminary studies using muscarinic cholinergic receptor isolated from rat heart 
show that the 4-IQNB has a high affinity for the receptor. 

(1) 
(2) Augl J.M., and Duffy J.V., Annu. Conf., SPI, Reinf. Plastic/Compos. Div. 

( 3 )  

The structure and purity of the 4-IQNB was ascertained by ele- 

Gibson R.E., Eckelman W.C., Vieras F., et al., J. nucl. Med. 20, 865 (1979). 

Proc., 26th, ?&, 1 (1971). 
Tewson T.J., and Welch M . J . ,  J. nucl. Med. 20, 671 (1979). 
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17.5 
RADIOLABELED ADRENERGIC AND MUSCARINIC BLOCKERS FOR 

W.C. Eckelman, R.E. Gibson, W.J. Rzeszo ta rsk i ,  F. V 
R.C. Reba 
Radiopharmaceut ical  Chemistry,  George Washington Un 
20037 

I N  V I V O  STUDIES 

eras,  B.E. F r a n c i s ,  and 

v e r s i t y ,  Washington, D.C. 

A t  p resen t  t h e r e  a r e  t w o  approaches t o  imag ing  a c u t e  myocard ia l  i n f a r c t s :  
use  o f  compounds such as T1-201 t h a t  d i s t r i b u t e  as  a f u n c t i o n  o f  b l o o d  f l o w  and 
( 2 )  t h e  use  o f  compounds t h a t  c o n c e n t r a t e  i n  a reas  o f  a c t i v e  i schemia  o r  n e c r o s i s  
such as t h e  Tc-99m bone imag ing  agents .  Another  p rocess  t h a t  may be  a l t e r e d  as  a 
f u n c t i o n  o f  p a t h o l o g i c  s t a t e  i s  t h e  r e c e p t o r  b i n d i n g  o f  a l p h a  and b e t a  
adrenoceptor  a n t a g o n i s t s  and m u s c a r i n i c  cho l  i n e r g i c  r e c e p t o r  a n t a g o n i s t s .  From 
l i t e r a t u r e  d a t a  i t  appears t h a t  b o t h  t h e  ad renocep to rs  and t h e  m u s c a r i n i c  
r e c e p t o r s  a r e  p resen t  i n  t h e  myocardium i n  d e t e c t a b l e  q u a n t i t i e s ,  a l t h o u g h  t h i s  
i s  no  guarantee  t h a t  t h e s e  r e c e p t o r s  can  b e  used as  a mechanism o f  l o c a l i z a t i o n  of 
r a d i o t r a c e r s .  
t a r g e t  t o  b l o o d  r a t i o  o f  most t h e r a p e u t i c  d rugs ,  we chose a s i n g l e  b i o m o l e c u l a r  
model t o  e v a l u a t e  p o s s i b l e  r a d i o t r a c e r s  ( 1 ) .  A comb ina t ion  o f  l i t e r a t u r e  va lues  
and i n  v i t r o  exper iments  g i v e s  t h e  t h e o r e t i c a l  h e a r t  t o  b l o o d  r a t i o s  (H/B).  Two 
t r i t i u m  l a b e l e d  a1 pha adrenoceptor  b l o c k e r s  d i h y d r o e r g o c r y p t i n e  and WE 4101 gave 
t h e o r e t i c a l  h e a r t  t o  b l o o d  r a t i o s  o f  g r e a t e r  t h a n  one. Upon i n j e c t i o n  i n  r a t s  and 
gu inea p i g s ,  H / B  r a t i o s  o f  g r e a t e r  t h a n  one were o b t a i n e d  b u t  i n  v i v o  d isp lacement  
s t u d i e s  showed t h a t  t h e  r a t i o  was n o t  a r e s u l t  o f  a lpha  adrenoceptor  b i n d i n g .  The 
two  c l a s s e s  o f  compounds t h a t  t h e s e  r e p r e s e n t  do  n o t  appear  t o  b e  reasonab le  
cand ida tes  f o r  i n  v i v o  s t u d i e s  because o f  t h e  comb ina t ion  o f  l o w  r e c e p t o r  
c o n c e n t r a t i o n  and h i g h  nonrecep to r  b i n d i n g .  
b l o c k e r s  were a l s o  eva lua ted  b u t  o n l y  one, t r i t i u m  abe led  c a r a z o l o l  (CAR) showed 
b e t a  adrenoceptor  b i n d i n g  i n  t h e  h e a r t  based o n  i n  v i v o  d isp lacement  s t u d i e s .  A 
s e r i e s  o f  e i g h t  r a d i o i o d i n a t e d  compounds showed h i g h  H/B r a t i o s  b u t  none o f  t h e s e  
concen t ra ted  because o f  b e t a  adrenoceptor  b i n d i n g .  
v i v o  o f  d e t e c t a b l e  b e t a  adrenoceptor  b i n d i n g  i n  t h e  h e a r t .  
b e t a  adrenoceptor  b l o c k i n g  agent  has a n  a f f i n i t y  c o n s t a n t  g r e a t e r  t h a n  t h a t  o f  
CAH , t h i s  c l a s s  o f  compounds 1 i kewi se seems unsu i  tab1 e f o r  use  as myocard ia l  
r e c e p t o r  r a d i o t r a c e r s .  
c h o l i n e r g i c  b l o c k e r s .  
o f  wh ich  t r i t i a t e d  q u i n u c l i d i n y l b e n z i l a t e  (QNB) gave H/B r a t i o s  o f  30 ( 2 ) .  
S p e c i f i c  b i n d i n g  t o  t h e  d e s i r e d  r e c e p t o r  was p roved  b y  i n  v i v o  d isp lacement  
s t u d i e s .  3-Iodo-4-hydroxy-QNB d i d  n o t  ach ieve  h i g h  H / B  r a t i o s  i n  s p i t e  o f  
t h e o r e t i c a l  va lues  o f  8 because o f  non recep to r  b i n d i n g .  Va r ious  isomers  o f  
monoiodo QNB have h i g h  t h e o r e t i c a l  H/B r a t i o s  based on i n  v i t r o  d e t e r m i n a t i o n s  o f  
t h e i r  a f f i n i t y  cons tan ts  and shou ld  have l o w e r  non recep to r  b i n d i n g  t h a n  
iodohydroxy-QNB. 
be ing  eva lua ted  i n  animals.  The m u s c a r i n i c  r e c e p t o r  b l o c k e r s  seem t o  be  t h e  c l a s s  
o f  c h o i c e  because o f  t h e  h i g h  r e c e p t o r  c o n c e n t r a t i o n ,  t h e  h i g h  a f f i n i t y  cons tan ts ,  
and t h e  l o w  nonrecep to r  b i n d i n g .  

(1) 
( 2 ) .  

(1) t h e  

Because o f  t h e  l a r g e  number o f  pharmaca a v a i l a b l e  and t h e  l o w  

A s e r i e s  o f  b e t a  adrenoceptor  

CAR i s  t h e  f i r s t  example i n  
Because no  p resen t  day 

The most  i n t e r e s t i n g  c l a s s  o f  compounds i s  t h e  muscar in i c  
We have eva lua ted  10 t r i t i u m  and ha logen  l a b e l e d  compounds 

These i o d i  na ted  compounds have been p repared  and a r e  p r e s e n t l y  

Eckelman W.C., Reba R.C., Gibson R.E., e t  a l . ,  J .  Nuc l .  Pled. 3, 350 (1979).  
Gibson K . E . ,  Eckelrnan U.C., V i e r a s  F., e t  a l . ,  J .  Nucl.  Med. ZJ, 865 (1979).  
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TABLE 1: I n  Vivo D i s t r i b u t i o n  of 
Alpha Adrenoceptor Blocking Agents 
i n  R a t s .  

Compound (hr) %Dose/g i n  Heart 

WB 4101 114 .19 f .03 

2 .03 f .01 

2 .05 f .01 

2* .04 f .OO 

Time 

DHE 114 .26 f .09 

2 .07 f .02 

2 .09 ? .05 

2* .07 2 . 01  

*lo0 ug Reg i t ine  

TABLE 4: I n  Vivo D i s t r i b u t i o n  of 
T r i t i u m  Labeled Beta Adrenoceptor 
Ligands i n  Rats. F1 I R  

Compound 114 h r  

'H PLP . 7  .3 

3H ALP . 3  . 3  

3H IPL .4 .4 

'H EPI 1 .3  1 . 3  

'H NE 8.2 8.7 

'H NH2ALP 0.3 0.4 

3H DHA 3.7 1.4 

3H CAR 5.7 5.1 

TABLE 2: 
Adrenoceptor Blockers  i n  R a t s .  

Maximal B/F R a t i o s  o f  Alpha 

B/F 
_. 

RO Compound - 
DHE 3 t o  4 1-24 4.2 x l o 8  1 .5  

WB 4101 3 t o  4 nM 2.0 x lo9  7 

TABLE 3: Maximal B/F Ra t ios  f o r  Beta 
Adrenoceptor Ligands (Tr i t i um Labeled).  

PLP 

ALP 

IPL 

EPI 

NE 
NH2ALP 

DHA 

CAR 

7 9 .1  x 10  

1 .2  l o 9  
2.9 lo6 
6.6 lo5  
6.6 lo5  
1.4 lo6 
.13 l o 9  
1.6 l o 9  

<1 

<1 

<1 

<1 

<1 

<I 

<1 

11.2 

TABLE 5: Maximal B/F R a t i o s  f o r  Beta 
Adrenoceptor Ligands (Radioiodinated) .  

KA B / F  
Compound - 
TYR-ALP 5 x l o 6  <1 

TCC-PRAC 5 lo5  <1 

TYR-PRAC 5 lo5 <1 

<l 5 TC-PRAC 2.6 x 10 

<1 6 PD-3 4.3 x 10 

HYP 8.6 x 10' <1  

TABLE 6: 
I n  Vivo D i s t r i b u t i o n  of Radioiodinated Beta Adrenoceptor Antagonis ts  i n  Ra t s .  

Heart t o  Blood Ra t ios  

11.7* 2.0 3.5 5.0 11.3 2.2 .4 .8 

18.7' 3.2 1 .8  4.0 6.2 0.8 .4 1 . 0  

*I14 hour  

'2 hour 
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TABLE 7: 
l a b e l e d  Beta Adrenoceptor Blockers  by 
P roprano lo l  (PLP) i n  Guinea P igs .  

XDoseIg ? sn 
a t  2 h r  

I n  Vivo Displacement of Radio- 

Rad io t r ace r  Heart 

1 2 5 ~  TYR-PRAC & PLP -10 k -02 

Control  .09 f .01 

TYR-BUN & PLP .08 f .02 

Control  .06 k .02 

1 2 5 ~  TYR-ALP & PLP .30 f .06 

TABLE 8: M a x i m a l  B/F R a t i o s  f o r  
Muscarinic Cho l ine rg ic  Blockers.  

Compound - KA - B/F 

QNB 7.0 x lo9  115 

MQNB 2.0 x 10  33 

ATROPINE (ATR) 

MATR 1.0 x 10' 1.6 

2.5 x 10 8 4  

pBr ATR 4 l o 7  <i 

pBr MATR 4 x 10' <1 

BATR 1 x 10 <1 

Cont ro l  .22 4 .07 

3H DHA & PLP .13 f .03 

Con t ro l  .12 * . 01  

.07 f .01 

Control  . 21  k .05 

lZ51 HYP E, PLP .13 f .04 

Control  .21 f .09 

3H CAR & PLP 

TABLE 10: I n  Vivo Displacement of 
Radiolabeled Muscarinic  Cho l ine rg ic  
Blockers by Atropine (ATR) a t  2 h r .  

%Dose/g f SD 

Radio t r ace r  Heart Spec ie s  

3H MQNB & ATR .10 f .01 Rat 

Control  .91 +_ .19 R a t  

3H MATR & ATR .12 5 .02 Guinea P i g  

Control  .04 ? .03 Guinea P i g  

B r B  QNB 3 x 10'  <1 

I OH QNB 5 x 108 8 

8 8 
I OH MQNB 5 x 10 

TABLE 9: I n  Vivo D i s t r i b u t i o n  of 
Radiolabeled Muscarinic  Cho l ine rg ic  
Blockers  i n  Guinea P i g s .  

Compound (hr) - H/B 

3H MQNB 114 32.2 

2 31.6 

3H ATR 114 1.7 

2 1.8 

T i m e  

3H MATR 114 3.3 

1251 OH QNB 114 .3  

1 2 5 ~  OH MQNB 1 / 4  .5 

2 4.9 

2 .4 

2 . 3  
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PREPARATION AND BIODISTRIBUTION OF THE ANTIESTROGEN [lZ511 IODOTAMOXIFEN 

99 

R . N .  Hanson, D . E .  S e i t z ,  and G.L. Tonnesen. 
Department of Chemistry,  Nor theas t e rn  U n i v e r s i t y ,  Boston, MA 02115. 

Radiol igands f o r  t h e  e s t rogen  r e c e p t o r  have been proposed as r a d i o t r a c e r s  f o r  t h e  
d e t e c t i o n  and e x t e r n a l  v i s u a l i z a t i o n  of estrogen-dependent b r e a s t  neoplasms. A l -  
though most i n v e s t i g a t i o n s  have u t i l i z e d  r a d i o i o d i n a t e d  d e r i v a t i v e s  of e s t r a d i o l  
o r  h e x e s t r o l  no s a t i s f a c t o r y  a g e n t s  have y e t  emerged from t h e s e  s t u d i e s .  Because 
of t h e  e x t e n s i v e  l i t e r a t u r e  concerning t h e  c l i n i c a l  u s e f u l n e s s  of tamoxifen i n  
t h e  t reatment  of b r e a s t  tumors (1 ,2)  w e  chose t o  examine a r a d i o i o d i n a t e d  de- 
r i v a t i v e  of t h i s  compound a s  a p o t e n t i a l  imaging agent .  In a d d i t i o n ,  i t s  chemical 
s t r u c t u r e  was amenable t o  a novel  r a d i o i o d i n a t i o n  method which had been developed 
i n  our  l a b o r a t o r i e s  ( 3 ) .  

The p repa ra t ion  of [1251]iodotamoxifen was achieved i n  two s t e p s .  
i n t e rmed ia t e  was ob ta ined  i n  h igh  y i e l d  and h igh  p u r i t y  from t h e  r e a c t i o n  of tam- 
ox i f en  f r e e  base w i t h  sec -bu ty l l i t h ium fol lowed by t r i b u t y l t i n  c h l o r i d e .  Radio- 
i o d i n a t i o n  wi th  [1251]-12 gave t h e  d e s i r e d  product (4 .5  Ci/mmol) which w a s  chro- 
matographical ly  i n d i s t i n g u i s h a b l e  from a u t h e n t i c  4-iodotamoxifen. 

The radiopharmaceut ical  was eva lua ted  i n  bo th  a d u l t  female r a t s  and immature 
female rats (19-21 days  o l d )  t h e  u t e r i  o f  which are a r i c h  sou rce  of e s t rogen  
r e c e p t o r s .  I n  t h e  a d u l t  female r a t s ,  t h e  u t e r u s  t o  blood concen t r a t ion  r a t i o s  
v a r i e d  from 1 1 : l  t o  1 4 : l  w i th  a maximum a t  6 hours .  R a t i o s  of  11: l  t o  2 3 : l  were 
observed i n  t h e  immature female r a t s .  

Ligand displacement  s t u d i e s  t o  determine s p e c i f i c  i n  v ivo  e s t rogen  r e c e p t o r  
b ind ing  are c u r r e n t l y  i n  p rogres s .  

(1) Jordan V . C . ,  Cancer Treatment Rep., 60, 1409 (1976). 
( 2 )  V i l a d i n  P. ,  Bosch F.X., Beni to  E. ,  e t  a l ,  Cancer Treatment Rep., 

( 3 )  S e i t z  D.E. ,  Hanson R . N . ,  and Tonnesen G.L., J. Organomet. Chem., 

The t r i b u t y l t i n  

- 61, 899 (1977). 

in p r e s s .  
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1 7 . 7  
CARBON-11 IABEUZD NKESFOL AND 17a+EDMESTFGWIOL AS FEGZIBR BINDING 
W I o P ~ m I C A L s  
W. Vaalburg, A. Feenstra, T. Wiegman, H.D. Beerling, S. Reiffers, A. Talma, 
M.G. Woldring and H. Wynberg. 
Department of Nuclear Medicine, University Hospital and Departmnt of Organic 
Chemistry, University of Groningen, Groningen, "ne Netherlands. 

In the last decade it has been sham that the response of a mamnary cancer to 
endocrine therapy is correlated with the concentration of estrogen receptors in 
the tumsr and the binding of steroids to these receptors. 
develop radiophanraceuticals, which can be used for the localisation of homne- 
sensitive tumors and for the in vivo measurement of t m r  response to alternations 
in the homnal enviromnt are based on these findings. 
Frcm a amiparative study by Raynaud et al. (1,2) of the estrogen action of 
estradiol derivatives, mrged that intrcduction of an 17a-ethynyl group into 
estradiol, decreased metabolic degradation of the homne and increased the 
affinity for the estrogen receptor, without destroying the specificity for this 
receptor. 
of specific or non-specific binding to plasma proteins. 
prcqted us to investigate the potential of carbon-11 labelled llB-meth0~y-17a- 
ethynylestradiol (moxestrol) as estrqen receptor binding radiopharmaceutical. 
Loading dose studies in mature female rats with 3H-analogue (specific activities 
7 and 77 Ci/mle) shawed, 30 minutes after intravenous administration, uterus 
to blood radio's of 22,O 2 7 and 19,O 5 7 respectively and an uterus uptake of 
2,5 t 0,8 percent of the injected dose per gram wet tissue. 
To investigate the biodistribution of 17a-methylestradiol the tritiated 
derivative was prepared by methylation of 3H-estrone folladng a method described 
previously (3). 
injection an uterus to blood ratio of 17,6 2 5,2 was found. The o an uptake w a s  
1,2 + 0,3% dose/ . wet tissue. Fran these data we cancluded that %mxestrol 
(I) 2 well as 1qC-17a-methylestradiol (11) have potential as receptor binding 
radiophannaceuticals. 

Our efforts to 

They also found that the llg-mthoxy derivative showed a total absence 
This information 

With a specific activity of 5 Ci/mle, 30 minutes after 

Canpound (I) was prepared by ethynylation of 116-mthoxy estrme ( 4 )  with 
lk-acetylene (5). 
activities could be achieved. 
after production of 11C-acetylene as reported by Craze1 et al. (6). Ccmpound 
(11) was prepared with a specific activity of 6 Ci/mle by 11C-mthylation of 
estrone w i t h  1 1 c ~ ~ ~ i .  

References 
1) J.P. Raynaud, M.M. Bouton, D. Gallet-Bourquin, D. Philibert, C. Tmemine 

and G. Azadian-&ulanger. Molecular P h m .  9, 520 (1973). 
2) J.P. Raynaud, T. Ojasoo, M.M. Bouton and D. Philibert. In : Drug Design 

Vol .  VIII, chapter 4. Ed. E.J. Arik, Academic Press. New York (1979). 
3 )  S. Reiffers, W. Vaa lburg ,  T. Wi-, H.D. Beerling-van der Mlen, A.M.J.Paans, 

M.G. Woldring and H. Wynbeq. J. Label. Carp. Radiophm. 16, 56 (1979). 
4) Prepared fran estra-1,3,5-(10)-trien-3,llg,17-triol,ll-methylether, 17- 

cyc~ooctyl acetate, a gift of Dr. F.J. Zeelen, Grganon Scientific Developlwt 

Due to the prcduction method of H ~ ~ c x z - ~ ,  rather l m  specific 
lhprovawnt of the specific activity is expected 
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Group, Oss, The Netherlands. 
5) W. Vaa lbu rg ,  S. Reiffers, E i l y  Beerling, J.J. P r a t t ,  M.G. Woldring and 

H. W y n k r g .  J. Label. Cconp. Radiophann. 13, 200 (1977) .  
6) C. C r o u z e l ,  C. Sejowne and D. C m .  I n c  J. appl. Radiat. 

(1979) .  
Isotopes, 30, 566 
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17.8 

SYNTHESIS OF HIGH SPECIFIC ACTIVITY 18~-SPIROPERIDOL FOR DOPAMINE RECEPTOR STUDIES 

M.  Maeda, T .  J .  Tewson and M. J. Welch 
Mall inckrodt  I n s t i t u t e  of Radiology, Washington U n i v e r s i t y  School of Medicine,  
S t .  Louis,  Missouri  63110 

There is  g r e a t  i n t e r e s t  i n  t h e  development o f , l i g a n d s  l abe led  wi th  s h o r t l i v e d  posi-  
t ron -emi t t i ng  r a d i o n u c l i d e s  t o  map b r a i n  r e c e p t o r s  i n  v i v o  using p o s i t r o n  emission 
tomography. The s t u d i e s  of most r e c e p t o r s  n e c e s s i t a t e s  t h e  s y n t h e s i s  of m a t e r i a l  
w i th  a ve ry  h igh  degree of s p e c i f i c  r a d i o a c t i v i t y .  

We have r e c e n t l y  developed t h e  p r e p a r a t i o n  of no c a r r i e r  added 18F-aryl f l u o r i d e s  
using p i p e r i d y l  t r i a z e n e s  a s  a sou rce  of diazonium s a l t  (l), and f u r t h e r  app l i ed  
t o  t h e  s y n t h e s i s  of h igh  s p e c i f i c  a c t i v i t y  18F-haloperidol  which is one of t h e  
most po ten t  a n t a g o n i s t s  of t h e  dopamine r e c e p t o r  ( 2 ) .  We have a l s o  u t i l i z e d  t h i s  
approach t o  1sF-label ing of t h e  dopamine a n t o g o n i s t  s p i r o p e r i d o l  (11) which h a s  
been proposed as t h e  l i gand  of choice f o r  pos t synap t i c  dopamine r e c e p t o r s  i n  view 
of i t s  l o w  r a t e  of d i s s o c i a t i o n  and t h e  h igh  percentage of s p e c i f i c  b ind ing  a s  com- 
pared t o  h a l o p e r i d o l  when measured i n  v i t r o  ( 3 , 4 ) .  

Our approach t o  t h e  p r e p a r a t i o n  of 18F-spiroperidol  (11) which u t i l i z e d  t h e  t r i a z e n e  
( I )  i s  shown i n  t h e  Scheme. 
Un ive r s i ty  Medical School Cyclotron by t h e  20Ne(d,c() r e a c t i o n ;  a s  has  been p rev i -  
ously r epor t ed  ( 5 ) .  15% Hydrogen w a s  added t o  t h e  t a r g e t  gas  and t h e  nucleogenic  
f l u o r i n e  atom r e a c t s  w i t h  t h e  hydrogen t o  produce H18F, then passed over a s i l v e r  
wool plug con ta in ing  cesium ca rbona te  t o  g i v e  h igh  s p e c i f i c  a c t i v i t y  18F-cesium 
f l u o r i d e .  

I n i t i a l  experiments w i th  18F-cesium f l u o r i d e  w e r e  performed by adding t h e  s i l v e r  
wool plug con tk in ing  t h e  a c t i v i t y  t o  a s o l u t i o n  of t h e  t r i a z e n e  ( I )  i n  v a r i o u s  
s o l v e n t s  w i th  met1,anesulfonic a c i d  o r  2-mesi tylenesulfonic  a c i d  and h e a t i n g  a t  
120' f o r  4 ~ 6  min. The r e a c t i o n s  were a l s o  done us ing  methanesulfonic  a c i d  and 
c a r r i e r  f r e e  H18F which w a s  t rapped i n  a Flickel t ube .  The f luo r ine -18  l abe led  
s p i r o p e r i d o l  was sepa ra t ed  from t h e  r e a c t i o n  mix tu re  by HPLC. Among s o l v e n t s  used,  
bromobenzene proved t o  be t h e  b e s t  s o l v e n t ,  bu t  only 0 . 6 ~ 7 %  y i e l d  of no c a r r i e r  
added 18F-spiroperidol  was ob ta ined .  
provement a r e  being i n v e s t i g a t e d  and w i l l  be  d i s c u s s e d .  

(1) T .  J .  Tewson and M. 3 .  Welch, J.C.S. Chem. Comm., 1149 (1979).  
(2) T .  J .  Tewson, 3 .  13. Welch and M .  E .  Tiaichle, Brain Research, i n  p r e s s ,  1980. 
( 3 )  J .  E .  Leysen, W .  Gommeren and P .  M. Laduron, Biochem. Pharm., 7: 307 (1978).  
(4) P .  M. Laduron, P .  F. M.  Janssen and J .  E .  Leysen, Biochem. Pharm., 7: 317 

(5) T .  J .  Tewson, M .  3.  Welch and and M. E. Raichle ,  J. Nucl.  Med., 19: 1339 (1975). 

18F-Cesium f l u o r i d e  was prepared a t  t h e  Washington 

Xeasons f o r  t h e  low y i e l d  and methods of i m -  

(1978) . 
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The Formation of 18F-spiroperidol  (11) from Tr i azene  (1 )a )  
Acidb) Solvent  Radiochemical Yield (%)C) 
MESA CgHgBr 0.5 
MAd) CgHgBr 0.7 
MA CF~CHZOH -- 
MA CHC13 -- 
MA DMA -- 
MA CgHgBr 0.6 
MA EGME -- 
IlA AcOH 0.025 

a )  Weight of t r i a z e n e  w a s  40-80 mg, t o t a l  p r e p a r a t i o n  t i m e  60-80 min. 
b) MESA = 2-mes i ty l enesu l fon ic  a c i d ,  MA = methanesulfonic  a c i d .  
c )  Not decay c o r r e c t e d .  
d) Containing H1gF. 



104 Symposium Abstracts 

17.9 

( 7 7 B r )  -p-BROMO-SPIROPERIDOL AS A DOPAMINE RECEPTOR MARKER 

A.M. Friedman, C.C. Huang, H. Kulmala, R.  Diners te in ,  R. So, M. Simonovic, and 
H.Y. Meltzer. 
Chemistry Division, Argonne Nat ional  Laboratory, Argonne, I l l i n o i s  60439. 

Neuroleptic drugs a c t  by blocking t h e  dopamine receptors  i n  t h e  bra in .  Spiroperidol, 
one of t h e  most potent  neuro lep t ics  i n  use,  shows a very s t rong  a f f i n i t y  f o r  
dopamine receptors  bo th  in V i V o  (1 ,2)  and in v i t ro  ( 3 ) .  Since t h e  receptor  binding 
i n t e r a c t i o n  i s  a s p e c i f i c ,  s a t u r a b l e  and r e v e r s i b l e  process ,  a high s p e c i f i c  ac- 
t i v i t y  of labeled l igand is e s s e n t i a l .  
aromatic r ing  usual ly  r e s u l t s  i n  a low s p e c i f i c  a c t i v i t y ,  w e  have decided t o  in- 
ves t iga te  the  use of radiobromines. Modification of t h e  sp i roper idol  s t r u c t u r e  
by subs t i tu ion  of bromine f o r  t h e  para hydrogen may cause minimal change of t h e  
b io logica l  a c t i v i t i e s .  

p-Bromospiroperidol was t e s t e d  f o r  i t s  receptor  binding a c t i v i t y  in v i t ro ,  and i t s  
a b i l i t y  t o  s t imula te  p r o l a c t i n  secre t ion  in v i m ,  a s  compared with i t s  parent  com- 
pound. The r e s u l t s  i n d i c a t e  no s i g n i f i c a n t  d i f fe rence  i n  t h e  receptor  binding 
a b i l i t y  between t h e  two compounds. 

77Br-bromospiroperidol was prepared by reac t ion  of 
mixture of CH,Cl,  and CC1, a t  O o ,  and was p u r i f i e d  by reversed-phase TLC (Whatman 
K C 1 8 ) .  

Dis t r ibu t ion  of t h e  radiobrominated sp i roper idol  i n  r a t s  showed a r a t i o  of s t r ia tum- 
to-cerebellum of 1 . 8 3  a t  2 h r .  A b e t t e r  striatum-to-cerebellum r a t i o  would be 
expected i f  Br-75 i s  used ( a  s p e c i f i c  a c t i v i t y  of 160 Ci/mol would be obtained i f  
the  same concentrat ion of Br-75 w e r e  p r e s e n t ) .  

Because rad io- labe l ing  with 1 8 F  i n  an 

7 B r 2  wi th  sp i roper idol  i n  a 

A s p e c i f i c  a c t i v i t y  of approximately 4 Ci/mol was obtained.  

(Work performed under t h e  auspices  of t h e  Divis ion of Bio logica l  and Environmental 
Research of the  U. S. Department of Energy). 

(1) Landuron P.  and Leyson J . ,  Biochem. Pharmacol, 6,  1003 (1977). 

( 2 )  H g l l t  V.  and Schubert P . ,  Brain Research, 151, 149 (1978). 

(3)  Seeman P . ,  Chan-Wong M . ,  Tedesco J. and Wong K . ,  ?roc. Nat. Acad. Sci. USA, 
- 7 2 ,  4376 (1975). 
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17.10 

SYNTHESIS AND BRAIN UPTAKE OF RADIOIODINATET) ANALOGS OF CHOLINE 

R.F. Dannals, H.D. Burns, L.G. Marzilli, T.E. Dannals and 
H. N . Wagner, Jr . 
Division of Nuclear Medicine and Department of Chemistry, 
The Johns Hopkins University, 615 North Wolfe Street, Baltimore, 
Maryland 21205. 

The level of acetylcholine in the brain varies with the physio- 
logical activity of the brain (1) and is affected by a variety of 
drugs ( 2 , 3 ) .  Since the brain does not synthesize choline to any 
significant extent (4,5), acetylcholine synthesis in cholinergic 
nerve terminals depends upon their ability to transport choline 
from extracellular sources into the nerve ending. It has been 
proposed that choline acetyltransferase, the enzyme which 
catalyzes the synthesis of acetylcholine from choline a n l  acetyl- 
CoA, is coupled to the high affinity choline transport system (6). 
This transport system has properties which suggest that it may 
be the regulating step in the synthetic pathway (7). 

The intravenous administration of tritium-labeled choline has 
been shown to be useful in studying the in v i v o  acetylcholine 
turnover in the mouse brain (8). The technique involved serial 
sacrifices of laboratory animals at various time intervals and 
quantification of results by liquid scintillation counting methods. 
Examination of this process in the intact animal could also 
yield useful information but would require that the choline 
molecule be labeled with an appropriate gamma emitting isotope. 
We have synthesized several iodine-containing analogs of choline 
which may satisfy this requirement. 

The iodomethyl ammonium analogs of choline shown in Table I were 
prepared by quaternization of the appropriate amine with diiodo- 
methane and were characterized by IR, PblR, and elemental analysis. 
The radioactively labeled analogs were prepared by exchange 
labeling diiodomethane (9) with sodium iodide-125 in methylethyl- 
ketone prior to quaternization. The progress of the iodomethylation 
was followed by chloroform:ws.ter extraction of small aliquots 
of each reaction mixture at 0, 30, 60, 120, and 240 minutes (see 
graph). The radioiodinated products were characterized by ion 
exchange chromatography and paper electrophoresis. 

The results of brain uptake studies with these compounds in normal 
ICR mice at various time intervals post injec.tion will be discussed. 

Richter D. and Crossland J., Am. J. Physiol., 159, 247 (1949). 
Holmstedt B., Lundgren G., and Sundwall A . ,  Life Sci., lo, 
731 (1963). 
Pepeu G., Nature (Lond.), 200, 895 (1963). 
Ansell G. B . and Spanner S . , “Cholinergic Elechanisms , ” P . G. 
Waser (ed.), Raven Press, New York, 1975, pp. 117-129. 
Freeman J.J. and Jenden D.J., Life Sci., 19, 949 (1976). 
Barker L.A. and Mittag T.?/. , J. PharmacolTExp. Ther., 192, 
86 (1975). 
Kuhar M.J. and Murrin L.C., J. Neurochemistry, 30, 15 (1978). 
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17.11  
SELENIUM AWD IODINE LABELED ptl SHIFT BRAIN I M A G I N G  AGENTS. 
H.F. Kung, K. Tramposch and M. Blau.  
Dept. o f  Nuc lea r  Med ic ine ,  SUNY/Buffalo, VA Med ica l  Center,  Guf fa lo ,  N Y  14215. 

IJe have syn thes i zed  and s t u d i e d  a new group o f  b r a i n  imag ing  agents  wh ich  t a k e  
advantage o f  t h e  pH g r a d i e n t  t h a t  e x i s t s  between b lood  (pHs7.4) and b r a i n  ( i n t r a -  
c e l l u l a r  pHs7.0). 
can f r e e l y  d i f f u s e  i n t o  c e l l s  b u t  a t  l o w  pH t h e y  become charged and can no l o n g e r  
d i f f u s e  o u t .  
by t h e  l o c a l  pH s h i f t .  

A s e r i e s  o f  Se-75 and 1-125 l a b e l e d  t e r t i a r y  d iamines  was s t u d i e d .  The Se-75 
compounds were prepared by reduc ing  H2Se03 w i t h  NaBH, and r e a c t i n g  t h e  i n t e r m e d i a t e  
w i t h  t h e  N ,N-d i subs t i t u ted  aminoethy l  c h l o r i d e s .  To m in im ize  i n  v i v o  d e i o d i n a t i o n ,  
t h e  r a d i o i o d i n e  was c o v a l e n t l y  bound t o  an a romat i c  r i n g .  A s e r i e s  a ,a ' -sub-  
s t i t u t e d  iodo-xy lened iamines  was syn thes i zed  by t r e a t i n g  t h e  a p p r o p r i a t e  i odo -  
xy lene  w i t h  N-bromosuccinimide and r e a c t i n g  t h e  p r o d u c t  w i th  d i s u b s t i t u t e d  amines. 
Iod ine-125 l a b e l i n g  was by exchange a t  e l e v a t e d  tempera ture .  

B r a i n  up take  and wash-out curves  were de termined i n  r a t s  as a f u n c t i o n  o f  i n h e r e n t  
l i p i d  s o l u b i l i t y  and t h e  change i n  l i p i d  s o l u b i l i t y  w i t h  pH f o r  each compound. 
Regional  d i s t r i b u t i o n  i n  b r a i n  t i s s u e  was s t u d i e d  by rad ioau tog raphs  o f  2 0 ~  
f r o z e n  s e c t i o n s .  
as b i n d i n g  t o  serum p r o t e i n s .  

B r a i n  up take  was as h i g h  as 3-4% o f  t h e  i n j e c t e d  dose and r e t e n t i o n  h a l f - t i m e s  as 
l o n g  as 10-20 hours .  G e n e r a l l y  h i g h  i n i t i a l  up take  was r e l a t e d  t o  h i g h  i n h e r e n t  
l i p i d  s o l u b i l i t y  and r e t e n t i o n  t i m e  depended on t h e  s lope  o f  t h e  p a r t i t i o n  c o e f -  
f i c i e n t - p H  p r o f i l e .  Radioautographs showed t h e  h i g h  c o r t i c a l  up take  p a t t e r n  charac-  
t e r i s t i c  o f  b r a i n  b l o o d  f l o w  o r  metabo l ism agents .  
b i n d i n g  . 
Using t h e  Henderson-Hasselbalch equa t ion ,  p a r t i t i o n  c o e f f i c i e n t - p H  p r o f i l e s  were 
c a l c u l a t e d  f r o m  t h e  pK's  and t h e  i n h e r e n t  l i p i d  S o l u b i l i t y .  
t h e  exper imen ta l  d a t a  c l o s e l y .  
o t h e r  m o d i f i c a t i o n s ,  one can des ign  agents  w i t h  any d e s i r e d  p a r t i t i o n  c o e f f i c i e n t -  
pH p r o f i l e .  S ince  t h i s  p r o f i l e  de termines  b i o l o g i c a l  behav io r ,  i t  i s  p o s s i b l e  t o  
des ign  agents  w i t h  o p t i m a l  up take  and wash-out curves .  

A t  h i g h  pH these  compounds a r e  n e u t r a l  and l i p i d  s o l u b l e  and 

The c o n c e n t r a t i o n  g r a d i e n t  i s  a f u n c t i o n  o f  t h e  e q u i l i b r i a  e s t a b l i s h e d  

P a r t i t i o n  c o e f f i c i e n t - p H  p r o f i l e s  and pK 's  were measured as w e l l  

Most compounds had low  p r o t e i n  

These cu rves  matched 
By chang ing  t h e  groups bonded t o  N and th rough  

A /-7 \ / 
NCH, CH2 SeCH2CH2N, 0 NCH, CH2SeCH2CH2 N 0 

LJ u / 

MOSE DMSE 

0 u N CH,CH,CH2SeCH2CH&H,J-0 

MOSE-P 

-4 k 
t- --t 

CH2CH+eCH&H2N3 NCH&H,Se CH2C$N 

DlPSE PIPS€ 
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Bra in  Uptake o f  1-125 T e r t i a r y  Amines 
Avg. of 3 Rats, % Dose/Organ 

2 min 30 min 1 h 2 h  6 h  

m - I D M  2.40 2.52 2.36 2.36 1.51 
p-IDM 1.86 1.37 1.39 1.49 0.97 
m - I P I P  1.70 1.41 1.47 1.22 0.70 
m-IMO 2.12 0.29 0.171 0.15 0.05 

- - - - -  

Brain  Uptake o f  Se-75 T e r t i a r y  Amines 
Avg. o f  3 Rats, % Dose/Organ 

Hour - 
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STUDIES WITH 203Hg-ESTRADIOL FOR THE DETECTION OF MAMMARY TUMORS 

J.Shanil, L.M. Liebennan2, M.Cais3, Y. Josephi3 and M. Shimoni3, 

'Department o f  Pharmacology, School of Pharmacy, The Hebrew U n i v e r s i t y ,  Jerusalem, 
I s r a e l ;  
Hospi ta ls ,  Madison, Wisconsin, USA and 3Denartment of Chemistry, Technion - 
I s r a e l  I n s t i t u t e  o f  Technology, Hai fa ,  I s r a e l .  

Studies on t h e  a n t i g e n i c i t y  o f  metal lohaptens i n  metalloimnunoassay (1 )  
t h a t  immunorecognition by appropr ia te an t i -es t rogen  an t i se ra  f o r  mercurated 
estrogens was r e t a i n e d  t o  a reasonable degree, desp i te  the  s te reoe lec t ron i c  
e f f e c t s  o f  the subs t i t uen ts  (M. Cais, Y. Josephi and M. Shimoni, t o  be published). 
S i m i l a r l y ,  recent g l y c e r o l  g rad ien t  experiments (M.R. Shennan, M. Shimoni, F.B. 
Tuazon and M. Cais, t o  be published) demonstrated t h a t ,  along w i t h  a h igh- level  o f  
non-speci f ic  b ind ing,  t he re  was a d i s t i n c t  s p e c i f i c  b ind ing  o f  mercurated e s t r a d i o l  
by estrogen receptors  i n  human b reas t  tumor cytosols .  I n  view of these observations, 
t he  y-emi t t e r s  2~3Hg-2-chloromercury-estradiol -178 and 2o 3Hg-4-chl oromercury- 
e s t r a d i o l - l 7 g  were prepared as p o t e n t i a l  radiopharmaceuticals f o r  t h e  s e l e c t i v e  
de tec t i on  o f  est rogen-receptor-conta in ing mammary adenocarcinoma, and as model 
subst rates f o r  s i m i l a r  s tud ies w i t h  o t h e r  metal lohaptens (2). 

The mercurated e s t r a d i o l s  were synthesized, p u r i f i e d  and character ized i n  our  
l a b o r a t o r i e s .  They were i n j e c t e d  i n t ravenous ly  i n t o  e i t h e r  Sprague-Dawley female 
a l b i n o  r a t s  bear ing spontaneous mammary tumors, o r  i n t o  F i s h e r  female a l b i n o  r a t s  
t ransplanted w i t h  13762 so l  i d  mammary adenocarcinoma. The r a t s  were d i v ided  i n t o  
groups o f  s i x  each, and were decapi ta ted l h ,  4h, 12h, I d ,  2d and 4d a f t e r  i n j e c t i o n  
of e i t h e r  radiochemical, a t  a dose o f  about 2 pCi/!l.Z m l / r a t  f o r  t he  f i r s t  three 
groups and about 4 uCi/O.2 m l / r a t  f o r  t he  th ree  l onger  t ime i n t e r v a l s .  Blood was 
sampled by h e a r t  puncture under l i g h t  e t h e r  anaesthesia, and the fo l l ow ing  organs 
were completely removed : adrenals, b r a i n ,  hear t ,  kidneys, l i v e r ,  lungs, i ngu ina l  
mammary glands, ovar ies,  a n t e r i o r  p i t u i t a r y ,  spleen, stomach (emptied by pressure), 
tumor and uterus.  A rep resen ta t i ve  sample o f  the l i v e r ,  as w e l l  as a major  p a r t  o f  
one t i b i a  and some muscle were a l so  counted i n  a gamma-spectrometer. I n  a f u r t h e r  
experiment f o u r  groups o f  male a l b i n o  r a t s  of the "Sabra" s t r a i n  (descendant o f  the 
Wistar  s t r a i n )  were i n j e c t e d  w i t h  e i t h e r  2 uCi/O.2 m l / r a t  ( t h ree  groups) o r  5 pCi /  
0.2 m l / r a t  f o r  t he  f o u r t h  group, and decapi ta ted l h ,  4h, I d  and 17 days a f t e r  t h e i r  
i v  i n j e c t i o n .  I n  a d d i t i o n  t o  b lood samples, t he  l i v e r ,  spleen, testes, seminal 
ves i c le ,  prostate,  kidneys, adrenals, i ngu ina l  mammary glands and ep id id im is  were 
excised and counted. CPM/g organ, % i n j / g  and % i n j / o r g a n  were ca l cu la ted  f o r  a l l  
sampled organs, and organ/blood r a t i o s  were expressed g r a p h i c a l l y  as a funct ion o f  
t ime (see f i gu re  1 f o r  spontaneous mammary tumors). 

I n  add i t i on ,  three groups o f  10 male r a t s  each were i n j e c t e d  w i t h  2n3Hg-4-~hloro= 
mercury-estradiol-178, 5 ~ C i / 0 . 2  m l / ra t ,  w i t h  var ious (0, 10 o r  20 mg/kg) doses of 
4-chloromercur~-estradiol-l7~. The h ighe r  doses a re  non-phys io log ica l ,  and 
r a t i o n a l  behind t h e i r  m ix ing  w i t h  the l a b e l l e d  drug was t o  evaluate the  clearance 
of the l a b e l  as a f u n c t i o n  of t he  " l oad ing "  dose. Those doses were f a r  below the 
LD50 value 

Our resultslshow t h a t  b ind ing of the l a b e l l e d  drugs t o  the mammary tumors was 
s i g n i f i c a n t l y  h igher  than t h e i r  b ind ing  t o  hea l thy  mammary glands : w h i l e  the 
organ/blood r a t i o  f o r  t he  hea l thy  mammary g land was about u n i t y ,  a r a t i o  o f  4 ( a t  
2 days post  i n j e c t i o n )  and 14 ( a t  4 days post  i n j e c t i o n )  was obtained f o r  t he  
mammary tumors. Not unexpectedly, kidneys, l i v e r  and spleen concentrated the  l a b e l s  
i n  much h ighe r  l e v e l s  than the  tumors. No apparent d i f f e rences  could be observed 
between the  2- and 4-chloromercury-estradiol-178 d e r i v a t i v e s .  

P re l im ina ry  d i s t r i b u t i o n  s tud ies i n  hea l thy  male r a t s  demonstrated a gradual uptake 
i n  t h e i r  t es tes ,  seminal v e s i c l e  and prostate,  bu t  so f a r  t he  peak concentrat ion 
of t he  l a b e l  i n  those organs was n o t  p inpointed.  Here too, the uptake o f  the l abe l  

2Department o f  Radiology (Nuclear Medicine Section) ,Univers i ty  o f  Wisconsin 

i nd i ca ted  

the 

f o r  4-chloromercur~-estradiol-17~ i n  the r a t .  
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i n  t he  kidneys, l i v e r  and spleen predominated. The LO50 of the "co ld "  4-chloro= 
mercury-est rad io l  was apparent ly  over  20 mg/kg i v y  as 
t h a t  dose d ied  dur ing the  17-day experiments. No higher  doses cou ld  be administered, 
as h ighe r  concentrat ion than 10 mg/kg ( i n  ethano1:propyleneglycol = 1:2) cou ld  n o t  
be reached. 

For clearance s tud ies the  r e t e n t i o n  o f  t he  l a b e l  i n  the  i n j e c t e d  male r a t s  was 
fo l l owed  up w i t h  the  a i d  o f  an home-made whole-body-counter, w i t h  6" - p l a s t i c  
c r y s t a l s  sh ie lded behind heavy l e a d  b r i cks .  The r a t s  were counted f o r  17 consecutive 
days, background subst racted and the  r e s u l t s  ca l cu la ted  f o r  decay.0ur r e s u l t s (  F i g  2 )  
i n d i c a t e  t h a t  t he re  i s  a s i g n i f i c a n t  b ind ing  o f  t h e  l a b e l  i n  t h e  body, and t h a t  
t h e  b ind ing  i s  dependent on the loading-dose : T+ values were 4.86 & 16.78h when 
no "co ld"  4-chloromercury-estradiol-178 was in jec ted ,  and 1.37 & 10.45h r e s p e c t i v e l y  
when 20 mg/kg were added t o  the  l a b e l l e d  drug. The s p e c i f i c i t y  o f  the b ind ing  
t o  the  mammary t i s s u e  i s  being s tud ied  now i n  our  l abo ra to r ies .  

(1 )  Cais, M., Dani, S., Eden, Y., Gandolf i ,  O., Horn, M., Isaacs, E.E., 
Josephi, Y., Saar, Y., S lov in ,  E. and Snarsky, L., Nature 270, 534 (1977). 

(2 )  Cais, M., S lov in ,  E. and Snarsky, L. J .  Organomet. Chem. 160, 223 (1978). 

none o f  t he  r a t s  i n j e c t e d  
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D a y s  

I 
i O H  

I H g C l  

4- Chloro m e  r cury  - 
e s t r a d i o l  



112 Syniposium Abstracts 

17.13 

LABELING OF 6-IODOCHOLESTEROL WITH 1-131 
L iu  Bo-li ,  J i n  Yu ta i ,  Liu Zhenghao, Sun Zhaoxiang, Lu Gongx, L i  Taihua 
Div i s ion  of Radiochemistry,  Chemistry Dept. ,  B e i j i n g  Normal Univ., Be i j ing  China 

I n  1970, R .  E. Counsel l  e t  a l .  (1) succeeded i n  imaging t h e  ad rena l  w i th  19- 
I - cho le s t e ro l ,  bu t  r e c e n t l y  c o n s i d e r a b l e  a t t e n t i o n  h a s  been focused on 6-substi-  
t u t e d  19-norcholest-5 (10)-en s t e r o i d s  (2) ( 3 ) .  Consider ing t h e  n o t a b l e  sta- 
b i l i t y  of 6-1311-cholesterol r epor t ed  by S . C .  Wang (4 ) ,  t h e  a u t h o r s  syn thes i zed  
6-1311-cholesterol from n a t u r a l  c h o l e s t e r o l .  
were c a r r i e d  ou t  i n  a similar manner as desc r ibed  by W.  Merz (5) and R.  T .  Levin 
( 6 ) .  The 6 -13LI -cho les t e ro l  obtained w a s  sub jec t ed  t o  t r i a l  u ses  i n  pharmaco- 
l o g i c a l  s t u d i e s  and c l i n i c a l  diagnoses  ( 7 ) .  Ease of p r e p a r a t i o n ,  s i m p l i c i t y  of 
l a b e l i n g  procedure,  h igh  y i e l d ,  cons t an t  q u a l i t y ,  n o t a b l e  s t a b i l i t y  and easy 
s t o r a g e  a r e  some advantages of 6-131-I-cholesterol is  a l s o  a good and s a f e  adre- 
n a l  scanning agen t .  

I n  our work, r a d i o i o d i n a t i o n  w a s  achieved by t h e  nomogeneous i s o t o p e  exchange 
method i n  n-propanol. The k i n e t i c s  of s imple i s o t o p e  exchange r e a c t i o n  fol lowed 
t h e  r e l a t i o n  -ln(l-F) = (A) + (B)  Rt i n  our system, (A) and (B) i n d i c a t e  t h e  

concen t r a t ions  of 6 - I - cho le s t e ro l  and K I  r e s p e c t i v e l y ,  R is  t h e  rate of i s o t o p e  
exchange, and F is  t h e  exchange f r a c t i o n  a t  t ime t ,  our  r e s u l t s  show t h e  l i n e a r  
r e l a t i o n  between ln(1-F) and t wi th  t h e  c a r r i e r  amounts of 6 - I - cho le s t e ro l  and 
and K I  of 20 mg and 0.4 mg r e s p e c t i v e l y ,  t h e  b a t h  temperature  be ing  about 160DC, 
t h e  half- t ime of exchange 1 hour.  

E f f e c t s  of c a r r i e r  amounts on t h e  pe rcen tage  y i e l d  of l a b e l i n g  and e f f e c t s  of 
temperature  (ba th )  on t h e  r e a c t i o n  rate were s t u d i e d .  The opt imal  l a b e l i n g  con- 
d i t i o n s  were a s c e r t a i n e d .  Label ing procedure:  A s o l u t i o n  of 6 - I - cho le s t e ro l  
(20mg) i n  n-propanol (40ml) w a s  placed i n  a 250 m l  round bottom f l a s k  f i t t e d  
wi th  a condenser.  Then, 0.13 m l  of 1 mg/ml ICI s o l u t i o n  w a s  added; a f t e r  thorough 
mixing, 1 m l  Na131 I s o l u t i o n  (50 mCi) w a s  added. The mix tu re  w a s  r e f luxed  a t  a 
b a t h  coo l ,  and 40 m l  of w a t e r  added when t h e  temperature  w a s  below l l O ° C ,  n-pro- 
panol  was removed by d i s t i l l a t i o n ,  and t h e  wa te r  phase e x t r a c t e d  t h r e e  t i m e s  w i th  
e t h e r .  On evaporat ing 6-1311-~holesterol w i t h  a s p e c i f i c  a c t i v i t y  of 2.4 mCi/mg 
w a s  obtained.  

131 

Its mercura t ion  and i o d i n a t i o n  

(A) (B)  

Thin l a y e r  chromatography w a s  used t o  i d e n t i f y  t h e  radiochemical  p u r i t y ;  i t  gave 
a s i n g l e  s p o t ,  t h e  Rf v a l u e  of which checked v e r y  w e l l  w i t h  t h e  s i n g l e  r a d i o a c t i v e  
peak. 6-131-I-cholesterol kept  a t  room temperature  f o r  t h r e e  months gave t h e  same 
TLC r e s u l t  as t h a t  of t h e  newly prepared product .  There w a s  no r a d i o l y t i c  and 
thermal  dehalogenat ion.  
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17.14 
HEAVY HALOGENS AND RADIOPHARMACEUTICALS 

11 3 

G. Stocklin 
Institut fur Chemie 1 (Nuklearchemie) , Kernforschungsanlage Julich GmbH, 
D-5170 Julich, F.R.G. 

Short-lived neutron-deficient radioisotopes of bromine and iodine play 
an increasingly important role in diagnostic nuclear medicine. Several 
new production and labelling methods have been developed during the 
past years. Bromine and iodine radiopharmaceuticals represent an alter- 
native approach to probing metabolism in-vivo with short-lived "organic" 
positron emitters such as "C, 1 3 N  and "F since radiohalogen tagged 
biomolecules or metabolites can in principle also be used for tracing 
metabolic functions. When compared with the short-lived organic posi- 
tron emitters, in particular with fluorine-18, the chemistry of bromine 
and iodine is considerably simpler and some of their isotopes have more 
convenient intermediate half-lives. 

Among the neutron deficient bromine isotopes there are three which are 
potentially useful for positron emission tomography (74m,75r76Br). 
From these the most promising is 75Br(T1/2 = 98 min) which has recently 
been groduced carrier-free with yields of 8 mCi/uAh via the 
75As( He,3n)75Br-reaction at a compact cyclotron using 36 MeV 3He- 
particles. The 16 hr bromine-76 is less suitable for positron emission 
tomography due to its relatively small positron emission rate (57.1 % )  
and high positron energy (3.7 MeV). The longer lived y-emitter 
Br(T1/2 = 56 hrs) is a useful isotope for studying slow processes 

with a y-camera equipped with a high energy collimator. Both the radio- 
isotopes have recently been produced in good yields by various medium 
and high energy reactions. Excitation functions and production methods 

Br are critically reviewed. New procedures of labelling star- 
ting from radiobromide have also been developed both for nucleophilic 
aliphatic and electrophilic aromatic substitution. Modified succini- 
mide-, hypohalite- and chloramine-T-methods have been successfully 
applied for introducing bromine practically carrier-free into aromatic 
systems while in aliphatic compounds bromine-for-iodine exchange can 
be used to obtain theoretically carrier-free products. Reactions can 
be carried out in solution, in the melt or via phase transfer catalysts. 
Recent progress in radiobromination procedures is reviewed and new po- 
tentially useful bromine radiopharmaceuticals are evaluated. 

In the case of iodine-I23 progress has been somewhat slower both in new 
production and labelling procedures, mainly due to the fact that a 
wealth of data and methods is already available for some time. The 
124Te(p,2n)'231-reaction at compact cyclotrons and the 1271(p,5n)1231- 
process at high energy machines are being used as major production 
methods. Other reactions, including spallation still play a minor role. 
The different processes are critically evaluated with respect to radio- 
nuclidic purity and production efforts. While the number of iodine-I23 
radiopharmaceuticals is only slowly increasing their importance is 
gaining general recognition. The development of some new '231-prod~~ts 
is outlined. 

Application of heavy halogen labelled products to the measurement of 
metabolic functions requires a detailed knowledge of the catabolic and 
anabolic fate of the label in order to allow quantification of the turn- 
over. The problem is discussed in the case of radiohalogen tagged fatty 
acids applied to the measurement of aerobic myocardial metabolism (1). 

(1) Stocklin G., et al., Radioaktive Isotope in Klinik und Forschung 

7 7  

for 7 5 - - 7 7  

- 14, 151 (1980). 
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17.15 
FURTHER STUDIES ON PRACTICALLY CARRIER-FREE '231-IODINATION AND 

75,77Br-BROMINATION OF AROMATIC SUBSTRATES 

H.H. Coenen, A.S. El-Wetery, G. Stocklin 
Institut fur Chemie 1 (Nuklearchemie), Kernforschungsanlage 
Julich GmbH, D-5170 Julich, F.R.G. 

For tagging aromatic substrates with radiohalogens with high specific 
activities oxidation reagents are required which produce isotopically 
pure i.e. carrier-free electrophilic radiohalogen species. We have 
recently demonstrated that N-chlorotetrafluorosuccinimide (NCTFS) can 
be used effectively for radiobrominations of aromatic molecules star- 
ting with carrier-free bromide (1). This method was now extended to 
radioiodination with iodine-123. Model experiments have been carried 
out in monosubstituted benzenes. As in bromination, addition of halide 
carrier in the order of lo-' to lo-' mg/ml causes an increase of the 
radiochemical yield of about 50% e.g. in the toluene system. The 
velocity of the iodination reaction, on the other hand, is slower than 
that of the corresponding bromination, and a maximum yield of about 
60% is only reached after 10 hrs using trifluoroacetic anhydride as 
solvent, compared to 0.5 hrs in the case of the bromination. The 
reactivity and selectivity within a series of benzene derivatives 
(C6K5XrX = CHs,H,F and Br) (cf. Table 1) clearly indicate a pure elec- 
trophilic reaction with somewhat higher substitution yields and an en- 
hanced para-selectivity when compared with the bromination reaction. 

Further experiments have been carried out applying organic hypohalites 
to carrier-free radiohalogenation. Organic hypohalites have recently 
been used for electrophilic aromatic halogenation (2), and we have 
now successfully carried out radioiodination with hypohalites of tri- 
fluoroacetate or trifluoromethane sulfonate [CF3C02C1(Br) and 
CF3S03Cl(Br)] in nitrobenzene. The absolute radiochemical yield and 
isomeric distribution are strongly dependent on the nature of the hypo- 
halite, the reaction time and temperature. In the case of CF3C02C1 
iodination of phenol is completed within 10 min at temperatures ranging 
from 100 to 210O C. With increasing temperature, absolute ortho sub- 
stitution yield rises from 32% (looo C) to 52% (210' C )  while the para 
yield remains constant at 10% over the whole temperature range. Iodi- 
nation of phenol (120' C, 40 min) e.g. gives rise to 43% para and 30% 
ortho product when using CF3S03Br; with CF3S03Cl 54% ortho and 35% 
para-iodophenol are obtained. These effects are more enhanced in ani- 
line. The ortho/para selectivity and the reactivity within the series 
of benzene derivatives (cf. Table 2) also clearly indicate an electro- 
philic substitution mechanism. 

The application of these reagents using solvents other than nitrobenzene 
seem to be more promising for simple one-pot syntheses. Corresponding 
bromination of biomolecules such as w-phenylfatty acids have also been 
carried out. 

( 1 )  Coenen H.H., Machulla H.-J., StCcklin G., J. Lab. Comp. Radiopharm. 

(2) Hazeldine R.N., Sharpe A.G., J. Chem. SOC. 1952, 993; 
16,  891 (1979). 

Kobayashi Y., Kumadaki I., Yoshida T., J. Chem. Res. ( S ) ,  1977, 215. 
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Table 1: 
Iodination of benzene derivatives by NCTFS/1231-iodide 
(2 mg NCTFS, 0.5 ml TFA, 4 hrs, room temperature) 

Substrate Radiochemical Yield Isomer Distribution* 
(H-Substitution) or tho  meta para 

Toluene 54.0 2 2.4 

Benzene 62.3 2 2 . 3  

F-Benzene 53.6 2 2.3 
Br-Benzene 39.1 2 3.7 

36 .0  1.0 63.0 

2 . 0  0 . 0 2  98.0 
8.0 0 . 0 4  9 2 . 0  

Table 2:  
Iodination of benzene derivatives by CF3S03C1/’231-iodide 
(5 mg CF3S03C1, 1 ml CsHsNOz, 1 hr, 100’ C )  

Substrate Radiochemical Yield Isomer Distribution* 
(H-Substitution) ortho meta para 

Aniline 9 4 . 0  5 6.0 
Phenol 91.0 5 3.0 
Anisole 5 6 . 0  5.6 

Benzene 60.0 2 4.7 
F-Benzene 1 9 . 0  t 4.0 
Br-Benzene 45.0 5 4.5 

a7 1 3  - 
62  38 
5 9 5  

- 
- 

6 3 91 

18 82 - 

*o + m + p = loo%, standard deviation fr 5% 
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A DIRECT METHOD FOR CARRIER-FREE RADIOHALOGENATION 

D.J.Malco1me-Lawes and S.Massey 
Chemistry Department, Loughborough Universi ty  o f  Technology, L e i c e s t e r s h i r e ,  W.K. 

While t h e r e  a r e  a number o f  well-documented methods for t h e  radiohalogenation o f  
systems containing aromatic func t ions ,  most o f  these  have some l i m i t a t i o n s  when 
appl ied t o  l a b e l l i n g  with c a r r i e r - f r e e  radiohalogens. For example. t h e  enzymatic 
method (1) of  introducing '?Br must be c a r r i e d  o u t  a t  l o w  pH, and i s  therefore  
unsui table  f o r  l a b e l l i n g  ac id-sens i t ive  compounds. 

W e  r e p o r t  on a novel method of radiohalogenation which appears t o  proceed rap id ly  
and e f f i c i e n t l y  with c a r r i e r - f r e e  radiobromine and radioiodine,  occurs  under very 
mild condi t ions and leaves t h e  l a b e l l e d  product  i n  a so lu t ion  from which it can be 
r e a d i l y  i s o l a t e d .  Radiochemical y i e l d s  obtained using a number o f  t a r g e t  
compounds w i l l  be reported;  a few examples are shown i n  t h e  table b e l o w .  

The d i r e c t  radiohalogenation method (2)  i s  based on t h e  passage of  t h e  halogenating 
spec ies  ( i n  t h e  gas  phase) i n t o  a so lu t ion  of t h e  t a r g e t  compound. While t h e  
technique h a s  many advantages over conventional methods of radiohalogenation ( 3 1 ,  
probably i t s  g r e a t e s t  p o t e n t i a l  a r i s e s  through t h e  absence of  o t h e r  chemical 
reagents  i n  t h e  reac t ion  vesse l .  

References 

(1) L.C.Knight e t . a l .  i n  "Radiopharmaceuticals" ed. G.Subramanian, 
pub. The Society f o r  Nuclear Medicine (1975). 

( 2 )  D.J.Malcolme-Lawes and S.Massey, J.C.S. Chem. Corn. 
( 3 )  A.F.G.Rocha and J.C.Harbert, " Textbook of Nuclear Medicine" p 

pub. L e a  and Febiger (1978). 

Radiochemical Yields  obtained following d i r e c t  
77Br-bromination of  s e l e c t e d  compounds. 

Target compound 

Uraci l  
Tyrosine 
Tyramine 
2 ' deoxyuridine 
Fibrinogen 
Human Serum Albumin 

Radiochemical Yield % 

(approximate) 

95 
70 
80 
90 
80 
90 

2 2 4 ,  
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A RAPLD AND MILD METHOD FOR LABELING FUNCTIONALLY SUBSTITUTED MOLECULES WITH 
I O D I N E  RADIONUCLIDES 

G. W. Kabalka and E. E. Gooch. 
Department of Chemistry, Universi ty  of Tennessee, Knoxville, Tennessee 37916 
T. T. Sun and L. C. Washburn. 
Medical and Health Sciences Divis ion,  Oak Ridge Associated Univers i t ies ,  Oak 
Ridge, Tennessee 37830 

Iodine rad io iso topes  have been used ex tens ive ly  i n  nuclear  medicine. The u t i l i t y  
of rad io iodine  i s  based on both t h e  a c c e s s i b i l i t y  of a v a r i e t y  of usefu l  i so topes  
and the a v a i l a b i l i t y  of r e l i a b l e  incorpora t ion  routes  (1-3). 
however, t h e  c l a s s i c a l  methods f o r  iod ine  incorporat ion are i n e f f e c t i v e  due t o  the  
absence of appropr ia te  s t a r t i n g  m a t e r i a l s  o r  i n e f f i c i e n t  u t i l i z a t i o n  of radio- 
iodine. 

In  c e r t a i n  ins tances ,  

The u t i l i t y  of organoborane reagents  i n  organic  synthes is  has  become apparent i n  
recent  years  due t o  t h e  a v a i l a b i l i t y  of a v a r i e t y  of func t iona l ly  s u b s t i t u t e d  
organoboranes ( 4 )  and t h e  d i v e r s e  t ransformations which they undergo (5). The 
value of t h e  organoboranes i n  radiopharmaceutical research  l i e s  i n  t h e  f a c t  t h a t  
t h e  boron atom i s  r a p i d l y  replaced by a v a r i e t y  of nuc l ides  under mild condi t ions.  
Recently, organoborane reac t ions  have been u t i l i z e d  f o r  t h e  incorporat ion of 
carbon-14 ( 6 ) ,  carbon-13 ( 7 ) ,  and carbon-11 (8). 

The rap id ,  r e g i o s p e c i f i c  conversion of a lkenes t o  a l k y l  iodides  v i a  organoboranes 
has been reported using molecular iod ine  (9,lO). 
hydroboration - iod ina t ion  sequence r e s u l t i n g  i n  high y i e l d s  of t h e  product 
iodide. The r e a c t i o n  e x h i b i t s  two c h a r a c t e r i s t i c s  which reduce its u t i l i t y  i n  the  

The r e a c t i o n  proceeds v i a  a 

3 1  3 (RCH CH ) B 2, 3RCH2CH21 + 3 N a l  
3RCH=CH2 2 2 3 NaOCH3 

syntheses of rad io iodine  containing pharmaceuticals. The f i r s t  is  t h e  f a c t  t h a t  
the  maximum radiochemical y i e l d  is 50% (based on iodine)  s i n c e  one-half of t h e  
iodine molecule i s  l o s t  as iodide.  The second is t h e  required presence of s t rong 
bases which can react with s e n s i t i v e  func t iona l  groups i n  complex molecules and 
ini t ia te  dehydrohalogenation reac t ions .  

W e  wish t o  repor t  that t h e  incorpora t ion  of iodine-125 (as w e l l  as o ther  i so topes  
of iodine)  can be accomplished r a p i d l y  under extremely mild condi t ions  u t i l i z i n g  
labe led  iodine monochloride. The r e a c t i o n  is complete i n  a matter of minutes 
at temperatures as low as -78OC. 
equiva len ts  of t h e  iod ine  monochloride which react q u a n t i t a t i v e l y  (NMR a n a l y s i s )  
w i t h  two of t h e  t h r e e  a l k y l  groups a t tached  t o  boron. 

The r e a c t i o n  i s  c a r r i e d  out  using two 

5 (RCH2CH2)3B 2IC1 2 RCH2CH21 
THF RCH=CH2 

The products are i s o l a t e d  v i a  chromatography on alumina using mixed hexanes as 
e l u t i n g  solvents .  

We have synthesized a v a r i e t y  of f u n c t i o n a l l y  s u b s t i t u t e d  a l k y l  iodides  which 
w e r e  i s o l a t e d  i n  high radiochemical y i e l d s  (Table I ) .  

This work w a s  supported by the National I n s t i t u t e s  of Health (1-RO1-GM-25817-02); 
ORAU opera tes  under cont rac t  number DE-AC05-760R00033 w i t h  the U.S. Department of 
Energy, Off ice  of Health and Environmental Research. 
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Table I. Syn thes i s  of Iodine-125-Labeled Alkyl  I o d i d e a b  

S u b s t r a t e  Products 

~ ~~ 

d Radiochemical- 
y i e l d  ( i s o l a t e d )  

82% 

94% 

74% 

%Reactions were run  by hydroborat ing 30 m o l  o f  the a lkene  w i t h  1 0  mmol of BHs*THF 
at  0°C in 10 mL of TIE. Sodium a c e t a t e  i n  methanol (30 mL of a 1.0 2 s o l u t i o n )  
Eas added t o  t h e  mixture ,  followed by t h e  dropwise a d d i t i o n  of I C 1  (20 mmol). 
- A c t i v i t y  05 t h e  I C 1  w a s  2.5 mCi/mole. %Products were i s o l a t e d  by column chroma- 
tography. 

(1) Maza i t i s  J. K., Gibson R. E., Komai T., Eckelman W. C . ,  F r a n c i s  B. and 

-Percentage y i e l d s  are based on I C 1  added. 

Reba R. C., J. Nucl. Med., 2 142 (1980). 

(2) R e i f f e r s  S., Lambrecht R. M., Wolf A. P., A n s a r i  A , ,  Atk ins  H., J. Nucl. 
Med., 17, 524 (1976). 

(3) Myers W. G., Proceedings USAEC Sym. Conf. 651111, 217 (1966 

(4) Brown H. C., “Hydroboration”,  Benjamin, New York, 1962. 

(5) Brown H. C . ,  “Organic Syn thes i s  v i a  Boranes“, Wiley, New Yo k, 1975. 

(6) Kabalka G. W.,  Gooch E. E., C o l l i n s  C.  J. ,  and Raaen V. F., J. Chem. SOC., 
Chem. Commun., 607 (1979). 

(7) Kabalka G. W., Syn. Commun., lo, 93 (1980). 

(8) Tang D. Y. ,  Lipman A., Meyer G.-J., Wan C-N, Wolf A. P., J. Labe l l ed ,  Compd. 
Rad., =, 435 (1979). 

(9) Brown H. C.  and Delue N. R., Syn thes i s ,  114 (1976). 

(10) Kabalka G. W., Hedgecock H. C., Brown H. C., DeLue N. R., J. Am. Chem. SOC., 
- 98, 1290 (1976). 
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17.18 
ADRENAL AFFINITY AND CHOLESTEROL ESTER METABOLISM OF 6B-IODOMETHYL-19-NORCHOLEST- 
5 (10)-EN-3B-OL, 3-ACETATE, AND 3-PALMITATE 

K.Fukushi, T . I r i e ,  T.Ido, and T.Nozaki 
D iv i s ion  of C l i n i c a l  Research, Na t iona l  I n s t i t u t e  of Rad io log ica l  Sciences,  
9-1, Anagawa-4-chome, Chiba-shi (CHIBA) 260 JAPAN 

Earlier s t u d i e s  on t h e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  of c h o l e s t e r o l  d e r i v a t i v e s ,  
have made v a r i o u s  mod i f i ca t ions  of 3B-hydroxyl group of c h o l e s t e r o l .  They are 3a- 
OH, 3B-acetate,  3B-palmitate,  3B-halide, and 3B-methyl e t h e r  of iodo,  bromo, f l u o r o ,  
s e l eno ,  and t e l l u r o  d e r i v a t i v e s  of c h o l e s t e r o l .  Counsel1 e t  a l .  r epor t ed  t h a t  t h e  
a c e t a t e  and p a l m i t a t e  of 19 - iodocho les t e ro l  f a i l e d  t o  show apprec iab le  a d r e n a l  
uptake fo l lowing  &.I. a d m i n i s t r a t i o n  t o  rats (1). However, r e c e n t  s t u d i e s  on 19- 
i o d o c h o l e s t e r o l ,  6B-iodomethyl-19-norcholest-5(10)-en-3f3-01, and €16-methyl-seleno- 
methyl-19-norcholest-5(lO)-en-3B-ol, r evea led  t h a t  3B-OH and 36-acetate  had almost  
t h e  same a d r e n a l  uptake i n  rats (2 ,3 ) .  19-Iodocholesterol  is supposed t o  be s u b j e c t  
t o  i n  v ivo  e s t e r i f i c a t i o n  i n  dogs (4 ,5 ) .  I n  o rde r  t o  e v a l u a t e  3B-hydroxyl group of 
i o d o c h o l e s t e r o l  d e r i v a t i v e s  as t r a c e r s  f o r  c h o l e s t e r o l ,  w e  have prepared t h e  t i t l e  
compounds (Fig l , I , I I , I I I ) ,  and s t u d i e d  t h e  a d r e n a l  a f f i n i t y  and t h e  c h o l e s t e r o l  
e s t e r  metabolism of them i n  r a t s  and mice. 

Compound ( I )  and (11) were prepared according t o l B e d a  e t  a l .  (6 ) .  React ion of (I) 
wi th  pa lmi toy l  c h l o r i d e  i n  p y r i d i n e  gave (111).  
pared by t h e  i s o t o p i c  exchange r e a c t i o n  w i t h  Na 1251 i n  a c e t o n i t r i l e ,  and were 
p u r i f i e d  by t h e  p r e p a r a t i v e  TLC on s i l i c a  g e l .  

K i n e t i c s  of mice a d r e n a l  uptake of t h e  above compounds i s  shown i n  F ig  2. The f r e e  
compound ( I )  w a s  accumulated i n  t h e  mouse a d r e n a l s  more r a p i d l y  and a c t i v e l y  than 
t h e  esters (11,111) up t o  one day a f t e r  i.1. admin i s t r a t ion .  There w a s  about one 
day l a g  t ime f o r  3-palmitate  t o  b e  inco rpora t ed  i n  t h e  a d r e n a l s .  
days,  t h e  a d r e n a l  uptakes of f r e e  and ester compounds w e r e  a lmost  t h e  same. 

I n  o rde r  t o  make clear t h e  mechanism of t h e  a d r e n a l  up take  and i n  s i t u  metabolism 
of t h e  ester compound, double  l a b e l l e d  compound, ~~~1-6f3-iodomethy1-19-norcho1est-5 
(lO)-en-36-01 acetate-[ l -14C] w a s  prepared.  
shown i n  Table  1. Adrenal 1-123 r a d i o a c t i v i t y  w a s  27 t imes h ighe r  than C-14 
a c t i v i t y  a t  24hr a f t e r  &.v. i n j e c t i o n .  L ive r  and plasma C-14 a c t i v i t y  were, a l s o ,  
much lower than  1-123 a c t i v i t y .  

Following i.v. i n j e c t i o n  of t h e  compound (1-111) t o  rats, l i p i d s  of t h e  l i v e r ,  
blood, and t h e  whole a d r e n a l  glands were e x t r a c t e d  by t h e  Folch procedure,  and w e r e  
s epa ra t ed  i n t o  f r a c t i o n s  by s i l i c a  g e l  p r e p a r a t i v e  TLC i n  t h e  p re sence  of a few mg 
of t h e  c a r r i e r  compounds. Using t h e  system, hexane, e t h e r ,  a c e t i c  a c i d  (75:25:2; 
v o l s ) ,  r a d i o a c t i v i t y  w a s  d e t e c t e d  e x c l u s i v e l y  i n  t h e  fo l lowing  bands: o r i g i n ,  f r e e  
s t e r o l  f r a c t i o n  (Rf=0.20), acetate f r a c t i o n  (Rf=0.60, i f  p r e s e n t ) ,  and t h e  palmi- 
tate ester f r a c t i o n  (Rf=0.80). Rad ioac t ive  p a l m i t a t e  f r a c t i o n  of i odo  c h o l e s t e r o l  
(Rf=0.80) was c l e a r l y  sepa ra t ed  from non r a d i o a c t i v e ,  endogenous c h o l e s t e r o l  e s t e r  
band (Rf=0.90). R e s u l t s  a r e  summarised i n  Table  2. I n  t h e  l i v e r ,  h y d r o l y s i s  of t h e  
e s t e r  compounds occur red ,  and about  80% of t h e  r a d i o a c t i v i t y  w a s  p r e s e n t  i n  t h e  
f r e e  s t e r o l  f r a c t i o n  a f t e r  24 h r  fo l lowing  &.v . in j ec t ion .  On t h e  c o n t r a r y ,  i n  t h e  
a d r e n a l  glands a t  24 h r ,  more than  90% of t h e  r a d i o a c t i v i t y  w a s  recovered i n  t h e  
p a l m i t a t e  e s t e r  f r a c t i o n .  I n  t h e  plasma, e s t e r i f i c a t i o n  of t h e  f r e e  compound w a s  
two o r  t h r e e  t imes more a c t i v e  than i n  t h e  l i v e r .  

From t h e s e  experimental  r e s u l t s ,  w e  conclude t h a t  bo th  a c e t a t e  and p a l m i t a t e  of 
iodo  c h o l e s t e r o l  d e r i v a t i v e s  a r e  t ransformed i n t o  t h e  f r e e  compound by t h e  l i v e r  
c h o l e s t e r o l  ester hydroxylase.  The f r e e  s t e r o l  i s  r e l e a s e d  i n t o  t h e  blood, and 
i s  accumulated i n  t h e  a d r e n a l  g l ands ,  where i t  is r a p i d l y  r e e s t e r i f i e d  and s t o r e d .  
One of t h e  important  c h a r a c t e r i s t i c s  of t h e  iodo  c h o l e s t e r o l  d e r i v a t i v e s ,  compared 
wi th  c h o l e s t e r o l ,  is ,  t h a t  t h e  main f r a c t i o n  of iodo compound i n  t h e  plasma i s  i n  
t h e  f r e e  form, which has  t h e  h ighe r  a d r e n a l  c o n c e n t r a t i o n  than  t h e  ester form. 

I - l abe l l ed  compounds w e r e  pre- 

But a f t e r  f i v e  

Mice t i s s u e  d i s t r i b u t i o n  d a t a  are 
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The predominant f r e e  form i n  t h e  plasma of t h e  iodo c h o l e s t e r o l  may be a t t r i b u t e d  
t o  t h e  palsma l i p o p r o t e i n  b ind ing  of i t .  Our p rev ious  s tudy  (2)  showed t h a t  iodo 
c h o l e s t e r o l  was bound mainly t o  LDL and VLDL, and l i t t l e  t o  HDL. 
(7) t h a t  t h e  plasma c h o l e s t e r o l  i s  p r e s e n t  mainly i n  t h e  e s t e r  form, and t h a t  
l e c i t h i n  c h o l e s t e r o l  a c y l t r a n s f e r a s e  (LCAT) e s t e r i f i e s  more r a p i d l y  HDL bound 
c h o l e s t e r o l  than LDL bound c h o l e s t e r o l  i n  v i t r o .  

It i s  e s t a b l i s h e d  

(1) Counsell  R.E., Ranade V.V., Kulkarni  P.G. and Af ia tpuor  V.V. ,  J. nuc l .  

(2) Fukushi K . ,  I r i e  T.,Nozaki T. and Kasida Y . ,  J .Labe l l ed  Comp. & Radiopharma- 

(3) R i l ey  A.L.M., J .Labe l l ed  Comp. & Radiopharmaceut icals ,  16, 28 (1979). 
(4) B l a i r  R . J . ,  Be ie rwa l t e s  W.H., Lieberman L.M., Boyd C.M., Counsel l  R . E . ,  

(5) Umeda F., Kato K . ,  I bayash i  H. ,  Maeda M. and Kojima M . ,  J a p .  J. Nucl. 

(6)  Maeda M . ,  Kojima M . ,  Ogawa H . ,  N i t t a  K .  and I t o  T . ,  S t e r o i d s ,  6, 241 (1975).  
(7) Glomset J . A . ,  J anssen  E.T.,  Kennedy R. and Dobbins J . ,  J. L i p i d  Res., 1, 

Med., _24, 777 (1973). 

c e u t i c a l s ,  16, 49 (1979). 

Weinhold P.A. and Varma V.M. ,  J .nuc1. Med., 2, 176 (1971). 

Med., 14, 335 (1977). 

638 (1966). 

Table  1. Mouse T i s sue  D i s t r i b u t i o n  of 1231 and 1 4 C  from 1231-6f3-iodo- 
methyl-19-norcholest-5(lO)-en-3B-ol acetete-[1-  14 C] 

1 2 3 ~  (D.A.R.)* I 4 C  (D.A.R.) 

T i s sues  2 h r  6 h r  1 day 2 h r  6 h r  1 day 

Adr e n a l s  9.28 9.85 17.3 2.96 0.94 0.63 
Thyroids 2.82 3.64 9.39 0.58 0.24 0.27 
Liver  6.87 6.18 2.56 3.36 2.57 0.61 
Kidneys 1.24 1.62 1.60 0.82 0.40 0.27 
Small  I n t .  1 . 2 8  1 .39 0.86 0.85 0.61 0.31 
Blood 4.11 2.41 1.25 3.05 0.52 0.11 

* D.A.R .  is  % dose/g x body weight  (g)/lOO 

Table 2. Biotransformation of 6B-iodomethyl-19-norcholest-5(lO)-en- 
36-01, 3 -ace ta t e ,  and 3-palmitate  i n  Wistar  Ra t s .  

3-OH 

Time Free Es t e r  T i s sues  a f t e r  dose (%) ( X )  

Adrenals 44 56 
2 hr  Liver  93 7 

Plasma 89 11 

Adrenals 14 86 
6.5 h r  Liver  94 6 

Plasma 87 13 

Adrenals 9 91  
2 4  hr  Liver  92 8 

Plasma 78 22 

3-Ace ta  t e  

F ree  Ace ta t e  Ester 
( W )  ( W )  (%I  

3-Palmi ta t e  

F r e e  Es t e r  
( X )  (2)  

4 1  15  44 
78 19  3 
2 7  7 2  1 

2 0 98 
77 1 21 
79 3 17 

12 88 
64 36 

6 94 

5 45  
79 2 1  
26 7 4  
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RADIOIODINATED NORADRENALINE STORAGE ANALOGS 

D.M. Wieland, L.E. Brown, T.J. Mangner, J.L. Wu, W.H.  Beierwa 
D . D .  Marsh, D.P. Swanson. U n i v e r s i t y  o f  M ich igan,  Ann Arbo r ,  

Desp i te  t h e  p h y s i o l o g i c a l  impor tance of  n o r a d r e n a l i n e  as an a 
t r a n s m i t t e r ,  no rad iopharmaceu t i ca l  e x i s t s  t h a t  can assess ca 

t e s ,  
M ich igan  48109. 

r e n e r g i c  
echo 1 ami ne 

hormone accumu la t i on  and t u r n o v e r  i n  p e r i p h e r a l  t i s s u e .  
(1)  have shown t h a t  40-60% o f  sma l l  i n t r a v e n o u s  doses o f  n o r a d r e n a l i n e  a r e  
r a p i d l y  m e t a b o l i z e d  by ca techo l -0 -methy l  t r a n s f e r a s e  (COMT) and monoamine 
ox idase ( M A O ) .  
same uptake,  s t o r a g e  and r e l e a s e  mechanisms as  n o r a d r e n a l i n e ,  i t  i s  n o t  a 
s u b s t r a t e  f o r  COMT o r  MA0 ( 2 ) .  
a c t i o n s  s i m i l a r  t o  guane th id ine  sugges t ing  t h a t  r a d i o i o d i n a t e d  d e r i v a t i v e s  
o f  t hese  compounds m i g h t  be used f o r  f u n c t i o n a l  imag ing  s t u d i e s  o f  t i s s u e s  
w i t h  a h i g h  d e n s i t y  o f  sympa the t i c  i n n e r v a t i o n .  

Uptake s t u d i e s  

A l though  t h e  neuron -b lock ing  d rug  g u a n t h i d i n e  ( I )  shares t h e  

Many a r a l k y l g u a n i d i n e s  (3 )  have pharmaco log ica l  

Ile r e p o r t  here:  1 )  a s t r u c t u r e - d i s t r i b u t i o n  r e l a t i o n s h i p  (SDR) s t u d y  o f  
1-125- a r a l k y l g u a n i d i n e s  (11) ,  2 )  ev idence f o r  t h e i r  accumu la t i on  i n  t h e  
ca techo lamine s t o r a g e  v e s i c l e s  o f  t h e  h e a r t  and adrena l  (A.)  medul lae,  3 )  
imag ing  o f  t h e  p r i m a t e  h e a r t  and A. medu l lae  w i t h  1-131- and I - 1 2 3 - e -  
i odobenzy lguan id ine  (M-IBG). 

N ine  I - 1 2 5 - l a b e l e d  guan id ines  (11) were syn thes i zed  b y  r a d i o i o d i d e  exchange i n  
b o i l i n g  water .  Radiochemical  y i e l d s  were 90-98% w i t h  s p e c i f i c  a c t i v i t i e s  
rang ing  f rom 0.8-1.1 mCi/mg. 
ob ta ined  i n  y i e l d s  o f  50-60%. P u r i t y  was con f i rmed  by  bo th  radio-TLC and 
radio-HPLC. 

As shown i n  Tab le  1 ,  a l l  n i n e  guan id ines  showed h igh ,  s e l e c t i v e  up take  i n  t h e  
dog A.  medu l lae .  
up take  and t a r g e t - t o - n o n t a r g e t  c o n c e n t r a t i o n  r a t i o s .  Peak A .  medu l l ae  up take  
w i t h  I f - I B G  occu r red  a t  2-3 days and was n e a r l y  doub le  t h e  r e s p e c t i v e  peak 
a d r e n o c o r t i c a l  up take  o f  t h e  c l i n i c a l l y  u s e f u l  1-1 31 -6B-iodo-19-norcho1estero1 . 
p re t rea tmen t  o f  dogs w i t h  rese rp ine ,  a d r u g  known t o  s e l e c t i v e l y  b l o c k  v e s i c u l a r  
up take ,  lowered t h e  A .  medul lae  up take  f i v e - f o l d .  S u b c e l l u l a r  f r a c t i o n a t i o n  
o f  t h e  A. medu l lae  showed most  o f  t h e  r a d i o a c t i v i t y  t o  be a s s o c i a t e d  w i t h  t h e  
l a r g e  g ranu le  f r a c t i o n .  D i s t i n c t  images o f  t h e  A. medu l lae  o f  rhesus  monkeys 
were o b t a i n e d  w i t h  I-123-11-IBG a t  2 days. 

T i ssue  d i s t r i b u t i o n  s t u d i e s  w i t h  t h e  I - 1 2 5 - a r a l k y l g u a n i d i n e s  r e v e a l e d  t h a t  some 
o f  t he  compounds have h e a r t - t o - b l o o d  c o n c e n t r a t i o n  r a t i o s  (H/B) s i m i l  i a r  t o  
tha l l i um-201  (Tab le  I ) .  The mechanism o f  h e a r t  l o c a l i z a t i o n  o f  I-125-11-IBG 
was probed pharmaco log ica l l y .  P re t rea tmen t  o f  r a t s  w i t h  d-amphetamine, a compound 
known t o  bo th  r e l e a s e  and i n h i b i t  t h e  up take  o f  n o r a d r e n a l i n e  by ne rve  c e l l s ,  
lowers  t h e  h e a r t  c o n c e n t r a t i o n  o f  I-125-M-IBG by 35-50%. 
w i t h  r e s e r p i n e  l owers  t h e  h e a r t  accumula t ion  by 30-50%. 
suggest t h a t  t h e  h e a r t  r e t e n t i o n  i s  m a i n l y  due t o  s p e c i f i c  up take  i n  t h e  
a d r e n e r g i c  neurons where i t  i s  p a r t i a l l y  t rapped  i n  t h e  n o r a d r e n a l i n e  s to rage  
v e s i c l e s .  
15  min  t o  4 h r .  u s i n g  I-123-11-IBG. 

A t tempts  t o  document t h e  no rad rena l i ne -m im ick ing  p r o p e r t i e s  o f  11-IBG a r e  
c o n t i n u i n g  i n  hopes o f  h u i l d i n g  a framework f o r  i t s  f u t u r e  use as a dynamic 
imag ing  agent .  F u r t h e r  SDR s t u d i e s  and i n  v i t r o  n u c l e a r  magnet ic  resonance 
s t u d i e s  o f  guan id ine  l a b e l e d  c h r o m a f f i n  g ranu les  shou ld  h e l p  d e l i n e a t e  t h e  mode 
o f  r e t e n t i o n  o f  P I - I B G  i n  t h e  neurona l  s to rage  v e s i c l e s .  

S p e c i f i c  a c t i v i t i e s  o f  100-200 mCi/mg c o u l d  be 

However, I-125-F.1-IBG (RlRz=H, n=O) showed t h e  h i g h e s t  

S i m i l a r  t r e a t m e n t  
These b l o c k i n g  s t u d i e s  

Dogs and rhesus  monkeys gave e x c e l ? e n t  tomograph ic  h e a r t  images from 
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(1) Cooper JR, Bloom FE, and Roth RH: The B iochemica l  Bas is  o f  
Neuropharmacology, 2nd e d i t i o n ,  New York, Oxford  U n i v e r s i t y  Press,  
1974, p.  133. 

N icke rson  !I, C o l l i e r  6. Drugs i n h i b i t i n g  a d r e n e r g i c  nerves  and s t r u c t u r e s  
i n n e r a v a t e d  by them. I n  The Pharmaco log ica l  Bas is  o f  Therapeu t i cs ,  
5 t h  e d i t i o n ,  Goodman LS, Gi lman A (eds) ,  New York. ! lacmi l lan  Pub. Co., 

( 2 )  

1975, pp. 553-564. 

( 3 )  S h o r t  JH, Darby TD., J. Med. Chem 10: 833-840, 1967. 

I I1 

TASLE I 

SDR STUDY OF 1-125-ARALKYLGUANIDINES*(II) 
Position 

of 
Iodine R~ R2 5 [Adr. Med.1 Time - -  
ortho H H O  2.7 24 
meta H H O  13.6 48 
para H H O  14.3 48 
meta H H  0 4.4 72 

para H H 1  4.2 24 
meta CH3 H 0 7.9 24 
para CH3 H 0 6.2 24 
ortho H CH3 0 3.6 24 
3,4-DI-IODO H H 0 4.9 72 

[Adr. Med.]/[Liver] 

80 
680 
320 
240 
60 

190 
35 
55 
115 

H/BTI 
8 
24 
30 

13 
26 

18 
24 

5 
4 

*Concentrations in % Kg dose/g. 

'Hea r t - to -b lood  c o n c e n t r a t i o n  r a t i o  a t  30 min .  
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ADRENAL UPTAKE STUDIES OF 68-IODOMETHYL-19-NORCHOLESTEROL ANALOGUES 

Takayuki Ito, Kazuo Nitta, Hiroshi Ogawa, Hiroshi Komatsu, Shoichiro 
Yamauchi, Minoru Maeda and Masaharu Kojima. 
Daiichi Radioisotope Laboratories, Ltd., 10-5, 3-chome, Nihonbashi, 
Chuo-ku, Tokyo 103, Japan. 

It is well known that 6~-iodomethyl-19-norcholest-5(1O)-en-3P-o1 
(NCL-6-1) shows higher affinity for adrenal gland than 19-iodo- 
cholesterol (1-5). 

To study the relationship between the structure and the adrenal 
uptake of NCL-6-1, we examined adrenal uptake of iodine-131 labeled 
3d-hydroxy analogue (3d.-OH-6-1-131) (6) , 38-methoxy analogue (3P-OMe- 
6-1-131) (7) , 38-fluoro analogue (38-F-6-1-131) (7) and 60-iodomethyl- 
19-norsitost-5 (10) -en-3P -01 (NST-6-1-1311 (8-9) , respectively. 
The Figure shows the concentration of radioactivity in rat adrenal 
after administration of respective iodine-131 labeled steroids 
comparing with that of NCL-6-1-131. The Table shows their tissue 
distributions in adrenal, liver, lung, kidney, spleen, blood, testicle 
and thyroid 7 days after the administration. The adrenal accumulation 
of 34-OH-6-1-131 reported at the 2nd meeting of this symposium by us 
was shown much lower value than that of NCL-6-1-131. However, from 
the result of a detailed experiment performed recently, the adrenal 
uptake of 34-OH-6-1-131 was approximately half in comparison with 
that of NCL-6-1-131 7 days after the injection. On the other hand, 
both 3B-OMe-6-1-131 and 30-F-6-1-131 show much lower adrenal 
accumulation. Therefore, the fact suggests that 30-hydroxy group in 
NCL-6-1 plays an important role in the adrenal affinity. 

As shown similar accumulation of NST-6-1-131 in adrenal with 
NCL-6-1-131, lipoid side chain analogue at the 178-position of 
NCL-6-1 should not have much influence on the adrenal affinity. 

NCL- 6-1- 131 : X=OH , R=H 
3d-OH-6-1-131 : X=OH (6) , R=H 
38-OMe-6-1-131 : X=OCH3 , R=H 
36-F-6-1-131 : X=F , R=H 

: X=OH , R=C H 2 5  NST-6-1-131 

Kojima M., Maeda M. Ogawa H., Nitta K. and Ito T., J. nucl. 
Med., l.6, 666 (1975 : idem., Chem. Pharm. Bull., 2 4 ,  2322 (1976) 
Sarkar S.D., Beierw ltes W.H., Ice R.D., Basmadjian G.P., 
Hetzel K.R., Kennedy W.P. and Mason M.M., J. nucl. Med., 2, 
1038 (1975). 
Matsuura K., Kamoi I., Watanabe K., Nakayama C. and Koga I., 
Radioisotopes, 24, 780 (1975). 
Couch M.W. and Williams C.M., J. nucl. Med., l8, 724 (1977). 
Sarkar S . D . ,  Cohen E.L., Beierwaltes W.H., Ice R.D., Cooper R. 
and Gold E.N., J.Clin. Endocrinol. Metab., 45, 353 (1977). 
Komatsu H., Maeda M., Morita H., Shimoirisa H. and Kojima M., 
J. Lab. Comp. Radiopharm., 16, 253 (1979). 
Komatsu H., Ito T., Shimoirisa H., Wada A . ,  Miyoshi K., Maeda M. 
and Kojima M., Yakugaku Zasshi, 99, 1044 (1979). 
Komatsu H., Yamauchi S . ,  Shimoirisa H., Ito T., Maeda M. and 
Kojima M., Steroids, 2, 339 (1979). 
Ito T., Yamauchi S., Maeda M., Komatsu H. and Kojima M., Int. J. 
nucl. Med. Biol., a, 163 (1979). 
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Figure Adrenal Uptake of Iodine-131 Labeled Steroids 
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k 
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0- h e  
0 -0 

NST- 6- 1131 ' 3d-OH- 6- I- 13 1 
38-OMe-6-1-131 

3P-F-6-1-131 

1 3 5 7 days 

a) Table Tissue Accumulation of Iodine-131 Labeled Steroids 
~~ 

Compd. Adrenal Liver Lung Kidney Spleen Blood Testicle Thyroid 

NCL-6-1-131 b, 208 0.19 0 . 4 2  0 . 4 2  0.27 0.07 0.18 80 
3&-OH-6-1-131 99 0 . 4 2  0.91 0.73 0.68 0 . 2 2  0.19 91 
3p-OMe-6-1-131 18 0.33 0 . 2 6  0 . 2 7  0.33 0 . 0 5  0 . 1 2  86 
3R-F-6-1-131 3 0 . 4 9  0.29 0 . 2 7  0 . 2 4  0 . 0 5  0.10 2 3 5  
NST-6-1-131 168 0.35 0.71 0.43 0 . 5 2  0 . 1 8  0 . 2 3  93 

a) Percent administered dose per gram of tissues after 7 days 
b) Ref. (1) 
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A RAPID QUANTITATIVE METHOD FOR THE PRODUCTION OF 1 2 3 ~ - ~ ~ ~ ~  

L.A. Hawkins, A.T. Elliott, L.J. Dyke, and F. Barker. 
Department of Nuclear Medicine, St. Bartholomew's Hospital, London, EC1A 7BE. 

12'1 labelled o-iodo hippuric acid (Hippuran) has long been recognised as the 
radiopharmaceutical of choice for dynamic kidney function studies in patients 
using a gamma camera and associated computer system. 
hours, absence of p-particle emission, and 159 KeV principal gamma ray, permit 
high quality images of the kidney to be obtained whilst the radiation dose to the 
patient is low. 
been able to produce 1231 contaminated with longer life 1241 and 1261 which emit 
high energy ga.unna radiation and p-particles, resulting in an increased radiation 
dose to tvs kidney (1). 
decay of 3Xe has b e available from the UKAEA cyclotron, Harwell. This 
contains no 1241 or p2TbI. A survey of the literature revealed that most of the 
methods of labelling Hippuran with l23I (Om) were complicated (2-6) and in our  
experience gave low and variable labelling efficiencies (7). 
and unreliable results would be unacceptable for routine use. 
method (8) gave reproducibly 
method consisted of the addition of hippuran, CuS04 5H20 and 1231 in a vial and 
autoclaving for 15 minutes at 121Oc. 

A study of the labelling process was carried out. 
the optimum pH, and the required quantities of Hippuran and CuSO 5H 0. 
also found that o-iodo-benzoic acid ( O D )  was a contaminant of 
commercially available sources of hippuran at a level of about Ph. 
that this contaminant, in the absence of CuSO 5H20 was labelled preferentially 
by a factor of about 7:l compared with the hiipuran. 
CuSO 5H 0 prior to autoclaving reduced the O D  labelling to less than 1%. 

A thin layer chromatography system using Benzene:Glacial Acetic Acid:Water in the 
volume ratios 2:2:1 with Merck 5716 TLC plates gave I(Rf= 0.01) OIH(R -0.4-0.5) 
and OIB(O.9-1 .O). Thus the OIH was clearly separated from the radiocfiimical 
contaminants. 
included O I B  which could not be detected by the chromatography systems used. 
The method was optimised f o r  the quantities of hippuran and CuSO 5H 0 required and 
a simple one step kit produced which enabled l25I-hippuran to be4 
simple autoclaving. 

U.K. 

The short half-life, 13.2 

Until recently most commercially available sourcea have only 

However, since 1976, high purity l231 produced by the 

Such time consuming 
However a later 

This high yields in a short prepaxation time. 

This involved determination of 
It was 4 all 

It was found 

However, addition of 

4 2  

It was found that some published labelling efficiencies for OM 

prepared by 
The labelling efficiency was consistantly above 9%. 

1) 
2) 
3) 

Elliott A.T., and Britton K.E., Int. J. Appl. Radiat. Isotop 3 571 (1978) 
Elias H., Int. J. Appl. Radiat. Isotop. 3 463 (1973) 
Thakur M.L., and Chauser B.M., Int. J. Appl. Radiat. Isotop. 6 319 (1975) 
Gillet R., Cogneau M., and Mathy G., Int. J. Appl. Radiat. Isotop 2J 61 (1976) 
Zielinski F. ,Robinson G.D., Bocksrucker A.V., Easton M, and Lee A.W., 
1 st Int. Symposium on Radiopharmaceutical Chemistry (1 976) 

(6) Wanek P.M., Private Connnunication(l977) 
(7) Barker F. M.Sc. Thesis. University of London 1978 
(8) Wanek P.M., O'Brien H.A., and Kupf H.B., Society of Nuclear Medicine, 

24th Annual Meeting (1977) 
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THE SYNTHESIS AND IN VITRO STABILITY OF ORGANIC ASTATINE COMPOUNDS 

G . W . M .  Visser, E.L. Diemer, F . H .  Kaspersen 
Institute for Nuclear Physics Research (IKO) 
P.O. Box 4395 
1009 AJ Amsterdam/The Netherlands 

211At is of potential interest for therapeutic applications such 
as selective immunosuppression. However, the instability of 
electrophilic astatinated proteins limited the applicability and 
has led to - in our opinion - doubtful conclusions about the 
stability of the carbon-astatine bond. 
With the purpose of elucidating the nature of the At-protein 
bond, we are studying at this moment the stability of the carbon- 
astatine bond. We have developped a mild method for the intro- 
duction of astatine into (mainly) organic aromatic compounds. 
This method - astatination through chloromercury compounds - is 
widely applicable and a number of biomedical interesting 211At- 
compounds, such as astatoaminoacids, astatopyrimidines, including 
DNA and RNA and astatosteroids have been prepared in high radio- 
chemical yields. The measurement of the in vitro stability under 
different conditions indicated that the C-At bond is not much 
weaker than the corresponding C-I bond. These findings and 
preliminary measurements on At-proteins indicate that with electro- 
philically astatinated proteins the astatine is bound to the 
protein in some complex instead of by a covalent C-At bond. 
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17.23 

ELECTROPHILIC RADIOIODODESTANNYLATION AS A NEW RADIOIODINATION METHOD 

R.N. Hanson, G.L. Tonnesen, W.H. McLaughlin, W.D. Bloomer, and D.E. Seitz. 
Department of Chemistry, Northeastern University, Boston, MA 02115. 

Current methods for direct radioiodination of aromatic organic compounds with no 
carrier added using electrophilic iodine have several limitations. They require 
the presence of a powerful activating group, such as a phenol or aniline, and 
often yield a mixture of products which are metabolically unstable. As part of 
our project to develop estrogenic radioligands it became necessary to label in 
high yield and in high specific activity an aromatic group that did not contain 
an activating group. 
The procedure developed involves the electrophilic iododestannylation of  a tri- 
alkyltin aromatic intermediate (1). 
yield and in high purity from the appropriately substituted aromatic ether. The 
trialkyltin substitution proceeds specifically at the ortho position to give an 
intermediate that can be cleanly separated from the starting material ( 2 ) .  The 
use of an electrophilic 1251-species such as 1251/Chloramine-T, lZ5I-I2 or 
1251-ICl, generates the desired radioiodinated product rapidly and in high radio- 
chemical yield ( 3 ) .  The specific activity depends only on the activity of the 
iodinating species. Separation of the product from the trialkyltin intermediate 
is clean. The location of the iodine is unambiguous, has little effect upon the 
biologic activity of the compound, and is relatively stable to in vivo metabolism. 

(1) Pommier J.-C., J. Organomet. Chem. Libr., I, 161 (1976). 
(2) Slocum D.W. and Sugarman D . I . ,  Adv. Chem. Ser., 130, 222 (1974). 
( 3 )  Seitz D.E., Hanson R.N. and Tonnesen G.L., J. Organomet. Chem., in press. 

This intermediate can be prepared in high 
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18.1 

SOME BASIC ASPECTS OF TECHNETIUM RADIOPHARMACEUTICAL CHEMISTRY 

K. Yoshihara. 
Department of Chemistry, Faculty of Science, Tohoku University, Sendai 980, Japan. 

Technetium is one of the most important elements in nuclear medicine. Demand for 
technetium radiopharmaceuticals increases astonishingly for one who knows early 
days of only a small scale use of ~ ~ M O - ~ ~ ~ T C  generators. A number of specialists 
in radiopharmacy and in nuclear medicine and biology have developed excellent 
techniques for labeling substances with techetium and found application to 
diagnosis. 

Because of complexity of technetium chemistry, however, some results were not 
clear from the view-point of chemical identity. For example, Ikeda (1) has 
recognized two kinds of technetium labeled dimercaptosuccinic compounds: one of 
which shows an affinity to kidneys and the other to bones. These two could be 
prepared by similar chemical procedures, sometimes as a mixture and sometimes 
as one chemical species according to the change of conditions, although the 
structures of the two were not yet determined. This indicates that exact 
knowledges o€ technetium-labeled compounds in their chemical properties including 
their valence states, number of ligands and degree of polymerization are 
increasingly required in the recent studies on nuclear medicine using technetium. 
Certainly, this is one of the important fields to be clarified by the chemists 
who are working in radiopharmaceutical chemistry. 

The other work to be done by the radiopharmaceutical chemists is, I believe, 
presentation of new techniques of preparing technetium compounds and of new 
chemical species which have possibility of application to nuclear medicine. In 
the latter parts of this paper I muld like to show you these aspects of basic 
radiopharmaceutical chemistry. 

Recoil implantation is known for a recent few years as a method of synthesis of 
some specific substances. In the technique the system usually consists of the 
powder mixture A and B. 
atoms which undergo nuclear transformations, and allow them to escape from the 
powder A and to enter into the powder B in which the recoil atoms will finally 
attack the molecules to give replacement products and related degradation 
products. One of the examples of this recoil implantation is synthesis of 
technetium phthalocyanine which was not described in the orthodox literature. 
The powder mixture of molybdenum and copper phthalocyanine (or metal-free 
phthalocyanine) were irradiated with deutrons using a cyclotron ( 2 ) .  The 
resulting product was separated by a wet method including sulfuric acid 
dissolution and by a dry method including sublimation. 

Recoil energy is used to break chemical bonds of the 

Mo(d,xn)Tc + CuPc ____+ (TcPc)", 

where Pc means a phthalocyanine skelton. The yields of the technetium complex 
are shown in Table 1. Recent improvement of the irradiation assembly reduced 
radiation damage of the target phthalocyanine in a form of pellet which was 
cooled with water and air without use of vaccuum conditiqns. 

The next example of application of a recoil method is synthesis of technetium(II1) 
acetylacetonate ( 3 )  which has not been known so far. Ruthenium (111) 
acetylacetonate was irradiated with y-rays to give '%Tc and "Tc by the (y,p) 
reactions. The irradiated materials were submitted to sublimotographic 
procedures. Figure 1 shows the results. It is obvious that Tc(II1) 
acetylacetonate behaves as Ru(II1) acetylacetonate. When the mixture of Mo and 
chromium(II1) acetylacetonate is irradiated with deutrons in a cyclotron, a 
technetium radioactivity peak is detected at the position of the third eluate 
in the elution curve using a Sephadex C-25 column. This is assumed to be an 
unknown chemical species which has the ligands less than three, although its 
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identification in detail remains as a future problem. 

A similar technique allows us to synthesize tris-benzoyltrifluoroacetylacetonato 
Tc(II1) (hitherto unknown). A mixture of ruthenium metal and tris- 
benzoyltrifluoroacetylacetonato Fe(II1) was irradiated with y-rays and the 
irradiated mixture was subjected to sublimatographic procedures ( 4 ) .  A 
sublimatogram shows the presence of tris-benzoyltrifluoroacetylacetonato Tc(II1) 
as a result of the following replacement reaction, 

Ru (y,p) Tc + Fe(bta) -Tc (bta) 3, 

where bta denotes benzoyltrifluoroacetylacetone without one labile hydrogen atom. 
In addition to Tc(bta)3: another unknown species appears in the sublimatogram, 
although it is not a major component. This may be a bis-complex containing 
bta-ligands. 

Thus, recoil implantation (including related recoil techniques) is proved to be 
effective in the synthesis of some chelate compounds of technetium. Many 
systems other than those cited above are now intensively investigated. 

One of the specific features of this method to be emphasized is the ease of 
preparing tervalent technetium chelates by recoil replacement reactions. 
Tervalent technetium chelate compounds are not so well known in chemistry of 
technetium. Among them there would be some interesting chemical species for 
radiopharmaceutical use. 

(1) Ikeda, I., Thesis Kyoto University, 1979. 
(2) 
(3) Yoshihara, K., Omori, T., Kido, H., J. Inorg. Nucl. Chem., in press. 
( 4 )  Yoshihara, K., to be published. 

Yoshihara, K., Wolf, G.K., Baumgartner, F., Radiochim. Acta, 21, 96 (1974). 
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Fig. 1. Sublimatoqram for Ru(acacI3 irradiated 
w i t h  y-rays in air. 



Journal of Labelled Compounds and Radiopharmaceuticals--01. X V I I I ,  Nos. 1-2 133 

18.2 
PREPARATION AND BIOLOGIC EVALUATION OF LIPOPHILIC DERIVATIVES OF 
Tc-99m(Sn)PYRIDOXYLIDENEPHF.NYLALANINE: AN APPROACH TO STRUCTURE/BIO- 
DISTRIBUTION RELATIONSHIP OF TECHNETIUM COMPLEXES. 

M. Kato-Azuma and M. Hazue. 
Research & Development, Technical Section, NIHON MEDI-PHYSICS CO., 
LTD., 2-1, 4-chome, Takatsukasa, Takarazuka, Hyogo, JAPAN 665. 

We have previously reported a stannous reducing method for the prepa- 
ration of Tc-99m-labeled pyridoxylideneaminates, and selected Tc-99m 
(Sn) pyridoxylideneisoleucine ITc-99m (Snl PI] as one of the promising 
hepatobiliary imaging agents (1-5). We have continued to study the 
relationship between the compl&rs structure and its bio-distribution 
to find agents with rapid blood clearance, quick hepatobiliary trans- 
port and low urinary excretion. 

Recently, Yokoyama et al. reported that the valency state of Tc, under 
our stannous reducing method would be tetravalent and the complexes 
would be mono-nuclear (51. Our separate work (7) on some mixed-ligand 
complexes in this system demonstrated that two molecules of pyridoxy- 
lideneaminates would coordinate to a Tc atom. Above findings allow us 
to draw a possible structure of Tc-99m(Sn)pyridoxylidenephenylalanine 
[Tc-99m(Sn)P.Phel as shown in FIG.l. This time, we evaluated some 
halo- and alkyl-derivatives of phenylalanine (FIG.2) as the amino acid 
constituent, so as to reveal the structure/bio-distribution relation- 
ship in this system. 

The preparation and the storage (frozen at -30 " C )  of each kit reagent 
were identical to that reported for Sn-PI (2, 2). Technetium-99m 
complexes were pre ared by mixing each kit reagent with an equi- 

A chromatographic study (silica gel TLC; MeOH:H20:MEK=9:1:10) (2) 
showed that the labeling efficiency for each preparation was practi- 
cally 100 %. The lipophilicity of the complexes was evaluated by the 
measurement of their n-octanol/buffer partition coefficient(D0 value) 
and their in vivo distribution was studied in Sprague-Dawley rats 
(TABLE 1). 

valent volume of 9 B mTcO3 solution and incubating for 1.5 hr at 25 OC. 

The time course distribution study (FIG.4, FIG.5) revealed that the 
ortho-substituents (0-F, o-Me) were quite effective in accelerating 
the hepatobiliary transport, and the opposite results were obtained 
with the para-substituents (p-C1, p-Me, p-iPr). 

A linear relationship (FIG.3) was observed between the amount of the 
cumulative urinary excretion (FIG.6, FIG.7) and the DO value of the 
Tc-complexes. The o-F, o-Me and m,m'-diMe derivatives fit themselves 
on a lower line compared with the others; the fast hepatobiliary 
transport of these three derivatives would diminish the amount of 
radioactivity which go through the kidneys in the early phase, and 
hence reduce the urinary excretion. 

Above results allowed us to consider the structure/bio-distribution 
relationship of these technetium complexes. The para-substituents ef- 
fectively increase the global lipophilicity of the complex molecule 
and hence reduce the urinary excretion. The ortho-substituents, on 
the other hand, would interfere with the rotation of the benzene ring 
and hence increase the rigidity of the complex's structure. The in- 
crease in the rigidity of the structure seems to be effective in ac- 
celerating the hepatobiliary transport of Tc-99m(Snlpyridoxylidene- 
phenylalanine derivatives. 
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FIG. 2 .  
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18.3 
Tc-GLUCOHEPTONATE, CHEMICAL STRUCTURE AND TISSUE DISTRIBUTION 

W .  de K i e v i e t  
Deot. o f  Nuclear Medic ine 
Roiterdamsch Radio- Therapeut isch l n s t i t u u t  
Groene H i l l e d i j k  301 3075 EA Rotterdam, The Nether lands 

93mTc-glucoheptonate i s  used i n  nuc lea r  medic ine as a k idney  and b r a i n  imaging 
agent.  To e s t a b l i s h  t h e  chemical  s t r u c t u r e  o f  t h e  comolex c a r r i e r  99Tc was used. In  
a comparat ive s tudy between 99mTc-glucoheptonate and 99Tc-glucoheptonate,  i t  was 
shown by means o f  TLC, e l e c t r o p h o r e s i s  and t i s s u e  d i s t r i b u t i o n  s t u d i e s ,  t h a t  
i d e n t i c a l  complexes were formed i n  p h y s i o l o g i c a l  s a l i n e .  

Owunwanne e t  a l  (1,2) by an i o n - d i s t r i b u t i o n  method determined t h a t  t he  n e t  charge 
of 99mTc-glucoheptonate was -1. The c o n d i t i o n s  o f  complex fo rma t ion  between reduced 
99Tc ( reduc ing  agent:  S n ( l  I )  and g lucoheptonate were i n v e s t i g a t e d  by UV-Vis spec t ro -  
scopy. W i t h i n  a few seconds a f t e r  reduct  i on  a r e d - v i o l e t  99Tc-glucoheptonate complex 
i s  formed, which i s  s t a b l e  i n  s a l i n e  f o r  more than a h a l f  year a t  25OC. Absorbance 
i s  observed i n  t h e  UV-Vis spectrum a t  502 nm (~ .=65)  and 270-280 nm (~,1.2800), 
assigned t o  a d-d e l e c t r o n  t r a n s i t i o n  and a charge t r a n s f e r  t r a n s i t i o n  r e s p e c t i v e l y .  
A 25x molar-excess g lucoheptonate i s  recommended t o  o b t a i n  t h e  99Tc-glucoheptonate 
complex. I n  o rde r  t o  i d e n t i f y  t h e  o x i d a t i o n  s t a t e  o f  99Tc i n  99Tc-glucoheptonate,  
9 9 T c 0 ~  was t i t r a t e d  s p e c t r o f o t o m e t r i c a l l y  w i t h  SnC12 i n  s a l i n e  i n  an i n e r t  n i t r o g e n  
atmosphere. The o x i d a t i o n  s t a t e  o f  99Tc proved t o  be +5. T h i s  agrees w i t h  the  
o x i d a t i o n  s t a t e  repo r ted  f o r  99Tc-g luconate(3) .  Tc(V) complexes f r e q u e n t l y  c o n t a i n  
a Tc=O u n i t  (4 -7 ) .  The ex i s tance  o f  Tc=O i n  99Tc-glucoheptonate has been demonstrat-  
ed by IR-spectoscopy (Tc=O s t r e t c h e s  a t  930 cm-1 and 970 cm-1). The I R  spectrum a l s o  
demonstrated co-ord i n a t  ion o f  99Tc by the  ca rboxy l  -oxygen o f  g lucoheptonate.  

The number o f  g lucoheptonate 1 igands, which co -o rd ina tes  w i t h  one Tc (V) - i on  was 
i n v e s t i g a t e d  by a m o l - r a t i o  method. The cu rve  o f  t h e  m o l - r a t i o s  g lucoheptonate/  
TcOG vs.absorbance a t  502 nm demonstrates a bend a t  glucoheptonate/TcOJ = 2.O.Thus 
two g lucoheptonate molecules co -o rd ina te  w i t h  one Tc(V) ion.  The complex can be 
descr ibed as an oxobis(glucoheptonato)technetate(V) anion. 

Experiments w i t h  t h e  reduc ing  agent NaBH4 demonstrated t h e  fo rma t ion  o f  an i d e n t i c a l  
complex, suggest ing t h e  absence o f  Sn ( l  I o r  IV) i n  t h e  39Tc-glucoheptonate 
product .  The absence of t h e  i n c o r p o r a t i o n  o f  S n ( l I  o r  IV) i s  i n  agreement w i t h  the  
suggested s t r u c t u r e  o f  t h e  Tc-gluconate complex ( 8 ) .  The i n  v i v o  d i s t r i b u t i o n  i n  
r a t s  o f  99Tc-glucoheptonate complexes prepared w i t h  d i f f e r e n t  agents 
BH;) i n d i c a t e d  t h a t  t h e  presence o r  absence o f  Sn ( I 1  o r  IV) d i d  no t  i n f l u e n c e  
the  b i  o l o g  i ca 1 behav i ou  r. 

pH measurements combined w i t h  a c i d  and base t i t r a t i o n s  demonstrated t h e  r e a c t i o n :  

(Sn( I I )  o r  

The 
'H-NMR s t u d i e s  o f  g lucoheptonate i n  D20 demonstrated a l i n e a r  g lucoheptonate 
molecule.  I n  the  complex a 5- o r  6- membered r i n g  can be formed, w i t h  t h e  oxygen of  
the  carboxy lgroup and t h e  oxygen o f  t h e  hydroxy lgroup o f  C2 o r  C3 as t h e  dona t ing  
a toms. 

t3y means o f  TLC, e l e c t r o p h o r e s i s  and d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  i t  was shown 
t h a t  i n  human b lood,  99mTc-glucoheptonate i s  d i s t r i b u t e d  i n  the  plasma (60%), 
e r y t h r o c y t e s  (6%) and leucocytes (34%).  

( 1 )  Owunwanne A., Mar insky 

Sn( lV)  product  can be a m i x t u r e  o f  Sn(1V) h y d r o l y s i s  products .  13C- and 

J.A. and Blau M.,J.  Nucl Med.,Q, 562 (1976). 

(2)  Owunwanne A., Mar insky J.A. and Blau M. ,J. Label l e d  Comp. Radiopharm. ,u, 
159 (1977). 

(3) Steigman J. Hwang L. and S r i v a s t a v a  S.,J. L a b e l l e d  Comp. Radiopharm.,u, 
160 (1977). 
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( 4 )  Byrne E.F. and Smith J.E. , Inorg.  Chem.,z, 1832 (1979). 

(5 )  De Pamphi l is  B.V., Jones A.G., Davies M.A. and Davison A.,J. Amer. Chem. 

(6)  Thomas R.W., Estes G.W., E lde r  R.C. and Deutsch E.,J. Amer. Chem. Soc., 

( 7 )  M'lnze R., Radiochem. Radioanal .  Lett. ,%, 61 (1977).  

(8)  Steigman J. ,Chin E.V. and Solomon N.A. J .  Nuc l .  Med . , s ,  766 (1979) 

Soc. ,100, 5570  (1978).  

- 101, 4581 (1979). 
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18.4 

99mTc-Cu-EHDP, ANOTHER FORMULATION FOR SKELETAL IMAGING 

N.H. Agha, A.M. Al-Hilli, and H.A. Hassen. 
Radioisotope Production Department, Nuclear Research Centre, Tuwaitha, Baghdad, 
P.O. Box 765, Iraq. 

Technetium-99m-labelled stannous ethane-l~hydroxy-l,l-diphosphonate(99?’c-Sn-EHDP) 
has been first reported as a potential radiopharmaceutical for skeletal imaging 
by Yano et al.(l). 
skeletal evaluation and other bone lesion. 
in the preparation of 99mTc-Cu-HEDSPA by Chervu et al. (5). 
study entails the application for the first time the method of induced cuprous 
ions in the mixture 46) as a labelling tool for EHDP with technetium-99m. The 
rapid formation of 
of pertechnetate to Tc(IV), in comparison with that in 99mTc-Cu-EDTA (6). 

Gelchromatography Column Scanning (GCS) technique was used f o r  the determination 
of reduced hydrolyzed-Tc-99m, free pertechnetate, and 99mTc-Cu-EHDP complex (7 ,a). 
Experimentally, the optimal concentrations of CuC12, EHDP and ascorbic acid in 
the final preparation were determined and found to be not less than 0.5, 2, and 
38 mg/ml respectively. 

The study of the influence of pH value on the amount of 99?’c-Cu-EHDP fraction 
shows that pH 1.6-1.7 gave the best labelling results. 
from samples taken at various pH values are shown in Fig.1. 
and stability of the compound were studied by analyzing the samples at different 
periods of time with GCS-method, Table 1. 

In vivo study o f  the degree of binding the 99mTc-Cu-EHDP and 99?c-Sn-EHDP with 
the plasma protein have been also performed. No significant difference was found 
in the plasma protein binding of the two compounds in rats as assessed by 
GCS-technique. 

Comparative biokinetic studies of 99?c-Cu-EHDP and 99mTc-Sn-EHDP in rabbits and 
mice showed a high bone uptake and fast elimination 
skeleton. 
seems relatively the same. 

On the basis of the high bone uptake of 99?’~-Cu-EHDP in rabbits and mice, the 
possible explanation is releated to the copper which has itself a greater 
affinity for bone than tin and not to the reduced technetium-99m. 

After that a current of EHDP (2-4) have been used for the 
Cuprous chloride has first been used 

However, the present 

Yc-CU-EHDP in the mixture, suggests the probable reduction 

The labelling yield is not less than 95%. 

The GCS-profiles obtained 
The formation rate 

f 99mTc-Cu-EHDP from the 
The clearance rate of 9gmTc-Cu-EHDP and 98?c-Sn-EHDP from the blood 

( I )  
( 2 )  Subramanian G . ,  McAfee J.G., Blair R.J., Mehter A., and Connor T., J. nucl. 

( 3 )  Castronovo F.P., Callahan R.J., J. nucl. Med., 13, 823 (1972). 
(4) Yano Y., McRae J., VanDyke D.C. and Anger H.O., J. nucl. Med., 14, 73 (1973). 
(5) 
(6) 

(7) Persson R.B.R. and Strand S.E., In Radiopharmaceuticals and labelled 

( 8 )  Persson R.B.R., In Proc. Int. Symp. Radiopharmaceuticals, 1974. Atlanta, Ga., 

Yano Y., McRae J., VanDyke D.C., J. nucl. Med., 13, 480 (1972). 
Med., 13, 947 (1972). 

Chervu L.R., Quimat R.G. and Blaufox M.D., J. nucl. Med.(Abst.)FE,520 (1975). 
Agha N.H., Al-Hilli A.M. and Hassen H.A., Int. J. Appl. Radiat. Isotop., 30, 
353 (1979). 

compounds, IAEA, Vienna, 1, 169 (1973). 

USA. SOC. nucl. Med. (N.Y.) 228 (1975). 
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Table 1. 
of  time using GCS-method. 

The formation rate and s t a b i l i t y  o f  9?c..Cu&IDP complex as func t ion  

Time a f t e r  
mixing reduced Tco4 99mTc -Cu-EHDP 

Percent o f  99%yact ivi ty  correspondlng t o  

hydr 01 y z ed - 9mTc (min) 

3 1 .4  4 . 2  94.3 
5 1.3 3.7 94.8 
10 1.3 3.2 95.5 
15 1.3 3.4 95.1 
30 0.9 2.8 96.2 
60 1 . 3  2.8 95.9 
120 1 .4  2.7 95.8 
240 1.5 2.7 95.8 
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FIG 1. -CU-EHDP 
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18.5 

TECHNETIUM 9% EXCHANGE EXWEEN HU!"AN SERUM ALBUMIN AND PYFOPHOSE'HATE 

M.P7. Billinghurst, N. Dupuis. 
Section of Nuclear Medicine, Health Sciences Centre, 700 V J i l l i a m  Avenue, 
Winnipeg, Manitoba R3E 023 

This paper is a report of an investigation into the transfer of technetium 
between h m  serum albumin and pyrophosphate. 
tm reports (1, 2) of the interaction of technetium phosphorous ccqmunds and 
serum proteins i n  which the binding between the labelled technetium phsphorous 
m u n d  and the protein is reported. 
indicate that technetium m y  suffer a chelate exchange betwen different 
ligands (3).  
exchanged between pymphosphate and h m  serum albmin. 

(A) 

electrolytic generation of stannous ion in  a solution of pertechnetate and sodim 
pyropbsphate. 
preparation to ensure that essentially ccsnplete labelling of the pyrophosphate 
had been achieved, h m  serum albumin was added to the preparation and the 
solution allowed to  stand. Periodically over the next 24 hours a mall sample 
(0.1-0.3 m l )  was taken and applied to the top of a 60 an Bio gel P-10 gel 
chromtcgraphy column. The column was then eluted w i t h  saline and the eluant 
collected in  40 drop (1.3 nl) samples. U n d e r  such conditions the h m  serum 
albmin is  found to elute in a peak centered in the sixth fraction (void volume) , 
the pyrophsphate in a peak centered in the sixteenth fraction and the free 
pestechnetate in a peak centered in the twenty-sixth fraction. 
study i f  the radioactivity in excess of 3% of the total  radioactivity was found 
in the free pertechnetate peak that set  of data was disgarded on the basis of 
oxidation of the technetium due presumably t o  a i r  infiltration of the sample 
vial. Such studies were carried out a t  a variety of pH's, the pH of the 
technetium 9% wrophosphate solution being adjusted prior t o  the addition of 
the human sennn albumin. The results obtained, shown in figure 1, indicate that 
a t  pH4.2 or greater there is a rapid ini t ia l  exchange of technetium between the 
pyrophosphate and the albumin, followed by a second phase in which a slower 
exchange occurs. 
duration of rapid ini t ia l  exchange is pH dependent although the rate of exchange 
is not. 
of pH. Further studies in wfiich the quantity of albumin added t o  the preparation 
was varied (at pH4.2) indicate that the rate but not the duration of the ini t ia l  
rapid exchange is dependent on the initial concentration of albumin; while a 
temperature study indicated that an increase in temperature resulted in an 
extention of the duration of the ini t ia l  rapid exchange without any change i n  the 
rate of exchange, but increased the rate of exchange during the second slaver 
phase. 

The recent literature contains 

However other reports in the literature 

In this investigation we dmnstrate that technetium is actually 

Technetium 99rn pyrophosphate and albumin. 
Technetium stannous pyrophosphate solutions w e r e  prepared using the 

After conducting thin layer chramatogaphy on a sample of the 

Throughout the 

A t  pH2.3 no exchange was  observed. It further appears that the 

The rate of the slower second phase also s e m s  relatively independent 

(B) P-32 pymphosphate and h m  sennn albumin. 
An identical experiment was  carried out i n  which a tracer quantity of P-32 

pymphosphate was added with the sodium pyrophosphate during preparation of the 
technetium pyrophosphate. 
ChnaMtOgaphy for technetium 9% the fractions were stored for 5 days to allow 
the technetiun 9% t o  decay, liquid scintillation solvent added to  each and then 
counted for P-32. None of the P-32 was observed in the hman serum albm peak 
a t  any time interval. The P-32 was found totally in the pyrophosphate peak. 

(C) 

prepared using electrolytic generation of stannous ion i n  a solution containing 
albumin and pertechnetate and sodium pyrophosphate added to  the labelled albumin 

Following counting of the fractions f r m  the gel 

Technetium 9% h m  saxm alb& and sodium pyrophosphate. 
Studies =re carried out in which the technetium 9% h m  serum albumin was 
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preparation. 
albumin and the  pyropbsphate a t  any pH studied with a variety of concentrations 
of the reactants. 

(D) 

prepared as ahove and stannous pyropbsphate was prepared by electrolytic 
generation of stannous ion i n  the sodium pymphsphate solution. 
adjustment of the pH of both solutions they were mixed and allowed t o  stand w i t h  
samples being taken a t  various time intervals. 
f i g w e  2, indicates that the exchanqe of the technetium takes place i n  a single 
rapid exchange the extent of which i s  pH 
that a change m the re la t ive concentrations of albumin and pyropbsphate (albumin 
up and pyrophosphate dam) resulted i n  a decrease i n  the extent of the exchange, 
as muld be expxted, however since the rate of exchange is so rapid, being 
vir tual ly  complete within 1/2 hour, it is impossible to  te l l  whethex it is the 
rate or the duration of the exchange which is altered. 

In sumnary it may be said that it has been demonstrate3 that technetium 99m may 
be exchanged between pyropbsphate and human serum alhmin however i f  the 
stannous ion is not present w i t h  the pyrophosphate no exchange w i l l  occur fm 
the albumin onto the pyropbsphate. 
d m s t r a t e d  it is clear that t k  wna~.won being observed is not that of 
binding of the technetium pympbsphate to the a l b h  mlecule. 
indicated by the lack of P-32 pyrophosphate found in the  albumin peak when tracer 
quantit ies of P-32 pymphphatewas incorporated into the technetium pyropbsphate 
preparation. 

(1) DeiVanjee M.K. , Brueggeman P., Wahner H.W., "Radiopharmaceuticals ll", 

(2 )  cmmwanne A., O ' m a  R.E. O'Rrien C., J. Nucl. Med. 20, 653 (1979). 
(3) Loberg M.D., Tieldo A.T., I n t .  J. Appl. Radiat. Isotopes 2, 687 (1977). 

These studies sbwed no exchange of tk technetium between the  

Technetium 9% h m  serum albumin and stannous pyrophosphate. 
Studies were carried out i n  which the technetium 99m human serm albmin w a s  

Af te r  

The resultant exchange, sham i n  

dependent. It was f u r t h r  observed. 

Since exchange in both directions has been 

This is also 

Society of Nuclear Medicine, New York 1979 p.435. 
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18 .6  
IMPROVEMENTS OF THE LABELLING OF EHDP WITH 99mTc BY REDUCTION WITH Sn". 
Identification of the compounds formed and measurements of their adsorption 
efficiency. 

J.A.G.M. van den Brand, H.A. Das, B.G. Dekker, C.L. de Ligny, 
ECN, Petten, The Netherlands. 

Optimization of the labelling. 

The labelling of 1 -hydroxy-ethylidene-1 , I  -disodium phosphonate with 99mTc by 
reduction with Sn", added as SnC12.2H20 is performed (1,Z). 
The compounds formed are separated by gel permeation chromatography on a 
23 x 1.5 an column of Biogel P4. A sample of one ml is separated into two frac- 
tions: one for the Tc-complex (0-30 ml) and one for the free pertechnetate 
(30-60 ml). 
Both an EHDP solution and a physiological saline solution (0.9% NaC1) are used 
as the eluent. An EHDP solution has the advantage of preventing the decomposition 
by hydrolysis of the compounds formed ( 3 ) .  
The labelling 
The significance of the parameters: [EHDPI, CSn(II)], pH and their combinations 
is found by analysis of variance. The optimum of the labelling is obtained by 
the construction of the regression equation. 
It is found that the labelling percentage is always high; a value of 97% is 
observed at a pH of 5.8 and a [Sn(If]I/CEHDPI ratio of at least 0 . 2  at very 
low EHDP concentration ( 4 ) .  

Compounds of Tc, Sn and EHDP 

By using the same method of separation (Biogel P4 column 1.6 x 84 cm), 32P 
labelled EHDP, 99T~/9hTc and 'I3Sn + l13mIn, it is possible to detect various 
components formed and to determine their relative composition (5). To this end 
the peaks in the chromatogram are submitted to interactive gaussian curve fitting 
with a fixed half width. 
Occasionally peaks may be disturbed by isotopic exchange with the eluate and a 
possible decomposition of the complexes by hydrolysis. 
Four  compounds may be detected. Their probable composition is: 

Tc(1): Tc(Sn(IV))EHDP3 Tc(3): Tc(Sn(1V))EHDP 
Tc(2): Tc(Sn(IV))EHDP2 TC(4): Tc EHDP 

The relative occurrences of the different compounds may be varied by changing 
the experimental conditions. The most obvious choice is the pH. Another variable 
is the sequence in which the reagents are introduced to prepare the qqmTc(Sn)EHDP 
complexes (6). It is observed that the distribution of 99mTc over the various 
complexes does not change within one hour after the pH is changed to physiological 
conditions. Thus different experimental conditions may lead to different products 
for medical application, without influencing the labelling efficiency. 
The results can b e  summarised as follows: 

percentage is determined radiometerically, using 99mTc. 
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Tc(0) 

0.06+0.02 - 

145 

T c ( l )  Tc(2) Tc(3) Tc(4) 

0.59+0.03 - 0.84+0.03 - 1.0220.04 1.2420.05 

Tab le :  The l a b e l l i n g  e f f i c i e n c y  and t h e  r e l a t i v e  occurence of t h e  d i f f e r e n t  
"mTc complexes. 

pH 
2 
2 
5 
5 
7 
7 
9 
9 
2 
2 

11.5 
11.5 

R e l a t i v e  occure 

sequence Lab Z 
1 100.0 
1 99.8 
1 98.8 
1 98.4 
1 98.7 
1 99. I 
1 97.9 
1 99.9 
2 99.5 
2 98.3 
2 99.1 
2 98.8 

T c ( l )  

43.221. I 
40.9+0.7 
38.8T3.7 
42.672.6 
41.852.3 
38.9TO. 9 
19.550.6 
I9.5TO. 5 
18.4T2.5 
15.771.9 
16.770.9 
34.2y0.3 - 

c e  of t h e  d i f f e r e n t  '%Tc(Sn)EHDP 
I I I I 

Tc(2) Tc(3) Tc(4) 

49.8L1.1 7 .O+O. 4 
51.Cz0.7 7.250.3 
43.9+3.6 17.3+1.3 
44.072.5 13.850.9 
53.872.4 4.4T0.7 
56. IT3.0 5.5xO. 5 
74.9zl.3 5.6+0.4 
75.5+1.3 5.1T1.0 
22.9z3.8 16.9+3.9 5.0T1.2 
20.122.6 14.370.9 4.070.9 
45.0+1.4 24.471.2 11.2T1.0 
41.6T0.5 - 33.470.5 - 8.870.3 - 

36.7+2.7 
45.9z2.4 

2.020.2 

sequence ( I ) :  5. 10-3M EHDTIIO-%f  Sn2+/pH = X / ~ ' ~ T C O ~ - / ~ H  = 7.4/77.10-3M NaCl 

( 2 ) :  10-41 Sn2+/pH = x/9ymTc04-/5.10-3M EHDPIpH = 7.4177. 10-3M NaCl 

e l u e n t  

Ve = e l u t i o n  volume, VBD = e l u t i o n  volume b l u e  dex t r an ,  V 

The adso rp t ion  of 99mTc complexes t o  hydroxyl a p a t i t e .  

The percentage of a d s o r p t i o n  t o  hydroxyl a p a t i t e  w i l l  b e  measured a t  a cons t an t  
temperature  of 37OC and a f t e r  a cons t an t  r e a c t i o n  time f o r  t h e  s o l u t i o n s  of l a b e l l e d  
p roduc t s  obtained under these  v a r i o u s  d i f f e r e n t  experimental  cond i t ions .  
The aim i s  t o  f i n d  t h e  maximal adso rp t ion  e f f i c i e n c y  and thus t h e  most u s e f u l  pre- 
p a r a t i o n  technique.  

( I )  
( 2 )  Castronovo F .P . ,  and Cal lahan R . J . ,  J .  nuc l .  bled. 13_, 823(1972). 
(3) van den Brand J .A .G.M. ,  Das H.A., Dekker B.G., and de Ligny C.L., 

(4) van  den Brand J.A.G.M.,  Das H.A. ,  Dekker B . G . ,  and de Ligny C . L . ,  

(5) van den Brand J .A .G.M. ,  Das H.A. ,  Dekker B.G. ,  and de Ligny C.L . ,  

(6) 

5.10-3M EHDPIlO- jM Sn2+/77. 10-3M MaClIpH = 7.4 

= e l u t i o n  volume 
Sn SnEHDP. 

Tofe A . J . ,  F r a n c i s  M.D. ,  J .  nuc l .  Med. 5, 69(1974). 

I n t .  J. Appl. Rad. I s o t .  0, 129(1979). 

I n t .  J.  Appl. Rad. I s o t .  30, 185(1979). 

i n  cour se  of p u b l i c a t i o n .  
Yano Y . ,  McRae J ,  Van Dyke D . C . ,  and Anger H . O . ,  J. Nucl. Med. fi, 73(1973). 

B.G. Dekker, C.L. d e  Ligny 
Laboratory of Ana ly t i ca l  Chemistry, U n i v e r s i t y  of  Utrecht  
The Nether lands.  
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18.7 

A NEW TYPE OF OXOTECHNETIUM(V) COMPLEX 

B.V. DePamphilis, C. Orvig, A.G. Jones and A. Davison. 
Department of Radiology, Harvard Medical School, Boston, MA 02115. 

A s  a result of an investigation undertaken to evaluate the acetamidomethyl group 
(- CH2NHCOCH3) (1) as a water-solubilizing protecting group for thiolate ligands, 
a new type of oxotechnetium(V) complex has been synthesized and characterized. 
This neutral complex has been formulated as cis-[Tc202(SCH2CH2S)3], with one 
ethanedithiolate forming a bridge between the two technetium atoms, and the two 
oxygens cis to one another. 

The reaction of one equivalent of [n-BuqN][TcOClq] with two equivalents of bis- 
(acetamidomethy1)ethanedithiolate in methanol at room temperature rapidly gives 
orange crystals of the complex in 82% yield. Recrystallization from CH2C12/hexane 
allows the isolation of high quality crystals. The x-ray crystal structure deter- 
mination is currently under way. Using an 18-fold excess of the protected thio- 
late, the same complex was produced in 75% yield, with no evidence for the pres- 
ence of the known monomeric species [TcO(SCHzCH2S)]- (2) 
presence of the protected ligand thus appears to be important in the reaction 
leading t o  the 3:2 complex. For example, addition of two drops of unprotected 
ethanedithiolate to the optical cell in the latter case produced an instantaneous 
change to the spectrum characteristic of the monomer (Xmax, 403nm). That this is 
not the sole factor governing the reaction, however, is shown by the fact that 
the addition of exactly 1.5 equivalents of unprotected dithiolate to one of 
[TcOC14]- gives orange crystals of the dimer instantly an3 in high yield. Fur- 
thermore, an analogous experiment with unprotected 2,3-toluenedithiolate ligand 
produced only the previously characterized monomer [TcO(tdt)z]- (3). 
neutral complex has also been synthesized by an indirect ligand-exchange synthesis 
in aqueous solution. 

The material has been characterized by elemental analysis, infra-red and optical 
spectroscopy, and nuclear magnetic resonance spectroscopy. The exact mass has 
been determined by field desorption mass spectrometry (FDMS). The relative peak 
intensities at m/e = 505 and 507 (due to the presence of 328 and 34s) confirm 
the presence of  six sulfur atoms in the complex. 

(1) Denkewalter R.G., Veber D.F., Holly F.W., Hirschmann R., J. her. Chem. SOC., 
91, 502 (1969). 

(2) smith J.E., Byrne E., Cotton F.A., Sekutowski J., J. her. Chem. SOC., 100, 
5571 (1978). 

(3) DeParnphilis B.V., Jones A.G., Davis M.A., Davison A . ,  "Radiopharmaceuticals 
11: Proceedings of the Second International Symposium on Radiopharmaceuti- 
cals", New York, Society of Nuclear Medicine, 1979, p. 155. 

among the products. The 

The dimeric 

C H S 
Analysis : 

elemental: calc 14.23 2.39 37.99 
found 14.76 2.63 36.85 

(average of three determinations) 
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infra-red (KBr disc): V (Tc = 0) 953, 946 cm-' 

optical (in CH2C12): X (nm) E 

424 6300 
286 9600 
242 shoulder, > 

conductivity: a nonconductor in CH3CN 

'H nuclear magnetic resonance: 250MHz, in CDC13 

0,000 

AA'BB' pattern, rel. int. 1, a 3.22-3.34 

ABCD pattern, rel. int. 2, a 3.53-4.12 
3.41-3.53 

field desorption mass spectrometry: 

- 
505 
507 

rel. int. rel. % 

a 100 
2 . 8  35 (34s) 

1 4 7  
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18.8 

THE PREPARATION AND CHARACTERIZATION OF SOME NITROSYL COMPLEXES OF 99Tc 

C. Orvig, A. Davison and A.G. Jones. 
Department of Chemistry, Massachusetts Institute of Technology, Cambridge, 
MA 02139. 

The reaction of 99Tc02. xH 0 with nitric oxide in 4M HBr leads to the isolation 
of red crystals of [n-BuqN? [Tc(NO)Brq]. 
spin d5 paramagnetic complex that shows a 10-line solution EPR spectrum at room 
temperature, and which demonstrates on ly  technetium hyperfine interaction. This 
complex is a useful starting material for the synthesis of other low valent 
technetium complexes. 

The reaction of [Tc(NO)Brq]- with excess NCS- allows the isolation of ink-blue 
crystals of [~-BU~N]~[TC(NO) (NCS)5]. 
chemically ( E b =  0.14~. with respect to S.C.E.), or chemically with hydrazine, 
to yield rust-$olored crystals of [n-BuqN] 3 [Tc(NO) (NCS) 51. 

All three of  these complexes have been characterized by elemental analysis, 
infra-red and optical spectroscopy, and conductance measurements. The 
magnetic properties and infra-red spectral studies show that the nitric 
oxide ligand is coordinated as an NO+ group in these materials, which 
are thus to be regarded as complexes of  
Tc (+2) { [n-BuqN] [Tc (NO) Br41 and [n-BuqN] 2 [Tc (NO) (NCS) 51 1 and 
Tc(+l) { [n-Bu4N] [Tc(NO) (NCS) 5] 1 .  

This material is formulated as a low- 

This complex can be reduced electro- 

Analysis : 

[n-BuqN] [Tc(NO)Br4] 
C H N Br 

elemental analysis: calc 27.81 5.25 4.05 46.25 
found 27.36 5.56 4.15 46.06 

I . R .  (KBr disc): VNo 1795 cm-' 

conductivity: 

[n-BuqN] [Tc (NO) (NCS) 51 

AM = 168 cm2* ohm-' .mole-' (1 mmol in CH3CN) 

elemental analysis: calc 49.15 8.02 12.39 17.73 
found 49.27 8.16 12.47 17.49 

infra-red (KBr disc): UNO 1785 cm-l 

conductivity: AM = 256 cm2* ohm-'* mole-' (1  mmol in CH3CN) 

[n-Bu4Nl [Tc (NO) (NCS) 51 

elemental analysis: calc 55.51 9.49 10.99 13.98 
found 55.20 9.30 11.28 13.55 

infra-red (KBr disc): UNo 1690 cm-I 

conductivity: AM = 362 cm2* ohm-'. mole-' (1 mmole in CH3CN) 
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18.9 

M A G N E T I C  MOMENTS OF SOFIE TECHNETIUM C O M P L E X E S  I N  D 2  

J . S t e i g m a n ,  L.L.-Y Hwang and  N . A .  So lomon  
D i v i s i o n  o f  N u c l e a r  M e d i c i n e ,  D o w n s t a t e  M e d i c a l  C e n t e r , B r o o k l y n ,  
Flew Y o r k  112q3  

The p o s i t i o n  o f  a p a r t i c u l a r  band  i n  t h e  FIVR s p e c t r u m  o f  a l i q u i d  
s a m p l e  i s  d e t e r m i n e d  b y  t h e  b u l k  s u s c e p t i b i l i t y  o f  t h e  s o l u t i o n  . I n  
t h e  p r e s e n c e  o f  a p a r a m a g n e t i c  s o l u t e  t h e r e  w i l l  b e  a s h i f t  i n  t h e  
band  p o s i t i o n ,  w h i c h , a c c o r d i n g  t o  Evans ,  p e r m i t s  t h e  c a l c u l a t i o n  o f  
t h e  m a g n e t i c  mass s u s c e p t i b i l i t y  o f  t h e  s o l u t e . ( l )  Evans made d i f f e r -  
e n t i a l  m e a s u r e m e n t s ,  i n t r o d u c i n g  a c a p i l l a r y  c o n t a i n i n g  a p a r a m a g n e t -  
i c  s a l t  and  a r e f e r e n c e  compound i n  0 2 0  i n t o  a NI1R t u b e  c o n t a i n i n g  
o n l y  t h e  r e f e r e n c e  compound ( t - b u t a n o l )  a n d  D 2 q .  The a r r a n g e m e n t  
e l i m i n a t e s  d i a m a g n e t i c  c o r r e c t i o n s .  

We have  u s e d  t h e  f o l l o w i n g  f o r m  o f  h i s  e q u a t i o n ,  e l i m i n a t i n g  t w o  m i n o r  
t e r m s ,  and  s u b s t i t u t i n g  m o l e s  f o r  g r a m s :  

I n  t h i s  e q u a t i o n , X ,  i s  t h e  m o l a r  s u s c e p t i b i l i t y  o f  t h e  p a r a m a g n e t i c  
s p e c i e s , A f  i s  t h e  f r e q u e n c y  s e p a r a t i o n  o f  t h e  r - b u t a n o l  p r o t o n  bands  
i n  IHz ( c y c l e s / s e c ) ,  f i s  t h e  f r e q u e n c y  o f  t h e  s p e c t r o m e t e r  i n  Hz, 
and  m i s  t h e  number o f  m o l e s  o f  p a r a m a g n e t i c  s u b s t a n c e  i n  1 m l .  o f  
s o l u t i o n .  T h i s  i n  t u r n  p e r m i t s  t h e  c a l c u l a t i o n  o f  t h e  e f f e c t i v e  
m a g n e t i c  moment, / J e f f . ,  f r o m  t h e  C u r i e  l a w ,  f o r  a p a r t i c u l a r  a b s o l u t e  
t e m p e r a t u r e  T :  (2) 

x, = :a- ( 1  1 

/” eft. 2.a4,/H’;-fl- ( i n  B o h r  M a g n e t o n s )  ( 2 )  

r l e a s u r e m e n t s  w e r e  made o n  a V a r i a n  T60A, o p e r a t i n g  a t  6 9  mega-Hz;  t h e  
s a m p l e  t e m p e r a t u r e  was 38oC. A d o u b l e  NM9 t u b e  was u s e d ,  w i t h  i d e n t -  
i c a l  s o l u t i o n s  ( e x c e p t  f o r  t h e  p a r a m a g n e t i c  s p e c i e s )  i n s i d e  and  o u t .  
Each s o l u t i o n  h a d  2% t - b u t a n o l  as  t h e  r e f e r e n c e .  The f r e q u e n c y  
s e p a r a t i o n  was m e a s u r e d  on t h e  i n s t r u m e n t  r e c o r d e r  p a p e r .  The r e p r o -  
d u c i b i l i t y  o f  t h e  s e p a r a t i o n  was 0 . 1  Hz, b u t  t h e  i n s t r u m e n t  was n o t  
s e n s i t i v e  enough  t o  show t h e  bands  i f  t h e  s e p a r a t i o n  was 9 . a  Hz o r  
l e s s  ( d e t e r m i n e d  w i t h  known s o l u t i o n s  o f  K C r  ( S 0 4 ) 2 . 1 2  H 2 0 ) .  

T a b l e  I shows t h e  p e r f o r m a n c e  o f  t h e  i n s t r u m e n t  w i t h  f o u r  known 
compounds i n  s o l u t i o n .  The t e r m  pi  i t .  r e f e r s  t o  1 i t e r a t u r e  v a l u e s .  

T a b l e  I 
T e s t  o f  E v a n s ’ N e t h o d  

Compound M o l a r i t y  & f , H z  )LmX1C16 / J e f f  F l i t .  

K Cr(SQ4h.12H20 0 . 0 1 2 5  1 0 . 0  6370  4.1) 3 . 8 4 ( 3 )  

- ~ -  

N i  (NH4) 2( S 0 4 ) 2  * 5H20 0 . 1 6 2  8 3 . 0  4079 3 . 2  3 . 2 6 ( 4 )  

CUS04.5H2D 0 . 0 7 8 8  1 4 . 6  1475  1 . 9  1 . 9 5 ( 5 )  

( N H 4 ) z T c C l g i n  DC1 0 . 0 1 1 2  9 . 7  6895  4 .2  4 . 0 5 ( 6 )  

The f i r s t  t h r e e  l i t e r a t u r e  v a l u e s  r e f e r  t o  t h e  moments o f  s o l i d s  a t  
300OK. The f o u r t h  r e f e r s  t o  a m e a s u r e m e n t  o f  (NH4)2TcC16 i n  H C l  
s o l u t i o n .  The e x p e r i m e n t a l  v a l u e s  and  t h e  l i t e r a t u r e  v a l u e s  a r e  i n  
good  a g r e e m e n t .  
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A n u m b e r  o f  t e c h n e t i u m - 9 9  c o m p o u n d  o f  r a d i o p h a r m a c e u t i c a l  i n t e r e s t  
w e r e  p r e p a r e d  i n  D20.  T h e  c i t r a t e  j 7 )  a n d  m a n n i t o l  ( 8 ) c o m p l e x e s  w e r e  
made  b y  r e d u c t i o n  o f  p e r t e c h n e t a t e  w i t h  e x c e s s  S n C l 2 .  T h e  o t h e r s  
w e r e  p r e p a r e d  b y  c o n t r o l l e d  p o t e n t i a l  e l e c t r o l y s i s ;  t e p h o s p h a t e  
a n d  p y r o p h o s p h a t e  s o l u t i o n s  w e r e  t h e n  a i r - o x i d i z e d .  (y!  
s t a t e  o f  t e c h n e t i u m  i s  +L! i n  t h e  f i r s t  f i v e  c o m p o u n d s .  I t  h a s  t h e  d 3  
c o n f i g u r a t i o n ,  w h i c h  s h o u l d  mean a m i n i m u m  o f  c o m p l i c a t i n g  f a c t o r s  
i n t e r p r e t i n g  t h e  r e s u l t s .  T h e  m a n n i t o l  c o m p l e x  i s  a T c ( V )  c o m p o u n d .  
The  r e s u l t s  a r e  s h o w n  i n  T a b l e  11. T h e  t e r m  p c a l c .  r e p r e s e n t s  t h e  
e x p e c t e d  v a l u e ,  w h i c h  i s  t h e  s p i n - o n l y  v a l u e  c o r r e c t e d  f o r  s p i n -  
o r b i t a l  c o u p 1  i n g .  

T a b l e  I 1  

T h e  o x i d a t i o n  

0) 

M a g n e t i c  P r o p e r t i e s  o f  T c ( 1 V )  a n d  T c ( V )  C o m p l e x e s  i n  D20 

LTc) ,mM L i g a n d  A f , H z  / - r e f f .  p c a l  c. 
~- 

- 

2 . 6 0  0.4y c i t r a t e , p H 7  2 . 9  3 . 9  3 . 6  ( l o )  

2 . 6 9  1 M  p h o s p h a t e , p H 7  0 . 0 - 0 . 4  0 - 1 . 6 6  3 . 6  

2 . 6 9  O . 2 n  p y r o p h o s p h a t e , p H 7  0 . 7  2 . 3  3 . 6  

2 . 6 5  0 . 4 9 M  EHDP,pH5.1 0 . 5  2 . 9  3 . 6  

2 . 6 5  9 . 4 6 M  MDP,pH7 1 .r) 2 . 8  3 . 6  

2 . 5 5  0 . 1 7 M  m a n n i t o 1 , p H  1 2 . 4  0 . 0 - 0 . 4  0 - 1  . 6 6  1 . 5  ( " 1  
1 1  . 3  0 . 7 1 E  m a n n i t o l  ,pH 1 3  0 . 0 - 0 . 1  0 - 9 . 4  1 . 5  

I t  was c o n c l u d e d  t h a t  t h e  c i t r a t e  i s  a n o r m a l  T c ( 1 V )  c o m p l e x ,  t h a t  
t h e  p h o s p h a t e  p r o b a b l y  h a s  a n t i f e r r o m a g n e t i c  p r o p e r t i e s ,  a n d  h e n c e  
i s  a d i m e r  o r  p o l y m e r ,  a n d  t h a t t h i s  may a l s o  b e  t r u e  o f  t h e  p y r o -  
p h o s p h a t e ,  E H D P  a n d  M D P  T c ( 1 V )  c o m p l e x e s .  T h e  m a n n i t o l  c o m p l e x  s i m i -  
l a r l y  may b e  a d i m e r ;  i t  may,  h o w e v e r ,  b e  a l o w - s p i n  T c ( V )  c o m p l e x .  

O t h e r  Tc c o m p l e x e s  w i l l  a l s o  b e  d i s c u s s e d .  
We t h a n k  t h e  P r o c t o r  a n d  G a m b l e  Company f o r  t h e  ESDP a n d  MDP c o m p o u n d s  

( 1 )  E v a n s ,  D . F . ,  J .Chem.Soc .  1 9 5 9 , p . 2 9 9 3  
( 2 )  C o t t o n , F . A . ,  a n d  W i l k i n s o n , G . , A d v a n c e d  I n o r g a n i c  C h e m i s t r y , I n t e r -  

( 3 ) - ( 6 )  F i g g i s ,  3.N.  a n d  L e w i s ,  J . ,  T r a n s i t i o n  M e t a l  Complexes ,  i n  
s c i e n c e  P u b l i s h e r s ,  New Y o r k , 3 r d  e d i t i o n ,  1 9 7 2 ,  p . 5 4 1  

P r o g r e s s  i n  I n o r g a n i c  C h e m i s t r y ,  V o l .  6 ,  F . A . C o t t o n ,  E d . ,  I n t e r -  
s c i e n c e  Pub1  i s h e r ,  New Y o r k  1 9 6 4 ,  p p .  1 2 , 1 9 8 , 2 1 3 , 1 4 5  r e s p e c t i v e l y  

I s o t o p e s  26, 6 0 1  ( 1 9 7 5 )  

Cmpd. R a d i o p h a r m .  13, 1 6 2  ( 1 9 7 7 )  

I s o t o p e s  9 6 5 3  ( 1 9 7 8 )  

( 7 )  S t e i g m a n ,  J . ,  Y e i n k e n ,  G .  a n d  R i c h a r d s ,  P . ,  J . A p p 1 .  R a d i a t .  

( 8 )  S t e i g m a n ,  J . ,  Hwang L a n d  ( i n  p a r t )  S r i v a s t a v a  S . ,  J .  L a b e l e d  

( 9 )  S t e i g m a n ,  J . ,  P l e i n k e n  G .  a n d  R i c h a r d s  P . ,  I n t .  J . A p p 1 .  R a d i a t .  

( 1 0 ) , ( 1 1 )  R e f e r e n c e  3 ,  p p .  1 4 5  a n d  1 4 1 ,  r e s p e c t i v e l y  
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TC-99-CYCLAM 

J. Simon, S. Zuckman, D. E.  T rou tne r ,  \I. A. V o l k e r t ,  and R. A. Holmes 
Department o f  Chemistry,  U n i v e r s i t y  o f  M i s s o u r i ,  Columbia, M i s s o u r i  65211 

E a r l i e r  s t u d i e s  (1,2) have shown t h a t  Tc-99m and m a c r o c y c l i c  amines r e a c t  t o  fo rm 
s t a b l e  complexes i n  h i g h  y i e l d .  tle a r e  i n v e s t i g a t i n g  t h e  p o t e n t i a l  use of  t hese  
complexes and t h e i r  d e r i v a t i v e s  as rad iopharmaceu t i ca l s .  A p a r t  of  t h a t  i n v e s t i -  
g a t i o n  i s  a s tudy  o f  t h e  r e a c t i o n s  o f  one o f  t hose  amines, cyc lam (1,4,8,11-tetra- 
azacyc lo te t radecane) ,  w i t h  Tc-99 i n  o r d e r  t o  unders tand b e t t e r  t h e  n a t u r e  o f  t h e  
c a r r i e r - f r e e  complexes o f  Tc-99m. 

Both  SnC12 and NazS204 were s a t i s f a c t o r y  r e d u c i n g  agents  when t h e  complex was pre-  
pared  a t  pH Q 11. 
e l u t i o n  volumes f rom B i o g e l  P-2 columns, Rf  va lues  i n  paper and t h i n - l a y e r  chroma- 
tography, and e l e c t r o p h o r e t i c  m i g r a t i o n  p a t t e r n s .  I n  one s e r i e s  o f  exper iments  
Tc-99 s p i k e d  w i t h  Tc-99m was complexed u s i n g  Sn-113 l a b e l e d  SnC12 as t h e  reduc ing  
agent .  
Tc-99m and Sn-113 were counted  i n  each f r a c t i o n .  
observed b u t  t h e r e  was a c l e a r  d i f f e r e n c e  between t h e  d i s t r i b u t i o n s  o f  Tc-99m and 
Sn-113. E l e c t r o p h o r e s i s  o f  t h e  complex was per fo rmed a t  300 V f o r  one hour  i n  an 
a c e t a t e  b u f f e r  a t  pH 5. Tc-99 m i g r a t e d  towards t h e  anode w h i l e  t h e  91-113 
remained a t  t h e  o r i g i n .  These r e s u l t s  show t h a t  Sn i s  n o t  a p a r t  o f  t h e  complex. 

The complex i s  formed o n l y  i n  t h e  presence o f  l a r g e  excesses of  cyclam. Complexing 
of  90% o r  b e t t e r  a t  pH % 11 r e q u i r e d  cyc lam c o n c e n t r a t i o n s  o f  % M, 2 x lO-3F1, 
1.5 x 10-4 M, when Tc-99 c o n c e n t r a t i o n s  were 10-3 M, 
t i v e l y .  The excess cyc lam c o u l d  be e x t r a c t e d  i n t o  CHC13 f rom 10-2 M NaOH w i t h  
n e g l i g i b l e  e x t r a c t i o n  o f  Tc-99-cyclam. 

Rad iomet r i c  t i t r a t i o n s  of  1.35 x r1 Tc-99 p e r t e c h n e t a t e  i n  1 .O cyclam a t  
pH 11 u s i n g  s tandard i zed  SnC12 s o l u t i o n s  i n  a N2 atmosphere showed t h a t  a two- 
e l e c t r o n  t r a n s f e r  i s  necessary t o  form t h e  complex l e a d i n g  t o  a Tc o x i d a t i o n  s t a t e  
of +5. E l e c t r o p h o r e t i c  m i g r a t i o n  p a t t e r n s  o f  complexes prepared w i t h  a s u b s t o i -  
c h i o m e t r i c  amount o f  SnC12 were i d e n t i c a l  t o  those  o f  complexes prepared w i t h  an  
excess of SnC12 showing t h a t  f u r t h e r  r e d u c t i o n  d i d  n o t  occu r  a f t e r  cornplexing was 
complete.  

E f f o r t s  were made t o  de termine t h e  charge of t h e  complex b y  an e l e c t r o p h o r e t i c  
method s i m i l a r  t o  t h a t  developed by M a r z i l l i ,  Worley, and Burns ( 3 ) .  Thecomplexes 
[CO(III) cyclam ~ 1 2 ] + 1 ,  [CO(III) cyc lam j r i 3 )  ] + I ,  [CO(III) cyclam (SCN) ]+I, 
[ N i  ( I  I ) ~ y c l a m ] + ~ ,  [Co( I 1 I ) c y c l  am (NH3) 21 3, tCo(  I I I ) (en )  3]+3, and [Co( I f 1  (IIH3) 6]+3 

were prepared f o l l o w i n g  l i t e r a t u r e  methods. 
u s i n g  C-14 dibromoethane as a s t a r t i n g  reagen t .  
pH 's  near  7 and can be rep resen ted  as ~ y c l a m - H 2 + ~ .  A l l  these complexes as w e l l  as 
Tc-99-cyclam complpx were s u b j e c t e d  t o  e l e c t r o p h o r e s i s  under i d e n t i c a l  c o n d i t i o n s .  
M i g r a t i o n  o f  N i t +  
by b o t h  c o l o r  and Co-57 t r a c e r ,  o f  cyclam by C-14, and o f  Tc-99 by Tc-99m t r a c e r .  
The Tc-99-cyclam compl x m i g r a t e d  t h e  same d i s t a n c e  

Complexes prepared w i t h  e i t h e r  reagen t  e x h i b i t e d  i d e n t i c a l  

F r a c t i o n s  o f  t h e  e l u e n t  from a B i o g e l  P-2 column were c o l l e c t e d  and b o t h  
Two o v e r - l a p p i n g  peaks were 

M, and 10-5 M, respec- 

C-14 l a b e l e d  cyclam was syn thes i zed  
Cyclam i s  doub ly  p r o t o n a t e d  a t  

complexes was de termined by c o l o r  o f  t h e  moving band, Co++' 

s [ C o ( I I I ) c y c l a m  C ~ Z ] ' ~ ,  
[ C o ( I I I ) c y c l a m  (N3) I+', and [ C o ( I I I ) c y c l a m  (SCN)2]+4. about o n e - h a l f  as f a r  as 
cyclarn-H2+2 and [ N i  I I )cyc lam]+2,  and about  o n e - t h i r d  as f a r  as [ C O ( I I I ) ( N H ~ ) ~ ] + ~  
and [ C o ( I I I ) ( e n ) 3 ] +  . These r e s u l t s  i n d i c a t e  t h e  charge o f  t h e  Tc-99 complex i s  
+ l .  However, [ C o ( I I I ) c y c l a m  (NH3)2]+3 m i g r a t e d  o n l y  as f a r  as [ N i ( I I ) ~ y c l a m ] + ~ .  
T h i s  r e s u l t  i s  n o t  y e t  f u l l y  unders tood and t h i s  method o f  charge d e t e r m i n a t i o n  
may n o t  be unequ ivoca l .  I f ,  however, t h e  complex charge i s  +1 as t h e  ev idence 
suggests,  a complex fo rmu la  c o n s i s t e n t  w i t h  t h a t  r e s u l t  and w i t h  t h e  +5 o x i d a t i o n  
s t a t e  of Tc i s  [TcOp ~ y c l a m ] + ~ .  

I n  an a t tempt  t o  p repare  a compound o f  t h e  complex f o r  I R  ana lys i s ,  15 mg o f  Tc-99 
as ilHqTc04 d i s s o l v e d  i n  a s o l u t i o n  c o n t a i n i n g  a 2 0 - f o l d  excess o f  cyclam was r e -  
duced u s i n g  a 4 - f o l d  excess o f  NazS204. The s o l u t i o n  t u r n e d  l i a h t  brown upon 
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a d d i t i o n  of t he  Na2S2O4. Excess cyclam was ex t rac ted  i n t o  CHC13 a f t e r  making t h e  
s o l u t i o n  0.1 M i n  NaOH. A two- fo ld  excess of NaC104 was added and orange c r y s t a l s  
appeared fo l l ow ing  slow evaporation. The c r y s t a l s  were c o l l e c t e d  and washed w i t h  
water. 
Tc-99 t o  be g rea te r  than 95% complexed. 
w i t h  those o f  f r e s h l y  prepared cyclam complexes o f  both Tc-99 and Tc-99m. 
spectrum performed i n  a Fiujol mu l l  revealed no band near the  one a t  950 m 1 
observed by DePamphilis, Jones, Davis, e t  a l .  ( 4 )  i n  TcO[SCH2C(O)S]2 -? and 
a t t r i b u t e d  by them t o  the  Tc=O s t r e t c h .  There was, however, a s t rong  band a t  
790 crn-’. Johnson, Lock, and Wi lk inson (5) otqerved s i m i l a r  bands a t  % 810- 
820 cm-’ f o r  compounds con ta in ing  [Re py)402] 

a O=Tc=O bond. 
complex f o r  elemental ana lys i s  and s t r u c t u r e  determinat ion.  

Paper chromatography on a p o r t i o n  of t h e  red i sso l ved  s o l i d  showed the  
E l e c t r o p h o r e t i c  pa t te rns  were i d e n t i c a l  

An I R  

and [Re(en)202]+1 and a t t r i b u t e  

Experiments are underway t o  synthesize l a r g e r  q u a n t i t i e s  o f  t h e  
them t o  the  O=Re=O bond. The 790 cm- { band observed here may t h e r e f o r e  be due t o  

Simon, J., Ketr ing,  A., Troutner, D. E., Vo l ke r t ,  W. A . ,  and Holmes, R. A., 
Radiochem. Radioanal. L e t t .  38, 133 (1979). 

Troutner, D. E., Simon, J., Ketr ing,  A .  R., Vo l ke r t ,  W .  A., and Holmes, R. A., 
J. Nucl. Med., i n  press. 

r l a r z i l l i ,  L. G., Worley, P.,  and Burns, H. D., J. Nucl. Med., 0, 871 (1979). 

DePharnphilis, B. V. ,  Jones, A. G . ,  Davis, E?. A . ,  and Davidson, A.,  J. Am. Chem. 
SOC., 100, 5570 (1978). 

Johnson, N. P., Lock, C.  J. C., and b l i lk inson,  G., J. Chem. SOC.,  1054 (1964). 
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REVERSED PHASE HPLC OF Tc-99m I M I N O D I A C E T A T E  HEPATOBILIARY AGENTS AND A 

OF W I P L E  PEAKS. 

A. R. F r i t z b e r g  and D. Lewis, Department o f  Radiology and School of Pharmacy, 
U n i v e r s i t y  of7Tolorado Heal th  Sciences Center, Denver, Colorado 80262 

The chromatography o f  Tc-99m iminodiacetate h e p a t o b i l i a r y  radiopharmaceuticals 
on paper and t h i n  l a y e r  systems has been described (1,Z). Although 
in te rmed ia te  R values have been obtained, t h e  bands o f  r a d i o a c t i v i t y  are 
o f t e n  broad, fand, i n  c o n t r a s t  t o  a s i n g l e  peak on HPLC repor ted  f o r  
Tc-99m-N- (2,6-dimethyl acet an i  1 i de ) i m i  nodi acetate (Tc-dimethyl - I  DA) , o f t e n  show 
over lapping m u l t i p l e  bands present. The o b j e c t i v e  o f  t h i s  study, t he re fo re ,  
was t o  evaluate t h e  HPLC behavior o f  several o f  these complexes under a 
v a r i e t y  o f  so l ven t  cond i t i ons .  Technetium-99m complexes o f  N-(2,6-d ie thy l -  
acetani 1 i d e l i m i  nodiacetate N- (2,6-di i sopropyl acetani l i d e l -  
i m i  nodi acetate (Tc -d i  i sopropyl -IDA), and N- (p-  b u t y l  acetani 1 i de ) i  m i  nodi acetate 
(Tc-p-butyl-IDA) u s u a l l y  r e s u l t e d  i n  a major  and a minor peak and parameters 
whicF m igh t  e x p l a i n  t h e  m u l t i p l e  peaks were a l s o  s tud ied.  

The radiopharmaceuticals, Tc-d ie thy l - IDA,  Tc-di isopropyl-IDA, and 
Tc-p-butyl-IDA were separable from each o the r  on a reversed phase octa- 
d e c y l s i l y l  column us ing  0.02M phosphate, pH 6.8, and a c e t o n i t r i l e  over a 10 t o  
60% a c e t o n i t r i l e  g r a d i e n t  (Table 1 ) .  Subsequently, i t  was found w i t h  
Tc-d ie thy l - IDA t h a t  separat ion o f  t h e  two normal ly  appearing peaks was 
maintained o r  increased as t h e  g rad ien t  was reduced t o  as much as 20 t o  40% 

a c e t o n i t r i l e  w i t h  a r e d u c t i o n  i n  f l o w  r a t e  t o  2.35 ml/min (Table 2 ) .  No l o s s  
o f  separat ion o r  peak sharpness was noted as t h e  b u f f e r  pH was a l t e r e d  f rom 
5.5 t o  6.8. Use o f  methanol o r  e thanol  as t h e  primary so l ven t  reduced 
r e t e n t i o n  t imes  t o  l e s s  than  2 min and r e s u l t e d  i n  l o s s  o f  peak r e s o l u t i o n .  
Water as t h e  pr imary so l ven t  and methanol o r  e thanol  as t h e  secondary r e s u l t e d  
i n  comparable r e t e n t i o n  t imes t o  phosphate b u f f e r  and a c e t o n i t r i l e ,  b u t  w i t h  
broadened peaks. 

( T c - d i e t h y l  -IDA), 

The quest ion o f  m u l t i p l e  peaks from these complexes i s  impor tant  s ince  i t  has 
been observed f o r  Tc-d ie thy l - IDA,  Tc-d i isopropyl - IDA and Tc-p-butyl-IDA. 
Moreover, a p a i r  o f  peaks has been present  i n  two commercial souFces and our  
i n  house Tc-d iethy l - IDA i n  v a r i a b l e  r a t i o s .  Although p resen t l y  on l y  i n  a 
p r e l i m i n a r y  stage, experimental r e s u l t s  suggest t h a t  t h e  peaks may be due t o  
d i f f e r e n t  o x i d a t i o n  l e v e l s .  A d d i t i o n  o f  small amounts o f  sodium borohydr ide 
(ca.  0.2mg) reduced t h e  i n t e n s i t y  o f  t h e  l a t e r  appearing peak (F igu re  1 ) .  
Correspondingly, t h e  e a r l i e r  peak i n t e n s i t y  was increased. It has been 
repo r ted  t h a t  Tc-dimethyl-IDA has an o x i d a t i o n  l e v e l  o f  3 a f t e r  stannous i o n  
r e d u c t i o n  ( 3 ) .  It i s  p o s s i b l e  t h a t  under some c o n d i t i o n s  such as lower  k i t  pH, 
s t e r i l i z a t i o n  by r a d i a t i o n ,  and s torage t ime, which i s  t h e  case f o r  t h e  
manufacturer w i t h  l a r g e r  amounts o f  t h e  l a t t e r  peak, t h a t  some complex may be 
formed a t  a h ighe r  o x i d a t i o n  l e v e l  which was converted t o  t h e  lower by  hyd r ide  
reduct ion.  Other work which a l s o  supports d i f f e r i n g  o x i d a t i o n  l e v e l s  has 
r e s u l t e d  f rom t h e  Tc-99m complex o f  N,N‘-bis(benzoy1mercaptoacetamido)- 
ethylenediamine. The use o f  d i f f e r e n t  reducing agents a l s o  r e s u l t e d  i n  two 
peaks which a r e  common w i t h  each reducing agent b u t  i n  v a r i a b l e  r a t i o s .  
Studies t o  e s t a b l i s h  t h i s  p o i n t  a r e  cont inu ing.  

(1)  Loberg M.D., Cooper, M., Harvey, E . ,  e t . a l . ,  J .  Nucl. Med., 
17, 633 (1’376). 

( 2 )  F i t z b e r g ,  A.R. and Huckaby, D., Radiopharmaceuticals 11, Proc. 
2nd I n t l .  Symp. on Radiopharmaceuticals, Sea t t l e ,  Wash., 1979, 

( 3 )  Loberg, M.D. and F ie lds ,  A.T., I n t .  3 .  Appl. Radiat. Isotopes, 
167 1978. 

p.545. 



154 Symposium A hstvucts 
TABLE I. RETENTION T I M E S  OF Tc-99m-IMINOOIACETATE COMPLEXES ON REVERSED PHASE 
HPLC* 
Tc -99m-Comp 1 ex R e t e n t i o n  t imes  (min)  

N- (2 ,6 -d ie t  h y l  acetani  1 i d e ) i  minodi  a c e t a t e  8 .6 (ma jo r ) ,  10.4 (m ino r )  

N- (2 ,6-d i  i sopropyl  ace tan i  1 i d e l i m i n o d i a c e t a t e  lO.O(major) ,  10.9 (m ino r )  

N- ( p - b u t y l  - acetani  1 i d e l i m i  nodi  a c e t a t e  10.3 (ma jo r  1, 9.5 (mi n o r )  

*Condi t ions were 0.02 M phosphate and a c e t o n i t r i l e  w i t h  a g r a d i e n t  o f  0 t o  50% 
a c e t o n i t r i l e  i n  10 min a t  3.5 ml /min f l o w  r a t e  on an OOS column. 

TABLE 2 .  RETENTION T I M E S  OF Tc-DIETHYL-IDA UNDER V A R Y I N G  GRADIENT AND 
FLOW RATE CONDITONS* 

C o n d i t i o n  

Flow Rate 3.0 ml /min 2.75 ml /min 2.5 ml /min 2.35 ml /min 
G r a d i e n t  10-50% B 15-50% B 18-42% B 20-40% B 

Re ten t ion  Time 
Peak 1 5.9 min 5.5 m in  5.7 m in  5.2 m in  
Peak 2 6.8 m in  6.4 m in  6.8 min 6.7 m in  

*Solvent  A was 0.01 M phoshate, pH 5.8, s o l v e n t  B a c e t o n i t r i l e .  Grad ien t  
was ove r  10 min o e r i o d .  Column was 15 cm ODs. 

A 

T 

B 11 n 

F i g u r e  1, 
0.01-M phosphate and a c e t o n i t r i l e  (10 - 50% g r a d i e n t ,  3 ml/min). 
A i s  c o n t r o l  Tc-d ie thy l - IDA,  B i s  a f t e r  a d d i t i o n  o f  0.2 mg NaBH4, 
and C i s  a f t e r  f u r t h e r  a d d i t i o n  of 0.4 mg NaBH . 
a r e  a d j u s t e d  for d i l u t i o n  e f f e c t s ,  Note loss %f second peak 
a f t e r  a d d i t i o n  o f  r e d u c i n g  agent.  

HPLC of Tc -d ie thy l - IDA o n  an  ODS column e l u t e d  w i t h  

Peak h e i g h t s  
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PRELIMINARY STRUCTURE-DISTRIBUTION RELATIONSHIPS ( S D R ' s )  O F  99m-Tc 

A. D. Nunn. 
E. R. Squibb & Sons, Inc. ,  Georges Road, N e w  Brunswick, N J  08903. 
Hepatobiliary agents ,  based on s u b s t i t u t e d  ace t an i l i do  iminodiacetic 
ac id  de r iva t ives  ( t h e  H I D A ' s )  have, s ince  t h e i r  discovery, rapidly 
gained acceptance f o r  rou t ine  c l i n i c a l  use. 
Many d i f f e r e n t  de r iva t ives  have been made t o  t r y  and optimise the  
p rope r t i e s  of t he  HB agents and it has become apparent t h a t  more than 
one compound w i l l  be needed t o  inves t iga t e  the complete spectrum of 
hepatobi l iary disease (1). 
S t ruc tu re -d i s t r ibu t ion  r e l a t ionsh ips  ( S D R ' s )  a r e  required t o  develop 
a l o g i c a l  program of synthesis  of these new agents.  Some information 
along these l i n e s  has been reported (2,3), however, it r e a l l y  only 
gives a general  idea of what a compound should be i n  order  t h a t  i t  be 
excreted v i a  the  HB sys t em.  I t  does not give much information a s  t o  
what a compound should look l i k e  t o  y i e l d  high con t r a s t  images i n  the 
various c l i n i c a l  s i t u a t i o n s .  
The d i f f e r e n t  arenas i n  which HB agents w i l l  be used can be very 
general ly  divided i n t o  use i n  jaundiced p a t i e n t s  and use i n  non- 
jaundiced p a t i e n t s .  In  the  l a t t e r  group, it can be argued t h a t ,  
provided hepat ic  uptake and excret ion i s  adequate, r ena l  excret ion i s  
the  major f a c t o r  inf luencing t h e  acqu i s i t i on  of good images. In the 
jaundiced group, competition with b i l i r u b i n  becomes a dominant factor.  
The de le t e r ious  e f f e c t  of b i l i r u b i n  on the  hepat ic  uptake of some of 
t h e  H I D A ' s  i n  r a b b i t s  has been demonstrated ( 4 )  and s i m i l a r  resu l t s  
have been obtained using i s o l a t e d  r a t  hepatocytes (1). 
In order t o  s implify t h e  determination of SDR's f o r  t he  H I D A ' s  under 
d i f f e r e n t  physiological condi t ions,  w e  have chosen t o  divide the 
problem i n t o  a number of p a r t s .  These are:  

1. SDR of p ro te in  binding - including the e f f e c t  
of b i l i r u b i n  and common drugs. 

2 .  SDR of i s o l a t e d  hepatocyte uptake. 
3 .  SDR of l i v e r  t r anspor t  k i n e t i c s .  

HEPATOBILIARY AGENTS. (1) PROTEIN B I N D I N G  O F  H I D A ' S .  

From the  individual  S D R ' s  w e  hope t o  determine an o v e r a l l  SDR which 
w i l l  allow us t o  p r e d i c t  and develop an optimum HIDA f o r  t he  whole 
spectrum of HB disease.  I t  should a l s o  be possible  t o  develop a 
model for  the  H I D A  binding s i t e  on albumin. 
This paper r epor t s  preliminary work performed t o  determine S D R ' s  f o r  
p ro te in  binding. As t h e  major t r anspor t  p ro t e in  i n  the blood i s  
albumin, w e  chose t o  i n v e s t i g a t e  albumin - 99m-Tc HIDA i n t e rac t ions .  
An a f f i n i t y  chromatography method w a s  used because it i s  r ap id ,  bu t  
more important, it i s  a dynamic system which is  more akin t o  the i n  
vivo s i t u a t i o n  (than the  slower k i n e t i c s  of d i a l y s i s ,  e t c . ) .  For- - reason a l s o  99m-Tc r a t h e r  than 99-Tc complexes w e r e  used i n  
these s t u d i e s  and thus no attempt has been made t o  determine the  
number of binding s i tes  o r  binding constants .  The system cons i s t s  
of an agarose support  ma te r i a l  t o  which has been at tached d i r e c t l y ,  
(using C N B r  Sepharose 4 B ) ,  o r  i n d i r e c t l y ,  (using CH Sepharose 4B), 
human serum albumin. The a f f i n i t y  of t h e  HB agents f o r  t he  albumin 
can be determined by observing t h e i r  r e t en t ion  c h a r a c t e r i s t i c s  a f t e r  
appl icat ion t o  and e l u t i o n  from columns of t he  a f f i n i t y  matrix with 
0 .9% Nacl. The methodology and advantages of t he  system have been 
reported elsewhere. (5,6). 
Approximately, t h i r t y  H I D A  de r iva t ives  have been synthesised bearing 
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s u b s t i t u e n t s ,  ranging from t h e  halogens t o  s h o r t  cha in  a l k y l s  (and 
combinations of t h e  same) i n  t h e  2 t o  6 p o s i t i o n s .  
The r e s u l t s  so f a r  show t h a t  t h e r e  is a d i f f e r e n c e  i n  t h e  i n t e r a c t i o n  
wi th  albumin depending upon t h e  p o s i t i o n  of s u b s t i t u t i o n  and t h e  
s u b s t i t u e n t .  
With no s u b s t i t u t i o n  (R1 - R 5  = H )  and when R1 - R 5  = F t h e r e  i s  
n e g l i g i b l e  i n t e r a c t i o n  w i t h  the albumin and t h e  rad iopharmaceut ica l  
i s  e l u t e d  c l o s e  t o  t h e  void volume of t h e  column. N o  s t e a r i c  e f f e c t  
would be expected by F f o r  H s u b s t i t u t i o n  and it appears  t h a t  F-hydro- 
gen bonding i n t e r a c t i o n s  a r e  n o t  impor tan t .  
Der iva t ives  wi th  2 o r  6 ,  s u b s t i t u t i o n  a l s o  show l i t t l e  i n t e r a c t i o n  
wi th  t h e  albumin. T h i s  remains t r u e  even when doubly s u b s t i t u t e d  
d e r i v a t i v e s  a r e  used con ta in ing  s h o r t  cha in  a l k y l s  o r  h i g h e r  halogens.  
Der iva t ives  s u b s t i t u t e d  i n  t h e  4 p o s i t i o n  o r  t h e  3 and 5 p o s i t i o n ,  
show a s t r o n g  i n t e r a c t i o n  w i t h  t h e  albumin. This  i n t e r a c t i o n  
i n c r e a s e s  wi th  i n c r e a s i n g  cha in  l eng th  and between t h e  d i f f e r e n t  
halogens.  
The 4-Butyl d e r i v a t i v e  is  very  s t r o n g l y  bound t o  t h e  albumin. 
Attempts a t  d i s p l a c i n g  bound a c t i v i t y  wi th  phenol r e d ,  (which i s  
known t o  b ind  t o  albumin) w e r e  unsuccessfu l .  However, t h e  a c t i v i t y  
could be e l u t e d  by t h e  a d d i t i o n  t o  t h e  column of  e i t h e r  co ld  4-Butyl 
H I D A  o r  va r ious  o t h e r  s u b s t i t u t e d  d e r i v a t i v e s .  The T c - H I D A  complexes 
a r e  known t o  be  r e s i s t a n t  t o  l i gand  exchange so t h i s  r e s u l t  confirms 
t h a t  t h e  i n t e r a c t i o n  of t h e  complexes wi th  t h e  albumin i s  through 
t h e  l i gand  and a l s o  demonstrates  t h a t  t h e  uncomplexed l i gand  can 
compete wi th  t h e  complexed l i gand  f o r  t h e  b ind ing  s i t e  d e s p i t e  t h e  
d i f f e r e n c e s  i n  charge and molecular  weight .  Thus it appears  t h a t ,  
as wi th  t h e  p rev ious ly  r epor t ed  b i l i a r y  e x c r e t i o n  of  HIDA wi th  sub- 
s t i t u t i o n  of C r ( I I 1 )  for T c ( I I 1 )  ( 3 1 ,  t h e  meta l  atom p lays  an i n e r t  
r o l e  dur ing  i n t e r a c t i o n  of  t h e  H I D A ' s  w i th  albumin. The n a t u r e  of 
t h e  H I D A  b inding  s i t e  i s  being i n v e s t i g a t e d  and t h e  r e s u l t s  of 
s t u d i e s  wi th  b i l i r u b i n  and drugs t h a t  i n f l u e n c e  t h e  b inding  of 
b i l i r u b i n  t o  albumin w i l l  be r epor t ed .  The i n f l u e n c e  of f a t t y  a c i d s  
bound t o  t h e  albumin and t h e  r e l a t i o n s h i p  between oc tanol /water  
p a r t i t i o n  c o e f f i c i e n t s  (determined by HPLC) and b inding ,  w i l l  be 
descr ibed .  The re levance  of  t h e  r e s u l t s  t o  t h e  des ign  of HB agents  
w i l l  be d iscussed .  

Loberg M . D . ,  P o r t e r  D.W.  and Ryan J . W .  i n  Radiopharmaceuticals 
11. ed.  Sodd V.J . ,Al len  D.R.,Hoogland D.R.  and Ice R.D.  Soc ie ty  
of Nuclear Medicine,  New York ( 1 9 7 9 )  p519. 
F i rnau  G .  Eur. J. Nucl. Med 1 (1976) 1 3 7 .  

Burns H . D . ,  Norley P . ,  Wagner H . N . ( J r ) . ,  M a r z i l l i  L and Risch V. 
i n  The Chemistry of Radiopharmaceut icals  ed .  Heindel N . D . ,  
Burns H . D . ,  Honda T .  and Brady L.W., Masson Pub l i sh ing  Inc.  
(1978) p269. 

J a n s h o l t  A . L . ,  Vera D . R . ,  Krohn K.A. and S tada l ink  R.C.  i n  
Radiopharmaceuticals I1 ed.  Sodd V.J., Allen  D . R . ,  Hoogland D . R .  
and I c e  R . D .  Soc ie ty  of Nuclear  Medicine,  N e w  York (1979) p555. 
Nakano N . I . ,  Oshio T . ,  Sa to  N . ,  Shimamori Y ,  and Yamaguchi S. 
Chem. Pharm. Bu11.27 ( 1 9 7 9 )  2048. 
Nunn A . D . ,  J .  Nucl. Med. (1979) 682. 
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SPECIFIC SEQUESTERING AGENTS FOR TRIVALENT METALS 

K. N. Raymond and F.  L. Weitl 
Department of Chemistry, University of California, Berkeley, California 94720 

Enterobactin is one of a class of  compounds called siderophores which are produced 
by microorganisms to obtain the amounts of iron essential for growth (1,Z). 
Enterobactin and the other siderophores form extremely stable complexes of high- 
spin Fe(II1). Similar stability is observed for other trivalent metal ions such 
as Ga(II1) and Cr(II1) ( 3 ) .  

The synthesis of a series of compounds which are analogous to enterobactin will be 
described ( 4 - 7 ) .  The formation constants of metal complexes of these compounds 
have been determined and this information is used in their modification and 
improvement. 
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The tris-catechol derivatives of 2,3-dihydroxybenzoic acid (DHB), x = H in the 
above figures) are in some cases nearly as effective in complexing Fe(II1) and 
Ga(II1) as is enterobactin. 
effective and offer the advantages of increased water solubility, greater acidity 
(hence better competition of the metal ion versus protons) and improved stability 
toward oxidation. 

The sulfonated derivatives (x = SO3-) are even more 

Alkylation of the nitrogen atoms in the above compounds substantially increases 
hydrophobic character of these materials. 

The biodistribution properties of the Ga(II1) complexes of these sequestering 
agents will be described in a separate paper at this meeting (8). 

Raymond, K. N. and Carrano, C. J., Acc. Chem. Res. 12, 183 (1979). 
Neilands, J. B., Ed. "Microbial Iron Metabolism", Academic Press, New York, 
1974. 
Raymond, K. N., Ed., Adv. Chem. Ser., NO. 162 (1977). 
Weitl, F. L. and Raymond, K. N., J. Am. Chem. SOC. 101, 2728 (1979). 
Harris, W. R. and Raymond, K. N., J. Am. Chem. SOC. 101, 6534 (1979). 
Weitl, F. L., Harris, W. R. and Raymond, K. N., J. Med. Chem. 22, 1281 (1979). 
Harris, W. R., Carrano, C. J., Cooper, S .  R., Sofen, S. R., Avdeef, A. E., 
McArdle, J. V. and Raymond, K. N., J. Am. Chem. SOC. 101, 6097 (1979). 
Welch, M. J. %&., paper submitted at this meeting. 


