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ENDOTHELIAL P E R M E A B I L I T Y  AND UPTAKE OF C-14-CHOLESTEROL, I-125-LABELED H I G H  
DENSITY LIPOPROTEINS AND I-131-LOW DENSITY L I P O P R O T E I N S  I N  AORTOCORONARY FEMORAL 
V E I N  BYPASS GRAFT I N  DOGS 

M.K. Dewanjee, M. Tago, R.D. E l l e f sen ,  M.P. Kaye 
Mayo C l i n i c  and Foundation, Rochester, Minnesota 55905. 

The purpose o f  t h i s  i n v e s t i g a t i o n  was t o  evaluate the pe rmeab i l i t y  o f  ve in  g r a f t s  
w i t h  low molecular weight t r a c e r  cho les te ro l  and h igh molecular weight t r a c e r  
p a r t i c l e s :  low and h igh dens i t y  l i p o p r o t e i n s .  Scanning e l e c t r o n  micrograph o f  
v e i n  g r a f t  i n d i c a t e s  t h a t  due t o  su rg i ca l  trauma, endo the l i a l  c e l l s  are l o s t  from 
in t ima ,  thus g r a f t  pe rmeab i l i t y  increases. A t  about one month g r a f t  i n t i m a  re -  
e n d o t h e l i a l i z e s  (1-8). 

T h i r t y - e i g h t  dogs i n  e i g h t  groups underwent aortocoronary femoral ve in  bypass 
g r a f t  surgery (F igure 1 ) .  High, very low dens i t y  and low densi ty  l i p o p r o t e i n s  
were separated from dog blood i n  10% EDTA by K B r  g rad ien t  f l o t a t i o n  technique, 
1.006, 1.063 and 1.210 gm/ml, r e s p e c t i v e l y  by c e n t r i f u g a t i o n  a t  300,000 g f o r  20 
hours each a t  8°C (Beckman L8-55) and labe led  w i t h  1-131 and 1-125 rad ionuc l i des  
by the iodogen technique (9) .  100 pg o f  iodogen d isso lved i n  100 p l  o f  methylene 
c h l o r i d e  were added t o  a polypropylene tube, and the so lvent  was evaporated t o  
dryness. 2 mg o f  p u r i f i e d  low dens i t y  o r  h igh dens i t y  canine l i p o p r o t e i n s  were 
added i n  0.2 m l  o f  0.1 M phosphate buf fer  t o  the iodogen tube; reductant - f ree 
1-125 o r  1-131 iod ide  was added and incubated f o r  30 minutes a t  room temperature. 
Free i o d i d e  was separated from labe led  l i p o p r o t e i n s  by Sephadex 6-25 column. 
Label ing e f f i c i e n c y  o f  50-70% was obtained f o r  both l i pop ro te ins ;  h igher  l a b e l i n g  
( t w o f o l d )  was obta ined w i t h  iodogen than i o d i n e  monochloride method. 80 pCi o f  
C-14-cholesterol and 100-150 pCi o f  I-131-iodomethyl no rcho les te ro l  were admini- 
s tered t o  19 dogs; and a l l  dogs were s a c r i f i c e d  24 hours a f t e r  i n j e c t i o n  and 1, 
7, 30, and 90 days a f t e r  aortocoronary femoral ve in  bypass g r a f t  surgery. A f t e r  
s a c r i f i c i n g  the dogs, g r a f t e d  veins and c o n t r a l a t e r a l  ve ins were harvested. F i ve  
sect ions of g r a f t  (proximal , d i s t a l  anastomoses, and th ree  midsect ions)  and two 
sect ions o f  normal vessels were made. Beta and gamma r a d i o a c t i v i t y  i n  g r a f t e d  
femoral vein, unoperated c o n t r o l  femoral ve in  and blood was determined w i t h  a 
b e t a  and gamma counter, respec t i ve l y .  The mean r a d i o a c t i v i t y  r a t i o s  o f  g ra f ted  
femoral ve in / con t ro l  femoral ve in  i n  dogs were tabulated as shown i n  F igu re  2. 
D i s t r i b u t i o n  o f  labeled cho les te ro l  and l i p o p r o t e i n s  was s i m i l a r  i n  a l l  sect ions 
o f  the same g r a f t .  Scanning e l e c t r o n  micrograph o f  graf ted canine ve in (magni f i -  
ed 300 t imes) a t  7 (A)  and 30 (B) days post-bypass g r a f t i n g  i s  shown i n  F igu re  3. 

Increased uptake o f  cho les te ro l  i n  g r a f t e d  femoral ve in  w i t h  respect  t o  c o n t r o l  
femoral v e i n  i n  the acute phase represents  h igher  pe rmeab i l i t y  due t o  g r a f t  de- 
e n d o t h e l i a l i z a t i o n .  Increased uptake o f  LDL and HDL 30 days a f t e r  aortocoronary 
femoral ve in  bypass g r a f t  surgery might suggest h igher  uptake o f  l i p o p r o t e i n s  by 
h ighe r  a f f i n i t y  and concentrat ion o f  receptors  on the regenerated endo the l i a l  
c e l l s  of g r a f t e d  femoral v e i n  and h igher  uptake by new ly -p ro l i f e ra ted  smooth 
muscle c e l l s  i n  media o f  ve in  g r a f t .  
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Protocol For ACBG Surgery, 
Uptake of Cholesterol and Lipoproteins 
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I.V. Injection ''C-chol: 80-100 &i G = Vein Grafting 
(In) '3'1-chol: 200-300 pCi S = Sacrifice 

'251-HDL: 300-350 pCi D = Day 
13'1-LDL: 200-250 pCi H = Hour 

F ig .  1. P r o t o c o l  f o r  ao r toco ronary  bypass su rge ry  i n  dogs, i n j e c t i o n  o f  
t r a c e r s  and s a c r i f i c e  f o r  h a r v e s t i n g  o f  v e i n  and v e i n  g r a f t .  

UPTAKE OF CHOLESTEROL AND 
LIPOPROTEINS IN VEIN GRAFT 
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F ig .  2. R e l a t i v e  up take  o f  C-14- and I - 1 3 1 - c h o l e s t e r o l  and I - 1 2 5 - h i g h  
d e n s i t y  and I -131 - low  d e n s i t y  l i p o p r o t e i n  i n  g r a f t e d  v e i n  w i t h  
r e s p e c t  t o  c o n t r o l  unopera ted  v e i n  a t  d i f f e r e n t  t i m e s  p o s t -  
a o r t o c o r o n a r y  bypass g r a f t  su rge ry  i n  dogs. 
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Fig. 3A.  

Fig. 3B 

Fig. 3. Scanning electron micrograph of grafted canine vein (magnified 300 
times) at 7 ( A )  and 30 (6) days post-bypass grafting is shown. 
Note in Fig. 3A area o f  endothelial cell loss in SEM. 
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DEVELOPMENT AND USE OF A MODEL SYSTEM TO EVALUATE METHODS FOR 
RADIOLABELING MONOCLONAL ANTIBODIES 

F.L. Otsuka, M.J. Welch, K.D. McElvany and J.B. Fleischman 
The Edward Mallickrodt Insti tute of Radiology and The Department  of Microbiology 
and Immunology, Washington University School of Medicine, St. Louis, Mo. 631 10 

Recently there  have been many reports  describing the  use of radiolabeled monoclonal 
antibodies for use in imaging studies. Most of these,  however, have been done using 
radioisotopes of iodine even though the decay character is t ics  of t he  readily available 
nuclides (1-125 and 1-131) are not ideal for  use in imaging studies. In addition, rapid 
metabolism of the  iodinated antibody leads to an  increased uptake of radioactive 
iodine in the thyroid and other organs. Besides leading t o  an  increased radiation dose 
to  these organs this increased uptake also interferes  with obtaining good images. 

There have been several  recent  reports describing t h e  use of bifunctional chelates  to 
radiolabel monoclonal antibodies (1,2). Each of the  reports has  described conditions 
for radiolabeling different  monoclonal antibodies but t he re  has been no complete study 
comparing the  various methods using the same  antibody. Furthermore,  some of the 
reports describe various systems which require the  growth of tumors in animals. 
Because of t h e  difficult ies involved in using these systems fo r  comparison studies we 
have developed a model system in which w e  can  easily evaluate  t h e  different  labeling 
methods for their  efficiency in producing radiolabeled monoclonal antibodies tha t  
still retain their  capacity t o  bind in vitro and in vivo. 

In our system dinitrophenyl (DNP) is used as a model antigen, HDP-1 as a monoclonal 
antibody specific for  DNP and Mopc-21 as a monoclonal antibody t h a t  has  no specificity 
for this antigen. HDP-1 has been radiolabeled directly with 1-125 or 1-131 using the  
Iodogen method (3) or indirectly with In-1 11 via Deferoxamine (4), Diethylenetriamine 
pentaacet ic  acid (DTPA) ( 5 )  or I-(para-Bromoacetomidobenzy1)-Ethylenediamine 
t e t r aace t i c  acid (BrEDTA) (6). W e  have evaluated the  e f f ec t s  radiolabeling has on the  
ability of t h e  antibody to bind in vitro using affinity chromacography. Samples of 
iodinated or I n - I l l  labeled HDP-1 were placed in Hepes buffered saline or in plasma 
and then incubated at 37°C. Aliquots were removed at 0, 1, 4, 24 and 48 hours and 
then tes ted for their  ability t o  bind t o  the  affinity resin. All labeling methods resulted 
in labeled antibody tha t  initially retained greater  than 80% of i t s  capacity to  bind to  
the  affinity resin. When DTPA was used in a 500:l molar excess or Deferoxamine 
was used in a 2O:l molar excess (as compared to the  amount of HDP-1 used) the  amount 
of binding greatly decreased. The most stable molecules appear to be those labeled with 
1-125 or those labeled with In - I l l  via DTPA or BrEDTA. 

The binding capacity of labeled monoclonal antibodies has also been tes ted in vivo. 
Agarose beads coupled with DNP were injected into t h e  femoral  veins of 250-300 gm 
rats. Because of t h e  s ize  of t h e  beads ( S O - 1 5 0 ~ )  they rapidly localized in t h e  capillary 
beds of the lungs. 
injection of the  beads. Samples of blood, liver, lung , kidney, spleen and muscle tissue 
were removed from animals sacrificed 1, 4, 24 or 48 hours a f t e r  injection of the  antibody 
and counted in a gamma counter.  
of (I-125)HDP-I and (I-131)Mopc-21 antibodies were tested.  
to localize in t h e  lungs while (I-131)Mopc-21 showed no specific uptake in t h e  body. 
Maximum %ID/gm levels for HDP- 1 in t h e  lungs were seen at 24 hours a f t e r  injection 
of t h e  antibody a f t e r  which they slowly declined. No such fluctuations were observed 
for Mopc-21. 

The results obtained for HDP-1 labeled with I n - I l l  using t h e  bifunctional chelates have 
been compared with those obtained for  the iodinated antibody. Preliminary studies 
indicate tha t  HDP-I labeled using DTPA localizes in t h e  lungs almost as well as does 

Radiolabeled monoclonal antibody was injected 1-2 minutes a f t e r  

For t h e  development of t h e  in vivo model t he  binding 
(I-125)HDP-1 was observed 



Journal of Labelled Compounds and Rudiophurrnaceuticals-Vol. XXI, Nos 11-12 1099 

(I-125)HDP-1. Loca l iza t ion  is  a l s o  observed  u i th  HDP-I  labeled using BrEDTA b u t  t h e  
%ID/gm leve ls  a r e  n o t  as high. In both  cases, however  , t h e r e  a r e  l a r g e  a m o u n t s  of 
label  in t h e  liver throughout  t h e  c o u r s e  of t h e  exper iment .  These  leve ls  did n o t  d e c r e a s e  
wi th  t i m e ,  a resu l t  q u i t e  oppos i te  t h a t  observed   en (I-125)HDP-1 Mas t e s t e d .  

Exper iments  eva lua t ing  t h e  use  of s e v e r a l  o t h e r  bifunct ional  c h e l a t e s  f o r  t h e i r  ab i l i ty  
t o  radiolabel  monoclonal  an t ibodies  a r e  c u r r e n t l y  in progress .  Ul t imate ly ,  w e  hope  to 
d e t e r m i n e  which m e t h o d  is t h e  m o s t  e f f i c i e n t  in producing rad ioac t ive  an t ibodies  t h a t  
h a v e  a high spec i f ic  a c t i v i t y  a n d  y e t  still r e t a i n  the i r  ab i l i ty  t o  bind in vivo. 
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SYNTHESIS AND BIOLOGICAL CISTRIBUTION RADIOLABELLED ' 1 - (2 ' -  
FLUORO-2'-DEOXY-~-D-RIBOFLlRANOSYL)-5-HALOIJRACILS 

J . R .  Mercer, E.E. Knaus, L.I. Wiebe and T. Iwashina 

Faculty of Pharmacy and Pharmaceutical Sciences, University of 
Alberta, Edmonton, Alberta, Canada, T6G-2N8. 

h number of recenr studies have demonstrated the antiviral and 
an t i t. umc i pp r i m i d i n e 
nucleosides having various halogen substituents at the C-5 position 
of the pyrimidine ring. The arabino nucleosides 4 (X=I,Sr,Cl,F) have 
been reported to inhibit viral replication signiTicantly and exhibit 
-- in vitro toxicity against mouse leukemic cell lines ( 1 ) .  The ribo 
nucleosides 3 (X=I,Br) also showrc? pronounced antiviral activity and 
cytotoxicity toward human lymphocytic cells in culture ( 2 ) .  This 
evidence of biological activity coupled with the potential of these 
compounas, as ' * F  labelled anaicps, to act as in vivo indicators of 
rissue proliferation prompted us to synthesise a series of compounds 
- 3 (X='3'I,"'Br) and 33 (X=Cl,F). The tissue distribution of these 
ccmpounds was examined in B D F ,  mice bearing a subcutaneous Lewis 
Lung tumor. 

e f f ec t s o f s y n the t i c 2 ' - f 1 uo r o - 2 ' - de o x y 

Hoed ' 
Hi) 

1 

Reaction of 2 with Nat3'I in dilute HN03 at 115'C for 1 h gave 

( X = i 3 1 1 )  in 90% radiochemical yield with a specific activity of 6 7  
GBqjmmol ( 3 ) .  A similar no-carrier-added synthesis gave 3 (X="'I) 
in 41% radiochemical yield after purification. 

The reaction of 2 with reactor produced NHQg2Br, in the presence of 
N-chlorosuccinimide, yielded l - ( 2 ' - f l u o r o - 2 ' - d e o x y - 8 - D - r i b o f u r a n o -  
syl)-5-[E2Br]-bromouracil 2 (X=82Br) in 75% radiochemical yield with 
a specific activity of 0.26 GBq/mmol. 

The compounds [2-"C]-1-(2'-f1uoro-2'-deoxy-~-D-ribofurano- 
syl)-5-chlorouracil 3a (X=C1) and the 5-fluoro analog & (X=F) were 
prepared from the 2,2zanhydronucleoside in two steps. Treatment 
of la with HF in dioxane yielded in 40% yield. Reaction of 
with< solution of the electrophilic ClZ o r  FZ in acetic acid gave 
the required dihalo compounds 2 (X=Cl) and 2 (X=F) respectively in 
quantitative yield. 

l-~2'-fluoro-2'-deoxy-~-~-ribofuranosyl~-5['3iI]-iodourac~l 3 
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Conpounds 3 i X = 1 3 1 1 , 8 Z B r )  showed rapid excretior, in in vivo 
experiments a n d  pronounced dehalogenation of the 5-subs~tuent. 
Compounds & (X=Cl,F) exhibited significant tLimor to blood ratios 
reaching a maximum of 2.5 to 1 for S (X=Cl) at four hours and a 
maximum of 7 to 1 for 3 ( X = F )  at two hours. 
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ELECTROPHILIC DESTANNYLATION: A VERSATILE AND EFFICIENT METHOD FOR RADIOHALOGEN- 
ATION 

R.N. Hanson and L.A. Franke 
Department o f  Med ic ina l  Chemistry,  Co l l ege  o f  Pharmacy, Nor theas te rn  U n i v e r s i t y ,  
Boston, MA 02115. 

As p a r t  o f  o u r  program t o  des ign  and deve lop  rad ioha logena ted  rad iopharmaceut i -  
c a l s ,  we have exp lo red  new methods f o r  i n t r o d u c i n g  t h e  r a d i o n u c l i d e  i n t o  u n a c t i -  
va ted  s i t e s  i n  o r g a n i c  compounds. We chose t o  e v a l u a t e  t h e  a p p l i c a b i l i t y  o f  t h e  
t r i a l k y l s t a n n y l  m o i e t y  as a s i t e - d i r e c t i n g  agent as opposed t o  bo ron ic  o r  s i l y l  
groups (1-3) .  Our r a t i o n a l e  was based upon t h e  w e l l  demonstrated s y n t h e t i c  ve r -  
s a t i l i t y  o f  t h e  o r g a n o t i n  reagents  ( 4 )  and t h e i r  a b i l i t y  t o  undergo f a c i l e  e l e c -  
t r o p h i l  i c  d e s t a n n y l a t i o n  w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n  ( 5 ) .  

Du r ing  t h e  pas t  two yea rs  we have syn thes i zed  a v a r i e t y  o f  f u n c t i o n a l i z e d  tri- 
a l k y l s t a n n y l v i n y l  and - a r y l  compounds u t i l i z i n g  t h e  a p p r o p r i a t e  b i s ( t r i a l k y 1 -  
s t a n n y l )  ethene o r  arene as t h e  s t a r t i n g  m a t e r i a l .  These compounds, which a r e  
chemica l l y  s t a b l e  and r e a d i l y  c h a r a c t e r i z e d ,  were i s o l a t e d  i n  good y i e l d s  
(30-90%) u s i n g  p r e p a r a t i v e  HPLC. Rad ioha logenat ion  o f  t h e  t r i a l k y l  s tanny l  com- 
pound gave i s o l a t e d  rad iochemica l  y i e l d s  o f  85-96% ( T a b l e  1). The y i e l d s  were 
una f fec ted  by u s i n g  no-car r ie r -added 1-123 o r  1-131 o r  by l o w e r i n g  t h e  t r i a l k y l -  
s tanny l  reagent :  r a d i o n u c l i d e  r a t i o  f rom 100-300:l down t o  10-20:l .  The use o f  
HPLC t o  ana lyze  and p u r i f y  t h e  r e a c t i o n  m i x t u r e  r e s u l t e d  i n  o v e r a l l  syn thes i s  and 
p u r i f i c a t i o n  t i m e s  o f  20-90 minutes.  G e n e r a l l y  a s i n g l e  pass th rough t h e  column 
was s u f f i c i e n t  f o r  complete s e p a r a t i o n  o f  t h e  p roduc t  f rom contaminants .  

The r e s u l t s  i l l u s t r a t e  t h e  v e r s a t i l i t y  and e f f i c i e n c y  o f  t h i s  method and suggest 
t h a t  it may be t h e  p r e f e r r e d  method f o r  p r e p a r i n g  a v a r i e t y  o f  a r y l  and v i n y l  
r a d i o h a l  ides .  
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Iodinat ion of Trialkyls tannylvinyl  and -Aryl Subs t ra tes  

Trialkyls tannyl  
Subs t ra te  

nrnol Substrate:  Yield 
Subs t ra te  1-125 ( X  I so la ted)  

Tarnoxi fen 
I-Thienylcyclo 

pentan-1-01 
I-Thienylcycl o 

hexan-1-01 
17a-Thienyl e s t r a d i o l  
17a-Thienyl e s t r a d i  01 

3-0-Methyl Ether 
1-Vinyl butan-2-01 
1-Vinylcyclohexan-1-01 
17a-Vinylestradiol 
17a-Vinyl e s t r a d i o l  

3-0-Methyl Ether 
17a-Vinyl-11R-Methoxy 

Estradi  01 
170,-Vinyl-11R-Methoxy 

Estradiol  3-0-Methyl 
Ether 

227 
701 

765 

640 
410 

445 
765 

320 
150-300 

300 

97 
300 

325 

274 
175 

190 
325 

57-114 
140 

125 

91.5 
91.4 

90.5 

95.7 
95.9 

96.1 
90.5 
87 
94.6 

94.9 

53* 

1103 

*Substrate  Contained Stannyl a ted Impurity 
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R A D I O I I A U X ~ T E D  (B) -5- (2-HALxIVINyL) - 2 ’ - D E O X Y U R I D l  
J. Samuel, M. J. G z l l ,  E. E. Knaus, L. I. W i e b e  
Facultv of P h m q  and Pharmaceutical Sciences, University of A l b e r t a ,  E m n t o n ,  
Alkerta, Canada, T6G 2N8. 

(E)-5-(2-1odo~inyl)-2~-deoxyuridine (IVDU, 1) and (E)-5-(2-brmvinyl)-2’- 
deoxyuridine (BVDU, 2) are among the mst potent compounds active against  herpes 
simplex type-1 (HSV-1) (1). Their s e l ec t ive  a n t i v i r a l  ac t ion  is  a t t r ibu ted  t o  
the preferen t ia l  phosphorylation by HSV-l encoded thymidine kinase (TK) ( 2 ) .  
Therefore these ccanpounds are expected t o  se lec t ive ly  loca l ize  i n  HSV-1 infected 
t i s sue .  
radiohalogenated IVDU and BVDU as poten t ia l  non-invasive probes f o r  the diagnosis 
of herpes encephalit is .  

[ 1 2 s I ,  l 3 l I )  - IVDU (2) amd [82Br] - BVDU (5) e r e  synthesized by the reaction of 
(9) -5- (2-carboxyvinyl-2 l-deoxyuridine (1) w i t h  radiolabelled i d i d e  or bromide i n  
the presence of chloramine-T (routes C and D, Fig. 1) . A ”no carrier added“ 
synthesis of [ I 3 I I ]  - IVDU was completed within 30 min. i n  65% radiochemical 
y ie ld  (Table  1). The shor t  reaction t h ~  rmkes it a useful method fo r  the 
incorporation of the s ingle  photon emitter I z 3 I  ( t+,13.26 h) i n t o  IVDU. 
Alternatively, radioactive iodine w a s  incorporated lnto IVDU using a halogen 
isotope exchanqe reaction catalyzed by cuprous ion. 
by the chloramine T mthcd (route D) w a s  c q l e t e d  in < 1 0  min. (Tab le  2 )  and 
is su i tab le  fo r  the synthesis of BVDU labe l led  w i t h  the positron emitter 7sBr  
(t+, 95.5 min.) , 
unlabelled BVDIJ (route F) . 
The in v i t r o  uptake s tudies  s h o e d  that [1311] - IVDU was se lec t ive ly  localized in 
HSV-1 (TK +ve) infected primary r abb i t  kidney (PRK) cells. N o  s ign i f icant  uptake 
w a s  observed i n  HSV-1 (TK -ve) infected and mock infected PRK cell controls (Fig. 
2 ) .  The brain imaging s tudies  were car r ied  out  w i t h  the  HSV-1 infected and 
uninfected rabbit models using [ l 3 l I ]  - IVDU. The rad ioac t iv i ty  observed i n  the 
HSV-1 infected brain w a s  not s ign i f icant ly  higher than i n  the uninfected control. 
Preliminary t i s sue  d is t r ibu t ion  s tudies  shmed that the concentration of the 
radiolabel i n  the blood w a s  much hiqher than i n  the bra in  during a 6 h period 
(Table  3 ) .  
brain w a s  3-8 tirres higher than i n  the uninfected bra in  1 h a f t e r  injection. 

(1) DeClercq E . ,  Descamps J.,  Verhelst G . ,  Walker R. J., Jones A. S. ,  Torrence 

and D. L. Tyrre l l  

This se lec t ive  uptake could be used as a basis f o r  the development of 

Tne radiobromination of 1 

ie2Br] - BVDU w a s  also prepared by direct neutron ac t iva t ion  of 

However the total a c t i v i t y  of the rad io t racer  i n  the HSV-1 infected 

D. F. and Shugar D. F. ,  J. Infec t .  e. 41, 563 (1980). 

(2)  Cheng Y. C . ,  Dutschmn G . ,  Fox J. J., Watanabe K .  A. and Plachida H. ,  
Antimicrob. Agents C h m t h e r .  20, 420 (1981). 
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TISSUE 

BRAIN 

KIDNEY 

LIVER 

THYROID 

MUSCLE 

110s 

1 HOUR AFTER 1.V INJECTION OF 6 HOURS AFTEP 1.V INJECTION OF 
1251- IVDU 2 5 ~ -  IVDU 

UNINFECTED HSV-1 INFECTED UNINFECTED HSV-1 INFECTED 
CONTROL MODEL* C 0 N T R 0 L MODEL* 

0.090'0.029 0.418 f0.087 0.046k0.005 0.083 i0.024 

1.29520 259 1.675 k 0.445 0.914&0.002 0.930 k0.117 

0.685k0.175 1.326f0.147 0.505k0.003 0.445? 0.003 

0.768&0.152 0.79 8 5 0.0 1 6 0.661k0.067 0.669k 0.017 

0.326k0.052 0.630k0.193 a6sofo.009 0.167 t 0.024 

RADIOCHEMICAL SYNTHESIS OF RADlOlODlNATED lVDy TABLE I 

RADIO- CHEMICAL 
METHOD SPECFIC TEMPERATURE TIME CHEMICAL YIELD, 

ACTIVITY (%) YIELD (7.1 RECOVERY (%) 

CHLORAMINE -T 343.5 GBq 25 8 hrs 67.2 
mmol-' 

CHLORAMINE- T 343.5 GBq 25 1 hr 57.1 
mrnol-' 

CHLORAMINE-T NO CARRIER 25 30 min 65.0 
ADDED 

HALOGEN ISOTOPE 16.7 GBq 70- 80 20 hrs 45.1 
EXCHANGE mmol-' 

69.0 

58.8 

- 

54.3 

TABLE 2 PREPARATION OF ["Br] - BVDU 

~ ~ 

RADIO- CHEMICAL 
METHOD SPECIFIC TEMPERATURE TIME CHEMICAL YIELD, 

ACTIVITY ('C 1 YIELD (%I RECOVERY (7.1 

DIRECT 31.82 MBq 4 h  30 97 
NEUTRON mmol-' 
ACTIVATION 

- 

RADIOCHEMICAL 227 MBq 25 ClOmin 69.8 72 
SYNTHESIS rnmol" 

"Br-) 
(CHLORAMINE-T/ 

*lZ5I-  IVDU WAS ADMINISTERED 5 DAYS AFTER THE INTRACEREBRAL INJECTION OF 
H S V - 1  ( J L J )  
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SYNTHESIS AND BIODISTRIBUTION OF RADIOIODINATED NICOTINE AND N I C O T I N E  ANALOGS 

1107 

~ 

S.M. Chan, G.P. Basmadjian,  D.F. Marten,  S.A. Sadek, R.A. Magarian,  and J . R .  
Grunde r 
Nuclear  Pharmacy Programs, Co l l ege  of Pharmacy, U n i v e r s i t y  of Oklahoma, Hea l th  
Sc iences  C e n t e r ,  Oklahoma C i t y ,  Oklahoma 73190 USA. 

Ex tens ive  s t u d i e s  on t h e  b i o l o g i c a l  e f f e c t s  of n i c o t i n e  have been done due t o  i t s  
a s s o c i a t i o n  wi th  smoking. The c e n t r a l  a c t i o n s  of t h i s  tobacco  a l k a l o i d  are w e l l  
documented (1). Nico t ine  l a b e l l e d  w i t h  C-14 o r  H-3 has  been shown t o  accumula te  i n  
t h e  b r a i n s  of gu inea  p i g s  ( 2 ) ,  r a t s ,  and mice  ( 3 )  by v a r i o u s  i n v e s t i g a t o r s .  Fur- 
thermore ,  Hansson and Schmiterlow have shown t h a t  ( C - l 4 ) - n i c o t i n e  accumulated i n  
t h e  a d r e n a l  medul la  of m i c e  ( 3 ) .  I t  appea r s  t h a t  n i c o t i n e  and perhaps  n i c o t i n e  
ana logs  l a b e l l e d  w i t h  a s u i t a b l e  s i n g l e  photon gamma e m i t t e r  such  as 1-123 may 
prove  t o  be a u s e f u l  imaging a g e n t  f o r  t h e  b r a i n  a s  w e l l  as t h e  a d r e n a l  medul la .  
W e  l a b e l l e d  n i c o t i n e  (F igu re  1 )  and f o u r  n i c o t i n e  ana logs  ( F i g u r e  2 )  (4-9)  w i t h  
1-125 and s t u d i e d  t h e i r  b i o d i s t r i b u t i o n  i n  ra ts .  

a. R = M e ,  R '  = n-Pr (MP) 

CH,--N-R' b. R = H ,  R '  = i - P r  ( I P )  

C .  R = R '  = E t  (DIET)  

F ig .  1. ( I - l 2 5 ) - n i c o t i n e  F i g .  2. ( I - l 2 5 ) - n i c o t i n e  ana logs  

1-125 l a b e l l e d  n i c o t i n e  (NIC) and n i c o t i n e  ana logs  were prepared  from t h e i r  r e s -  
p e c t i v e  bromine p r e c u r s o r s  ( F i g u r e s  3 and 4 ) .  1-125 l a b e l i n g  w a s  done v i a  a ha lo -  
gen exchange r e a c t i o n  a t  e l e v a t e d  t empera tu re  i n  t h e  p re sence  of copper s u l f a t e  as 
a c a t a l y s t .  The r ad iochemica l  y i e l d  and s p e c i f i c  a c t i v i t y  of t h e  l a b e l l e d  
compounds a r e  shown i n  Table 1. 

Table  1 

Compound Yie ld  S p e c i f i c  A c t i v i t y  

N I C  253 p C i  (25.3%) 61.0 mCi/mmole 
MP 700 p C i  (70.0%) 170 .1  mCi/mmole 
D I E T  466 p C i  (46.6%) 113.2 mCi/mmole 
I P  750 p C i  (75.0%) 171.8 mCi/mmole 
DIP 660 p C i  (66.0%) 178.9 mCilmmole 

B i o d i s t r i b u t i o n  s t u d i e s  performed i n  female  Sprague-Dawley r a t s  showed t h a t  a l l  
t h e s e  compounds were t aken  up r a p i d l y  by t h e  b r a i n  and t h e  a d r e n a l .  The h i g h e s t  
up take  of a l l  t h e s e  compounds i n  bo th  o rgans  occured  a t  2 minutes  a f t e r  t a i l  v e i n  
i n j e c t i o n s .  The 0rgan:b lood  r a t i o s  a t  2 minutes  and t h e  T+ (min.)  of r a d i o a c t i v i t y  
i n  t h e s e  o rgans  a r e  shown i n  Table  2. 

Table  2 

N I C  MP DIET LP DIP 

Bra in :  Blood 2.4 1 . 9  2.9 3 .7  6.0 
Adrenal :Blood 4.7 6.5 4 .8  3 .0  35.9 
TL Bra in  5.0 4.0 18.0 9.0 13.0 
T 2  Adrenal 3 .0  4.0 11 .0  18.0 9.0 ?i 

B i o d i s t r i b u t i o n  d a t a  o f  t h e s e  f i v e  compounds were c o r r e l a t e d  wi th  i n  v i t r o  
p r o t e i n  b ind ing  and l i p o p h i l i c i t y  s t u d i e s .  



1108 

NaBH4 

Symposium Abstracts 

(1) Weyer E.M.,  Ann. New York Acad. S c i .  142: 1 (1967) .  
(2 )  Werle E .  and Meyer A., Biochem. Z e i t .  321: 2 2 1  (1950) .  
( 3 )  Hansson E. and Schmiterlow G.G., J. P h G .  Exp. Ther. 137: 91 (1962).  
( 4 )  Bachman G.B. and Micucci D.D., J. Am. Chem. SOC. 70: 2 3 8 1  (1948) .  
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( 7 )  Hawkins L . ,  E l l i o t t  A . ,  S h i e l d s  R . ,  Herman K . ,  Horton P . ,  L i t t l e  W. and Umbers 

(8 )  Car l sen  L. and Andresen-K., Eur.  J. Nucl. Med. 7 :  280 (1982).  
( 9 )  Brown H.C. and Helm P . ,  J .  Org. Chem. 38:  912,  71973) .  

- 

- 
- 

C . ,  Eur. J. Nucl. Med. 7 :  58 (1982) .  

- 

SOCI, 
/ 

1 

C,H,OH Br0c00c2H5 - 

[QCO'I 

BrQcooH 

1 

F i g u r e  3 .  P r e p a r a t i o n  of 1251-5-iodonicotine.  
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NHRR' 

* 

S0Cl2 BrocooH 

IX VIII 

a. R = Me , R '  = n-Pr 
b. R = R '  = E t  
c. R = H , R '  = i - P r  
d .  R = R '  = i - P r  

a. R = Me , R' = n-Pr 
b .  R = R '  = E t  
c .  R = H , R '  = i - P r  
d .  R = R '  = i-Pr 

X 

a. R = Me , R '  = n-Pr 
b.  R = R '  = E t  
c. R = H , R '  = i - P r  
d .  R = R '  = i - P r  

F i g u r e  4 .  P r e p a r a t i o n  of 1251-3- (a lkylarn inorne thyl )  -5-iodo-pyridines . 
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RADIOCHEMICAL AND ANALYTICAL ASPECTS IN OPTIMIZED PREPARATION OF 
1-1 23-N-I SOPROP Y L-p-I ODOAMP HETAMI NE ( I- 123-p I AM ) 

P .  Angelberger ,  M .  Wagner-Loffler, E .  Hruby a n d  0. Hofer 
Chemistry I n s t . ,  Aus t r ian  Research Center Se ibersdorf ,  A-2444 Aust r ia .  

Since SPECT needs l a r g e  doses of I-123-pIAM c a r e f u l  opt imizat ion of the  
l a b e l i n g  a n d  pur i f ica t ion  methods w a s  r e q u i r e d  for best u t i l i za t ion  of the  
expensive 1-123 a n d  maximum t a r g e t / n o n t a r g e t  r a t i o s .  Publ i shed  procedures  
were not fu l ly  s a t i s f a c t o r y  i n  these respec ts  (1-3) .  

pIAM is not a c t i v a t e d  for nucleophi l ic  s u b s t i t u t i o n :  a comparison of methods 
for exchange  rad io iodina t ion  ( u s i n g  1-131) of pIAM ( i d e n t i t y  a n d  p u r i t y  
es tab l i shed  by H-NMR revea led  wide y ie ld  v a r i a t i o n s ,  summarized i n  
t a b l e  1:  

Table  1: Exchange rad io iodina t ion  of pIAM ( u s i n g  I-131-NaI 1 

method reaction-temp. -time radiochem. y ie ld  

i n  solvent :  
EtOH 
HOAc 

120 OC 60 min 44 % 
150 30 36 

i n  l iqu id  phase :  
pure  pIAM 150 30 7 

i n  solid p h a s e :  

ammonium 
s u l f a t e  

150 30 
160 30 
160 60 
160 90 

58 
66 
72 
85 * 7 

ca ta lyzed  : 
HOAc + Cuf+ 160 60 79 * 6 

Subsequent ly  the  exchange  i n  ammonium s u l f a t e  ( 4 )  was a p p l i e d  for  l a b e l i n g  
with (p,5n)I-123:  about  half  of the  r e s u l t s  were e q u a l  to 1-131 within exp .  
v a r i a b i l i t y  b u t  for t h e  r e s t  y ie lds  dropped u n p r e d i c t a b l y  to  about  20-50 %. 
This  was not observed when rechecking t h e  method with 1-131 ( F i g . 1 ) .  
The oxida t ive  condi t ions of the  sol id  p h a s e  exchange  a n d  a similar drop  i n  
yield found a f t e r  addi t ion  of NaHS03 l e a d  u s  to  assume a reducing  agent  
i n  1-123. I t s  presence c a n  be e x p l a i n e d  by  t a r g e t  process ing:  the  Xe-123 
precursor  d e c a y s  b y  Byemission l e a d i n g  to pos i t ive ly  c h a r g e d  energe t ic  
recoil 1-123 atoms i n  the g a s  p h a s e .  To e n s u r e  iodide as f i n a l  chemical 
form H2S g a s  i s  added  which,  a f t e r  d e g a s s i n g ,  c a n  still l e a v e  t r a c e s  
of S2- i n  the  a q u .  1-123 solut ion (5). 

Searching  for  a l a b e l i n g  system not s e n s i t i v e  to  t r a c e s  of reducing  a g e n t  
a n d  s ince a c i d i c ,  ox id iz ing  condi t ions promote e x c h a n  e of iodine i n  non- 
ac t iva ted  aromatics  ( 4 ) ,  we added  to HOAc solvent  Cu$+ ion  as oxida t ive  
c a t a l y s t :  it c a n  g e n e r a t e  r e a c t i v e  species  ( I  2 , I + )  from iodide ,  removes 
f ree  1- a s  C u I  a n d  c a n  a l s o  oxidize t r a c e s  of S2- ( 6 ) .  Using t h i s  system 
isolated y ie lds  of a b o u t  80 % were obta ined  cons is ten t ly  with 1-123 within 
30-60 min. 
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For purification after exchange reaction several  methods were compared: 
1. ether extraction of pIAM (amine) from basic aqu .  solution. 
2. ion exchange chromatography on a s m a l l  column of anion exchange 
cellulose ( D E A E )  eluted with . O l M  HOAc-NaOAc removed I- to less than  
1 % and was preferred for speed and handling. 
3. prepara t ive  HPLC (described below and in Fig. 3) .  

Reaction mixtures and product solutions were analyzed by 
1. TLC on sil ica gel with CHC13:MeOH:HOAc 85:15:1 achieved a better 
separation of free I-(Rf 0 )  from pIAM(Rf0.3) than  with Et0H:EtOAc 1 : l .  
2. Paper-Electrophoresis using .025M NaOAc-HOAc a t  300 V for 8 min 
provided a fas t  quant.  determination of free I-, usually less than  1 %. 
The protonated amine group was documented by a s l igh t  migration towards 
the cathode and pIAM could be characterized by a migration ra t io  pIAM/NaI 
of 0.14. 
3. HPLC: due to its secondary amine group pIAM could only be eluted 
in  a sha rp  peak from reversed phase C18 columns by adding to EtOH:H20 
solvent: 
a )  ion-pair reagent:  e .g .  sodium dodecyl sulfate (SDS), not suitable for 
i. v .  i n j  . 
b )  amine modifier: a lky l  amines have been used but would have to be 
removed before in j . .  Therefore we used the ami_ne with lowest M W ,  NH3, 
and  achieved a high resolution separation of I ,12 ,  unidentified by- 
products,  ortho-IAM(?) and pIAM (Fig .  2 ) .  This ana ly t ica l  system can  
also be used prepara t ive ly  but retention time (20 min) and  peak volume 
(12 m l )  were not optimum for prepara t ion .  
c )  ammonium modifier: 1 % NH40Ac ( a n d  1 % HOAc for p H 5 adjustment) 
provided rap id  elution of pIAM in  a low volume peak (2.5 m l )  with 
efficient separation from I- and  an  unidentified impurity and  was therefore 
used prepara t ive ly  (F ig .3) .  

To evaluate the influence of HPLC-separated peaks on t issue distribution 
I-131-pIAM after purification by  anion exchange and prep. HPLC resp. was 
compared in r a t s :  uptake was s i m i l a r  in l i ve r ,  lungs and  bra in  (2.4 % 
dose/g after anion exchange vs.  2.9 a f te r  prep. HPLC) .  However blood 
ac t iv i ty  w a s  reduced to about half by prep. PIPLC giving a significant 
improvement in target/nontarget ratio:  b r a i d b l o o d  = 12 after anion 
exchange vs.  31 after prep. HPLC (F ig .  4 ) .  A similar trend was observed 
in ongoing patient studies.  

( 1 )  Carlsen L.  and Andresen K . ,  Eur.J.Nucl.Med. 7, 280 (1982) 
( 2 )  Baldwin R.M., Lin T .H.  and  Wu J . L . ,  J.Lab.C&p.Radiopharm. 

( 3 )  Xuhl D.E., Barrio J . R . ,  Huang S.C. e t  al, J.Nucl.Med. 3, 196 

( 4 )  Mangner T . J . ,  Wu J . L .  and  Wieland D.M., J.Org.Chem. 47, 1484 

(5)  Lindner L . ,  Bul J . A . ,  Kaspersen F.M. and Schimmel A., 

( 6 )  Mills S.L., 1nt.J.Appl.Radiat.Isotop. 3, 467 (1982) 

- 19, 1305 (1982) 

( 1982) 

( 1982) 

1nt.J.Appl.Radiat.Isot. 3, 653 (1976) 
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KINETICS OF RADIOIODINATION OF PHENYL PENTADECANCIC ACID (PPA) VIA 
PPA-THALLIUM IN'IERMEDIATE. A 'm METHOD OF PREPARATION OF IPPA. 

U K u l k a r n l  and R .  W. Parkey ,  Department  of Radiology, The 
University of Texas Heal th  Science Center  a t  Dal las ,  TX 75235 .  

Radioiodinated (1-123) f a t t y  acids a r e  likely t o  provide information 
regarding regional metabol ic  act ivi ty  of t h e  myocardium besides t h e  
regional f low.  Terminally radioiodinated long chain alkyl f a t t y  acids 
have been s tudied extensively in  exper imenta l  animals and have shown 
p r o m i s e  i n  c l i n i c a l  a s s e s s m e n t s  (1-4). H o w e v e r ,  t h e  r a p i d  
deiodination of t h e s e  t r a c e r s  -ig yirn presents  c e r t a i n  l imi ta t ions .  
Various methods have  been  suggested for  improving in Yirn s tab i l i ty  
of these  agents .  Machulla e t  a l .  proposed a means of chemically 
stabilizing t h e  carbon-iodine bond by replacing t h e  alkyl carbon-  
iodine bond by an a ry l  carbon-iodine bond ( 5 ) .  They also showed t h a t  
w-(p-iodo)phenyl pentadecanoic  acid could be  ut i l ized f o r  myocardial 
imaging in experimental  animals and i n  humans ( 6 ) .  

The methods proposed t o  radioiodinate  phenyl pentadecanoic  acid (PPA) 
include i )  d i rec t  e lectrophi l ic  subst i tut ion r eact ion with mult iple  
HPLC separa t ion  ( 5 )  or single HPLC purif icat ion ( 7 ) ,  ii) radio- 
iosotopic exchange reac t ion  ( 8 ) ,  and iii) t r iazene in te rmedia te  
r e a c t i o n  ( 9 ) .  Each method h a s  i t s  own advantages and disadvantages.  
We had proposed and showed t h e  feasibi l i ty  of radioiodination 
utilizing a n  organothallium i n t e r m e d i a t e  ( 1 0 ) .  The biodis t r ibut ion of 
IPPA prepared via PPA-Tl i n t e r m e d i a t e  was shown t o  be s imilar  t o  t h e  
product  prepared  by t h e  d i r e c t  e lectrophi l ic  subst i tut ion r e a c t i o n .  
Here we repor t  t h e  k ine t ics  of format ion  of IPPA, t h e  s implif ied 
method of prepara t ion ,  pur i f ica t ion ,  and analysis. 

We studied various parameters  a f fec t ing  t h e  radiochemical  yields: i )  
t h e  amount of f a t t y  a c i d ,  i i )  t h e  amount of thallium t r i f luoroace ta te  
TITFA), i i i )  reac t ion  volume,  i v )  t i m e  of f i r s t  incubat ion ( reac t ion  
of Tl with PPA),  v) t i m e  of t h e  second reac t ion  (radioiodinat ion) ,  and 
vi)  t e m p e r a t u r e  of t h e  reac t ion .  Once t h e  reac t ion  condtionr were  
s tandardized we evaluated methods of purif icat ion and analysis of t h e  
f inal  p roduct .  

Among t h e  fac tors  s tudied t h e  t i m e  and t e m p e r a t u r e  of t h e  reac t ion  
were  found t o  have  profound e f f e c t  on  t h e  radiochemical  yields .  The 
reac t ion  equilbrium was reached  a t  3 hours a t  room t e m p e r a t u r e ,  20-25 
minutes  a t  50oC, and only 5 minutes  a t  IOOOC. The reac t ion  could be  
carr ied out with only 100  pg of t h e  f a t t y  acid.  The molar r a t i o  of 
t h e  f a t t y  acid t o  T lTFA had no s ignif icant  e f f e c t .  The reac t ion  
volumes of 0 .1  ml t o  0 . 5  ml also had no e f f e c t .  PPA-Tl in te rmedia te  
once formed appears  to  b e  s t a b l e  for  several  days e i ther  in  liquid or 
solid phase.  Thus a kit consisting of PPA-TI i n t e r m e d i a t e  i n  dry form 
could b e  prepared  and s tored  a t  room tempera ture .  Radioiodination is 
car r ied  out  by reconst i tut ing t h e  PPA-TI i n t e r m e d i a t e  with t r i f luoro-  
a c e t i c  a c i d ,  with radioioiodine and hea t ing  t h e  reac t ion  mixture .  The 
product  is purif ied by simple solvent ex t rac t ion  and s i l ica  gel  column 
chromatography. The radiochemical  analysis were  performed with TLC, 

1113 



1114 Symposium Abstracts 

HPLC, and c h e m i c a l  analysis  f o r  t ha l l i um w a s  c a r r i e d  o u t  w i th  a t o m i c  
abso rp t ion  m e a s u r e m e n t s .  

IPPA p r e p a r e d  by ou r  m e t h o d ,  pu r i f i ed  e i t h e r  by HPLC or  by s imple  
s o l v e n t  e x t r a c t i o n  c o l u m n  c h r o m a t o g r a p h y  s h o w e d  s i m i l a r  
b iod i s t r ibu t ion  i n  r a t s .  H e a r t  to  blood r a t i o s  w e r e  12:l i n  r a t s  a t  
one  m i n u t e  p o s t i n j e c t i o n .  Most of t h e  a c t i v i t y  i n  t h e  h e a r t  w a s  found  
t o  b e  i n  t h e  l ipid f r a c t i o n  and  found  i n  t h e  t r i g l y c e r i d e  f o r m .  
Similar p a t t e r n  of i n c o r p o r a t i o n  was  obse rved  f o r  f H - p a l m i t a t e  (11)  . 
Our d a t a  conf i rm t h e  o b s e r v a t i o n  of Reske  e t  a1 f o r  IPPA (12) .  1-123 
PPA i n  con junc t ion  wi th  s ing le  p h o t o n  emiss ion  c o m p u t e d  tomography  
(SPECT) h a s  b e e n  u s e d  t o  m e a s u r e  r e l a t i v e  u p t a k e  and c l e a r a n c e  of IPPA 
in c a n i n e  myoca rd ium under  c o n t r o l  condi t ions and a f t e r  p e r m a n e n t  and 
t e m p o r a r y  co rona ry  a r t e r y  occ lus ion  ( 1 3 ) .  

Radioiodinat ion e f f i c i e n c y  a s  d e t e r m i n e d  by TLC o r  HPLC was >90% when 
i )  amoun t  of PPA was  200 pg o r  m o r e ,  i i )  amoun t  of TlTFA was  5OUg or 
m o r e ,  i i i )  the r e a c t i o n  t e m p e r a t u r e  of l o o o ,  and  i v )  r e a c t i o n  t i m e  of 
5 m i n u t e s  or m o r e .  The r a d i o c h e m i c a l  p u r i t y  of t h e  f i n a l  p r o d u c t  was  
>95% and t h e  tha l l i um l e v e l  w a s  (0.5 p p m  in  t h e  f i n a l  p r o d u c t  even  
when 0 .5  mg of TlTFA w a s  u s e d .  T h u s ,  i t  may  b e  conc luded  t h a t  1-123 
PPA, s u i t a b l e  f o r  h u m a n  i n v e s t i g a t i o n ,  c a n  b e  p r e p a r e d  v i a  PPA-TI 
i n t e r m e d i a t e .  "PPA-Tl" k i t  m e t h o d  i s  s i m p l e ,  c o n v e n i e n t ,  e f f i c i e n t ,  
and s u i t a b l e  f o r  rou t ine  a p p l i c a t i o n s .  
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SUPPORTING DATA 

High performance liquid radiochromatograms. I P P A  prepared by the 
method of Kulkarni e t  a l .  

A .  Reaction Mixture Before Purification 

1115 

B .  After Purification by Solvent Extraction. 
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SUPPORTING DATA 

I-PPA prepared util 
Purified by: 

A) Solvent extract 
8 )  HPLC 
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Method A Method B 
Tissue x SEM x SEM 
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1.71 f 
1.27 f 
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.85 
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.25 f .01 
1.33 f .05 
.I5 f .04 
.58 f .05 
.47 fr .04 

1.81 f .21 
1.85 f .23 
1.54 f .16 

Target-to-Nontarget Ratios 

LV/Blood 5.95 .50 7.51 f 1.08 

LV/ L iv e r 1.39 f .14 1.39 f .97 

LV/ Lung 2.78 t .09 3.18 f .63 
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THE DEVELOPMENT OF RADIOIODINATEO O R G A N I C  C A T I O N S  AS POTENTIAL MYOCARDIAL 
PERFUSION AGE NTS 

P. C. S r i vas tava ,  B. A. Owen and F. F. Knapp, Jr., Nuc lea r  Med ic ine  Group, Oak 
R idge  N a t i o n a l  Labora to ry ,  Oak Ridge, TN 37830, U.S.A. 

Tha l l i um-201  i s  t h e  most w i d e l y  used c a t i o n i c  p e r f u s i o n  agent f o r  t h e  d i f f e r e n -  
t i a t i o n  o f  i schemia  f r o m  i r r e v e r s i b l e  myocard ia l  damage bu t  has t h e  disadvan- 
tages  o f  i n e f f i c i e n t  d e t e c t i o n  o f  i t s  low-energy X-rays and r e d i s t r i b u t i o n  
d u r i n g  t h e  imag ing  per iod .  A myocard ia l  p e r f u s i o n  agent l a b e l e d  w i t h  an i s o t o p e  
h a v i n g  more a t t r a c t i v e  r a d i o n u c l i d i c  p r o p e r t i e s  would be an advantage. I n  
a d d i t i o n ,  n u c l e a r  med ic ine  techn iques  cou ld  be o f  even g r e a t e r  b e n e f i t  t o  t h e  
c a r d i o l o g i s t  i f  agents were a v a i l a b l e  f o r  measur ing e a r l y  i n d i c e s  o f  myocard ia l  
d i sease  as w e l l  as r e g i o n a l  p e r f u s i o n .  

Recent s t u d i e s  have shown t h a t  t h e  up take  o f  te t rapheny lphosphon ium bromide 
( I P P )  i n  va r ious  c e l l s  grown i n  v i t r o  i s  r e l a t e d  t o  t h e  c e l l  membrane p o t e n t i a l  
g r a d i e n t  (1-4). I n  a d d i t i o n ,  pronounced myocard ia l  up take  o f  t h e  C3H]tetra- 
p heny 1 p h 0s p hon i u m and [ I 3 i odo be nzy 1 -d  i met hy 1 - p heny 1 ammon i u m c a t  i on s ( 5 ) ha ve 
suggested  t h e  p o t e n t i a l  use o f  such r a d i o l a b e l e d  c a t i o n s  f o r  e v a l u a t i o n  o f  h e a r t  
d isease. A model r a d i  o i o d i n a t e d  phosphonium c a t i o n ,  E-1- [1231] i  odo- l -penten-  
5-y l - t r iphenylphosphonium i o d i d e  ( I ) ,  shows h i g h  h e a r t : b l o o d  r a t i o s  i n  F i s c h e r  

r a t s .  I n  dogs t h i s  agent shows 
b o t h  h i g h  myocard ia l  and hepato-  
b i l i a r y  up take  ( 6 , 7 ) .  Since a 
ba lance between charge, mo lecu la r  
s i z e  and p o l a r  and non-po la r  
c h a r a c t e r i s t i c s  o f  t h e  molecu le  
a r e  r e q u i r e d  f o r  b i l i a r y  
s e c r e t i o n ,  m o d i f i c a t i o n  o f  t h i s  
t y p e  o f  phosphonium c a t i o n  c o u l d  
p o t e n t i a l l y  i n c r e a s e  myocard ia l  
up take  and m in im ize  h e p a t o b i l i a r y  
up take .  To s tudy  t h e  r e l a t i o n -  
s h i p  between t i s s u e  s p e c i f i c i t y  
and t h e  s t r u c t u r a l  f e a t u r e s  o f  

9 H \  / I  
/C =c 

[ ( 3 & - ( C H 2 ) 3  4 1 -  

(1 1 

t h i s  t y p e  o f  c a t i o n ,  seve ra l  analogs o f  ( I )  have now been prepared and eva lua ted  
i n  r a t s .  

The arson ium ( A s )  ana log  o f  ( I  ), E-1-[  1251]i odo-5-pentenyl  -t r ipheny la rson ium 
i od ide  (V I  I ), and two phosphonium analogs, E-1- [  12511iodo-5-penteny1 - d i c y c l o -  
hexylphenylphosphonium i o d i d e  ( V I I I )  and E-l-[1251]iodo-5-pentenyldimethyl-n- 
octy lphosphon ium i o d i d e  ( I X ) ,  were p repared  i n  t h e  same manner desc r ibed  e a r l i e r  
f o r  t h e  p a r e n t  ( I )  compound ( 6 , 7 ) .  The a p p r o p r i a t e  b o r o n i c  a c i d  s u b s t r a t e s  were 
s y n t h e s i z e d  by condensing 5- iodo-1-penten-1-ylboronic a c i d  (11) w i t h  R3M and 
i o i o d i n a t e d  u s i n g  NaI and ch lo ramine T (CT) t o  y i e l d  t h e  p roduc ts  V I I - I X  
(Scheme I ) .  A l l  new agents  and t h e  i n t e r m e d i a t e s  were ana lyzed (TLC, NMR and 
C&H). The iod ine-125 ( * I ) - l a b e l e d  analogs were prepared by u s i n g  Na*I-CT and 
e v a l u a t e d  i n  r a t s  (5 /g roup) .  A l l  f o u r  agents  show good h e a r t  up take  (Tab le  1 )  
and r e t e n t i o n  ( F i g u r e  1) demons t ra t i ng  t h a t  t hese  s t r u c t u r a l  changes do no t  
g r e a t l y  a f f e c t  t h e  myocard ia l  s p e c i f i c i t y  o f  t hese  i n t e r e s t i n g  new c a t i o n s .  
Imag ing  s t u d i e s  ( F i g u r e  2) w i t h  ( V I I I )  demonstrate t h a t  l i g a n d  m d i f i c a t i o n  can 
a f f e c t  apparent  h e p a t o b i l i a r y  c learance.  

Research sponsored by t h e  O f f i c e  o f  H e a l t h  and Env i ronmenta l  Research, U.S. 
Department o f  Energy under c o n t r a c t  W-7405-eng-26 w i t h  t h e  Un ion  Carb ide  
Corpo ra t i on .  
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S u b s t r a t e  L i  gands, R - M Produc t  

I 1 1  t r i p heny 1 P I 

I V  t r i  pheny 1 As V I  I 

V d i  cy c l  ohexy 1 p heny 1 P V I I I  

U I  d i m e t h y l  - n - o c t y l  P I X  

Scheme I 

Tab le  1. Hear t  up take  and mean h e a r t : b l o o d  r a t i o s  o f  r a d i o i o d i n a t e d  
c a t i o n s  i n  r a t s .  

Range h e a r t ,  % doselgm (mean h e a r t : b l o o d )  

125I -Cat ion  5 min 30 min 60 min __ 

I 3.7-4.7 (22 )  3.4-5.3 (38 )  3.8-4.5 (50 )  
UTI 1.7-3.6 (11) 2.6-4.3 (13 )  3.0-3.7 (18) 

V I I I  2.8-3.8 ( 9 )  2.7-3.7 (16 )  3.2-3.9 ( 2 1 )  
I X  2.2-2.9 ( 6 )  1.4-2.4 (8) 1.9-3.6 (19 )  
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9, * 
QP-R-I 

4 

20 40 60 

4 

20 40 60 

MINUTES 

20 40 60 

AFTER INJECTION 

R-*I = T R A N S  (E) 

H =  HEART +- 

B =  BLOOD -.+.- 
L =  LIVER - - - x - - -  

F i g u r e  1. 
V I I ,  V I I I  and I X  i n  r a t s  over  a 60 min pe r iod .  

R e l a t i v e  hear t ,  b lood  and l i v e r  up take  o f  l Z 5 I - l a b e l e d  c a t i o n s  I, 

15-22 min 43-50 m i n  

H e a r t  

L i v e r  

B 1 adder 

F i g u r e  2. E a r l y  (15-22 min)  and l a t e  (43-50 m in )  gamma camera images ( a n t e r i o r  
v i ew ) o f  
( V I I I )  i n  a r a t  demons t ra t i ng  apparent h e p a t o b i l i a r y  c learance.  

I - 1 a be 1 e d E - 1 - i odo- 5 -pent  e ny 1 - d i cy c 1 oh e xy 1 p h e ny 1 p h 0s p h on i u m i od i de 
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MI- SPECIFIC FU-lOIX!&lINE 123: RADIOIODINATION AND PRELIMINARY W A T I O N  
AS AN AGEW FOR S C ~ I G R A P H Y  AND RADIOMERAPY OF CERTAIN TUMORS 

M.L. Thakur, R. Rowley, S. McKenney, S .  Cox, D. Leeper and C. Park. Dept. of 
Radiat. Therapy and N u c l .  Med. Thomas Jef fe rson  Univ. Philadelphia, PA. 19107 

Rhodamine 123 (methyl-O-(6-amino-3'-imino-3H-xanthane-9-yl) benzoate mono- 
c h l o r i d e ) ,  a c a t i o n i c  Eastman Kodak laser dye, (Rh123, Fig. 1) h a s  been shown to 
localize i n  t h e  mi tochondr ia  of l i v i n g  cells (1). From normal e p i t h e l i a l  cells ,  
however, the dye is released within a few hours but is retained f o r  2-5 days i n  a 
v a r i e t y  of carcinoma cel ls  (2). Given 1.p. (15 mg/kg, day 1,3,5) a long  wi th  2- 
deoxyglucose (0.5g/kg) , Rh123 prolonged t h e  s u r v i v a l  of  mice implanted wi th  
Ehr l i ch  ascites tumors or wi th  MB-49 b ladde r  carcinoma (3). The r e s u l t s  have 
been a t t r ibu ted  to the inhib i t ion  of g lycolys is  and mitochondria1 adenosine tri- 
phosphate synthesis (3). This s e l e c t i v i t y  and the  prwsed mechanism prompted us 
to evaluate Rh123 as an  agent f o r  scintigraphy and radiotherapy. 

The mitochondria1 s p e c i f i c i t y  of the dye was ascertained by incubating Rh123 with 
Chinese hamster  ova ry  (CHO) f i b r o b l a s t s  and o v a r i a n  carcinoma cells i n  t i s s u e  
culture,  and by examining the  cells with an u l t r av io l e t  fluorescence microsco 
(Fig. 2). The dye w a s  labeled with iodine-131 by a 60 minute incubation a t  22 C 
i n  the  presence of icdogen and Sorenson's phosphate buffer. For optimal labeling 
(80%),  200 ug iodogen, 5-7 m C i  I - l 3 1 / m l  phosphate b u f f e r  pH 7.5-9.0 and 1-5 mg 
dye dissolved i n  1 m l  buf fer  p31 7 are required. 

An a lka l ine  prec ip i ta t ion  and a 0.3 m l ,  0.9% NaCl  wash e l i m i n a t e d  u n b o u n d  radio- 
a c t i v i t y .  The l a b e l e d  p roduc t  was then  d i s s o l v e d  i n  30% DMSO i n  0.9% NaC1. The 
radionuclidic pu r i ty  was confirmed by paper chromatography and the  ca t ion ic  nature 
of the labeled product by electrophoresis. 

Preliminary r e s u l t s  of gamna camera imaging and t i s sue  d i s t r ibu t ion  s tud ie s  i n  
C3wHeJ mice bearing approximately 1 c m  diameter implanted KHT sarcoma indicated 
t h a t  i)  i n i t i a l l y  t h e  r a d i o a c t i v i t y  was t aken  up by t h e  i n t e s t i n e ,  u r ine ,  l i v e r  
(3.4%), kidneys (1.7%), thyroid (1.7%), and tumors (1.2%), ii) the rad ioac t iv i ty  
from a l l  t h e s e  o rgans  inc lud ing  t h e  l i v e r ,  k idneys ,  and t h y r o i d ,  as w e l l  as 
tumors, c l e a r e d  w i t h i n  21  hrs., (0.67%, 0.2%, 0.2%, and 0.2% r e s p e c t i v e l y ) ,  
probably through t h e  k idneys  and t h a t  iii) a t  18  hrs .  t h e  tumor/blocd (0.95) and 
tumor/muscle (3.9) rad ioac t iv i ty  ratios were l o w  f o r  sc in t igraphic  delineation of 
tumors (Tables  1 and 2, Fig. 3). 

Distribution and imaging s tud ie s  i n  RIII/Imr female m i c e ,  bearing 1 c m  or smaller 
diameter, spntaneous  m a m m a r y  ademarc inomas  also indicated similar clearance 
from a l l  normal t i s s u e s  b u t  no t  from t h e  tumors. (Table  2). I n  tumors,  t h e  
r a d i o a c t i v i t y  remained unchanged (1.5% a t  4 hrs .  and 1.64% a t  21 hrs.) or 
s l i g h t l y  increased. This resulted i n  much higher tumor/blocd (9.5) and tumor/mus- 
cle ratios (4.3) a t  21  hrs.  which a l lowed  d e t e c t i o n  of t h e  tumors s c i n t i -  
g raph ica l ly .  (Fig. 4). 

Data  from these preliminary s tudies  wre cons is ten t  with the mitochondria1 speci- 
f i c i t y  of Rh123 and s t rongly  suggested tha t ,  i) Rh123 could be labeled e f f i c i e n t l y  
wi th  r a d i o a c t i v e  iod ine ,  ii) With in  21 hours ,  l i t t l e  i n  v i v o  dehalogenat ion  
occurred ,  and iii) analogous  to  Rh123, r a d i o i o d i n a t e d  Rh123 was s p e c i f  i c a l l l y  
retained i n  e p i t h e l i a l  carcinoma cells but was rapidly cleared from normal 
t i ssues .  

ge 

W e  b e l i e v e  t h a t  t h e s e  r e s u l t s  are worthy of f u r t h e r  i n v e s t i g a t i o n  i n t o  t h e  
development of radioiodinated Rh123 as an agent f o r  scintigraphy and radiotherapy 
of spntaneous  e p i t h e l i a l  carcinomas. 

(1) Johnson L.V., Walsh M.L., e t  a l l  Proc. N a t l .  Acad. Sci.  USA, 77, 990 (1980). 
(2 )  Summerhayes I.C., Lampidis T.J., e t  a l ,  Proc. N a t l .  Acad. Sc i .  USA, 79, 5292 

(1982). ._. 
(3) Bernal  S.D., Lampidis T.J., e t  a1 Science ,  222, 169 (1983). 
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KHT Sarcoma Mammalian Adenocarcinoma 
T i s sue  X Admin. doselgram X Admin. doselgram 

2hr(N=2) 4hr(N=2) 18hr(N=3) 

Blood 2.45 1.7 .27 
(2.2-2.7) (1.4-2.0) (.2-.4) 

Tumor 1.2 1.05 .23 
( 1  -1-1 -3) (1.0-1 -1 )  (.1-.4) 

Muscle .55 0.7 .03 
(.5-.6) (0.4-1.0) (O-.l) 

L ive r  2.9 2 .o .57 
(2.8-3.0) (1.6-2.4) (.4-.8) 

Spleen 1.0 .65 .17 
(0.5-0.8) (.1-.3) 

Thyroid 10.9 16.7 3.13 
(9 -5-12.3) (11 -0-22 -4)  ( -8-6 -8) 

Kidneys 4.35 3.25 .53 
(4.0-4.7) (3.1-3.4) (.2-.8) 

Urine 19.5 32.65 8.3 
(18.6-20.4) (31.0-34.3)(3.3-17.6) 

I n t e s t i n e  19.45 2.85 .27 
(5.8-33.1) (2.4-3.3) (.2-.4) 

4hr(N=2) 21hr (N==3) 

.91 .14 
(.6-1.2) (.09-.2) 

1.59 1.64 
(-56-1 -6 )  (.44-3.8) 

-27 .33 
(.25-.28) (.14-.62) 

1.09 .25 
(-78-1.4) (.2-.31) 

.41 .06 
(.2-.61) (.05-.07) 

3.64 .21 
(1.4-5.8) (.17-.23) 

7.81 5.3 
(7.1-8 -54) (3.6-7.4) 

52.29 - 
( N = l  ) 

4.01 .17 
(.92-7.1) (.11-.24) 

Table-2 

KHT Sarcoma Mammalian Adenocarcinoma 
T i s sue  X Admin. doselwhole organ X Admin. doselwhole organ 

2h(N-2) 4hr(N=2) 18hr(N=3) 4hr(N=2) 21hr(N=3) 

L ive r  3.4 2.1 .67 1.94 .5 
(3.1-3 -7)  ( 1 -7-2.5) ( -5- 9 )  (1.8-2.1) (.40-.57) 

Spleen .15 .05 .03 .05 ,006 
(.1-.2) (O-.l) (.02-.04) (.03-.06) (.006-.007) 

Thyroid 1.7 3.05 2 3  .84 .05 
(1.5-1.9) ( 1 -3-4 -8)  ( a  1-.3) (.4-1.27) (.05-.05) 

Kidneys 1.7 1.15 .2 3.58 2.29 
(1.4-2.0) (1.1-1.2) (.2-.2) (3.4-3.76) (1.6-3.14) 

T u m r  .47 .64 .95 1.91 9.46 
B l o o d  (.46-.48) (-51-.76) (.81-1.02) (1.4-2.4) (4.65-18.9) 

Tumor 2.17 1.99 3.98 5.96 4.31 
a e  (2.1-2.2) (1.1-2.9) (3.4-4.9) (5.7-6.2) (1.8-6.2) 
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Fig. 1 :  Structural formula 
of Rh123 

Fig. 2: 
carcinoma c e l l s  were grown on 
a p las t ic  s l i de  i n  Leighton 
tubes, incubated with lOug 
Rh123 ( 1  hr. ,370C) , washed and 
photographed under a U . V .  
f luorescent microscope ( x  90). 
The dye in cytoplasm i s  con- 
s i s t en t  with mitochondria1 
spec i f ic i ty .  Unstained 
nucleus i s  also seen. (A  
composite of 4 c e l l s . )  

1 x lo4 Ovarian 

KHT S A R C O M A  

F ig .  3: Note the 
clearance of radio- 
ac t iv i ty  from the 
thyroid, l i ve r ,  
kidneys, and  bladder 
o f  a mouse ( h t ) .  
However, KHT sarcoma 
in the flank i s  no t  
detected. 

I' I i R  4 HR 1 8  tin 

POST INJECTION 

SPDNTANEOliSLY G R O N N  C A R C I N O M A  
Fig. 4 :  Spontaneous 
mammary adenocarcinoma 
tumor ( T )  i s  delinea- 
ted. Faint radioacti-  
vity in the kidneys 
( K )  i s  detectable. 
The arrows indicate 
a Tc-99m marker source 
above and adjacent t o  
the tumor. 

21 HR P O S T  I N J E C T I O N  

(WITHOIJT A N D  WITH T C - ~ ~ M  M A R K E R )  
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A RAPID METHOD FOR HALOGEN EXCHANGE LABELLING OF 6-IODOMETHYL-19-NORCHOLEST- 

5(10)-EN-3B-OL WITH 82Br, 1231 AND 211At 

Liu Bo-Lifi, Jin Yu-Taiq, Liu Zheng-Haon, Luo Chengt, Masaharu Kojima#, and Minoru 
Maeda# 
nchemistry Department, Beijing Normal University, Beijing, China 
'PInstitute of Atomic Energy, P.O.Box 275, Beijing, China 
#Faculty of Pharmaceutical Sciences, Kyushu University, Fukuoka 812, Japan 

We have developed a new method for halogen e55hang T2+abelliffylof 6-iodomethyl- 
19-norcholest-5(1O)-en-3~-01 (NCL-6-1) with Br, I and At in the presence of 
crown ethers which plays an important role in the isotopic and nonisotopic exchange 
reactions. Benzo-12-crown-4 and 18-crown-6 were chosen as crown ether because of 
thefZ310w m tiny poin$fl 
(Na I, Na Br and Na At) provided by Institute of Atomic Energ-$lfBeijing) was 
directly dissolved in the crown ethers. A astatine compound, At-6-astano- 
methyl-19-norcholest-5 (10) -en-3B-ol (NCL-6-"'At) was obtained in a high yield at 
short reaction time by this labelling procedure. 

The substrate NCL-6-1 and radioactive alkali halides @2 

The use of benzo-12-crown-4 and 18-crown-6 as solvent in the halogen exchange 
reactions of NCL-6-1 resulted in the rapid formation of the labelled compounds. 
The naked radioactive halide ions have more reactive ability than those in the 
conventional conditions (1). Our result demonstrates that the rate of the exchange 
is very fast in comparison with the other method as shown in Table 1 (2-4). The 
result of the time dependence of the labelling yield indicated that the order of 
the rate of exchange reaction was At > I > Br. It may be expected that the present 
labelling method could also be used effectively in the preparation of some 
radiopharmaceuticals. 

211At 
application. The distribution of NCL-6- At in rats was determined at different 
time intervals. 
radioactivity from NCL-6- 'At sh ed many similarit with Br-6-bromomethyl-19- 
norcholest-5 (lO)-en-3B-o1 (NCL-6- Br) ( 3 )  and NCL-6-'"1 (2) 211This clearly 
demonstrates a considerable selective localization of NCL-6- At in adrenals. 

7.2 hr, E = 5.866 MeV) is 051qotential interest for therapeutic 
a .  

The resu3f is summarized in Table 2. The difjsribution profile of 

8Y 

Table 1. Halogen exchangg3 of ~~~odomet~~~-19-norcholest-5(lO)-en-3~-ol 
(NCL-6-1) with Br, I and At 

Conditions Reaction time Yield ( % )  Reference Labelled 
compounds 

NCL-6-I3lI reflux in 4 hr 70 (2) 
acetone 

reflux in 80 min 80 (4) 
acetonitrile 

1231 NCL-6- 

benzo-12-crown-4 5 min ao 1231 

82 

NCL-6- 
70°C 

reflux in 6 hr 72 
acetonitrile 

NCL-6- Br 

present 
work 

(3) 

benzo-12-crown-4 10 min 80 present NCL-6- Br 
7 O°C work 

NCL-6 - 211At 18-crown-6 2 min 80 present 
7OoC work 

82 
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CH2X 

Table 2. Dis t r ibu t ion  of r a d i o a c t i v i t y  i n  rats following i n j e c t i o n  of 

NCL-6-211Ata) 
~~ 

Tissue  6 h r  24 h r  

Adrenal 104.65t20.23 123.15521.61 

Liver 20.6021.27 6.65+1.02 

Kidney 5.5250.5 4 .5850. 38 

Lung 

Spleen 

15.2452.39 

18.4652.37 

11.2950.70 

10.6250.53 

Blood 8.llTO. 2 2.6520.39 

a )  Values represent  mean % administered dose per  gram of t i s s u e  f o r  3 r a t s  
with S . D .  of mean. 

(1) Liu Bo-Li, J i n  Y U - T a i ,  Maeda M. and Kojima M . ,  Radioisotopes, 30, 391 (1981) 
and references c i t e d  t h e r e i n .  

(2) N i t t a  K . ,  Ogawa H . ,  I t o  T . ,  Kojima M.  and Maeda M . ,  Chem. Pharm. Bul l . ,  2, 
2322 (1976). 

( 3 )  Kojima M . ,  Maeda M. ,  Komatsu H . ,  Shimoirisa H . ,  Ogawa H . ,  N i t t a  K .  and I t o  T . ,  

( 4 )  Ido T . ,  Irie T . ,  Suzuki K . ,  Fukushi K . ,  Riki take T . ,  Tateno Y . ,  Iwata R. ,  
S te ro ids ,  29, 443 (1977). 

Kashida Y., Kojima M. and Maeda M . ,  Jap. J. Nucl. Med., 15, 840 (1978). 



Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXI, Nos 11-12 

reaction time (min) 

8-0- 
0 0  r/t 

/ =  
dp 

a 
Y 

- m -  82Br 

1231 

1311 

- 0- 

- 9- 

benzo-12-crown-4 

0 5 10 
I 

reaction time (min) 

Figure I. Time dependence of the halogen exchanges of 6-iodomethyl- 

19-norcholest-5(10)-en-3~-ol (NCL-6-1) in crown ethers 
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IODO-BEADS METHOD OF LABELING AND EVALUATION OF POTENTIAL TUMOR, 
BRAIN AND PANCREAS AGENTS 

G.V.S. Rayudu, M.E. Abril and E.W. Fordham 
Department of Radiology and Nuclear Medicine, Rush University 
Medical Center, Chicago, IL. 60612, U.S.A. 

In order to exulore the possibility of Chloramine-T derivatized 
polystyrene beads or Iodo-beads method of labeling(l,2), potential 
agents for tumor, brain and pancreas were radioiodinated and the 
biodistributions were studied in mice. 

The agents that were chosen are: a) Tumors: adriamycin, bleomycin, 
heparin, human serum albumin(HSA), insulin, and transferrin; b) 
Brain and pancreas: dipicolinic acid, ATP, methionine, tryptamine, 
dextrose, aminoethanethiol, and thymidine. 

The labeling consisted of adding high specific activity Na1251 to 
1 mg of each substance dissolved in 1 ml of phosphate buffer at pH 7 .  
TO this mixture, 3 to 4 iodo-beads were added and incubated for 
30 minutes atm20'C. The iodination was stopped by separating the 
solid beads from the reaction mixture. 

The potential tumor specific agents were injected into S-180 solid 
tumor bearing ICR strain female mice and the biodistributions were 
studied at 2 days post intravenous injection. While the potential 
brain and pancreas agents were administered intravenously to ICR 
strain normal female mice and the biodistributions were studied at 
+-hour post injection. The results were presented in Tables I and 11. 

The study showed that transferrin, adriamycin, and human serum albu- 
min exhibit better localization in S-180  tumors when compared to 
bleomycin, insulin, and heparin. 

Dipicolinic acid, ATP, thymidine, and dextrose showed relatively 
high uptake in brain while methionine, tryptamine, dipicolinic acid, 
ATP, aminoethanethiol, and thymidine indicate better uptake in the 
pancreas. 

A logical extension of this work would be to label the promising 
tumor agents including the monoclonal antibodies with 1-131 and the 
brain and pancreas agents with 1-123 because of their suitable ima- 
ging qualities. 

(1) "IODO-BEADS - Bioresearch Products Technical Bulletin", 
PIERCE CHEMTPiL CO. , Rockford, IL., 61105, U.S.A. 

(2) Subramanian G . ,  Feld T., McAfee J.G., Grossman Z.D., Ritter C., 
Schneider R.F., and Thomas F.D., "Iodo-beads: Evaluation of an 
Immobilized Protein Iodination Reagent", Proc. of 4th Int. 
Symp. on Radiopharmaceutical Chem., 5 ,  247, (1982). 
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13'I-LABELED PEANUT LECTIN FOR THE QUANTITATIVE DETERMINATION OF RENAL TUBULAR 
FUNCTION 

G.R. Boni face, M.R. Suresh, D.J. W i l l ans ,  Y.K. Tam, A.  Shysh, A.A. Noujaim 

F a c u l t y  o f  Pharmacy and Pharmaceut ical  Sciences, U n i v e r s i t y  o f  A l b e r t a ,  
Edmonton, Canada 

Cur ren t  rad iopharmaceut ica l  methods f o r  d e t e r m i n i n  r e n a l  f u n c t i o n  r e l y  on smal l  
mo lecu la r  we igh t  compounds such as 1311-hippuran, g9mTc DMSA, and 9 9 m ~ c  DTPA f o r  
t h e  q u a n t i t a t i o n  o f  r e n a l  plasma f l o w  o r  g lomeru la r  f i l t r a t i o n  r a t e .  To date, the 
use o f  r e c e p t o r  s p e c i f i c  l i g a n d s  o r  a n t i b o d i e s  i n  t h e  assessment of r e n a l  f u n c t i o n  
has n o t  been repo r ted .  We a r e  now r e p o r t i n g  on a novel  approach f o r  t h e  assess- 
ment o f  r e n a l  t u b u l a r  f u n c t i o n  v i a  a r e c e p t o r - s p e c i f i c  rad iopharmaceu t i ca l .  

Peanut L e c t i n  (PNA) i s  a p l a n t  p r o t e i n  o f  105,000 MW which b inds  s p e c i f i c a l l y  t o  
t h e  a-D-galactosy l  (1-3)u-N-acetyl-D-galactosamine moiety ,  t h e  immunodeterminent 
group o f  t h e  T-ant igen. (1) I o d i n a t e d  Peanut l e c t i n  (1311-PNA) has r e c e n t l y  been 
used as a tumor-seeking agent f o r  t h e  i n - v i v o  d e t e c t i o n  o f  tumor exp ress ing  t h e  
T -an t igen  i n  an imals  and humans. (2 ,3)  
s t u d i e s ,  l 3 I I - P N A  was shown t o  be r a p i d l y  exc re ted  by t h e  k idneys and c l e a r e d  
i n t o  u r i n e .  

Dur ing  p r e l i i n i n a r y  animal and human 

Th is  has prom t e d  f u r t h e r  i n v e s t i g a t i o n  as t o  t h e  pharmacokinet ic  
and r e n a l  parameters o f  l 3  P I - P N A .  

PNA was i o d i n a t e d  w i t h  1311  by t h e  iodogen method, and rad iochemical  p u r i t y  
achieved by ge l  column chromatography (B ioge l  P6 DG) and was i n j e c t e d  i n t r a -  
venously i n t o  dogs and r a b b i t s .  
desc r ibed  by a two compartment exponen t ia l  model (A, = 68.23 f 7.41%, 6, = 39.75 
5 7.81%, t tu  = 0.31 f 0.03 h r s ,  t & a  = 1.19 f 0.16hr.5, CLTB = 17.52 f 8.74 m l  m in- )  
Computer acqu i red  gamma camera data o f  k idneys ( 1 frame/ 30 sec) was analyzed 
by exponen t ia l  curve f i t t i n g  (tmax = 44.6 f 4.8 min, A c t i v i t y m a x  = 21.8 f 3.3%) 
and u r i n e  counts  revea led  17.5 f 2.8% o f  i n j e c t e d  a c t i v i t y  i n  t h e  b ladder  a t  1 
hour  P . I .  Cumulat ive 48 h u r i n e  c o l l e c t i o n  recovered 73.5 f 9.8% o f  i n j e c t e d  
dose. T r i c h l o r o a c e t i c  a c i d  p r e c i p i t a t i o n ,  a s i a l o  GM1 synsorb b i n d i n g  assa 
and ge l  column chromatography o f  u r i n e  con f i rmed  t h e  presence of  i n t a c t  13YI -PNA 
i n  t h e  h ladder .  

Normal ized plasma pharmacokinet ics  were b e s t  

H i s t o l o g i c a l  and au to rad iog raph ic  s t u d i e s  o f  k idney  s l i c e s  i n d i c a t e  c o n c e n t r a t i o n  
on t h e  basement membrane o f  r e n a l  t u b u l e s  f o l l o w i n g  i n - v i v o  i n j e c t i o n  o f  FITC 
o r  l Z 5 I - l a b e l e d  PNA. 

A receptor-mediated t u b u l a r  endocy tos i s /exocy tos i s  model i s  proposed f o r  t h e  
e x c r e t i o n  o f  1 3 ' I - P N A  and suggests a p o t e n t i a l  use o f  t h i s  l e c t i n  i n  t h e  i n - v i v o  
e v a l u a t i o n  o f  r e n a l  t u b u l a r  m e t a b o l i c  f u n c t i o n .  

1. Spr inge r  G.F., Desai P.R., Banatwala I . ,  J .  N a t l .  Cancer. I n s t .  

2. Zabel P.L., Noujaim A.A. , Shysh A., Bray J . ,  Eur. J .  Nucl.  Med. 

3. Suresh M.R., W i l k inson  A.A., H o l t  S., Shysh A., Ma t te  G., Longenecker B.M., 

54: 335-339 (1975) 

8: 250-254 (1983) 

Noujaim A.A., Proc. 3 r d  I n t .  Symposium on Radiopharmacology, F r e i b u r g  (1983) 
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LABELING OF 1311-mIBG WITH H I G H  S P E C I F I C  A C T I V I T Y  FOR 

RADIOTHERAPEUTI CAL PURPOSES 

1 2 M. Eisenhu t  , B. Kimmig', 8. Bubeck', H .  Sinn3,  K. zum W i n k e l l ,  D.M. T a y l o r  

') K l i n i k u m  d e r  Univ.  He ide lbe rg ,  Zentrum Rad io log ie ,  Abt .  k l i n .  Nuk learmed iz in ,  

') Theore t ikum d e r  Un iv .  He ide lbe rg ,  I n s t .  f .  S t r a h l e n t o x i k o l o g i e  and 

3 ,  Deu tsches  Krebs fo rschungszent  rum, I n s  t. fur Nu k l  earmedi z i n 

The s c i n t i g r a p h i c  imag ing  o f  pheochromocytoma (1) and neurob las toma ( 2 )  u s i n g  

1311-mIBG revea led  an e x t r a o r d i n a r y  h i g h  up take o f  t h e  i n j e c t e d  r a d i o a c t i v i t y  i n  

most o f  t h e  tumors. The c a l c u l a t i o n  o f  t h e  absorbed dose y i e l d e d  up  t o  40 rd/mCi 

131i-mIBG f o r  pheochromocytoma and 26 rd/mCi 1311-mIBG f o r  neu rob l  astoma wh ich  ap- 

peared t o  be s u f f i c i e n t  f o r  r a d i o n u c l i d e  the rapy  ( 2 , 3 ) .  A p r e r e q u i s i t e  f o r  such a 

the rapy  w i t h  1311-mIBG i s  a h i g h  s p e c i f i c  a c t i v i t y  o f  t h e  r a d i o t h e r a p e u t i c a l .  Un- 

necessary h i g h  mIBG c o n c e n t r a t i o n s  c o u l d  s a t u r a t e  t h e  b i n d i n g  s i t e s  i n  t h e  t a r g e t  

t i s s u e .  A d d i t i o n a l l y  m I B G  which a c t s  as an a d r e n e r g i c  neu ron -b lock ing  agent may 

cause s i d e  e f f e c t s  i f  a p p l i e d  i n  h i g h  doses. 

We have r a d i o l a b e l e d  mIBG more than  50 t imes  f o r  d i a g n o s t i c  purposes acco rd ing  

t o  a m o d i f i e d  i o d i n e - i s o t o p e  exchange procedure  r e c e n t l y  desc r ibed  i n  t h e  l i t e r a -  

t u r e  ( 4 ) .  The enhancement o f  t h e  rad iochemica l  y i e l d  i n  presence o f  (NH,)'S04 

cou ld  be conf i rmed.  We used, however, h i g h e r  tempera tures  i n  o r d e r  t o  r e c e i v e  an 

exchange o f  > 90%. A t  t h e  tempera tures  d e s c r i b e d  i n  t h e  1 i t e r a t u r e  we r e c e i v e d  ra -  

t h e r  low y i e l d s .  Th is  e f f e c t  may be due t o  o u r  m o d i f i c a t i o n  o u t l i n e d  below. The 

Tab le  summarizes t h e  r e s u l t s  o f  some o f  t h e  exper iments  d e a l i n g  w i t h  h i g h  s p e c i f i c  

a c t i v i t y  l a b e l i n g  which were per fo rmed a c c o r d i n g  t o  t h e  f o l l o w i n g  procedure :  

S o l u t i o n s  o f  m I B G ,  (NH4)$04, Na13'I and where i n d i c a t e d  AcOH were t r a n s f e r r e d  t o  

a 5 m l  ampoule. The s o l v e n t s  were evapora ted  on a ro tavapor .  A d d i t i o n  o f  E t O H a b s  

and evapora t i on  t o  dryness aga in  reduced t h e  w a t e r  c o n t e n t  i n  t h e  s a l t  m i x t u r e  t o  

a minimum. A f te rwards  t h e  g l a s s  ampoule was sea led  and t r a n s f e r r e d  t o  an oven. The 

exchange r e a c t i o n  was per fo rmed a t  1 8 5 O C  f o r  20 minu tes .  The c o l d  r e a c t i o n  m i x t u r e  

was then d i s s o l v e d  i n  i s o t .  NaCl, f i l t r a t e d  ove r  an an ion  exchange ge l  and f i l t r a -  

t e d  s t e r i l e .  

The f o l l o w i n g  conc lus ions  can be drawn f rom t h e  l a b e l i n g  r e s u l t s  i n  t h e  Tab le :  

1. The exchange l a b e l i n g  y i e l d  decreased w i t h  t h e  amount o f  a c t i v i t y  added. T h i s  

e f f e c t  was observed w i t h  r e a c t i o n s  1 - 5. The d r o p  o f  1311-mIBG f o r m a t i o n  seemed 

t o  depend on t h e  amount o f  NaOH added w i t h  t h e  r a d i o i o d i n e .  (NH4)$04 a lone d i d  

n o t  m a i n t a i n  the  necessary  low pH f o r  o p t i m a l  exchange c o n d i t i o n s .  

2.  The rad iochemica l  y i e l d  i nc reased  when AcOH was added t o  t h e  exchange m i x t u r e  

p r i o r  t o  evapora t i on .  React ions  6 - 9 c l e a r l y  demonstrated t h e  improved labe -  
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l i n g  y i e l d s  w i t h  acceptable h i g h  s p e c i f i c  a c t i v i t y  concen t ra t i ons .  The l o s s  o f  
a c t i v i t y  a f t e r  evapora t i on  was l e s s  than 2%. 

3. The rad iochemical  y i e l d  dropped w i t h  t h e  decrease o f  t he  mIBG/1311- r a t i o .  Th is  

e f f e c t  may be i n t e r p r e t e d  w i t h  t h e  mass a c t i o n  law ( r e a c t i o n s  6 - 9 ) .  

4. Too much (NH4)$04 was respons ib le  f o r  a f u r t h e r  decrease o f  t he  exchange y i e l d  

i n  r e a c t i o n  1. Al though o n l y  a 2.5 f o l d  amount o f  (NH4)2S04 was a p p l i e d  by com- 

p a r i s o n  w i t h  r e a c t i o n  2 a by 15% s m a l l e r  y i e l d  o f  1311-mIBG was obta ined.  T h i s  

must be i n t e r p r e t e d  by a d i l u t i o n  e f f e c t .  

5.  High dose l a b e l i n g  w i t h  a s p e c i f i c  a c t i v i t y  o f  more than l o  mCi/mg m I B G  w i t h  r e -  

sonable exchange y i e l d s  may be ob ta ined  when AcOH i s  p resen t  f o r  t h e  n e u t r a l i -  

z a t i o n  o f  l a r g e  amounts o f  a l k a l i n e  Na1311 s o l u t i o n s .  A d d i t i o n  o f  5 - l o  mg 

(NH4)$04 as an exchange c a t a l y s t  shou ld  be s u f f i c i e n t .  

The q u e s t i o n  whether s a t u r a t i o n  o f  t he  b i n d i n g  s i t e s  i n  t h e  t a r g e t  t i s s u e  occurs 

w i t h  the  i nc rease  o f  c a r r i e r  m I B G  was determined by q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  

t u m o r - a c t i v i t y  k i n e t i c t s .  Sequen t ia l  sc in t i g rams  were taken o f  a p a t i e n t  s u f f e r i n g  

f rom a pheochromoblastoma o f  t h e  r i g h t  adrenal  a f t e r  t h e  a p p l i c a t i o n  o f  2 . 1  m C i  

(0.8 mg) and 74.4 m C i  1311-mIBG (7.4 mIBG). The a c t i v i t y - t i m e  curves ove r  the  t u -  

mor a re  d e p i c t e d  i n  t h e  F igu re .  The curves decayed p a r a l l e l  w i t h  a d i s tance  f a c t o r  

o f  39.8 a t  24 h r  p i .  The r a t i o  o f  t h e  i n j e c t e d  a c t i v i t i e s  was 35.4. The maximal 

a c t i v i t y  uptake was 3.4% and 3 .5% a f t e r  a p p l i c a t i o n  o f  2 .1  and 74.4 m C i  1311-mIBG, 

r e s p e c t i v e l y .  The e f f e c t i v e  h a l f  l i f e s  amounted t o  32.4 h r  (2 .1  mCi) and 30.6 h r  

(74.4 m C i ) .  The da ta  c l e a r l y  i n d i c a t e d  t h a t  no s a t u r a t i o n  occured w i t h  t h e  i nc rease  
o f  c a r r i e r  mIBG w i t h i n  t h e  mass range o f  0.8 t o  7.4 mg. 

(1) Sisson J.C., Frager  M.S., Val k T.W., Gross M.D., Swanson D.P., Wieland D.M. , 
Tobes M.C., Be ie rwa l tes  W.H., Thompson N.W., New Engl.  J .  Med. I 305, 12 (1981) 

(2 )  Kimmig B., Brandeis  W.E., E i senhu t  M., Bubeck B., Hermann H.J., zum Winkel K., 
Nuc Compact __ 14, 347 (1983) 

( 3 )  Kimmig B., Bubeck B., E i senhu t  M . ,  Lange D . ,  Nuc Compact - 14, 353 (1983) 

( 4 )  Mangner T.J., Wu J.-I., Wieland D.M., J. Org. Chem. - 47, 1484 (1982) 
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Tab1 e 

No. m-IBG (NH4)$04 AcOH N ~ ~ ~ ~ I  y i e l d  a c t .  conc. 

,ul m C i  ( u l )  mCi (%)  mCi/mg / mg mg 

1 19.50 65.0 - 294 (300)  72.0 (24.5)  3.7 
2 10.56 12.5 - 146 (150) 57.5 (39.5)  5.4 
3 19.71 12.3 - 150 (150) 66.5 (44.3) 3.4 
4 0.85 12.0 - 11.5 ( 2 0 )  8 .3  (72.2)  9 .8  
5 0.80 6.0 - 1.6 ( 5 )  1 .5  (93 .8)  1 . 9  
6 1.12 12.0 5 91.4 (40)  18.1 (19.8)  16.2 
7 1.85 12.0 5 145 (180) 35.0 (24.2) 18.9 
8 5.53 30.0 5 79 (130)  48.1 (60 .9)  8.7 
9 1.08 11.0 5 14.7 (20)  13.3 (90.5)  12.3 

TIME ( HRS I 
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EVALUATION OF 75Se-LABELED CARAFATE A S  A TRACER FOR DRUG K I N E T I C  STUDIES 
L.C .  Knight ,  K.C. Kuo, C.W. Gehrke. R.S. F i s h e r  and L.S. Malmud. 
Temple U n i v e r s i t y  School o f  Medicine,  P h i l a d e l p h i a .  PA 19140. 

The d r u g  Cara fa t e ,  Bas ic  Aluminum Sucrose  O c t a s u l f a t e  ( I ) .  i s  a d m i n i s t e r e d  
o r a l l y  f o r  t h e  t r e a t m e n t  of p e p t i c  u l c e r s .  Among its o t h e r  a c t i o n s ,  i t  
po lymer i zes  i n  d i l u t e  a c i d  and b i n d s  p r o t e i n  i n  v i t r o ,  and i s  b e l i e v e d  t o  
p h y s i c a l l y  c o a t  u l c e r s  t o  p r o t e c t  them from d i g e s t i v e  a c t i o n  t o  a l l o w  h e a l i n g  t o  
c c c u r  (1.2). A s u i t a b l e  gamma-emitt ing r a d i o l a b e l  was sought  f o r  C a r a f a t e  t o  
p e r m i t  i n  v i v o  measurements o f  k i n e t i c s  o f  g a s t r i c  emptying r a t e s  and b ind ing  t o  
g a s t r i c  and duodenal u l c e r s .  Although 99mTc-HSA-Carafate h a s  been r e p o r t e d  (3) ,  
an i n t e r m o l e c u l a r  l a b e l  was f e l t  t o  b e  n e c e s s a r y  t o  a c c u r a t e l y  mon i to r  t h e  
behav io r  o f  t h e  c o r e  o f  t h e  molecule .  

CH-OR CH-OR 

<F:>o&J OR C H20 R 

H OR OR H 

Rad io labe l ing  o f  C a r a f a t e  w i t h  Se-75 involved  s u b s t i t u t i n g  t r a c e  q u a n t i t i e s  o f  
Se-75 f o r  s u l f u r  a toms  i n  t h e  molecule .  The f i rs t  s t e p  o f  t h e  s y n t h e s i s  was t h e  
su l fa t ion / rad iose lena t icn  o f  s u c r o s e  by a complex prepared  from Se-75 s e l e n i c  
a c i d ,  s u l f u r i c  anhydr ide  and d r y  py r id ine .  The p rcduc t  was c r y s t a l l i z e d  a s  t h e  
potass ium s a l t  (20% l a b e l i n g  y i e l d ) ,  which was t h e n  conve r t ed  t o  t h e  b a s i c  
aluminum s a l t  o f  Se-75-sucrose o c t a s u l f a t e  by  a d d i t i o n  o f  excess A1(OH)2C1 
s o l u t i o n  (48% y ie ld ) .  The f i n a l  s p e c i f i c  a c t i v i t y  was 100 uCi/g. When mixed 
wi th  0.1N H C 1 ,  t h e  m a t e r i a l  po lymer ized  and >go% o f  t h e  Se-75 was a s s o c i a t e d  
w i t h  t h e  polymer. HPLC a n a l y s i s  o f  t h e  m a t e r i a l  r evea led  t h a t  it is composed o f  
a m i x t u r e  o f  l e v e l s  o f  s u l f a t i o n  (ccta, h e p t a  and hexa) ,  b u t  o t h e r w i s e  resembled  
s t a n d  a rd  c a r  a f a t e .  

75Se-Carafate was a d m i n i s t e r e d  o r a l l y  t o  r a t s  w i t h  a c e t i c  acid-induced g a s t r i c  
u l ce r s .  Gamma camera imaging  was used t o  f o l l o w  t h e  emptying o f  t h e  m a t e r i a l  
from t h e  s tomach,  and showed t h a t  Se-75 a c t i v i t y  remained bound t o  t h e  u l c e r  
s i t e  a f t e r  t h e  stomach had empt ied ,  A t  5.5 hour s  post dos ing ,  t h e  rats '  
s tomachs  were removed and r i n s e d .  The r a t i o  o f  Se-75 up take  a t  t h e  u l c e r  site 
compared w i t h  normal stomach t i s s u e  (by weight )  was 15.4 2 6.1. 
expe r imen t  was performed w i t h  Tc-99m-HSA-Carafate o r  In-1 11-Carafate (In-1 11 
s u b s t i t u t e d  f o r  A 1  a toms  i n  t h e  molecu le ) ,  t h e  up take  r a t i o s  were 5.6 and 6.3, 
r e s p e c t i v e 1  y . 
B i o d i s t r i b u t i o n  s t u d i e s  o f  Se-75-Carafate and C-14-Carafate i n  normal ra t s  
showed t h a t  about  13% o f  Se-75 and 10% of C-14 a c t i v i t y  i s  absorbed  from t h e  G I  
t ract .  T h i s  r e p r e s e n t s  f a r  less  a b s o r p t i o n  t h a n  was observed  w i t h  Tc-99m-HSA- 
C a r a f a t e  (3 ) .  which may b e  broken  down i n  t h e  i n t e s t i n e .  

It i s  concluded t h a t  75Se-Carafate i s  a b e t t e r  marker  f o r  C a r a f a t e  than  t h e  Tc- 
99m-HSA- o r  In-111-labeled C a r a f a t e s ,  i s  s i m i l a r  i n  b i o d i s t r i b u t i o n  t o  t h e  C-14- 
l a b e l e d  m a t e r i a l ,  h a s  chemica l  and p h y s i c a l  c h a r a c t e r i s t i c s  similar t o  un labe led  
C a r a f a t e ,  and i s  t h e r e f o r e  a s u i t a b l e  gamma-emitt ing t r a c e r  f o r  f o l l o w i n g  t h e  
k i n e t i c s  of t h e  d rug  C a r a f a t e  i n  v i v o  i n  human s u b j e c t s .  

( 1 )  Nagashima, R., J. Cl in .  G a s t r o e n t e r o l .  3, Suppl.  2, 103 (1981).  
( 2 )  Nagashima, R., J. C l in .  G a s t r o e n t e r o l .  3,  Suppl.  2,  117 (1981) .  
( 3 )  Vasquez ,  T.E.. B r i d g e s ,  R.L., B r a u n s t e i n ,  P.. J a n s h o l t ,  A.-L., and 

When t h e  

Meshkinpour, H., Radiology 148, 227 (1983). 
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SUMMARY OF BIODISTRIBUTION STUDY OF LABELED CARAFATE I N  RATS 

75Se-CARAFATE 
% admin i s t e red  dose /organ  

G I  t r a c t  

f e c e s *  

blood 

k idneys  

u r i n e *  

l i v e r  

sp l een  

lung  

G I  t r a c t  

f e c e s *  

b locd  

k idneys  

u r i n e *  

l i v e r  

s p l e e n  

1 ung 

3 h r  5 h r  24 h r  48 h r  

91.2 

0.0 

2.2 

0.68 

1.65 

1.94 

0.36 

0.19 

93 

0.02 

4.98 

0.78 

1.64 

1.83 

0.13 

0.18 

42.6 

44.1 

3.8 

1.3 

6.0 

2.2 

0.17 

0.32 

2.78 

81.3 

2.7 

1.4 

9.1 

2.4 

0.07 

0.25 

4C-CARAFATE 
I admin i s t e red  dose /organ  

3 h r  5 h r  24 h r  48 h r  

97.1 5.86 5.45 0.988 

0.057 0.0 83.7 90.0 

0.27 0.074 0.092 0.025 

0.66 0.104 0.227 0.159 

1.36 4.15 9.31 8.21 

0.482 0.060 0.255 0.250 

0.012 0.116 0.019 0.016 

0.020 0.016 0.046 0.095 

*cumula t ive  
Each va lue  is t h e  mean based on t h r e e  an ima l s  

1 week 

0.68 

82.3 

0.12 

0.51 

13.3 

1.37 

0.08 

0.27 

5 days 

0.194 

91.6 

0.024 

0.071 

7.82 

0.006 

0.006 

0.028 
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DEVELOPMENT OF HPLC METHODS FOR THE ANALYSIS OF RADIOIODINE AND FOR THE 
PURIFICATION AND OTJALITY CONTROL OF IODINATED RADIOPHARMACEUTICALS 

S.C. Srivastava, G.E. Meinken, T. Prach, L.F. Mausner and P. Richards 
Medical Department, Brookhaven National Laboratory, Upton, New York 11973. 

A wide variety of iodination techniques are employed for preparing 
radiopharmaceuticals based on iodine-I23 and other iodine nuclides. The success 
of many of these methods depends on the chemical nature of iodine in the 
radioiodine solutions. 
analysis of iodine in various chemical forms, and also for the characterization 
and quality control of a number of iodinated compounds of interest to nuclear 
medicine. Although various paper and thin-layer chromatographic systems have 
been used, HPLC offers a better alternative because of its higher sensitivity, 
speed, and resolving capabilities. Materials that were studied included 
BLIP-produced (p,5n) iodine-123, commercial radioiodine samples, and radiolabeled 
iodoamphetamine (IMP), HIPDM, and deoxyuridine (IUDR). 

A number of reverse-phase columns (C2, C8, C18) and solvent mixtures were 
evaluated for optimal separation efficiency. 
eluting solution (pH 7 )  containing 0.05 g phosphate, 0.002 MNBuhOH, and 10% 
acetonitrile provided the best separation of  various iodine species. 
characterized standards, elution factors (k' = Elution volume - column 
volume/column volume) were established for I03-, I-, I3-, 104-, I+, CH~I, and 
CHI3. Typical results are summarized in Table 1. Separation of iodate, iodide, 
and periodate in a synthetic mixture is depicted in Figure 1. 
BLIP-produced 1-123 samples (using optimized processing chemistry (1) - decay of  
Xe-123 precursor in an ampoule in the presence of 0.5 atm. H2S, evacuation of the 
ampoule, rinsing out with base) consistently gave >95% iodide and almost no 
iodate. 

Less than 5% of other unidentifiable species were also occasionally separated in 
some 1-123 solutions. 
reduction using hypochlorite, hydrogen peroxide, chloramine T, thiosulfate, 
metabisulfite, H2S, SOg, etc., formation of a number of different species was 
demonstrable. A method was also developed for determining the carrier iodine 
content of radioiodine solutions by monitoring the uv absorption of HPLC 
fractionated samples at 225 nm. 
between 0.01 and 10 vg iodide. 

Iodoamphetamine was iodinated with 1-123 using an exchange reaction in refluxing 
glacial acetic acid. This reaction was found to be somewhat sensitive to iodate 
impurity in radioiodide solutions. 
bromoamphetamine (BrMP) followed by separation of IMP and BrMP on a C18 
reverse-phase column using pH 7, 0.05 2 phosphate in 40% + 60% methanol. 
radioactive detection and uv detection at 265 nm were utilized. Animal 
experiments demonstrated the purity of the HPLC fractionated product. 
iodinated with 1-123 using the kit method of Kung and coworkers (2). 
labeling yields (%95%) were obtained even when considerable amounts of iodate 
were present in iodide solutions. A satisfactory HPLC separation was achieved by 
using a C18 reverse-phase column and a solvent mixture containing 0.05g phosphate 
in 30% acetonitrile, pH 5.0. The effect of pH on the HIPDM labeling reaction was 
followed by HPLC: 
3.6, 2-5% of an additional product was formed. The HPLC results correlated well 
with the TLC analysis. 

Iodinated deoxyuridine was separated on C18 reverse-phase columns using a pH 5, 
0.05 g phosphate buffer in 10% methanol. 
0 (Uracil); 0.40 (UDR); 1.30 (iodouracil); and 2.50 (IUDR). Unbound iodide 
eluted much later with considerable tailing. 

This study was undertaken to develop HPLC methods for the 

RP8 Lichrosorb columns and an 

Tising well 

Analysis of 

When the samples were subjected to cycles of oxidation and 

The standard curve showed a linear relationship 

Carrier-free IMP was prepared by iodinating 

Both 

HIPDM was 
High 

at pH 2, only one major product peak was seen whereas at pH 

The elution factors were as follows: 
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Results of this study demonstrate the effectiveness of HPLC in allowing a fast 
and reliable separation of various chemical forms of iodine as well as of a 
number of iodinated radiopharmaceuticals. The developed methods provide 
excellent resolution and appear superior to the commonly used thin-layer and 
paper chromatographic techniques. 

(1) 

(2) 

Richards P., Prach T., Srivastava S.C., et al., J. Radioanal. Chem. 61, 47 
(1981). 
Kung H.F., Tramposch K.M. and Blau M., J. Nucl. Med. E,  66 (1983). 

Table 1. Analysis of Various Radioiodine Species (k' values)a by C2, C8 and c18 
Reverse-Phase High Performance Liquid Chromatographyb 

100% Aqueous 10% Acetonitrile 40% Acetonitrile 

Species c2 c8 c18 c2 c8 c18 c2 c8 c18 

103- 0.09 0 0 0 0 0 0 0  0 

I- 1.55 4.86 3.29 0.73 1.21 0.43 0.09 0 0 

104- 11.2 - RC 3.55 5.36 6.57 1.36 - 0 

cH3I 1.64 - 3.71 1.55 4.14 2.86 1.0 1.57 1.0 

-  CHI^ R R R R R 3.0 10.7 3.71 

ak' = elution volume (Ve) - column volume (Vo) 
hution buffer was a 0.05 

CRetained 

vo 
pH 7 phosphate solution containing the stated amount 

of aqueous or organic phase and 0.002 2 tetrabutylammonium hydroxide. 

Acknowledgments. The labeling procedures and ligands used in this study were 
kindly provided by Medi-Physics, Inc. (iodoamphetamine), and H. Kung of SUNY, 
Buffalo (HIPDM). This research was supported by the U.S. Department of Energy 
under Contract #DE-AC02-76CH00016. 
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SOURCES OF CARRIER BROMINE IN HIGH SPECIFIC ACTIVITY RADIOBROMINATION REACTIONS 
AS DETERMINED BY NEUTRON ACTIVATION ANALYSIS. 

M.J. Adam, D.S. Wilbur', T.J. Ruth and S.R. Garcia'. 
on Positron Emission Tomography, TRIUMF and the University of British Columbia, 
Vancouver, B.C. V6T 2A3. 

Radiobrominated compounds are of interest as receptor-binding radiopharmaceuticals 
(1). However, obtaining the radiobrominated compounds in high specific activity 
as needed for non-saturation of the specific receptors has been a difficult 
task even though high specific activity radiobromine has been used. 
radionuclide of bromine which has been most often employed for high specific 
activity radiobrominations is bromine-77. Production of this nuclide (2) by 
800 MeV spallation reactions on a molybdenum target at the Los Alamos Meson 
Physics Facility has yielded curie quantities, which have specific activities 
> 5000 Ci/mmole. Despite this, specific activities of labelled compounds 
using bromine-77 have been considerably lower ( 3 ) .  

The decrease in specific activity observed when labelling with bromine-77 led 
to an investigation of the concentration of the stable nuclides of bromine in 
the different components of some radiobromination reactions. The investigation 
used neutron activation analysis as a sensitive method of determining the 
concentration of bromine. 

We chose to analyze some commonly employed components of radiobromination 
reaction mixtures. Thus, the reaction mixtures were divided into four general 
components for the purposes of our evaluation. The analyses of the components 
of the reaction mixtures, the solvent(s), the reagents, and the substrates 
are shown in Table 1, 2 and 3 respectively. More analyses are presently being 
carried out and these will also be presented. 

+ Medical Radioisotope Research (CNC-3), Los Alamos National Laboratory, Los 

The UBC/TRIUMF Program 

The 

Alamos, New Mexico. 

(1) A.M. Friedman, C.C. Huang, H.A. Kulmala et.al., Int. J. Nucl. Med. & Biol. 

(2) P.M. Grant, R.E. Whipple, J.W. Barnes et.al., J. Inorg. Nucl. Chem., 43, 
(3) J.K. Mazaitis, B.E. Francis, W.C. Eckelman et.al., J. Labelled Comp. 

9, 57(1982). 

2217(1981). 

Radiopharm., a, 1033(1981). 
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TABLE I 

Stab le  Bromine i n  Solvents 

Solvent Conc. (ng/uiL) 

MeOH 154 
HOAc 8 
H,O ( s i n g l e  d i s t  . ) 40 

H,O (Barnstead) 4 
E t O H  (USP Brand A )  a 
E t O H  (USP Brand B) 40 

TABLE I1 
Stable  Bromine i n  Reagents 

Reagents Conc. (ug/g)  

NCS (Alfa)  3.0 

NCS (Aldrich)  189 
CAT (Eastman) 24.3 

CAT (MCB) 5.2 

H C 1  ( A l l i e d )  0.b2 

TABLE I11 

Stable  Bromine i n  Subs t ra tes  

Subs t ra tes  Conc. (ug/g) 

Phenol 0.09 

Es t rad io l  (Sigma) 2.5 

pMePhSi(Me) 6 5 1  
pMePhSn( n-Bu) 65.1 

1139 
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A RAPID SOLID-PHASE RADIOIODINATION KIT FOR THE SYNTHESIS OF IODINE-123 LABELED HIPDM. 

M.C. Lagunas-Solar, L.J. Harris and O.F. Carvacho. Radioisotope Program, Crocker Nuclear 
Laboratory, University of California, Davis, California 95616, USA. 

Radioiodinated brain-imaging agents (amines and diamines) are presently being developed to 
study and diagnose brain physiology (1,Z). Because of the need for good imaging resolution 
of brain scans, and to reduce radiation dose burden to the patient, high purity "1-124 free" 
1-123 radiopharmaceuticals must be used (3). In addition, rapid and simple-to use radio- 
iodination kits are desirable to maximize the use of the limited supply of pure 1-123. A 
useful characteristic of a radiopharmaceutical kits, is that it should provide a fast and 
efficient labeling so as to minimize radionuclide losses due to decay and to time-consuming 
radiochemical purifications. 

A solid-phase I-127-for-1-123 isotopic exchange reaction for the rapid and efficient 
labeling of HIPDM, using (p,5n)-made 1-123, was investigated. Several parameters, i.e. 
carrier HIPDM, solvents, pH, temperature, inert atmosphere, and time-of exchange, were 
found to affect to some extent labeling efficiency, in spite of the fact that even at room 
temperature, an appreciable exchange in the liquid phase was measured. The method consists 
of preparing a buffered solution of HIPDM (5-10 mg/mL, pH 5-6) to which an 1-123 NaI 
solution is added. The solution is quickly evaporated to dryness (preferably by means of 
a dry-heating block), and the resulting solid mixture is heated for 30-60 sec at HIPDM's 
submelting temperatures (m.p. HIPDM 180-182°C). Using pH= 5.5 adjusted 0.9% NaCl isotonic 
saline solution, the labeled HIPDM is dissolved, and filtered. Greater than 98% labeling 
was measured for several of the conditions studied. A summary of the results obtained 
under a variety of experimental conditions is given in Table 1. The radiochemical purity 
of 1-123 HIPDM was measured using TLC and paper chromatography methods. Radiochromatograms 
were scanned using a computerized system and radioactivities were also checked against W 
detection of HIPDM. An example of this assay is shown in figure 1. 

This method was found to be similarly efficient for the synthesis of small, single-dose 
batches (5 to 30 mCi), as well as large, multi-dose batches (up to 1.5 Ci). Optimum 
conditions to yield > 98% labeled HIPDM, were found to be 140 +/- 2'C, 1-123 NaI in aqueous 
(0.1N NaOH or 0.1N HC1) or in organic (EtOH or MeOH) solvents, and using a minimum of 3.7 
mg of HIPDM (> 98%, n=30). Radiochemical impurities commonly associated with NCA 1-123 NaI, 
(i.e. 1-123 iodate and/or 1-123 periodate), had no effect on the HIPDM labeling yield or 
its radiochemical purity. Therefore, we concluded that this method reduces the 1-123 
oxidized forms prior to the exchange, making unnecessary the addition of reducing agents 
(i.e. thiosulfate) to the 1-123 NaI solutions. Several analytical techniques (i.e. NMR, 
HPLC, UV, IR) have shown no detectable chemical modifications to the 1-123 HIPDM. 1-123 
HIPDM prepared by this method also has shown similar in vivo distribution and chemical 
stability as HIPDM prepared by other methods (2). Because of the simplicity and reliability 
of this labeling technique, a radioiodination kit has been prepared and is presently being 
tested. 

The development of a similar radioiodination kit for other promising brain-imaging agents, 
i.e. 1-123 n-isopropyl p-iodoamphetamine (1) and 1-123 4-iOdO- 2 ,5  dimethoxy-N, N-dimethyl 
phenylisopropylamine ( 4 ) ,  is presently under investigation. 

(1) Winchell H.S., Horst W.D., Braun L., Oldendorf W.H., Hattner R., and Parker H.N. 

(2) King H.F., Tramposch K.M., and Blau M.A. J. Nucl. Med. 24, 66, 1983 
( 3 )  Holman B.L., Hill C.T., Lee R.G.L., Zimmerman R.E., Moore S.C., and Royal H.D. "Brain 

Imaging with Radiolabeled Amines" In: Nuclear Medicine Annual 1983. Edited by L.M. 
Freeman and H.S. Weissmann. Raven Press, New York, 1983. 

( 4 )  Sargent T., Shulgin A.T., and Mathis C.A. "Radiohaolgen Labeled Imaging Agents 111: 
Compounds for Measurement of Brain Blood Flow by Emission Tomography". 
J. Med. Chemistry 1984 (in press). 

J. Nucl. Med. 21, 947, 1980. 
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Table 1. Experimental Conditions Studied f o r  Labeling 1-123 HIPDM 

Temperature Range: 22-26OC 
10/H20 0.1N NaOH/S203- 
10/H20 0.1N NaOH 
Temperature Range: 138-142OC 

5/n20 0.1N NaOH 
5/n20 0.1N NaOH/S203- 
10/H20 0.1N NaOH 
10/H20 0.1N NaOH/S203- 
10/H20 0.1N HC1 
Temperature Range: 148-155°C 
5/H20 0.1N NaOH 
0. 5/H20 Ethanol 
3.7/H20 0.1N NaOH 
Temperature Range: 170-172°C 
5/H20 0.1N NaOH 
5/H,O 0.1N NaOH 

- 

- 

- 

5-6 
5-6 

5.5 
5.5 
5.5 
5.5 
3.0 

4-6 
10 

5-6 

6-7 
5.0 

50-80 
50-80 

> 98 
> 98 
> 98 
> 98 
> 99 

> 95 
0 

97-98 

> 96 
> 97 

20-50 
20-50 

< 2  

< 2  
< 2  
< 2  

< 1  

< 5  
100 

3-2 

< 4  

< 3  

12 

12 

11 
3 

3 

5 
5 

L - 
5/H20 0.1N NaOH/S 0 - 6-7 > 96 < 4  6 
5/H20 0.1~ NaOH/S2O3- 5.0 > 98 < 2  6 

2 3- 

10/H20 0.1N NaOH 5.0 > 98 < 2  4 

Io/n20 0 . 1 N  NaOH/S203- 5.0 > 98 < 2  4 

10/H20 0.1N NaOH 8.0 - 70 - 30 2 

10/H20 0.1N NaOH 5.0 65 - 35 2 

- 

Temperature Range 178-182°C (melting) 
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VALIDATION OF RECEPTOR B I N D I N G  RADIOTRACERS 

W.C. Eckelman, R. Eng, R.E. Gibson, W . J .  Rzeszotarski  and R.C. Reba. 
Radiopharmaceutical  Chemistry, George Washington Universi ty  Medical School,  
Washington D.C. and Armed Forces  Radiobiology Research I n s t i t u t e ,  Bethesda, MD. 

Receptors have been cha rac t e r i zed  by a n  o p e r a t i o n a l  d e f i n i t i o n  t h a t  i nvo lves  
i t s  binding p rope r t i e s .  
fol lowing p r o p e r t i e s :  
s a t u r a b l e  (3) binding i s  with a high a f f i n i t y  and (4) t h e  r ad io l igand  
d i s t r i b u t i o n  can be c o r r e l a t e d  w i t h  b i o l o g i c  o r  pharmacologic e f f e c t s .  
have r e c e n t l y  prepared 3-quinucl idinyl  4-iodobenzilate u s ing  R-quinuclidinol 
(R-4-IQNB) and v a l i d a t e d  i t s  binding t o  t h e  muscarinic  a c e t y l c h o l i n e  r ecep to r  
(mAChR) us ing  i n  v i t r o  systems(2,3).  
R-4-IQNB i n  rats a l s o  has  been published(4).  

Proof of R-4-IQNB binding t o  mAChR i n  t h e  i n t a c t  animal o r  man i s  more 
d i f f i c u l t  than proof i n  v i t r o  because of t h e  many a d d i t i o n a l  v a r i a b l e s  such 
a s  p r o t e i n  binding,  t r a n s p o r t ,  and metabolism. This  proof i s  t h e  goa l  of ou r  
most r ecen t  e f f o r t s .  
show t h a t  t h e  binding i n  t h e  lung,  h e a r t ,  pancreas ,  cerebellum and corpus 
s t r i a tu rn  i s  s a t u r a b l e  t o  varying degrees  (Tables  1 .2) .  
is c a r r i e d  o u t  with a s i n g l e  amount of nonrad ioac t ive  QNB, t h e  s a t u r a b l e  
binding observed f o r  each t i s s u e  i s  not t h e  percentage of t h e  r ad io l igand  
binding t o  t h e  r ecep to r .  The t i s s u e s  c o n t a i n  var ious concen t r a t ions  of 
r e c e p t o r ;  a l s o ,  t h e  e f f i c i e n c y  of l i gand  t r a n s p o r t  t o  t h e  r ecep to r  i s  d i f f e r e n t  
f o r  each l i gand .  The X s a t u r a b l e  binding i s  t h e  r e s u l t  of a complicated 
i n t e r a c t i o n  descr ibed mathematical ly  by Ekins e t  a l .  f o r  equ i l ib r ium systems(5) .  
Nevertheless  s a t u r a b l e  binding is i nd ica t ed .  

Another t e s t  f o r  r ecep to r  binding i s  s t e r e o s e l e c t i v e l y  i n  those cases  where t h e  
l i gand  has  a pharmacologically a c t i v e  form and i n a c t i v e  form. We have prepared 
t h e  i n a c t i v e  form of 4-IQNB, S-4-[1251]IQNB and s t u d i e d  i t s  d i s t r i b u t i o n  i n  
r a t s  (Table 3) .  
mAChR a s  expected f o r  t h e  i n a c t i v e  form. I n  a d d i t i o n  t o  c o i n j e c t i o n  of non- 
r a d i o a c t i v e  l i gand ,  p o s t i n j e c t i o n  or "chase" experiments can be used t o  v a l i d a t e  
t h e  s a t u r a b i l i t y  of t h e  binding s i tes  and t e s t  whether t h e  r a d i o a c t i v i t y  is  
a s soc ia t ed  wi th  t h e  r ecep to r  l i gand .  Chase experiments were c a r r i e d  ou t  by 
i n j e c t i n g  nonradioact ive QNB a t  0.5 hours a f t e r  t h e  i n j e c t i o n  of R-[3H]QNB 
(Table  4) .  Again, less r a d i o a c t i v i t y  was observed i n  t h e  t a r g e t  t i s s u e  a f t e r  
t h e  "chase" dose of QNB. The percentage chased i s  a complicated f u n c t i o n  of 
t h e  off  r a t e ,  t h e  r ecep to r  concen t r a t ion ,  and o the r  f a c t o r s  mentioned above. 

These d a t a  and t h e  obse rva t ion  t h a t  R-4-[1231]IQNB does not l o c a l i z e  i n  t h e  
cerebellum of man(4) s u p p l i e s  s u f f i c i e n t  support  t o  suggest  t h a t  t h e  d i s t r i b -  
u t i o n  of R-4-IQNB i s  recep to r  mediated.  

(1 )  Kahn C.R., J.  C e l l .  Biol .  70, 261 (1976). 
(2 )  

Kahn(1) h a s  def ined a r ecep to r  as e x h i b i t i n g  t h e  
(1) binding i s  r ap id  and r e v e r s i b l e  (2)  binding i s  

W e  

The d i s t r i b u t i o n  of  R-t3H]QNB and 

The test f o r  s a t u r a b l e  binding f o r  R-[3H]QNB and R-4-IQNB 

Since t h e  c o i n j e c t i o n  

Rad ioac t iv i ty  i s  c l ea red  r a p i d l y  from organs con ta in ing  

Rzeszotarski  W . J . ,  EckelmarW.C., F ranc i s  B.E., Simms D.A., Gibson R.E., 
Jagoda E.L., Grissom M.P., Eng R.R., Conklin J.J., and Reba R.C., J. Med. 
Chem. i n  p re s s .  
Gibson R.E., Rzeszotarski  W . J . ,  Jagoda E.M., F ranc i s  B.E., Reba R.C.,  
and Eckelman W.C., L i f e  Science i n  p re s s .  
Eckelman W.C., Reba R.C., Rzeszotarski  W . J . ,  Gibson R.E., H i l l  T., Holman 
B.L., Budinger T., Conklin J.J., Eng R.,  and Grissom M.P., Science.  i n  
p re s s .  

( 5 )  Ekins R.P., Newman G.B., O'Riordan J.L.H., Radioisotopes i n  Medicine: 
I n  V i t r o  S tud ie s  (Ed. R.L. Hayes, F.A. Goswftz and B.E.P. Murphy) USAEC, 
1968, p. 59. 

(3 )  

(4 )  
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Table 1. In Vivo Test for Saturable Binding Sites of R-[3H] QNB i n  Rat 

time (h)' 

Tissue 1.5 (Control) 

Blood -060 t -006 

Lung .495t .067 

Heart 3.56i -319 

Liver -212 i .020 

Pancreas .801 2 -110 

Cerebellum .532 L -091 

Corpus Striatum .658 k .137 

1*5(QNB) 

.064 2 .004 

.404 I ,228 

.206 i- .015 

.272 k .038 

.198 f .011 

.126 k .017 

.351 I .024 

X *  

0 

18 

94 

0 

75 

76 

47 

- 3( Control) 

.065f .006 

.397f .059 

2.90+ .223 

-199 t .027 

.704 5.141 

.522 2 .159 

.647 +- .158 

(QNB) %* 

.093$. .005 0 

.2782 .045 29 

.278t .023 90 

.308? .033 0 

.227_t .035 67 

-1892 .031 64 

.558+ .067 13 

Table 2. I n  Vivo Test for Saturable Binding Sites of R-4-[1251] IQNB in Rat. 

time (h)+ 

Tissue 1.5 (Control) 1.5 (QNB) %" 3(Control) 3(QNB) %x 

Blood .073 t .057 .091 i -018 0 .136X .233 .234 t.013 0 

Lung 3.66 2 4.80 1.62t -303 55 -722 f .259 .717+ .139 7 

Heart .SO5 % .113 .195 t_ .038 61 .212 .lo8 .128 % -013 39 

Liver .503 t .lo7 .628k .084 0 .446t ,174 .496f .058 0 

Pancreas .851 k .416 .514? .157 40 .417f -251 .231t .049 45 

Cerebellum .157 ? .142 .051 -t .011 67 .116t . lo0 .024 f. .006 79 

Corpus Striatum .302 Z .157 .190r .052 37 .422f.129 .llOi .011 70 

All values are X Dose/gram wet tissue & standard deviation for 2 5 rats per 
value. 

*% = Control value - coinjected QNB value x 100 = X saturable binding 
control value 

25 nmol of R QNB coinjected with R-4-[1251] IQNB 
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Ti- 

Blood 

Lung 

Heart 

Liver 

Pancreas 

Cerebellum 

Corpus Striatum 

Table 3 Distribution of S-4-[I25I] IQNB in Rat. 

Time (h)+ 

0.5 

.090f .010 

3.21 k -556 

.242 k ,039 

.708 * .092 
1.43 t .271 

.090 i .013 

-115f .016 

1 

.063 i .013 

1.922 ,435 

-175 k .025 

-632 +- .143 

1.14* .358 

.045 -+ .011 

.064 t .018 

2 

.090 f .014 

l . l O i  .283 

.123fi .021 

.686 f .131 

1.35 * .188 
.028 t .007 

0.041t .009 

4 

.057 2 .010 

.491+_ .113 

.055 .011 

.416? .072 

.661 5.193 

.010 ? ,002 

-014 f .003 

6 

.045 k .008 

.421 2 -147 

.026 f .021 

.440 .097 

-5635 -189 

.009 5 -004 

.010 t .004 

+ All values are X Dose/gram wet tissue k standard deviation for 2 5 rats per 
value 

Table 4 Displacement of R-t3H] QNB by Postinjection of QNB* 

Sacrifice Time(h) after injection of R-[3H] QNB 

Tissue 1.5 (control) 1.5 (QNB)a 1.5 (QNB)b 2.5 (QNB)b 

Blood -060 f.006 .1222 .020 0 -094 f .016 0 .087* .017 

Lung .495 k.067 .899f: .253 0 .8172 .208 0 .388;t .072 

Heart 3.56k.319 2.51k.470 29 2.572 .875 28 1.41t.610 

Liver .212+- .020 .341C_ .043 0 .340 ? .092 0 ,2372 .037 

Pancreas .801 t .110 .692 5 .182 14 .807 2 .253 0 .267 f .226 

Cerebellum .532 T .091 .366 2 .116 31 -265 & .078 50 .173 f .051 

Corpus Striatum .658?.137 .579f .161 12 -361 C .lo3 45 .317+.093 

"50 nmol QNBa or 500 nmol QNBb injected 0.5 hr after injection of R-[3H] QNB 
i n  rat; % Dose/g wet tissue t standard deviation in 2 5 animals per value. 
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RADIOSYNTHESIS  OF A DOPAMINE RECEPTOR-BINDING RAOIOTRACER FOR POSITRON E M I S S I O N  
TOMOGRAPHY: [ " C  METHYL I-3-N-METHYLSPIPERONE 

R.F. Dannals, H.D. Burns, H.T. Ravert ,  B. Langstrom, T. Duel fer ,  A.A. Wilson, 
S.E. Zanvan and H.N. Wagner. Jr. 
Div is ion;  of Nuclear Medic ine and R a d i a t i o n  H e a l t h  Sciences, The Johns Hopkins 
Medical  I n s t i t u t i o n s ,  Bal t imore,  Maryland, USA 21205-2179. 

Abnorma l i t i es  i n  dopaminergic neurot ransmiss ion have been imp1 i c a t e d  i n  severa l  
neu ro log i c  and p s y c h i a t r i c  d i so rde rs ,  such as Park inson ' s  d isease (11, t a r d i v e  
dysk ines ia  (2-31, Hun t ing ton ' s  d isease (4) ,  and sch izophren ia  (5-10). 
Neuro lep t i cs ,  such as sp iperone ( F i g u r e  1.11, a p o t e n t  member o f  t h e  butyrophenone 
ser ies,  e l i c i t  ext rapyramidal  Pa rk inson ian  s i d e  e f f e c t s  b y  b l o c k i n g  dopamine 
recep to rs  i n  the  corpus s t r i a t u m  and a l s o  e x e r t  a n t i s c h i z o p h r e n i c  ac t i ons  b y  
b l o c k i n g  these recep to rs  (11 1. 

Over the  pas t  severa l  years, t h e r e  has been cons ide rab le  i n t e r e s t  i n  t h e  
development o f  r a d i o t r a c e r s  f o r  t h e  e x t e r n a l  d e t e c t i o n  and q u a n t i f i c a t i o n  o f  
neuroreceptors  i n  v i vo .  Several  l a b o r a t o r i e s  have synthes ized drugs l a b e l e d  w i t h  
p o s i t r o n - e m i t t i n g  isotopes w i t h  t h e  goal  o f  3 v i v o  non- invas i ve  measurement o f  
dopamine n e u r o t r a n s m i t t e r  recep to rs  i n  t h e  b r a i n 2 - 1 6 ) .  
neuroreceptor  program t o  i d e n t i f y  and r a d i o l a b e l  h i g h  a f f i n i t y ,  h i g h l y  s p e c i f i c  
l i g a n d s  f o r  t h e  dopamine recep to r ,  we have s e l e c t e d  and synthes ized a d e r i v a t i v e  o f  
spiperone, 3-N-methylspiperone ( F i g u r e  1.111, l a b e l e d  w i t h  carbon-11. 

A l though t h e  syn thes i s  o f  3-N-methylspiperone had been p r e v i o u s l y  r e p o r t e d  i n  a 
p a t e n t  (171, t he  known r o u t e  f o r  i t s  p r e p a r a t i o n  was n o t  s u i t a b l e  f o r  t h e  
i n c o r p o r a t i o n  o f  I 1 C .  Therefore,  we r a p i d l y  i n c o r p o r a t e d  "C i n t o  t h e  molecule by 
the  me thy la t i on  of t h e  amide n i t r o g e n  w i t h  "C methy l  i o d i d e  i n  a b i p h a s i c  r e a c t i o n  
m i x t u r e  ( F i g u r e  2). Carbon-11 methyl  i o d i d e  was prepared f rom "C carbon d i o x i d e  
(18) and bubbled through a methy lene c h l o r i d e  s o l u t i o n  of spiperone. 
tetrabutylammonium hyd rox ide  was added w i t h  m i x i n g  b y  son ica t i on .  The product  was 
i s o l a t e d  b y  p r e p a r a t i v e  reve rse  phase h i g h  performance l i q u i d  chromatography (C-18 
HPLC) and analyzed f o r  rad iochemical  p u r i t y  b y  a n a l y t i c a l  C-18 HPLC. 

I n  108 consecut ive p roduc t i on  runs o f  t h i s  r a d i o t r a c e r ,  t h e  average rad iochemical  
y i e l d  has been approx imate ly  35% w i t h  an average syn thes i s  t ime  o f  36 minutes and 
an average s p e c i f i c  a c t i v i t y  o f  approx imate ly  290 mCi/pmole E.O.S. 
(1000 mCi/pmole E.O.B.). 

Th is  work was suppor ted i n  p a r t  b y  DHHS g r a n t  nos. CA-32845 and NS-15080. 

(1) Re is ine  T.D, F i e l d s  J.Z., and Yamamura H.I., L i f e  Sci., 21, 335 (1977). 
( 2 )  Cl inhausen E., M o l l e r  J.E., Faurbye A., Ac ta  P s y c h i a t r .  Scand., 46, 14 

(1970). 
( 3 )  Barbaccia M.L., Trabucchi  M.,  "Neurochemistry and C l i n i c a l  Neurology",  Alan R. 

L i s s ,  New York, 1980, p .  118. 
( 4 )  Re is ine  T.D., F i e l d s  J.Z., Stern L.Z., Johnson P.C., B i r d  E.D., and Yamamura 

H. I.,  L i f e  Sc i  .. 21, 1123 (1977). 

As p a r t  o f  our 

Aqueous 

_- 
( 5 )  Lee T., Seeman P. ,  T o u r t e l o t t e  W . ,  F a r l e y  I.J., and Hornykeiwicz O., Nature, 

274. 897 (1978). _ I  ~~ . - . -  
(6) Owen F., Crow T.J., P o u l t e r  M., Cross A.J., Longden A., and R i  ey G.J., 

Lancet. 2. 223 (1978). 
( 7 )  

( 8 )  Snyder S.H., Am. J. Psych ia t r y ,  133, 197 (1976). 
( 9 )  
(10)  Snyder S.H., Am. J. Psych ia t r y ,  138, 460 (1981). 

Lee T.; Seeman P.S., "Receptors f o r  Neuro t ransmi t te rs  and Pept 
Raven Press, New York, 1980, p. 435. 

M e l t z e r  H.Y. and S tah l  S.M., S c h G p h r e n i a  Bul l . ,  2, 19 (1976) 

de Hormones", 
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(11) B i r d  E.D., Spokes E.G.S., and I ve rsen  L.L., Brain,  102, 347 (1979). 
(12) Kook C.S., Reed M.F., and D igen is  G.A., J. Med. Chem., 18, 533 (1975). 
(13) Tewson T.J., R a i c h l e  M.E., and Welch M.J., B r a i n  Res., my 291 (1980). 
(14)  Kulmala H.K., Huang C.C., D i n e r s t e i n  R.J., and Friedman A.M., L i f e  Sci., 28, 
(15)  D igen is  G.A., V incent  S.H., Kook C.S., Reiman R.E., Russ G.A., and T i l b u r y  

(16)  Fowler J.S., A r n e t t  C . T ,  Wolf A.P., MacGregor R.R., Norton E.F., and F i n d l e y  

(17) Janssen P.A., U.S. Pa ten t  3,155,670 (1964). 
(18)  Langstrom B., Doctora l  Thesis, Acta U n i v e r s i t a t i s  Upsa l i ens i s  No. 555, 1980. 

1911 (1981). 

R.S., J. Pharm. Sci., 70, 985 (1981). 

A.M., J. Nucl. Med., 3, 437 (1982). 

Fiq .  1 

I .  Spiperone R = H 
11. 3-N-Methylspiperone R = CH3 

Fi g .  2 SYNTHESIS OF "C-3-N-METHYlSPlPERONE 

0 

1 HPLC 
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11 * 
A METHOD FOR THE PREPARATION OF 2 - (  C)METHYL-SPIPERONE - A N  AGENT FOR 
STUDYING DOPAMINE RECEPrOR DISTRIBUTION I N  V I V O  

D . R .  Turton,  V.W. P ike ,  M .  Car toon,  D . A .  Wlddowson and R.W.Matthews 
M.R.C.  Cyclotron Un i t ,  Hammersmith H o s p i t a l ,  Ducane Road, London W12 OHS, U.K.  

Recently Wagner &. ( 1 )  have shown t h a t  2-( ' lC)methyl-spiperone (1) i s  a good 
l igand  f o r  t h e  dopamine r e c e p t o r ,  and can be  a p p l i e d  t o  t h e  de t e rmina t ion  of  t h e  
s p a t i a l  d i s t r i b u t i o n  of  such r e c e p t o r s  i n  human b r a i n  by means o f  p o s i t r o n  
emission tomography (PET). Thus 2-(11C)methyl-spiperone is  l i k e l y  t o  b e  of 
cons ide rab le  v a l u e  i n  t h e  i n v e s t i g a t i o n  o f  t h o s e  n e u r o p s y c h i a t r i c  d i s o r d e r s ,  
such as P a r k i n s o n ' s  d i s e a s e  and s c h i z o p h r e n i a ,  t h a t  a r e  p o s s i b l y  a s s o c i a t e d  wi th  
abnormal dopamine systems.  To d a t e  no c i e t a i l ed  method f o r  t h e  p r e p a r a t i o n  o f  
2- ( l lC)methyl-spiperone has  been pub l i shed .  
method f o r  t h e  p r e p a r a t i o n  of  2-(11C)methyl-spiperone i n  a form a c c e p t a b l e  f o r  
c l i n i c a l  u se .  

Here w e  r e p o r t  a s a t i s f a c t o r y  

. 1  I "  1 1  
("C) Iodomethane (p repa red  from cyclotron-produced ( 

c o l l e c t e d  i n  co ld  (OOC) ace tone  (0 .5  mL) and added t o  a s o l u t i o n  o f  sp ipe rone  
( 2 )  ( 2  mg) i n  acetone (0 .5  mL) and aqueoiis sodium hydroxide s o l u t i o n  (10 M ;  5 u L ) .  
This s o l u t i o n  i s  s e a l e d  w i t h i n  a r e a c t i o n  v e s s e l  (vol. 3 mL) and hea ted  a t  
8OoC f o r  4 min wi th  magnetic s t i r r i n q .  
room temperature ,  d i l u t e d  wi th  pen tane  (10 mL) and loaded o n t o  a s i l i c a  q e l  
c a r t r i d q e  (Sep-pak; Waters A s s o c i a t e s ) .  The d e s i r e d  product  i s  subsequent ly  
e l u t e d  with chloroform-methanol ( 9 : l  v/v;  4 mL). The e l u a t e  is reduced t o  
c a  0 .5  mL and i n j e c t e d  o n t o  a s i l i c a  g e l  column (30 c m  x 0 . 7  c m  i . d . ;  " P o r a s i l " ,  
Waters Associates) e l u t e d  wi th  chloroform-methanol ( 9 : l  v /v)  a t  2 mL/min. 
2- ( l c )  Methyl-spiperone ( r e t e n t i o n  t i m e ,  9 - 5  min) e l u t e s  ahead o f  un reac ted  
sp ipe rone  ( r e t e n t i o n  t ime,  11.5 min) . 
2-1 C)Methyl-spiperone, p repa red  i n  t h i s  manner, h a s  been shown t o  be  r ad io -  
chemical ly  and chemical ly  pu re  by a n a l y t i c a l  h p l c  and t l c ,  u s i n g  aut .hant ic  
2-methylspiperone (3) ( k i n d l y  s u p p l i e d  by Jarissen Pha rmaceu t i ca l s )  a s  r e f e r e n c e  
mater ia l .  Furthermore,  i t  has  been shown t h a t  t h e  c o n d i t i o n s  o f  t h e  l a b e l l i n g  
r e a c t i o n ,  when a p p l i e d  on a macroscale ,  a f f o r d  2-methylspiperone i n  qood y i e l d  
from non- rad ioac t ive  iodomethane. High r e s o l u t i o n  f o u r i e r  t r ans fo rm 113 nmr and 
1% nmr w e r e  used to ach ieve  an unambiguous de t e rmina t ion  of  t h e  s t r u c t u r e  of 
t h e  prepared 2-methylspiperone. The behaviour  o f  t h e  p repa red  2-methylspiperone 
i n  h p l c  and t l c  w a s  found t o  be i d e n t i c a l  t o  t h a t  o f  t h e  s u p p l i e d  a u t h e n t i c  
m a t e r i a l .  

11 2 - (  C)Methyl-spiperone i s  formulated f o r  i n t r a v e n o u s  i n j e c t i o n  by r o t a r y  evapo- 
r a t i o n  t o  d ryness ,  s o l u b i l i s a t i o n  i n  e t h a n o l  (0 .1  mL) and human serum albumin 
s o l u t i o n  (10% v/v; 5 I&), and f i n a l l y  m i l l i p o r e  f i l t r a t i o n  (po re  s i z e  0.22 u m ;  
Mil lex G S ,  M i l l i p o r e  C o r p o r a t i o n ) .  

Thelprocedure r e q u i r e s  40 min from t.he end o f  r a d i o n u c l i d e  p roduc t ion  and p rov ides  
2 - (  C)methyl-spiperone f o r  i n j e c t i o n  i n  12% radiochemical  y i e l d  (from cyc lo t ron -  
produced (11C)carbon d i o x i d e ,  c o r r e c t e d  f o r  d e c a y ) .  A n a l y t i c a l  h p l c  u s i n g  
d e t e c t o r s  f o r  bo th  r a d i o a c t i v i t y  and mass (by absorbance a t  240 nm) i n d i c a t e s  
t h a t  t h e  s p e c i f i c  a c t i v i t y  o f  2-(11C)methyl-spiperone p repa red  by t h e  above 
procedure i s  1.9 - 3.7 GBq/umol (50 - 100 m C i / u m o l )  p r i o r  t o  fo rmula t ion .  

C )  carbon d i o x i d e  ( 2 )  ) i s  

Then t h e  r e a c t i o n  mixture  is  cooled t o  

- 

11 

*In r e f e r e n c e  1 t h i s  compound is  named a s  3-N- ( l lC)me thy l sp ipe rone .  
c l a t u r e  acco rds  wi th  t h a t  i n  U . S .  P a t e n t  3155670 (19641, t h e  o r i g i n a l  d e s c r i p t i o n  
o f  t h e  p r e p a r a t i o n  o f  2-methylspiperone. 

Our nomen- 
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The data presented by Waqner et al. (1) indicates that the specific activities 
of our preparations are high enough to enable the distribution of dopamine 
receptors in human brain to be measured by PET. Preliminary results ( 3 )  from 
investigations of the binding of 2- (l 'C) methyl-spiperone to dopamine receptors 
in vitro and in vivo are encouraging in this respect. 

(1 )  Wagner H.N., Burns B.D., Dannals R.F., Wong D.F., Langstrom B.,Duelfer T., 

-__ 

Frost J.J., Ravert H.T., Links J . M . ,  Rosenbloom S . B . ,  Lukas S.E., Kramer A.V. 
and Kuhar M.J., Science, 221, 1264 (1983). 

DeLandsheere C.M.,Int J. Appl. Radiat. Isot., In press. 
(2) Turton D.R., Brady F., Pike V.W., Selwyn A.P., Shea M.J., Wilson R.A. and 

(3) Owen F., Private communication. 

O R  
I1 / 
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FLUORINE-18 SPIROPERIDOL; SIMPLE, ONE-STEP SYNTHESIS, 
PURIFICATION AND DOSIMETRY 
M.R. Kilbourn, M.J. Welch, C.S. Dence and C.J. Mathias 
Washington University School of Medicine, St. Louis, MO 63110 

The preparation of spiroperidol, or a derivative thereof, labeled with a 
positron-emitting radionuclide has been the goal of the many investigators. 
This interest has led to the synthesis of neuroleptics labeled with carbon-11 
(1.2) and fluorine-18 (3). We have for many years sought a simple method for 
the preparation of fluorine-18 labeled spiroperidol. 
first the triazene method of synthesis has been abandoned, due to the low 
yields, problems with F-18 HF production, and difficulties in product purifi- 
cation. 

We report here a simple, rapid, one-step synthesis of F-18 spiroperidol, 
using nucleophilic aromatic substitution. Large amounts of F-18 fluoride ion 
are easily obtained by irradiation of 0-18 enriched water ( 4 ) ,  and this 
fluoride can be converted rapidly to reasonably dry and reactive F-18 labeled 
tetra-n-butylammonium fluoride (carrier-added by exchange with TBAF, and 
no-carrier-added by reaction with tetra-n-butylammonium hydroxide). The F-18 
TBAF is then added to a solution of 2 mg nitro-aromatic precursor (I) in 100 
microliters of dimethylsulfoxide, and the solution heated for five minutes at 
150 C. The dimethylsulfoxide solution is then simply cooled, diluted with 
chloroform, and immediately injected onto an HPLC. Separation of the spiro- 
peridol from the nitro-aromatic precursor is achieved on a preparative silica 
gel column using a methylene ch1oride:methanol:ammonium hydroxide eluant. 
The desired spiroperidol is obtained with a retention time of 20 minutes. 

The synthesis is done using a remote apparatus in a shielded hood. with all 
manipulations and reagent additions done from outside. The entire synthesis 
(from EOB) takes less than 60 minutes. The product is obtained in sterile, 
pyrogen-free form by evaporation of the HPLC solvent, dissolving the residue 
in dilute acidic saline, and Millipore filtration. 

Analysis of the final product by HPLC indicates a radiochemical purity of 
100%. Two cold products are observed: 0-10 micrograms of spiroperidol, and 
0-10 micrograms of nitro-aromatic precursor. The cold spiroperidol arises 
from cold fluoride in the fluorine-18 obtained from the cyclotron irradiation 
plus that from the TBAF (if done CAI. The latter impurity arises from 
incomplete separation on the HPLC: the nitro compound elutes first, and a 
small amount (<1% of the total amount) inevitably trails into the following 
spiroperidol peak. 

The overall yield of this reaction is low (<2%,  not corrected for decay). 
Although not that much better than previous methods of synthesis of F-18 
spiroperidol, this synthesis has proven amenable to the production of quanti- 
ties for human studies (5-6 mCi): large amounts (500 mCi) of F-18 TBAF can be 
easily prepared, the synthetic manipulations are simple and easily remoted, 
and the product obtained in suitable radiochemical and chemical form by one 
quick HPLC purification. The specific activity of the final product ranges 
from 200-1000 Ci/mmol (determined by quantitative HPLC), depending on whether 
the synthesis is done carrier-added, and on the overall yield. 

We have studied the biodistribution of this compound in both rats and 
monkeys. The rat data is similar to that which has been reported for C-11 
labeled spiroperidol, showing high uptake in lungs, liver and kidneys. 
However, F-18 spiroperidol is rapidly metabolized. and after 30 minutes <25% 
of the injected dose could be recovered, the rest presumably lost via 
excretion. The determination of route and amount of excretion in the rat is 
very difficult. The calculation of human dosimetry (using the MIRD data) 
showed the liver ( . l o 6  rads/mCi) and kidney ( -067  rad/mCi) as the critical 

Although promising at 
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organs. As it was felt that the rat is not a suitable model for human 
dosimetry of F-18 spiroperidol, the biodistribution was studied in monkeys, 
using an Anger camera and pinhole collimator. Calculation of the human 
dosimetry from this data gave the bladder wall (1.4 rads/mCi. assuming no 
voiding) and kidneys (0.68 rads/mCi) as the critical organs. This data has 
been used to calculate the permissible human dose of F-18 spiroperidol. 

References 
1. Fowler, J.S., Arnett C.D., Wolf A . P . ,  MacGregor R.R., Norton E.F., and 
Findley A.M., J. Nucl. Med. 23, 437 (1982) 
2. Wagner H.N., Burns H.D., Dannals R.F., et al, Science 221, 1263 (1983). 
3. Tewson T.J., Raichle M.E., and Welch M.J., Brain Res. 192, 291 (1980). 
4. Kilbourn M.R., Hood J.T., and Welch M.J., Int. J. Applied Radiat. 
Isotopes (in press). 

Acknowledgement. This work was supported by National Institutes of 
Health grant HL-13851. 
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%-LABELED INDOLEALKYLAMINES _- A S  POTENTIAL ____- SEROTONIN~RECEPTOR 

MAPPING AGENTS : SYNTHESIS A N D  BIODISTRIBUTION 

-~ K.Yanai, K .Takahashi, K.Ishiwata, T .Takahashi, K .Kawashima, R .Iwata 

T .  Ido 

Cyclotron and Radioisotope Center,  Tohoku University, Aramaki, Sendai-shi, 980 

Japan. 

Indolealkylamines such as N ,N-dimethyltryntamine, 5-methoxy-N .N-dimethyl- 

tryptamine, and bufotenine are known to have hallucinogenic Droperties and they 

are found in the serum or the urine both of normal subjects and of the osychotic 
patients( 1 . 2 )  . Indolealkylamines are more selective toward 5-hydroxytryptamine 

binding sites( S1 receptors) than S 2  receptors (3 )  . IlC-labeled indolealkylamines 

are expected as  potential serotoninl receptor mapping radiopharmaceuticals. 

l l C  -dimethyltryptamine ( l l C  -DMT ) , l l C  - 5-methoxy-N , N - dimethyltryp tamine ( l l C  - 

5-OMe DMT) , llC-N-methyltryptamine, and "C-bufotenine were prepared by the 
reaction of 11C-CH31 (Figure 1). The labeled products were separated by high 

performance liquid chromatography on a Radialpack silica column (Waters) with a 

solvent system of chloroform and methanol containing 1% dimethylamine ( 9 0 :  10)  . 
The overall radiochemical yields of "C-DMT , 'lC-OMe DMT , "C-N-methyl- 

tryptamine, and IlC-bufotenine were about 46%,  18%, 2 . 2 % ,  and 8 .9%,  respectively. 

The specific activity of llC-DMT was 50 - 76 Ci/mmol at the time of use (average 

63 Ci/mmol). 

- 

and 

Tissue distributions of these indolealkylamines were summerized in Figure 2.  The  
brain uptake of "C-DMT was the highest of the three indoleamines and that of 

"C-bufotenine was the  lowest. I t  is suggested that 5-hydroxylation of 

indolealkylamine inhibits the trdnsport through the blood-brain bar r ie r .  The 
regional accumulation of llC-DMT was examined 

of autoradiography and punch sampling procedure(Figure 3). The accumulation of 

llC-DMT was higher in the cerebral cortex,  caudate putamen, and amygdaloid 
nuclei than in the cerebellum and medulla oblongata. It is reoorted that a large 
quantity of 5-hydroxytryptamine binding is more enriched in the the crude 

mitochondria1 fraction ( 3) . Therefore we examined the subcellular distribution of 

in the ra t  brain in vivo by means 
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"C-DMT in the brain and the effects of monoamine oxidase inhibitor pargyline and 

reserpine on the subcellular distribution (Figure 4) . The radioactivity in the  nuclear 

( N )  , crude mitochondrial(CM) , and microsomal(M1C) fractions was increased with 

the  decrease in the  loading dose of "C-DMT . Pargyline uretreatment greatly 

enhanced the radioactivity in the three fractions. On the contrary reserpine had 

no influences on the subcellular distribution. These data suggest that the 

inhibition of l1C-DMT metabolism by pareyline increases the  binding of 'lC-DldT to 

the postsynaptic serotonin receptors. Figure 5 illustrates the images of "C-DMT 

and 45Ti-DTPA in a dog obtained by the positron emission tomography(ECAT I1 , 

Ortec) .  "C-DMT was markedly accumulated in the brain in contrast with the image 

of 45Ti-DTPA which represented theblood volume in the brain. 

Acknowledpnent : This work was supported by a Grant-in-Aid for Scientific 

Research N o .  58870064, Ministry of Education, Science and Culture,  Japan. 

(1) Gillin, J .  C .  , Kaplan, J .  , Stillman , R .  , Wyatt , R .  J .  , A m .  J .Psychiatry.  ,133,2,203 

( 1 9 7 6 ) .  

( 2 )  Narasimhachari,N . , Himwich, H . E .  , Life Science., 1 2 , 2 , 4 7 5  (1973). 

( 3 )  Bennett, J .P .  ,Snyder ,  S .  H .  , Mol.Pharmaco1. , 1 2 , 3 7 3  (1976) 

( 4 )  Berger ,  G .Mazikr, M .  ,Marazano, C . , Comar , D  . ,Eur . J.Nucl.Med., 3 , 1 0 1 .  ( 1 9 7 8 )  
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Figure 3 
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"c-MESULERGIN, A POTENTIAL AGENT FOR MAPPING THE SEROTONIN RECEPTOR: 
SYNTHESIS AND ANIMAL EXPERIMENTS. 

G. Kloster, J. Hanus, R. Voqes, and G. Stocklin 
Institut fur Chemie 1 (Nuklearchemie), KFA Julich GmbH, 
D-5170 Julich, FRG 

Effects of serotonin have been hypothesized in a number of neuroloqi- 
cal diseases like sleep disorders, affective disorders and migraine. 
Thus, ligands for in-vivo mapping of the serotonin receptor seem to 
be useful radiopharmaceuticals when labelled with short-lived radio- 
nuclides. Furthermore, many dopamine receptor antagonists have high 
affinity towards the serotonin receptor as well. Thus, selective 
serotonin receptor antagonists may also be useful agents for 
differentiation in dopamine receptor studies. 

Mesulerqin (I) was shown (1) to be a selective liqand for the 
serotonin-2 receptor (2). Affinity for other neurotransmitter receptors 
was lower, the next highest to the dopamine-2 receptor is 50 times 
weaker than to the serotonin-2 receptor (1). Selectivity, thus, seems 
higher than for ketanserin (3), which has previously been labelled 
with I1c (4). 

I 

Mesulerqin (I) was labelled with llC on N-6 by reaction of N -des- 
methyl-(I) with 11CH31. Briefly, 2 umole of N6-desmethyl-(I) and 
4.5 pmole of N-ethyl-di-isopropylamine were dissolved in 0.6 ml 
freshly distilled dimethylformamide. To this, 11CH3I ( %  100 mCi) was 
added as a gas by a constant stream of He (cooling in dry ice). The 
mixture was heated at 100 OC for 10 min. After that, the mixture was 
evaporated to dryness, taken up in 300 p 1  methanol : water : triethyl- 
amine 70:30:0.25 (v/v/v) and chromatographed on a Lichrosorb RP 18 
10 Um column (25 x 0.4 cm) using the same mixture as eluent (flow 
2.1 ml/min). The N6-desmethyl-(I) and (I) were easily separated 
( k '  = 1.56 for N6-desmethyl-(I) and 3.44 fo r  (I)). The radiochemical 
yield after chromatography was 40-50% (decay corrected) after a 
synthesis time of 30 min. Up to 12 mCi of (I) have been prepared in 
injectable solution (after sterile filtration) at a specific activity 
of % 10 Ci/mmole. 

6 
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Previous studies (5) in rats had shown that 3H-(I) was rapidly 
accumulated in the brain with a distribution suggestive of a 
serotonin-2 receptor ligand. Preliminary in-vivo experiments in 
monkeys with I1C-(I) and PETT seem to indicate that l l C ( I ) ,  despite 
of the low specific activity, was distributed in the brain like a 
serotonin-2 receptor antagonist (2). The distinct distribution, 
furthermore, was abolished after displacement with a pharmacological 
dose of unlabelled ketanserin. 

( 1 )  Closse A., Life Sci. 32, 2485-2495 (1983) 
(2) Peroutka S.J., SnyderS.H., Brain Res. 208, 339-347 (1981) 
(3) Leysen J.E., Awouters F., Kennis L., Laduron P.M., Vandenberk J., 

(4) Berridge M., Comar D., CroGel C., Baron J.-C., J. Labelled 

(5) Lemaire M., Voges R., unpublished results. 

Janssen P.A.J., Life Sci. 28, 1015-1022 (1981) 

Comp. Radiopharm., 20, 73-78 (1983) 
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11~-BENZODIAZEPINE (BDZ) LIGANDS FOR POSITRON EMISSION TOMOGRAPHY (PET) STUDIES 

1157 

M. Mazisre, P. Hantraye, R. Camsonnek, C. Prenant, 3 .  Sastre and C. Crouzel. 
Service Hospitalier Frkdkric Joliot - CEA, Dkpartement de Biologie, 91406 Orsay 
France ; *Dkpartement de Pharmacologie et Exploration Fonctionnelle B CHU 14033 
Caen Cedex France. 

In order to study "in vivo" by PET two different types of BDZ receptors (central 
and peripheral) three ligands which can be labelled with carbon 11 (20.4 min 
half life) using a methylation process,are proposed : 

a) 
2-one (Flunitrazepam-llC) which binds to central and peripheral sites (1). 

b) Ethyl 8-fluoro-5,6-dihydro-5-11C-methyl-6-oxo-4H-imidazo (1,5-a)(1,4) benzodia- 
zepine-3-carboxylate (RO 15 1788-11C), a selective BDZ antagonist which exerts 
its central effects by competitive high affinity interaction with central type 
BDZ receptors (2). 

c) N-(llC)-methyl, N-(methyl-1 propyl), (chloro-2 phenyl) -1 isoquinoleine carbo- 
xamide-3 (PK 11 195-I1C), the specific binding of which to target tissues, concern 
peripheral type benzodiazepine receptors (3). 

These three compounds are labelled by methylation of their nor-derivatives using 
the same radioactive precursor 11kH3. But, in order to reach the best radioche- 
mica1 yield, different parameters conditionning the synthesis (solvent-tempera- 
ture-reaction time-mass of compound involved) and purification conditions had 
to be very carefully studied. Results obtained for each synthesis are shown 
in figure 1. 

After purification of the labelled compound by high performance liquid chromato- 
graphy, identities of the radiopharmaceuticals were checked, using different 
methods (U.V. absorption, refractometry, HPLC, mass spectra, melting point measu- 
rements) against reference drugs. 

The total llC-synthesis required a mean time of thirty minutes (from the end 
of bombardment to the obtention o f  the solution ready for use). 

A 30 minutes irradiation of nitrogen (air liquide N 60) by a 20 MeV proton beam 
of intensity 30 UA under 8 bars pressure, yields an average of 100 mCi (maximum : 
185 mCi) with a mean specific activity of 1 curie (3-7 107BQ)/umole (maximum : 
1.9 Curie/umole). 

5 -(2- fluorophenyl) -1,3 -dihydro -1- llC-methyl-7- nitro -2H- 1,4-benzodiazepine- 

An I . V .  administration of 10 mCi of the labelled drug into the baboon Papio 
papio, for PET studies, corresponds to a mass of 1 nmole/kg. This quantity is 
in agreement with the one used for "in vitro" characterization of BDZ receptors. 
The first PET results will show the difference in the "in vivo" uptake and kine- 
tics of these various drugs in different parts of the body known to be rich 
in central or peripheral type BDZ receptors. 

Acknowledgement : 
This work was partially supported by grants of C.N.R.S. (ATP no 031927). We 
wish to thank Hoffmann-La Roche and Pharmuka Laboratories for kindly supplying 
drugs used in this study. 



1158 Symposium Abstracts 

Mohler H., Richards J.G., Nature, 294, 763-765 (1981). 

Hunkeler W., Mohler H., Pieri L., Polc P., Bonetti E.P., Cumin R., Schaffner 
R .  and Haefely W., Nature, 290, 514-516 (1981). 

Le Fur G., Vaucher N., Perrier M.L., Flamier A., Benavides J . ,  Renault 
C., Du Broeucq M.C., Gueremy C. and Uzan A . ,  Life Sci., 22, pp 449-457 (1983). 
Mazihre M., Hantraye P., Prenant C., Sastre J. and Comar D., Int. J .  Appl. 
Radiat. Isot. (submitted). 

Camsonne R., Crouzel C., Comar D., Mazikre M., Prenant C., Sastre J . ,  Moulin 
M.A. and Syrota A., J. Label. Compound Radiopharm. (submitted). 

T 

Nor Fluni trazeparn 

+ +  

Nor PKll195 

4 f  Fluni trazepam 0' -11 C 

Reaction conditions 
1) Nor-flunitrazepam : 2 poles - NaOH : 2 poles - 15 crown 5 : 2 pmoles - 
TBP : 100 p1 - temperature : 90°c - reaction time : 3 min. 
2) Nor-RO 15 1788 : 3 poles - TMBA : 3 moles - TBP : 300 111 - temperature : 
70'C - reaction time : 3 min ( 4 ) .  
3 )  Nor PK 11 195 : 1.2 pmole - KOH : 5 mg - DMSO : 175 - Room temperature (5). 

Purification conditions (HPLC) 

4) Column : Whatman M9 PAC (Partisil with amino cyano groups) - Eluent : CH2C12/ 
hexane/B : 49-49-2 flow rate : 6 ml/min - Tr : 8 min. 
5) Column : Whatman M9 silica - Eluent : CH2C12/B : 98-2-flow rate 8 ml/min - 
Tr : 9 min. 
6) Column : Whatman M9 Partisil ODs-2 - Eluent ETOH/H20 : 75-25 - Flow rate : 
4 ml/min - Tr : 4 min. 
TMBA : Trimethyl benzyl ammonium 
TBP : Tri butyl phosphate 
DMSO : Dimethylsulfoxyde 
B : Ethanol-H20-Ethylamine : 96 -2.5 - 1.5. 
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PREPARATION AND EVALUATION O F  F-18-LABELED LIGANDS FOR ESTROGEN 
RECEPTORS 

M.J.Welch, C.J.Mathias, M.R.Kilbourn, M.A.Mintun, D.O.Kiesewetter, K.E.Carlson, 
J.Brodack, and J.A.Katzenellenbogen 

The  Edward Mallinckrodt Ins t i tu te  of Radiology, Washington University School of Medicine, 
St. Louis, MO 63110 U.S.A. 

W e  have prepared 2R*,3R*-1-(F-18)fluoro-2,3-bis(4-hydroxyphenyl)pentane, [(F-IS)fluoro- 
norhexestrol  (I)], 2R*,3S*-1-(F-18)fluoro-3,4-bis(4-hydroxyphenyl)hexane, [(F-l8)-fluoro- 
hexestrol  (101, (F-18)-16~-fluoro-l7P -estradiol (III), and (F-l8)-16P -fluoro-I7P -estradiol (Iv). 
The  fluoronorhexestrol was  prepared as described in t h e  l i t e ra ture land  t h e  o ther  t h ree  
c o m p o u p  were  prepared using F-18 fluoride produced by t h e  0-18(p,n)F-l8 nuclear 
reaction and t h e  schemes shown in Figure 1. All four compounds were  prepared 
with yields of 10-50% and spec i f ic  ac t iv i t ies  >100Ci/mmole. Uptake studies in immature  
r a t s  showed receptor mediated uptake  of a l l  compounds in t h e  uterus, however, t he  
1 6 a  -fluoro-17/3 -estradiol(III) showed considerably g rea t e r  uterus to blood ra t ios  (>SO) 
at 2 hours than  the  o ther  compounds (ratios (1) 22.1, (11) 37.4, (IV) 17.6). 

Studies using compound I11 in ma tu re  DMBA induced mammary  tumor  bearing ra t s  
showed receptor-mediated uptake  in t h e  tumors;  however, t h e  tumor to blood ra t ios  
exhibit l a rge  variation (range 2:1 t o  40:l). As this could be  an  e f f ec t  of differing 
blood flows and/or blood volumes, tumor  bearing r a t s  were  administered compound (111) 
(3 hours prior), Tc-99m-labeled red blood cells (0.5 hours prior), and I-125-4-iodoantipyrine 
(one minute ramp infusion one  y i n u t e  prior). Tumor blood flow was then  de termined  
as described by Sakurada et al. The parti t ion coefficient for compound (111) was 
determined in tumor  r a t s  with t h e  hepa t ic  por ta l  vein, hepa t ic  a r te ry ,  mesenter ic  
vein and a r t e ry ,  and renal vein and a r t e ry  occluded; utilizing I-125-iodoantipyrine 
and obtaining tumor to blood ra t ios  at 3 hours. The measured parti t ion coefficient 
was 0.842 + 0.094; blood volume varied f rom 1% to 25%; and blood flow varied f rom 
4 to 200m~100g /minu te .  The tumor  uptake  of compound (111) did not cor re la te  with 
e i ther  flow or volume. The correlation of uptake of compound (111) with estrogen 
receptor  levels will be  presented. 

Compound (111) was  administered t o  3 cynamologus monkeys positioned under a la rge  
field of view gamma scintillation camera  f i t t ed  with a 6mm pinhole coll imator t o  
measure  c learance  of t h e  compound from t h e  major organs which allowed t ime  ac t iv i ty  
curves  to be  calculated.  From these  d a t a  estimation of t h e  radiation dosimetry was 
calculated,  showing t h a t  t h e  c r i t i ca l  organ is t h e  bladder wall with a dose of 0.68 2 
0.12 rads/rnillicurie. This dose should allow administration of -1OmCi t o  humans to 
study estrogen receptor levels in mammary  tumors using PET. 

(1) Landvat te r  S.W., Kiesewet te r  D.O., Kilbourn M.R., Katzenellenbogen J.A., Welch 
M.J., L i fe  Sci. 2, 1933 (1983). 

(2) Kilbourn M.R., and Welch M.J., J.Nuc1. Med. 2, P I 2 0  (1983). 
(3) Sakurada O., Kennedy C., Jeh le  J., Brown J.D., Carbin G.L., and Sokoloff L., 

Am. J. Physiol. 234, H59 (1978). 
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Figure 1. Synthetic schemes  fo r  t h e  preparation of compounds (II), (III), and  (IV). 
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C-11-LABELLING OF LIGANDS FOR PET STUDIES OF DOPAMINE AND BENZODIAZEPINE 
RECEPTORS 

E. Ehrin, P. Johnstrom, S. Stone-Elander, J.L.G. Nilsson, T. de Paulis, 
L. Farde, T. Greitz, J.-E. Litton, A. Persson, G. Sedvall and L. Widen. 
Karolinska Pharmacy, Box 60024, S-104 01 Stockholm, Sweden. 

The possibility of performing regional in vivo binding studies of different 
receptors in the human brain using positron emission tomography (PET) has 
recently been demonstrated by several authors. Thus both cerebral dopamine 
receptors (1-5) and benzodiazepine receptors (6,7) have been visualized. 
In this presentation the synthesis, purification and preliminary PET results 
using a C-11-labelled benzamide, FLB 542, a dopamine receptor antagonist 
and C-11-labelled Ro 15-1788 a benzodiazepine receptor antagonist are 
described. 

l1C02 was produced using a baby cyclotron, scanditronix RNP 16, and the 
C o p  was converted to C-11-methyl iodide (8); time: 10 minutes, yield: 1 1  

60 - 80 %. In the synthesis of "C - FLB 542, S(-)-2- @5-chloro-3-ethyl 
-2-hydroxy-6-metoxybenzamid) -methyl] -1-methyl-pyrrolidine , the 11CH3 I 
was trapped in a solution of the corresponding secondary amine in 500 ~1 
of acetonitrile at -42 OC. The solution was sucked into the loop of an 
HPLC-injector which was closed and the temperature raised to 130 OC for 
5 min. The solution was diluted with 400 ~1 of water and injected on to 
a DBondapak C-18 column, 300 x 7.8 mm (waters) and the "C-FLB 542 was 
separated using acetonitrile: H3POt, 0.01 M (27:73) as the mobile phase; 
flow rate: 5 ml . min-'. The labelled compound was collected between 
18 - 20 minutes. The solution was evaporated to dryness in a rotary evaporator 
and the llC-FLB 542 was dissolved in 10 ml sterile isoton saline and 
sterilized by filtration through a Millipore filter, 0.22 um. Synthesis 
time: 50 - 60 minutes; yield: 20 % ;  specific activity: 150 Ci / mmole. 

In the synthesis of llC-Ro 15-1788 the 11CH31 was trapped in a solution 
of 1 umole Ro 15-5528 ( the corresponding secondary amide) in 200 ul of 
anhydrous DMSO and 10 1-11 dimsylsodium (1 g NaH in 10 ml anhydrous DMSO) 
at room-temperature. After 5 minutes the reaction was terminated by adding 
500 p l  water and the llC-Ro 15-1788 separated on the HPLC-column described 
above. The labelled compound was collected between 8 - 10 minutes, evaporated 
to dryness in a rotary evaporator and dissolved in a solution of 3.5 ml of 
propylene glycol and 1.5 ml' of ethanol. Water ( 5  ml) was added and the 
solution was sterilized by Millipore filtration. Synthesis time: 40 minutes; 
yield: 40 9 . ;  specific activity: 150 Ci/mmole. 

The N-alkylated benzamide FLB 542 has been shown to be a selective dopamine 
antagonist with high binding affinity for dopamine receptors both in vitro 
and in vivo on rats ( 9 ) .  We have done PET-studies on monkeys with the 
C-11-labelled FLB 542 and found a ratio of striatum: Cerebellum = 1O:l. 
Administration of a high dose of haloperidol before the investigation with 
llC-FLB 542 on monkeys resulted in a complete displacement of the activity 

will be presented. PET-studies using llC-Ro 15-1788 in the monkey has also 
been performed. This showed an uptake similar to that previously reported 
for flunitrazepam and Ro 15-1788 (7) in the baboon. 

from the striatal area. PET-studies on both monkeys and humans 
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NEW SYNTHESIS OF NO-CARRIER-ADDED 1 8 ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ *  
Mirko Diksic, Simin Farrokhzad, Lucas Y. Yamamoto, and William Feindel 

Montreal Neurological Insti tute,  McCill University, 
3801 University St., Montreal, H3A 284 

CANADA 

A change in t h e  concentration of dopaminergic receptor s i tes  has been observed in several  
diseases in t h e  human brain, particularly in Parkinson's disease(1). However, s ince t h e  
analyses were carried out  post-mortem, we still do not know what happens to receptor 
s i tes  during t h e  progress of disease or therapy. 

Wpaminergic  receptor sites were r w n t l y  visualized in living human brain by means of 
F-labelled 6-fluorodopa(2) and C-N-methyl spiroperidol(3) in conjunction with 

positron emission tomography (PET). Since spiroperidol also binds to 5-TH tsrotonergic  
receptor sites(4) w e  chose to investigate t h e  synthesis of no-carrier-addez F-labelled 
haloperidol (pure dompamine antagonist) as a marker for  dopaminergic receptor sites. 

Haloperidol has  already been labelled with I8F by both the  triazine(5) and the  Balz- 
Schiemann reaction(6). Both reactions provide relatively low yield; t h e  latter does not 
yield a product of high enough specific activity for PET studies. 

W e  developed two syntheses for "no-carrier-added" haloperidol, both of which use 
heterogenic exchange as a mode of labelling. Heterogenous exchange of chlorine and the  
ni t ro  group in act ivated benzene rings has been reported ear l ier  some  simple 
systems(7,8). Recently t h e  synthesis of no-carrier-added spiroperidolig) by meanf80f 
heterogenous exchange in p-nitro-benzonitrile was also reported. In our synthesis of F- 
haloperidol we used heterogenous exchange in t h e  p-nitro-benzonitrile, p-chloro- 
benzonitrile, and t h e  chloro-analog of haloperidol (4-chloro-4-L4-hydroxy-~~4- 
chlorophenyl)-piperidine)butyrophenone(3)) in order to synthesize no-carrier-added F- 
haloper idol. 

Fluorine-I8 was produced by irradiating 180-enriched wa te r  with protons in a stainless 
steel target  box. After  irradiation water  was added to a platinum crucible containing a 
200$ solution of tetrabutylammonium hydroxide (5OPmol) in water.  The wa te r  was then 
evaporated to dryness in a sand bath kept  at 120-130°C. Evaporation and drying took 
about 20 min, a f t e r  which the  crucible was cooled to room temperature  and the  residue 
dissolved in 503rJ of dry DMSO and transferred into a small  reaction vessel containing 
5 0 ~ 0 1  of compounds 1, 2 (Fig.1) or compound - 2  mentioned earlier. The exchange 
reaction w a s e r r i e d  out for 15-20 min a t  a bath temperature  of 145°C. When compound- 
- 3 was used, F-haloperidol was isolated by adding 1 ml of 0.1 M KF and then ex t r ac t ed  
with chloroform and haloperidol isolated by HPLC. In expc@nents where exchange was 
done on p-nitro-benzonitrile and p-chloro-benzonitrile, F-labelled haloperidol was 
synthesized by t h e  reaction sequences outlined in figure 1 and the  final product purified 
by HPLC. 

The compounds prepared by those procedures were identified by H and "F-NMR, IR, and 
melt in4 point qyd were identical to an authentic sample of haloperidol extracted from a 
drug. H and F-NMR and MS supplied proof t h a t  t h e  chlorine on t h e  benzene ring next 
to t h e  carbonyl group was exchanged with F-. 

I8F-labelled haloperidol was identified by comparing Rf-values obtained in two different 
solvent mixtures. Rf values were 0.42 and 0.48 in CHCI3-MeOH (9:l) and CHC13 -MeOH- 
NH40H (95:5:1) respectively, and were identical to those of a n  authentic sar@e 
ex t rac t ed  from t h e  drug Haloperidol-Haldol. The elution volume of F- 
radiopharmaceutical was identical to t h a t  of an authent ic  sample.The overall 
radiochemical yield of all  t h r e e  synthesis was comparable at 10%-15%, yielding a product 
of high radiochemical purity ( - 97%). The specific activity,  as measured by HPLC, was 
about 10,000 Ci/mmol. 

I 
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X = 4- (p-Chlorophenyl) -4-hydroxypiperidine 
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SYNTHESIS OF RADIOIODINATED ANALOGS OF 2-PHENYLPYRAZOL0[4,3-C]QUINOLIN-3(5H)-ONE 
BY TRIAZENE APPROACH 

M. Maeda, H. Komori, H. Dohmoto and M. Kojima 
Faculty of Pharmaceutical Sciences, Kyushu University, Fukuoka 812, Japan 

Recent publications have shown that 2-phenylpyrazolo[4,3-clquinolin-3(5H)-one (I) 
antagonizes the effect of benzodiazepines whereas its chloro derivative (11) has 
benzodiazepine-like activity (1). The unique pharmacological properties of the 
pyrazoloquinolines (I and 11) made it attractive to develop the pyrazolo- 
quinoline analogs labeled with suitable gamma and/or positron emitting nuclides in 
order to determine their tissue distribution properties and then correlate them 
with structure and pharmacological activity. As part of a current program to 
develop the radiolabeled analogs of (I), we initially interested in radioiodinated 
derivatives of this class of compounds which might retain biological activities 
associated with the pyrazoloquinoline structure. 

The present method chosen for introduction of iodine into the para-position of the 
phenyl ring and the C -position of (I) involved the decomposition of the aryl- 
triazene intermediates (111) and (IV) (2). Although a variety of efficient methods 
for the preparation of radioiodinated aromatic compounds with high specific 
activity have been recently reported ( 3 1 ,  the triazene approach was chosen because 
the decomposition reaction can generally be performed rapidly and the relative 
high ypld has been observed in the case of radioiodine-labeling when compared 
with F-labeling ( 4 ) .  

The aromatic amines obtained in five synthetic steps were converted into the 
triazenes (111) and (IV) by conventional method. Treatment of the piperidinyl 
triazene (111) in acetonitrile with four equimolar amount of sodium iodide and 
three equimolar amount of methanesulfonic acid under reflux for 50 min gave the 
(2-p-iodophenyl)pyrazoloquinoline (V) in 64% yield together with (1)(34%). The 
use of tetrahydrofuran as solvent resulted in the decreased yield of (V). The 
pyrrodinyl triazene (IV) in acetonitrile under the same conditions was more 
effectively converted into the 8-iodo compound (VI) ( 8 5 % ) .  In the triazene 
decomposition reactions the longer time was required for the complete decomposition 
of these diazonium salt under the absence of sodium iodide. The initial step 
appears to be an electron transfer process from the iodide ion (5). 

The basic procedure 
to the synthesis of the I-labeled compounds using no-carrier-added Na I. 
Analytical thin layer chromatography using reversed phase plates showed that the 
dediazoniation process for tPfj two triazenes in acetonitrile under reflux at 
40-60 min gave the required 
labeling yields. 
Using 1-2 mg of the triazenes and 1-2  mCi of Na I, chemically and 
radiochemically pure no-carrier-added (VII) and (VIII) were obtained with 1 2  and 
5.4% radiochemical yield, respectively, after purification by high pressure liquid 
chromatography (HPLC) using a normal phase column and a reverse phase column. 
Identification of the products was performed by comparative HPLC with the authentic 
samples. Methods of further improvement are being investigated. 

8 

usef3fo prepare the non-radioactive (V) and (VI) waf3ydapted 

'*-labeled analogs (VII) and (VIII) in about 40% of 
The labeling yield was dependygf of the amount of the acid. 
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SYNTHESIS OF LIGANDS FOR IMAGING OPIATE RECEPTORS BY POSITRON EMISSION 
TOMOGRAPHY: CARBON-11 LABELED DIPRENORPHINE 

1167 

H. D. Burns, J. R. Lever, R. F. Dannals, J. J. Frost ,  A. A. Wilson, H. T. 
Ravert, B. Subramanian, S. E. Zemyan, 6. Langstrom and H. N. Wagner, J r .  
D iv i s ions  o f  Nuclear Medicine and Radiat ion Heal th  Sciences, The Johns Hopkins 
Medical I n s t i t u t i o n s ,  Balt imore, Maryland, USA 21205. 

The pharmacological act ions o f  the opiates, which range from analgesia and the 
percept ion o f  pa in t o  r e s p i r a t o r y  depression, have been l i n k e d  t o  the  reg ional  
concentrat ion o f  op ia te  receptors  i n  the b r a i n  (1). The op ia te  receptors  i n  
animals can be successfu l ly  l abe led  p r e f e r e n t i a l l y  i n  v i v o  us ing h igh a f f i n -  
i ty, h igh s p e c i f i c  a c t i v i t y  rad io t race rs  (2) .  I n  contrast ,  l o c a l i z a t i o n  o f  
op ia te  receptors  i n  the human b r a i n  has been l i m i t e d  t o  i n  v i t r o  s tud ies o f  
post-mortem t i s s u e  ( 3 ) .  The v i s u a l i z a t i o n  and q u a n t i f i c a t i o n  o f  op ia te  recep- 
t o r s  i n  l i v i n g  b r a i n  would y i e l d  va luable and unique in format ion.  T w a r d  t h i s  
end, we are i n v e s t i g a t i n g  the syntheses o f  carbon-11 labeled l igands o f  high 
b ind ing a f f i n i t y  s u i t a b l e  f o r  the s tudy o f  op ia te  receptors  using pos i t ron  
emission tomography (4) .  

Diprenorphine, a potent  and pharmacological ly wel l -def ined op ia te  antagonist 
(2,5), i s  a p a r t i c u l a r l y  use fu l  l i gand  f o r  such s tud ies.  The sho r t  h a l f - l i f e  of 
carbon-11 (20.4 min) and the h igh  l e v e l s  o f  r a d i a t i o n  invo lved r e q u i r e  t h a t  the 
l abe l  be incorporated i n  a r a p i d  step near the end of the syn the t i c  sequence. A 
s u i t a b l e  rou te  f o r  the synthes is  o f  rad io labe led  diprenorphine 1 i s  the addi- 
t i o n  o f  carbon-11 m e t h y l l i t h i u m  t o  compound 2. Precedent f o r  t h i s  transforma- 
t i o n  i s  the r e c e n t l y  repor ted add i t i on  o f  carbon-11 m e t h y l l i t h i u m  t o  estrone, a 
s t e r o i d a l  phenol ic  ketone, t o  prov ide 17-a-methylestradiol (6). However, addi- 
t i o n  o f  a l k y l l i t h i u m s  t o  ketomorphinans s i m i l a r  t o  2 i s  complicated by enol iza-  
t i o n  or rearrangement (71, and i t  was the re fo re  necessary t o  explore the feas- 
i b i l i t y  o f  t h i s  r a d i o l a b e l i n g  procedure. 

Carbon-11 m e t h y l l i t h i u m  was prepared i n  h igh radiochemical y i e l d  by the r a p i d  
halogen-metal exchange reac t i on  between carbon-11 methyl i od ide  and an excess of 
- n - b u t y l l i t h i u m  i n  d i e t h y l  ether/hexane a t  -78OC (6,8). 
s o l u t i o n  o f  known ketone 3 t o  t h i s  m ix tu re  prov ided 4, as v e r i f i e d  by  HPLC 
comparison t o  an authent ic  sample ( 7 ) .  The synthesis t ime requ i red  from end-of- 
bombardment was 20 minutes and the product which r e s u l t e d  was determined t o  be 
approximately 200 mCi/pmole a t  end-of-synthesis. The radiochemical y i e l d  based 
on carbon-11 methyl i o d i d e  was ca l cu la ted  t o  be 8%. 

Since known syntheses o f  diprenorphine and s i m i l a r  compounds are n o t  e n t i r e l y  
app l i cab le  t o  the preparat ion o f  precursor 2, a new syn the t i c  s t r a t e g y  was 
developed. Ketoamide 5 was prepared i n  f i v e  steps (32% y i e l d )  from thebaine 
as described by Bent ley and Hardy ( 7 ) .  Hydrogenation (10% Pd-C/45"C/45 ps i ;  
94%) fo l lowed by  reduc t i on  (LAH/THF/reflux; 98%) and subsequent s e l e c t i v e  cleav- 
age o f  the aromatic methyl e ther  fPrSNa/DMF/reflux; 63%) af forded 6 as a 
m ix tu re  o f  diastereoisomers. P ro tec t i on  o f  the phenol ic  moiety o f  6 as the 
benzyl e ther  (NaH/DMF;BzBr; 83%) was requ i red  i n  order t o  e f f e c t  ox ida t i on  of 
t he  secondary alcohol by means o f  py r id in ium chlorochromate bu f fe red  w i t h  sodium 
acetate. Subsequent hydrogenolysis l i b e r a t e d  2 which exh ib i t ed  spec t ra l  
c h a r a c t e r i s t i c s  i n  f u l l  accord w i t h  i t s  s t ruc tu re .  Most notably ,  the proton NMR 
spectrum shows the absorption o f  H-5B a t  4.80 ppm i n d i c a t i v e  o f  the preserva- 
t i o n  o f  a-stereochemistry a t  C-7 throughout the sequence (9) .  Thus, the 
requ i red  precursor was obtained from thebaine i n  eleven steps, 2% o v e r a l l  y i e l d .  

As a r e s u l t  o f  the a v a i l a b i l i t y  o f  precursor 2 and the successful incorpora- 
t i o n  o f  carbon-11 i n t o  the morphinan 4, the preparat ion o f  carbon-11 labeled 
d iprenorphine i s  poss ib le .  

Addi t ion of a THF 
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RADIOSYNTHESIS  OF AN OPIATE RECEPTOR-BINDING RADIOTRACER FOR POSITRON E M I S S I O N  
TOMOGRAPHY : [ 'C METHYL ]-METHYL -4-[N - (1-OXOPROP YL ) -N-PHENYLAMINOI-4-PIPER I D I N E  
CARBOXYLATE ( "C 4-CARBOMETHOXYFENTANYL 

R.F. Dannals, H.T. Ravert, 3.3. Frost ,  A.A. Wilson, H.D. Burns, and 
H.N. Wagner, J r .  
D iv i s ions  of Nuclear Medicine and Radiat ion Heal th  Sciences, The Johns Hopkins 
Medical I n s t i t u t i o n s ,  Balt imore, Maryland, USA 21205-2179. 

Non-invasive measurement o f  drug and neuro t ransmi t te r  receptors  i n  the b r a i n  may 
someday enable researchers t o  f i n d  ou t  i f  changes i n  receptor  concentrat ions 
and/or d i s t r i b u t i o n s  are associated w i t h  se lected disease s tates.  Aside from 
simply p rov id ing  new basic information, these r e s u l t s  may suggest causes as we l l  
as treatments f o r  the diseases, e l i m i n a t e  the  u n c e r t a i n t y  associated w i t h  
postmortem receptor  b ind ing  studies, and moni tor  the n a t u r a l  changes i n  receptor  
l e v e l s  w i t h  the progression of c e r t a i n  neu ropsych ia t r i c  diseases. 

The development o f  h igh a f f i n i t y ,  h igh s p e c i f i c  a c t i v i t y  t r i t i u m  labeled 
neurot ransmi t ter  receptor  l igands has made i t  poss ib le  t o  determine the r e l a t i v e  
concentrat ion and s p a t i a l  d i s t r i b u t i o n  o f  some neuroreceptors by means of 
-- i n  v i v o  receptor  l a b e l i n g  techniques i n  experimental animals (1-11). 
techniques i nvo l ve  the i n j e c t i o n  o f  a t r i t i u m  labeled l i gand  i n t o  experimental 
animals and determination o f  the l i g a n d ' s  d i s t r i b u t i o n  i n  the b r a i n  by 
autoradiography. Recently, these techniques have been extended t o  mapping the 
s p a t i a l  d i s t r i b u t i o n  and concentrat ion o f  dopamine receptors  i n  man i n  % (12) 
using a receptor  l i g a n d  f o r  dopamine receptors  labeled w i t h  c a r b o n - l r a n d  pos i t ron  
emi ss  i on tomography . 
As p a r t  o f  a con t inu ing  program t o  i d e n t i f y  and r a d i o l a b e l  h igh a f f i n i t y ,  h i g h l y  
s p e c i f i c  l igands f o r  the op ia te  receptor  f o r  p o s i t r o n  emission tomographic 
studies, we have se lected two d e r i v a t i v e s  o f  f en tany l  (F igure l a ) ,  a well-known 
analgesic, as candidates f o r  r a d i o l a b e l i n g :  R-31,833 (4-carbmethoxyfentany l  , 
Figure l b )  and R-34,995 ( l o f e n t a n i l ,  F igure I C )  (13,141, 

Carbon-11 labeled R-31,833 was synthesized by the methy lat ion o f  the appropr ia te 
carboxy late w i th  l * C  methyl i od ide  (15) i n  dimethylformamide a t  room temperature 
and p u r i f i e d  by reverse phase h igh performance l i q u i d  chromatography (see F igure 
2). The average synthesis t ime from end-of-bombardment (E.O.B.) was 30 minutes. 
The s p e c i f i c  a c t i v i t y  was determined by u l t r a v i o l e t  spectroscopy t o  be 890 
mCi/pmole end-of-synthesis (approx. 2500 mCi/pmole E.O.B. ). 

This work was supported i n  p a r t  by DHHS g ran t  nos. CA-32845 and NS-15080. 
sample of the protected carboxy late precursor  was generously suppl ied by D r .  P. 
Laduron o f  Janssen Pharmaceutica. 

These 

A 

Pe r t  C.B. and Snyder S.H., Proc. Na t l .  Acad. Sci., 2, 2243 (1973). 
Yanamura M.I., Kuhar M.J., and Snyder S.H., Bra in  Res., 170 (1974). 
Pe r t  C.B. and Snyder S.H., L i f e  Sci., 16, 1623 (1975). 
P e r t  C.B., Kuhar M.J., and Snyder S.H., L i f e  Sci., 16, 1849 (1975). 
Kuhar M.J. and Yanamura H.I., Nature, 253, 560 (1975). 
Kuhar M.J. and Yamamura H.I., Bra in  Res., 110, 229 (1976). 
Laduron P. and Leysen J., Biochem. P h a r m a c x ,  26, 1003 (1977). 
Kuhar M.J., Mur r i n  L.C., Malouf A.T., and Klemm N., L i f e  Sci., 2, 203 
(1978 1. 

( 9 )  Kuhar M.J., "Neurot ransmi t ter  Receptor Binding", Raven Press, New York, 1978, 
p. 113. 

(10) Laduron P.M., Janssen P.F.M., and Leysen P.E., Biochem. Pharmacol ., 27, 317 
(1978). 
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PREPARATION AND EVALUATION OF 17u-[I-l25]VINYL ESTRADIOL D E R I V A T I V E S  AS ESTROGEN 
RECEPTOR-SEEKING AGENTS 

R.N. Hanson, L.A. Franke and M.L. Kaplan 
Department o f  Medic ina l  Chemistry, College o f  Pharmacy, Northeastern Un ive rs i t y ,  
Boston, MA 02115. 

Recent s tud ies (1-6) have demonstrated t h a t  rad io labe led  d e r i v a t i v e s  o f  e s t r a d i o l  
possess an a v i d i t y  and s e l e c t i v i t y  f o r  estrogen receptor-conta in ing t issues.  As 
such they have p o t e n t i a l  value as imaging agents f o r  ER-containing breast  tumors. 
We have been involved i n  research d i r e c t e d  toward the  preparat ion o f  such agents 
i n  which rad io iod ine ,  u l t i m a t e l y  iodine-123, can be a f f i x e d  t o  an unsaturated 
moiety a t  t h e  17u-posit ion. Such a f u n c t i o n a l i t y  would r e t a i n  a h igh  a f f i n i t y  t o  
t h e  receptor  as we l l  as impact s t a b i l i t y  t o  t h e  carbon-iodine bond. 

We have synthesized a se r ies  o f  f i v e  estrogens having a v a r i e t y  o f  groups 
attached t o  the  e s t r a d i o l  nucleus w i t h  t h e  o b j e c t i v e  o f  i d e n t i f y i n g  those fea- 
t u r e s  t h a t  prov ide t a r g e t  t i s s u e  uptake, s e l e c t i v i t y  and carbon-iodine bond 
s t a b i l i t y  (F igure 1 ) .  The compounds were l abe led  by e l e c t r o p h i l i c  destannylat ion 
a t  the no-carrier-added l e v e l  and i s o l a t e d  by HPLC i n  85-95% radiochemical 
y ie lds .  The compounds were i n i t i a l l y  evaluated i n  immature r a t s  (Table 1). 
118-methoxy agents showed the  best  uptake and r e t e n t i o n  w h i l e  t h e  l l - u n s u b s t i -  
t u t e d  and l lu-methoxy d e r i v a t i v e s  had much poorer c h a r a c t e r i s t i c s .  
i n t e r e s t  t o  note t h a t  t he  3-methyl e the r  which has l i t t l e  recep to r  a f f i n i t y  i n  
v i t r o  possessed marked u t e r i n e  uptake i n  vivo. A subsequent eva lua t i on  i n  normal 
a d u l t  female r a t s  and i n  r a t s  bear ing DMBA-induced mammary tumors provided s imi-  
l a r  resu l t s .  The 11R-methoxy s u b s t i t u t e d  e s t r a d i o l  d e r i v a t i v e s  again showed t h e  
greatest  uptake and s e l e c t i v i t y .  The i r  ease of preparation, s e l e c t i v i t y  of 
uptake and i n  v i v o  s e l e c t i v i t y  makes them promising candidates f o r  eva lua t i on  as 
breast  imaging agents. 

This  work was supported i n  p a r t  by PHS g ran t  5ROlCA31624 and DOE Contract 

(1) Hochberg R.B., Science, 205, 1138 (1979). 
( 2 )  Katzenellenbogen J.A., Senderoff S.G., McElvany K.D., J. Nucl. Med., 2, 42 

(1981). 
( 3 )  Longcope C., Arunachalam T., Rafk ind I., Caspi E., J. S t e r o i d  Biochem., 14, 

261 (1981). 
(4)  McElvany K.D. , Carl son K.E. , Welch M.J. , e t  a1 . , J. Nucl . Med., 23, 420 

(5 )  McElvany K.D., Katzenellenbogen J.A., Shafer K.E., e t  al., J. Nucl. Med., 
23, 425 (1982). 

( 6 )  E n s o n  R.N., S e i t z  D.E. , Bo ta r ro  J.C., J. Nucl. Med. , 2, 431 (1982). 

The 

It was o f  

DE-AC02-76EV04115. 

(1982) 
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F i g u r e  1 

R 1  R2 

1 H H 
H 
B - O C H ~  3 H 
B-OCH3 
a-OCH3 5 H 

2 CH3 

4 CH3 

Table 1 

Tissue D i s t r i b u t i o n  (% ID- k/g) i n  Immature Female Rats 

T i  me Uterus 
Compound ( Hrs 1 Uterus L i v e r  B1 ood mza- 

1 1 
2 
4 

2 1 
2 
4 

3 1 
2 
6 

4 1 
2 
6 

0.434 
0.465 
0.200 
0.198 
0.286 
0.220 
0.821 
0.751 
0.704 
0.264 
0.425 
0.760 

0.144 0.027 
0.105 0.023 
D .074 0.026 
0.262 0.031 
0.162 0.022 
0.131 0.035 
0.146 0.019 
0.117 0.013 
0.085 0.012 
0.117 0.011 
0.103 0.012 
0.105 0.011 

16.1 
20.2 

7.7 
6.4 

13.0 
6.3 

43 .O 
56.1 
60.7 
24.0 
35.4 
69.1 
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SOLID PHASE SYNTHESIS OF k-LABELLED COMPOUNDS 

J . R .  Grierson, M . J .  Adam, T . J .  Ruth and B.D. Pate .  The UBC/TRIUMF Program on 
Posi t ron Emission Tomography, TRIUMF and t h e  Universi ty  o f  B r i t i s h  Columbia, 
Vancouver, B.C. V6T 2 A 3 ,  Canada. 

The use of s o l i d  phase syntheses as a genera l  approach t o  t h e  l a b e l l i n g  of 
compounds such as dopa, with " C ,  w i l l  be presented,  
has  recent ly  become a very important a r e a  i n  organic chemistry (1) and o f f e r s  
many advantages a s  a r a d i o l a b e l l i n g  technique. Since reagents  are immobilized 
work up procedures can be accomplished simply by f i l t r a t i o n  and washing. 
Thus, r a p i d ,  mul t i s tep  syntheses  a r e  more f e a s i b l e  with shor t  l i v e d  radio-  
isotopes and a l l  reac t ions  can be c a r r i e d  out i n  one v e s s e l .  Automation 
and sh ie ld ing  o f  such a system is a l s o  much more manageable. 

The synthes is  of "C l a b e l l e d  dopa using s o l i d  phase supports i s  i l l u s t r a t e d  
below. 
precursors  and t e c h n i c a l  aspec ts  of such syntheses  w i l l  be given. 

(1) 

Sol id  phase synthes is  

Discussion of t h e  appropriate  choice of s o l i d  phase and immobilized 

Stewart J . M .  and Young J . D . ,  "Sol id  Phase Peptide Synthesis", W.11.  
Freeman and Go., San Francisco,  CA.,  1969. 

mb 1)n-BuLi 
B= - 

I 2 )  1 k O 2  
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THE SYNTHESIS OF SOME C-LABELLED ALIPHATIC AMINO ACIDS 

H. Svard, G. Antoni, S.B. Jigerius, G. Zdansky and B. Lhqstrom 

Department of Organic Chemistry, Institute of Chemistry, 
University of Uppsala, Box 531, S-751 2 1  Uppsala, Sweden 

In this paper new approaches to the synthesis of some a1 
acids labelled with is reported. 

I . .  

phatic amino 

I 1  By use of alcoholoxidase EC 1.1.3.13, C-formaldehyde was prepared 
(1) and used in the synthesis of C3-”CIserine according to Scheme 1. 

0 2  H202 

L A H  
”c02 - 1 1 ~ ~ 3 ~ ~  

EC 2.1.2.1 

NH2-CH2-COzH 

H 
I 

I 
HO-”CH2-C -CO2H 

NH2 

Scheme 1 

I 1  The C-formaldehyde was obtained in 85 % radiochemical yield within 
9 min. timed from the release of ”C-carbon dioxide. The produced 
formaldehyde was then used with glycine and serinehydroxymethyl syn- 
thetase EC 2.1.2.1 in the synthesis of C3-”CIserine, which so far 
has been obtained in 10 % radiochemical yield within 10 min. Work 
is now progressing with respect to immobilisation of enzymes and 
optimising reaction conditions. 

C C-Methyll-selenomethionine (3) was prepared using ’C-methyl iodide 
in an alkylation of the selenol anion of selenohomocysteine generated 
from the benzyl-Se-homocysteine (2) with sodium in liquid ammonia, 
(Scheme 2 )  in almost quantitatively radiochemical yields within 2 0  

min. counted from the start of the synthesis of ”C-methyl iodide. 
The radiochemical purity of the crude product was better than 99 % .  

I 1  
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Scheme 2 

1 1  Finally in an asymmetric synthesis, C3- Clalanine ( 4 )  was prepared 
using another route than described previously (5) by alkylation of 
the dianion of the W-((+)-2-hydroxypinanyl-3-idene)glycine tert. butyl- 
ester using "C-methyl iodide as shown in Scheme 3 (6). The reaction 
is very fast and the amino acid is obtained after acid hydrolysis 
within 3 min. in 80 % radiochemical yields. The enantiomeric purity 
is 80 e.e ( L / D  is 90/10). It might however be possible to obtain the 
labelled amino acid enantiomeric pure by LC separation of the dia- 
stereomeric alkylation-products. The radiochemical purity of 3-l 'C- 
alanine is better than 90 %. This reaction seems to be of potential 
interest for the synthesis of other aliphatic and aromatic amino 
acids. 

"FHS 
1M HCI 

125°C 
- H2N-CH-COOH 

Scheme 3 

(1) Langstrom B., Halldin C., Jigerius S.-B., Ngsren K. and Svard H. 

(2) Zdansky G., Arkiv for Kemi 19, 559 (1962). 
(3) Lhgstrom B., Technical Report January 1984, ICUU. 
(4) Antoni G. and LBngstrom B., Int. J. Appl. Radiat. Isotop. 

(5) Lgngstrom B. and Stridsberg B., Int. J. Appl. Radiat. Isotop. 

(6) Oguri T., Kawai N., Shiori T., Yamada S.-I. Chem. Pharm. Bull. 

Ann. Univ. Turkuensis D:14 (1984) , (in press). 

(to be submitted). 

- 30, 151 ( 1 9 7 9 ) .  

I 26, (3) 803 (1978). 
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CARBON-11 LABELLED TYROSINE FOR INVESTIGATION OF TUMOR METABOLISM BY POSITRON 
EMISSION TOMOGRAPHY 

W. Vaalburg, J.M. Bolster, A.M.J. Paans, J.B. Zijlstra, Th.van Dijk, M. Smid and 
M.G. Woldring 
Department of Nuclear Medicine,University Hospital, Oostersingel 59, 9713 EZ 
Groningen, The Netherlands. 

Quantitative measurement of the extent of amino acid utilization in tumor tissue 
by positron emission tomography may be of importance for the differential 
diagnosis and staging of tumors. Moreover in-vivo quantification of alterations 
in amino acid demand may be of interest to estimate tumor response to therapy. 
The aim of this communication is to present: 

-the preparation of D,L-( l-llC)-tyrosine (I) 
-the separation of I in its enantiomeric isomers 
-distribution studies in rats with L-(l-' C)-tyrosine and the measurement of 

-accumulation studies by positron emission tomography using D- and L-( l-llC)- 
the incorporation of the radioactivity into protein 

tyrosine in rats bearing transplanted Walker 256 carcinosarcoma. 

Carboxylic labelled D ,L-( 1-l1C)-tyrosine was prepared by carboxylation of the 
appropriate a-lithiated isocyanide by 11C02 as shown in the reaction scheme. 

H 
s-BuLi C H 3 0 a C H 2 - C H 2 - C - N = C :  I l 1 C O 2  - 

CH,O O C H 2  -CHZ-N=C: - 
THF. -lOO°C I 

L i  

H 
C H 3 0 e C H 2 - C - N = C :  I 

11 I 
C02Li 

Within 40 minutes after 
obtained. The separation 

H 
1 )  HI. lLO°C I - H O e C H 2 - : - N H 2  

"CO2H 
2) HPLC 

EOB a yield up to 16%, not corrected for decay, was 
of I into its stereoisomers was accomDlished by HPLC 

using a chiral stationary phase column and a phosphate buffer as eluent. The 
separation was achieved within 10 minutes. 

It is well documented that after administration of 3H- or 14C-labelled tyrosine 
the radioactivity is rapidly distributed over the extracellular and intracellular 
free amino acid pool. Within the tissue the amino acid is incorporated into 
protein, transaminated or decarboxylated. Scarce information is available on the 
radioactivity distribution after i.v. administration of L-( l-14C)-tyrosine. 
Because of our aim to measure protein synthesis in-vivo with carbon-11 labelled 
tyrosine, we investigated the radioactivity distribution in rats, bearing Walker 
256 carcinosarcoma, 10, 15 and 30 minutes after administration of this carbon-14 
labelled amino acid. It wa? found that 15 minutes after injection the radio- 
activity in plasma was less than 1.5% of the injected dose. For several tissues 
(brain, liver, spleen, heart, muscle, kidneys) also the intra-cellular 
protein/non-protein boune radioacivity ratio was measured. 

Using our dual-headed positron camera we also measured the distribution of D- and 
L-( l-llC)-tyrosine in rats bearing the experimental Walker 256 carcinosarcoma. 
Both enantiomers were found to accumulate in the tumor, however, the uptake of 
the D-isomer showed to be much higher than the uptake of the L-isomer. 

This research is supported by the Dutch Cancer Foundation "Koningin Wilhelmina 
Fonds". 
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SYNTHESIS OF 2- OR 3-1 'c-LABELLED AROMATIC AMINO ACIDS 

C. Halldin, G .  Bergson, P. Malmborq and B. LSngstrom 
Department of Organic Chemistry, Institute of Chemistry, 
University of Uppsala, BOX 531, S-751 21 Uppsala, Sweden 

The synthesis of the aromatic amino acids phenylglycine, phenyl- 
alanine, tyrosine and DOPA, labelled in the 2- or 3-position, using 
various routes will be presented. In all the syntheses the "C-car- 
bony1 aldehydes were the key-substrates. The trapping of C-carbon 
dioxide in a solution of the appropriate Griqnard reagent gave the 
salt of the corresponding "C-carboxylic acid. In the preparation of 
the aldehydes two routes were used: 
a) a selective ion-pair oxidation of the corresponding 'C-alcohol 

obtained after lithium aluminum hydride reduction of the acid 
salt (details presented elsewhere (1)). 

b) a selective reduction of the IlC-acid salt according to Scheme 1 
using dichlorobis (n-cyclopentadieny1)titanium and isobutyl- 
magnesium bromide (2). The radiochemical yields were in both 
reactions 60-95 % with reaction times of the order of 5 min. 

Scheme 1 

1 1  The C3- Cllabelled racemic phenylalanine, tyrosine and DOPA have all 
been prepared by route 2 in Scheme 2 by a condensation of the appro- 
priate "C-aldehyde and various 2-substituted 5-oxazolones. The 
hydrogenation was either carried out using hydroiodic acid and phos- 
phorous, yielding the racemic [3-"CIamino acid (3) in 8-30 % radio- 
chemical yields within 50-60 min. or by hydrogenation reactions using 
chira'l rhodium catalysts (4). In the latter case (route 1, Scheme 2) 
the oxazolone ring had to be opened before hydrogenation. Using 
chiral rhodium complex of (R)-Prophos or (+)-DIOP the hydrogenation 
gave L3-I 'Clphenylalanine in 80 % e.e and 60% e.e respectively (i.e. 
L/D = 9@/10 and 80/20) in 10-15 % radiochemical yield within 6 0  min. 
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H I I P  ROUTE 3 
( 1  step) 

1179 

6.25M NaOH 
( 1  step) 

1 1  By use of an enzymatic transamination reaction, C3- Clphenylalanine 
was prepared from C3-I lClphenylpyruvic acid. The "C-ketoacid was ob- 
tained by basic hydrolysis of the Ca Cl-4-arylene-2-aryl-5-oxa- 
zolone as seen in route 3, Scheme 2 and converted by EC 2.6.1.1 to 
C3- Clphenylalanine in 20 % radiochemical yield within 10 min. (5). 

Using C-benzaldehyde and C-phenylacetaldehyde , racemic L2-I ' Cl- 
phenylglycine and C2-I Clphenylalanine were prepared in a modified 
Bucherer-Strecker synthesis according to route 4, Scheme 2 in a 20-30 

1 1  

1 1  

% radiochemical yield within 4 0  min. (not including 

ROUTE 1 

ROUTE 4 ( 2 step) 
Bucherer-Strecker 

R-"CHO 

I \  

1 
R - ~ H  = C-co 

ASYMMETRIC ROUTE 2 
SY N TH E S 1 S 
(3  step) 

LC-purification) 

R- "CH-COOH 
I 
NH2 

(D.L) 

TRANSAMINATION 
EC 2.6.1.1 1 

R-%H CH-COOH R-''CH2--CH--COOH 
I 
NH2 

2- I 
R-l'CH2-CH - COOH 

I 
NH2 NHZ 
( L l  (D,LI ( L )  

Scheme 2 

Halldin C. and Lhgstrom R. Acta Chem. Scand. (in press 1984). 
Halldin C. and Ldngstrom R. Technical Report ICUU, July 1983. 
Halldin C. and Ldngstrom B. Int. J. Appl. Radiat. Isotop. 
(in press 1984). 
Halldin C. and Ldngstrom B. Int. J. Appl. Radiat. Isotop 
(to be submitted). 
Halldin C., Jigerius S.B.  and Lhgstrom B. 
Technical Report ICUU, December, 1983. 
Halldin C. and Ldngstrom €3. Technical Report ICUU, July, 1983. 
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DEVELOPMENT OF NEW TYPE OF RADIOTRACERS FOR IN VIVO ESTIMATION OF 
BRAIN MA0 ACTIVITY : N-METHYL LABELED PHENETHYLAMINE DERIVATIVES 

Osamu Inoue,Toshiyoshi Tominaga,Kazutoshi Suzuki,Nobuo Fukuda, 
Toshio yamasaki and Yasuhiro Kinemuchi 
Division of Clinical Research,National Institute of Radiological 
Sciences,Chiba,Japan 

Monoamine Oxidase(MA0) has a significant functions in regulating 
levels of neurotransmitter amines and neuromodulating amines in 
central nervous systemland alterations in brain MA0 activity have 
been implicated in some kinds of central nervous disorders(1). 
Direct estimation of human brain MA0 activity may be greatly contri- 
buted on fundamental or clinical research of such diverse disorders. 

We designed metabolically-trapped radiotracers for brain MA0 function 
study as shown in Fig-1,and evaluated these labeled compounds on 
their properties as a tracer(2,3).C-14 MPEA and C-14 DMPEA rapidly 
and highly entered into mouse brain,and then deaminated by brain MA0 
to C-14 methylamine or dimethylamine which were trapped by the blood- 
brain barrier because of cationic charge.On the other hand,when brain 
MA0 activity was completly inhibited with MA0 inhibitors, brain 
radioactivity rapidly decreased(see Fig-2),which suggested unmetabo- 
iized tracer itself was rapidly eliminated from the brain. 
Therefore, the deamination rate of radiotracer in the brain can be 
estimated from thedisappearance curve of brain radioactivity. 

The most important problems in this tracer method are the specificity 
against objective enzyme and the detectable range of changes in brain 
enzyme activity.By the theoretical consideration using simplified 
model, both the specificity and the range were found to be much 
dependent upon the enzymatic and physicochemical properties of 
substrate used as a tracer. For example, MA0 is classified into two 
forms;MAO-A and MAO-B with different substrate specificity and physi- 
ological functions(4). These three kinds of PEA derivatives have 
different enzymatic properties against each forms of MAO, and in fact 
C-14 MPEA was found to be metabolized by both forms of MA0 in mouse 
brain,whereas C-14 MPEOA and C-14 DMPEA were deaminated by only MAO-B. 

Radioactivity in the brain and blood after injection of C-14 DMPEA 
into mice were summarized in Fig-2. Very high brain radioactivity 
just after injection and considerable long-term retention in the 
brain were observed. Radioactivity in the blood was very low and 
declined fast. When brain MAO-B activity was selectively inhibited 
with a differnt dosage of 1-deprenyl(0.01-10 mg/kg i.v.), brain 
radioactivity at 1 hr after injection of C-14 DMPEA significantly 
decreased in a dosage-dependent way. On the other hand, no significa- 
nt difference of brain radioactivity between control and clorgyline 
(a specific MAO-A inhibitor) pretreated mice was observed. This 
reduction of radioactivity seemed to be due to the decrease of 
production rate of labeled metabolite in the brain, because pretreat- 
ment with MA0 inhibitors did not affect on the incorporation of the 
tracer into the brain. 

We synthesized C-11 DMPEA by one step reaction with C-11 methyliodide 
and preliminaly animal study was performed. Fig-3 showed the relation 
between brain radioactivity o f  C-11 DMPEA at 1 hr after injection 
and brain MAO-B activity remaining under MAQ-inhibition experiment. 
These data indicates C-11 DMPEA is a specific radiotracer for in vivo 
estimation of brain MAO-B activity with a fair sensitivity. 
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(1) Murphy D.L. , "Monoamine Oxidase and its inhibition", G.E.W. Wols- 

( 2 )  Inoue 0, Eur. J. Nucl. Med., 8, 385 (1983) 
( 3 )  Inoue 0, Tominaga T I  Yamasaki-T and Kinemuchi Y., Bull. Japan. 

( 4 )  Johnston J.P., BiGhern. Pharmacol, 17, 1285 (1968) 

tenholme and J.Knight, Elsevier, Amsterdam, 1976, p.341 

Neurochem. SOC., 22, 225 (1983) 

Fig-1 Metabolically-trapped radiotracers 

H ph-CH2CH2N,CH3 N-methyvhenylethylamine 
( MPEA ) 

N-methylphenylethanolarnine H 
ph-CHCH2N*CH3 [ MPEOA ) 

ph-CH2CH2N*E:: N,N-dimethylphenylethylamine 
( DMPEA ) 
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Fig. 2 Radioactivities in brain and blood after injection of 14C- 
DMPEA 

(Three mice in each point) 

Fig. 3 

h 
+J 

I I 1 1 t 
0 30  6 0  90  1 2 0  

Time (min.) 
Relation between radioactivity of llC-DMPEA and MAO-B 
activity remaing in the brain 

*Each MA0 activity in the brain was 
measured by radiometricmethod. 
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CARBON-11 LABELLED ALBUMIN MICROSPHERES FOR CLINICAL USE 

F. Brady, D.R. Turton,  V.W. P i k e , J .  Deanfield.  C.M. DeLandsheere, M . J .  Shea,  
R.A.  Wilson, A .  Yaser i ,  A.P. Selwyn 

MRC Cyclotron Un i t  and Royal Pos tg radua te  Medical School ,  Hammersmith H o s p i t a l ,  
London U.K. 

Microspheres l a b e l l e d  wi th  s u i t a b l e  p o s i t r o n  emitters a r e  r e q u i r e d  f o r  t h e  
q u a n t i t a t i o n  of r e g i o n a l  myocardial  blood f low (RMBF) and c a r d i a c  o u t p u t  by 
p o s i t r o n  emission tomography. Microspheres l a b e l l e d  with gall ium-68 have been 
used t o  s tudy  RMBF i n  animals  ( I ) .  T h e i r  use however s u f f e r s  from a number of 
d i sadvan tages .  The microspheres  g e n e r a l l y  r e q u i r e  lengthy p re -mod i f i ca t ion  
wi th  c h e l a t i n g  agen t s  such as DTPA ( 2 , 3 )  o r  EDTA ( 4 )  d e r i v a t i v e s .  The r e s u l t a n t  
ga l l i um-che la t e  complex i s  s t i l l  l i a b l e  t o  d i s r u p t i o n  by plasma components. The 
h a l f  l i f e  of gall ium-68 (68 mins) may a l s o  l e a d  t o  high r a d i a t i o n  doses  t o  
c r i t i c a l  organs.  

Carbon-11 ( h a l f  l i f e  2 0 . 4  mins) i s  an a t t r a c t i v e  a l t e r n a t i v e  p o s i t r o n  l a b e l  f o r  
microspheres .  A s t a b l e  c o v a l e n t  bond can be  made between t h e  microsphere and 
carbon-11 which would be una f fec t ed  by plasma components. N o  p re -mod i f i ca t ion  
of t h e  microspheres  would b e  r e q u i r e d .  The r a d i a t i o n  dose from carbon-I1 
l a b e l l e d  microspheres  would be o n l y  one f i f t h  o f  t h a t  from t h e  same i n j e c t e d  
a c t i v i t y  of gall ium-68, 

Consequently we have l a b e l l e d  human serum albumin microspheres  wi th  carbon-11 
by r e a c t i o n  with carbon-11 iodomethane. Carbon-11-iodomethane is  p repa red  
i n  e thano l  s o l u t i o n  and r a p i d  l a b e l l i n g  of t h e  microspheres  i s  achieved by 
r e a c t i o n  o f  an a l k a l i n e  suspension (pH 10) f o r  t e n  minutes  a t  SO°C. E f f i c i e n t  
s e p a r a t i o n  o f  l a b e l l e d  microspheres  is r e a d i l y  achieved by m i l l i p o r e  f i l t r a t i o n  
a l lowing  p r e p a r a t i o n  of  s te r i le ,  apyrogenic  suspensions f o r  c l i n i c a l  I J S ~ .  The 
o v e r a l l  p r e p a r a t i o n  t i m e  is s h o r t ,  30 minutes  from t h e  end of r a d i o n u c l i d e  
p roduc t ion .  S a t i s f a c t o r y  radiochemical  y i e l d s  a r e  achieved,  ca. 20% based on 
I1CO2 used and decay co r rec t ed . .  

Carbon-I1 l a b e l l e d  microspheres  have been eva lua ted  a g a i n s t  gamma l a b e l l e d  
sphe res  i n  dog experiments .  The carbon-11 l a b e l  e x h i b i t s  extremely hiqh 
in-vivo s t a b i l i t y  and e x c e l l e n t  c o r r e l a t i o n  of blood f lows with t h o s e  obtai.ned 
u s i n g  r e f e r e n c e  long l i v e d  gamma (scandium-46) l a b e l l e d  microspheres .  

The carbon-I1 l a b e l l e d  microspheres  a r e  now i n  r o u t i n e  c l i n i c a l  IJRP  f o r  t h e  
measurement o f  RMBF and c a r d i a c  ou tpu t  i n  p a t i e n t s .  

- 

-- 

1. Wisenberg G . ,  S c h e l b e r t  H . R . ,  Hoffman E.J., Phelps  Y E. 
Robinson J n r .  G.D., S e l i n  C . E . ,  Ch i ld  J , Skorton D , Kuh1 D.E., 
C i r c u l a t i o n  63, 1248 (19811 

2 .  Hnatowich D . J . ,  Sch lege l  P .  J .  Nucl Med., 22, 623 (19811 

3 -  Wagner S.J , Welch M . J  J, Nucl.  Med I 20, 428 (1979)  

4 .  Sundberg M . W . ,  Meares C . F . ,  Goodwin D.A., Oiamanti C I .  Nature io, 
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CYCLIC SULFATES AS SUBSTRATES FOR NUCLEOPHILIC SUBSTITUTION 

M.S. Ber r id  e, E. Rosenfeld and T.J. Tewson ---+ Divis ion  o Cardiology, Universi ty o f  Texas Medical School, Houston, Texas 
77025. 

Cyc l i c  su l fa tes  have been used as precursors t o  produce 
2-fluoro-Z-deoxyglucose (1) and 16-a-f luoroestradiol (2) rap id l y  and i n  high 
y i e l d  by nucleophi l ic  at tack o f  no-carrier-added f luor ide.  
approach t o  f luorine-18 labe l ing  i s  encouraging f o r  fu r ther  appl icat ion,  but the 
chemistry o f  c y c l i c  su l fa tes  has not been systematical ly studied. 
provide a base f o r  r a t i o n a l  app l i ca t ion  o f  c y c l i c  su l fa te  displacements t o  F-18 
l abe l i ng  we have studied a ser ies o f  model c y c l i c  su l fa tes  and t h e i r  products o f  
subs t i t u t i on  by f l uo r ide  and phenoxide ions. 

The model su l fa tes  are shown i n  the table. 
by react ion o f  the corresponding d i o l  w i th  s u l f u r y l  chloride. 
unhindered d i o l s  t h i s  route gave no desirable product and i t  was found necessary 
t o  produce the c y c l i c  s u l f i t e  by reac t ion  with t h i o n y l  ch lo r ide  and then t o  
oxidize i t  t o  the c y c l i c  su l fa te  wi th potassium permanganate. 
c y c l i c  su l fa tes  by t h i s  route were about 60% based on d io l .  

The nucleophi l ic  subs t i tu t ions  were car r ied  out i n  a c e t o n i t r i l e  and were 
general ly rapid. The su l fa te  products o f  phenoxide subs t i tu t ion  were hydrolyzed 
and oxidized t o  y i e l d  alpha-substituted ketones and carboxyl ic acids from 
primary and secondary nucleophile attack, respect ively.  These products were 
i den t i f i ed  by physical  and spectroscopic methods. 

The resu l t s  o f  the displacements ind ica te  tha t  s t e r i c  hindrance i s  very 
important i n  determining the pos i t i on  o f  subst i tut ion.  Reaction o f  both 
f l uo r ide  and phenoxide was predominantly a t  the the primary pos i t i on  even on 
r e l a t i v e l y  unhindered d io ls .  
glucose-2-3-cyclic su l fa te  gave nucleophile at tack a t  s d f u r  as the only 
detectable resu l t .  
precursors w i l l  be discussed. 

The success o f  t h i s  

I n  order t o  

They were synthesized when possible 
With the simple 

The y ie lds  o f  

The cornformationally unfavorable 

The impl icat ions o f  these resu l t s  for  use of c y c l i c  sul fate 

Subst i tu t ion  Results 

Nucleophile (% Primary/Substi tut ion) 

Cycl ic Sulfate P henoxide Fluor ide 
1,2 Propane 75 50-60 
1,2 Butane 100 100 
1,3 Butane 100 
1,4 Butane N / A  gocjd product y i e l d  N/A 
1,2 Phenylethane 
2 , 3  Glucose 4 , 6  Benzyl idine 

(1) Tewson TJ, J. Org. Chern. 48, 3507 (1983). 

(2) Tewson TJ, J. Nucl. Med. 24, p 52 (1983). 

- Sulfate not stable - 
Attack on su l fu r  



Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXI, Nos 11-12 1185 

A NEW MILD AND SELECTIVE t'8F)FLUORINATION METHOD 

G.W.M. Visser, B.W. van Halteren, J.D.M. Herscheid, G. Brinkman and A. Hoekstra 
Radio-Nuclide Centre(RNC) of the Free University 

P.O.Box 7161, 1007 MC Amsterdam, The Netherlands. 

Only a few practical methods are available for the controlled regiospecific 

introduction of t F]-fluorine into an aromatic compound. These methods are 

all based on a displacement by F such as the Balz-Schieman reaction, the 

triazene decomposition and the nucleophilic displacement of activated 

halogen- or nitrogroups (1). During the last decade a target system was developed 
18 for the production of high amounts of [ F]-F2. However, up to now the methods 

used for the electrophilic introduction of I8F into aromatic compounds often 

suffer from overreactivity and give low yields (2). 

18 

18 - 

Based on the more or less controlled electrophilic monofluorination of activated 

aromatic rings on reaction with CH COOF ( 3 )  and our previous results with 

radiohalogenation ( I  311 ,211At) through mercury compounds (4) we have investigated 
the displacement of the mercury group by [ 

regiospecif ic 1''FI-f luorination. 

The reaction of an arylmercury compound with [ 
temperature gave within 5 min. satisfactory radiochemical yields (45-65%) of 

the corresponding [ 
It is interesting to note that the reaction of CH3COOF with benzene or toluene 

results in very low yields ( 3 ) ,  but good results are obtained with the mercurated 

analogs, which indicates that unwanted side reactions are suppressed by this 

approach. However, it appears to be very critical in which solvent the demercu- 

ration is performed: in other solvents than CH3COOH like e.g. CH3CN, MeOAc 

or EtOAc no or very low yields of I8F-compounds are obtained. 

3 

18 F]-CH3COOF as a new approach to 

18 F]-CH COOF in CH COOH at room- 3 3 

18 F1-f luorodemercuration products (Table 1 ) .  

Given the relative ease with which mercury can be attached to aromatic systems 

this approach accounts well for the synthesis of regiospecific fluorinated 

aromatic compounds, In the context of positron emission tomography the method 

is suitable for studies that require medium to low specific activities 

(<370 GBq/mmol i.e.<JO Ci/mmol). 

(1) M. Attina, F. Cacace, A.P. Wolf, J. Lab. Comp. Radiopharm., 20, 501 (1983). 

( 2 )  see also M . J .  Adam et.al., Can. J. Chem., 61, 658 (1983). 
( 3 )  0. Lerman, Y .  Tor, S. Rozen, J. Org, Chem., 446, 4629 (1981) 

(4) G.W.M. Visser. E.L. Diemer, F.M. Kaspersen, J. Lab. Comp. Radiopharm., 

- 17, 657 (1980) and g, 799 (1981). 
( 5 )  W.J. Klapproth, F. Westheimer, J. Am. Chem. SOC., 72, 4461 (1950). 
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T a b l e  1 .  f8F) - f l u o r i n a t e d  a r y l  compounds f rom t h e  d i s p l a c e m e n t  of 
18 

a mercury  g r o u p  b y  1 F] -CH,COOF. 

S u b s t r a t e  P r o d u c t  Y i e l d ( % )  

p-HgOAc-anisol p- I 8F-ani s o l  6 5 ' 3  

p-HgOAc-acetanil i d e  p- 8 F - a c e t a n i l  i d e  60 ? 3 

0-HgC 1-phenol  0-' 8F-phenol 5 3 z 3  

p-HgC 1-pheno 1 ~ - ' ~ F - p h e n o l  4 J Z  3 

HgOAc-benzene 8F-benzene 5 8 * 3  

HgCl- toluene 5 8F- t o 1  uenes  57: 3 

o:m:p= 3:1:13 

5 I d e n t i f i e d  b y  GCMS and by compar ison  of t h e  r e t e n t i o n  t i m e s  i n  

r e v e r s e d  p h a s e  HPLC w i t h  t h o s e  o f  a u t h e n t i c  s a m p l e s .  

Based on [ 18 F]-CH3COOF; f8F]-CH3COOF was p r e p a r e d  f rom [ 18 F] -F2 

i n  80-902 c h e m i c a l  y i e l d ,  so  t h e  r a d i o c h e m i c a l  y i e l d s  b a s e d  on 

I18F]-F2 are 20-30%. 

b, 

c, M i x t u r e  c o n s i s t i n g  o f  18% o r t h o ,  6% meta  and 76% p a r a  HgC1- to luenes(5) .  
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USE OF SILAFE FOR INTRODUCTION OF 18F INTO ORGAMC COMPOUNDS* 
Mirko Diksic, Simin Farrokhzad and Pasquale DiRaddo 

Medical Cyclotron Unit 
Montreal Neurological Institute, McGill University, 

3801, University Street, Montreal, Quebec, H3A 2B4, Canada 

Fluorine-18, a positron-emitting radionuclide used for studies wi th  humans, i s  particularly 

valuable because i t s  relat ively long half- l i fe of 110 minutes allows the radiochemist t o  

perform quite complicated syntheses. Another advantage i s  i t s  molecular size: since it is 

almost equal in size t o  hydrogen, fluorine can replace it without drastic change in the 

biological behaviour of the fluorinated compound. 

The introduction of fluorine-18 in to organic molecules was extensively investigated af ter  it 

was f irst reported by Nozaki and Tanaka (1). The syntheses could be divided into two 

general categories: those involving introduction a t  the no-carrier-added level, and those 

involving introduction w i th  the addition of a carrier. The former synthesis was carried out 

via triazine (3) and heterogeneous exchange reaction (4,5); the la t ter  via the Balz- 

Schiemann reaction (1,5), the isotopic exchange reaction (71, cleaving of the carbon-tin 

bond (81, acetylhypofluorite (9 )  and some other. 

We have developed a new technique to  introduce fluorine-18 into organic compounds via 

silanes and have proved i t s  feasibil i ty on some simple compounds (10). The silanes are 

generally stable compounds and can be prepared easily f rom inexpensive, commercially 

available substances. The reaction of silanes wi th  18F-fluorine is very fast and the entire 

synthesis usually takes less than 30 minutes(l0). 

I n  general, silanes were reacted wi th  18F-fluorine in  CFC13 or CCl4 kept a t  -78OC or 

-32OC. A f te r  bubbling o f  18F-F2 is finished the solvent i s  evaporated and the 18F-labelled 

compound separated by high performance liquid chromatography. The radiochemical 

yields achieved after irradiation varying in length f rom 5 to  30 minutes were 15%-209/0 

expressed relat ive to 18F-F2 extracted f rom a low-pressure target (11). The synthesis of 

18F-labelled 4-fluoroantipyrine (a blood f low tracer), and 6-fluorodopa (a tracer for 

dopaminergic receptor sites) w i l l  be discussed and compared w i th  published syntheses. The 

radiochemical yield of 18F-4-fluoroantipyrine was about 20%; the radiochemical yield of 

18F-6-fluorodopa was about 15%. The radiochemical puri ty of both compounds exceeded 

98%, and the specific act iv i ty  a t  the end of irradiation was abtout 830 mCi/mmol when 30 
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minutes irradiation was used. 

yields, and simpler puri f icat ion procedures than those described in the l i terature (12,131. 

The syntheses reported here have higher radiochemical 

Radiopharmaceuticals were identif ied by comparing the HPLC eluston volumn and Rf-value 

t o  those of authentic samples identif ied by IR, IH and I9F-NMR, and MS. 
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13. 
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Ridge, Tennessee, 1982, and references therein. 
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THE SYNTHESIS OF 18~-LABELED ARYL FLUORIDES BY ELECTROPHILIC FLUORINATION OF 
ARYLTRIMETHYLSILANES AND ARYLPENTAFLUOROSILICATES 
M. Speranza, C.-Y. Shiue, A .  P. Wolf, D. S .  Wilbur and G. Angelini 
Chemistry Department, Brookhaven National Laboratory, Upton, NY 11973 USA 

Fluorine-18 substituted aromatic rings are important structural components of a 
number of I8F-labeled radiopharmaceuticals (1,2). To date, the preparations of 
I8F-labeled aryl fluorides have relied mainly on the Schieman Reaction, the 
triazene decomposition and nucleophilic aromatic substitution (3-10). The 
application of electrophilic fluorination to the synthesis of I8F-labeled aryl 
fluorides has recently been reported for aromatic compounds (11) (18F for H 
substitution) and for aryl tin compounds (12) (18F for Sn substitution). 

In order to extend the scope of the electrophilic aromatic substitution reaction, 
we have investigated the electrophilic radiofluorination of aryltrimethylsilanes 
(A) and arylpentafluorosilicates (z), substrates which have previously been used 
in other electrophilic halogenated reactions [13-17). 
are fluorinated with either [I8F]F2 or CH3C02 8F to give the corresponding "F- 
labeled aryl fluorides (2) and aryltrimethylsilyl fluorides (A) in overall radio- 
chemical yields of 10-20% depending on the reaction conditions (Eq. 1, Table 1). 

We report here that and 2 

X X X 

Compounds2 and ,& can easily be separated by HPLC or GLC. The structures of 
compounds Awere elucidated by treating the reaction mixture with Br2 (18) or 
MeOH-HC104 solution (19) to give the corresponding aryl bromide or hydrogen 
substituted product. 
gave the corresponding aryl [ 18F]fluorides (3) in 10-20% radiochemical yield 
(Eq. 2). 

Fluorination of arylpentafluorosilicates (2) with C H ~ C O Z ~ ~ F -  

X X 

CH~COZ'~F 
> 

HOAc, 25O 
I 
SiF5Kz 18; 

The yields of compounds2 and f? depend on the reaction conditions. Lower tempera- 
ture favors the formation of aryl fluorides (Tables 1 and 2), [I8F]F2 gives a 
better yield of aryl fluorides (and a higher ratio of C-Si to C-H substitution) 
than C H ~ C O Z ~ ~ F ,  and the electron-withdrawing groups on the aromatic ring favor 
silicon substitution over hydrogen substitution. 

In summary, rapid regiospecif ic incorporation of 18F into simple aromatic 
molecules can be accomplished by fluorination of aryltrimethylsilanes o r  
arylpentaf luorosilicates with [ 18F]F2 or C H ~ C O Z ~ ~ F  under very mild conditions. 
This method thus provides an alternative route to [ 18F]-labeled radiopharma- 
ceuticals such as p- 18F]fluorohippuric acid which is otherwise difficult to 
prepare, and other [ "F] -labeled radiopharmaceuticals which are not required to be 
NCA and contain an aromatic ring without activating groups. 
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Table 1 
Radiochemical Yields of F-18 Aryl Fluorides From the Fluorination of Aryltri- 
methylsilanes or Arylpentaf luorosilicates with CH3C02I8F in CH3COzH at 25OC 

Substrate 

X - 

H 

c1 

Br 

CH3 
OCH3 

COCH3 
0-COCH3 

Sf(CH3 13 
CONHCH2C02H 

H 

CH3 

6 Y 

a Undetermined. 

Radiochemical Yield ( X )  

5 6 

7 4 

14 11 
5 7 

2 6 

8 6 

3 10 
10 4 

12 a 

12 a 

18 a 

c-si 
C-H 

(-) subst. 

0.83 

1.75 

1.27 

0.71 
0.33 

1.33 
0.30 

2.50 

Table 2 
Radiochemical Yields of F-18 Aryl Fluorides From the Fluorination of 

Aryltrimethylsilanes with [ I8F]F2 in Freon-11 at -78OC 

c-si 
C-H 

Substrate Radiochemical Yield ( X )  (-) subst 

X 

n - 

H 

COCH3 

Br 

X X 

12 13 

27 8 

29 8 

0.92 

3.38 

3 . 6 3  
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IS THE ADDITION OF 8F]-ACETYLHYPOFLUORITE TO GLUCALS REALLY STEREOSELECTIVE ? 

J.D.M. Herscheid, C.J.S. van Rijn, G.W.M. Visser and A .  Hoekstra 

Radio-Nuclide Centre(RNC) of the Free University 

F.O.Box 7 1 6 1 ,  1007 MC Amsterdam, The Netherlands. 

Of all positron emitting radiopharmaceuticals 2-deoxy-2- 

(FDG) has generated the most widespread interest since it can be used for both 

myocardial and cerebral glucose metabolism as for the detection of tumors. 

As a result, many centres do research towards simple and efficient synthesis 

of this compound. 

The synthesis, using elemental fluorine, has the main disadvantage of giving 

a mixture of F]-gluco-and mannopyranosyl fluorides (1) .Recently, some 

methods have appeared which seem to give exclusively t 
of [I8F]-CH COOF to either triacetylglucal in acetic acid ( 2 , 3 )  or glucal in 

water ( 4 ) .  However, from simple CPK-models such a high degree of stereoselectivity 

seems rather peculiar. 

18 Flfluoro-D-glucose 

J8 
18 F]-FDG by the addition 

3 

For this reason it was decided to reexamine all products formed in the above 

mentioned reactions. Therefore, the reaction mixtures were analysed by HPLC 

either directly or after hvdrolysis and rearetylation. After separation eight 
products were identified by 'H-NMR 

For the main products ( d a n d p  anomers of FDG and FDM) the results are 
summarized in Table 1. 

spectroscopy. 

In addition. a TLC system was developed for the separation of deoxy-fluoro- 

glucose and deoxy-fluoro-mannose after hydrolysis, using phosphate loaded 

silica gel plates. Work is in progress to use this support for preparative 

HPLC column separation. 

( 1 )  T. Ido et. al., . J .  Labelled Comp. Radiopharm.. &, 175 (1978). 

(2) C-Y. Shiue et. al., .J. Nucl. Med.,s, 855 (1982). 

( 3 )  M. Diksic and D. .?olly. Int. . T .  Appl. Radiat. I so t . ,  34, 893 (1983) 
( 4 )  R.E. Ehrenkaufer et. al., J. Nucl. Med. ,( in press ). 

(5) H.C. Padgett et. al.. 3 .  Nucl. Med., 2, PI21 (1983). 
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18 18 Tab le  I .  Y ie lds  ( X )  of [ F] -f luoro-deoxy-glucose(FDG) and ( F] -f luoro-deoxy- 
18 mannose(FDM) from r e a c t i o n  of [ F]-CHICOOF with g l u c a l s .  

~ ~ ~~ ~ ~~ ~~ ~ 

S u b s t r a t e  Method a/ Solven t  c(-FDG @+P) P-FDG 

TAG A AcOH 73 ( 7 6 )  3 

TAG B AcOH 80 (83) 3 

G l u c a l  B 0.5 M NaOAc 18 (42)  24 

Gluca l  B 0.025 M NaOH 14 (43) 29 

Gluca l  B 0 .025  M AcOH 24 (42)  18 

Gluca l  A AcOH 15 (28) 13 

d-FDM (d+P) p-FDM 

5 ( 1 7 )  12 

5 ( 1 4 )  9 

26  (56)  30 

38 (53) 15 

35 (55)  20 

38 ( 6 9 )  31 

1193 

a, A; CH COOF p repa red  i n  a c e t i c  a c i d  ( 2 )  o r  

B;  by a gas-so l id-phase  r e a c t i o n  (4 ,5 )  
3 



1194 Symposiicm A hstracis 

DETAILED STUDY OF' N U C L E O P H I L I C  AROMATIC SUBSTITUTION USING 

F. O b e r d o r f e r ,  C .  C r o u z e l ,  and D .  Comar 
Commissar ia t  a 1 ' E n e r g i e  Atomique, Depar tement  d e  B i o l o g i e ,  
S e r v i c e  H o s p i t a l i e r  F r e d e r i c  J o l i o t ,  91406 Orsay  F r a n c e .  
The s u b j e c t  of  n u c l e o p h i l i c  a r o m a t i c  S u b s t i t u t i o n  u s i n g  c a r r i e r -  
f r e e  f l u o r i n e - 1 8  f l u o r i d e  a c q u i r e d  t h e  s t a t u s  of a wel.1 d e f i n e d  
f i e l d  of l a b e l l i n g  r e a c t i o n s .  Two a p p r o a c h e s  have  been  f o l l o w e d  
up a t  p r e s e n t :  t h e  a d d i t i o n - e l i m i n a t i o n  mechanism f o r  r e a c t i o n s  
i n v o l v i n g  s u b s t r a t e s  a c t i v a t e d  by e l e c t r o n  wi thd rawing  s u b s t i t u e n t s ,  
and t h e  u n i m o l e c u l a r  mechanism f o r  t h e  t h e r m a l  d e c o m p o s i t i o n  of 
d iazonium i o n s .  The l a t t e r  has  been  a p p l i e d  t o  p r e p a r e  most of t h e  
a r o m a t i c  d e r i v a t i v e s  l a b e l l e d  w i t h  f l u o r i n e - 1 8 ,  b u t  t h e  y i e l d  o r  
t h e  s p e c i f i c  a c t i v i t y  of t h e  f i n a l  p r o d u c t  w e r e  r a t h e r  low. U n l i k e  
t h a t ,  n u c l e o p h i l i c  a r o m a t i c  s u b s t i t u t i o n  on a c t i v a t e d  s u b s t r a t e s  
w a s  e s t a b l i s h e d  now t o  be  t h e  most e f f i c i e n t  method of i n t r o d u c i n g  
t h e  c a r r i e r - f r e e  f l u o r i n e - 1 8  a n i o n  i n t o  a r o m a t i c  compounds ( 1 ) .  
Even t h e  p r e p a r a t i o n  of t h e  n e u r o r e c e p t o r  l i g a n d  m o l e c u l e s  s p i r o =  
p e r i d o l  and h a l o p e r i d o l  makes t h e  n o - c a r r i e r - a d d e d  s t a t e  i m p e r a t i v e  
i f  n e u r o c h e m i s t r y  h a s  t o  b e  t e s t e d  i n  v i v o .  
S u b s t i t u t i o n  r e a c t i o n s  u s i n g  t h e  F-18  f l u o r i d e  w e r e  s t u d i e d  o n  t h e  
b a s i s  of o u r  fo rmer  r e s u l t s  o b t a i n e d  from t h e  exchange  of F-18 f o r  
a r o m a t i c  i o d i n e  ( 1 ) .  The r e a c t i o n s  l e a d i n g  t o  t h e  r e s u l t s  g iven  i n  
t h e  t a b l e  be low w e r e  a l l  c a r r i e d  o u t  w i t h i n  15 m i n  a t  180°C u s i n g  
d i m e t h y l  s u l p h o x i d e  as s o l v e n t .  The a c t i v a t e d  s u b s t r a t e s  l i s t e d  
w e r e  chosen  w i t h  r e g a r d  t o  t h e  e v e n t u a l  a p p l i c a t i o n  t o  t h e  f i n a l  
s y n t h e s i s  of F-18 s p i r o p e r i d o l .  The s t u d y  o f f e r e d  y e t  encouragement  
f o r  t h e  p r e p a r a t i o n  of t h i s  i m p o r t a n t  r e c e p t o r  imaging  m o l e c u l e .  I t  
may b e  s y n t h e s i z e d  i n  a c c e p t a b l e  r a d i o c h e m i c a l  y i e l d s  of 15-20?, 
from s e v e r a l  of t h e  p r e c u r s o r s  l i s t e d  i n  t h e  t a b l e . ( 2 )  However 
work i s  c o n t i n u e d  t o  f i n d  p r e c e d e n t  f o r  t h e  most s u i t a b l e  
p r e p a r a t i o n .  S u b s t r a t e s  which  w e r e  n o t  r e p o r t e d  i n  t h e  l i t e r a t u r e  
have  been  c h a r a c t e r i s e d  by n . m . r . ,  i . r .  and mass s p e c t r o s c o p y ,  
and h . p . 1 . c .  has  been  u s e d  f o r  mapping t h e  r e a c t i o n  c o n d i t i o n s .  
S i n c e  t h e  d i s p l a c e m e n t  of a r o m a t i c  n i t r o  g roups  by F-18  f l u o r i d e  
i n  v a r i o u s  s u b s t r a t e s  w a s  r e p o r t e d  r e c e n t l y  ( 3 ) ,  t h e  l a b e l l i n g  
r e a c t i o n s  w e r e  compared w i t h  F f o r  NO2 exchange  i n  t h e  d e r i v a t i v e s  
of i n t e r e s t .  The e f f e c t s  of t e m p e r a t u r e ,  r e a c t i o n  t i m e ,  and  
s u b s t r a t e  c o n c e n t r a t i o n  w e r e  examined .  
Anhydrous HF-18 s e r v e d  as a s o u r c e  f o r  t h e  n o - c a r r i e r - a d d e d  F-18 
f l u o r i d e .  I t  w a s  p roduced  v i a  t h e  Ne-20(He-3,He-4 n)Ne-18 - F-18 
r e a c t i o n  as d e s c r i b e d  ( 4 ) .  The a v e r a q e  y i e l d  by t h i s  met.hod 

CARRIER-FREE FLUORINE-18 

-~ 
5 . 4  mCi/pAh. 

B e r r i d g e  M . S . ,  C r o u z e l  C . ,  O b e r d o r f e r  F .  and  Comar D . ,  I n t .  J .  
Appl. R a d i a t .  I s o t o p e s ,  a c c e p t e d  f o r  p u b l i c a t i o n .  
C r o u z e l  C . ,  Comar D.  and  O b e r d o r f e r  F . ,  m a n u s c r i p t  i n  
p r e p a r a t i o n .  
A t t i n a  M., Cacace F. and  Wolf A.P.,  J .  Lab. Comp. Radiopharm. 
- 20,  5 0 1  ( 1 9 8 3 ) .  
C r o u z e l  C .  and Comar D . ,  I n t .  J .  Appl .  R a d i a t .  I s o t o p e s ,  29, 
4 0 7  ( 1 9 7 8 ) .  
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CI 8% 

Br 65% 

I 5 0 %  

70% NO2 
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0 -- 

CH - C CI -(CH J3- C 
II I I  
0 0 

3 %  1% / 

50% 10% 80% 
____ 

/ / / 

s u b s t a n t i a l  e x i s t s  as 

s ide  products d e r i v a t i v e *  
55% format ion of a l l ~ l i c  

TABLE: YIELD FROM NO-CARRIER-ADDED F-18 FOR X EXCHANGE. -____ 

1 8 ~  - - 

*The y i e l d  of t h e  F-18  l a b e l l e d  product  was 65-80%. O n l y  one 
r a d i o a c t i v e  product  was d e t e c t e d  on t . 1 . c  ( s i l i c a ;  hexane/e thyl  
a c e t a t e  80/20) which showed c l e a r l y  t h e  s u b s t i t u t i o n  of t h e  n i t r o  
group. Unfor tuna te ly  t h e  molecule w a s  not s u i t e d  f o r  t h e  f i n a l  
r e a c t i o n  wi th  l-phenyl-1,3,8-triazaspiro(4,5)decan-4-one t o  y i e l d  
t h e  s p i r o p e r  i d o l  


