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NUCLEAR MEDIC I NE TECHNOLOGY PROGRESS REPORT 
FOR QUARTER ENDING DECEMBER 31, 1977 

SUMMARY 
195mpt 33p ,  

9 Progress is reported for the applications of "C, 

and 123?e. 

of "C-l-aminocyclobutanecarboxyl ic acid and microscale synthesis and 

tissue distributions for a number of new 95mP t - 1 a be 1 ed cn 1 oroarrmi ne - 
platinum( 11) complexes. A project to investigate the labeling of beta- 

adrenergic myocardial agents was begun. A two-dimensional Fast Fourier 

Transform i s  now operational for the PDP-11 version of the Oak Ridge 

Imaging System. 

Of note in this report is the first human clinical testing 

CARBON-11 

T. A .  Butler 

The collaboration with Oak Ridge Associated Universities (ORAU) in 

the clinical testing of 'lc-labeled amino acids for tumor localization 

studies continued during this quarter with six production runs. Twenty 

patients were scanned with the positron tomographic instrument (ECAT). 
1 1  Three patients received "C-l-aminocyclobutanecarboxylic acid ( C-ACBC) 

which comprised the first human clinical studies with this labeled 

compound. 

may be superior to the cyclopentane analog ( 

tumor localization agent. 

Previous animal studies at ORAU had indicated that l1C-ACBC 
1 1  C-ACPC) as a general 

Five patients were administered l1C-ACPC and 

the remaining 12 patients received liC-DL-tryptophan. Uptake of "C- 

DL-tryptophan in the pancreas is high, and excellent images of the 

gland continue to be obtained with the ECAT scanner. 
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The pr imary y i e l d  of l l C  oxides from the 8203 targets  remains 

good, averaging about 4 C i  per run. 

the c u r r e n t  t a r g e t  design using n a t u r a l  B203. 

H CN (used i n  the  Strecker amino a c i d  synthes is)  from the c a t a l y t i c  

conversion of t he  oxides, the n i c k e l  c a t a l y s t  was improved by using 

smal ler  p a r t i c l e s  t o  increase the surface area and by reducing the 

This appears t o  be the maximum f o r  

To increase the y i e l d  o f  
11 

c a t a l y s t  bed leng th  t o  assure a more uniform temperature w i t h i n  the 

furnace heat zone. Prel iminary t e s t s  of t he  modif ied system ind i ca ted  

t h a t  about 90% conversion e f f i c i ency  can be obtained vs an average of 

60% conversion experienced using the former system. 

PLAT I NUM- 1 95m 

J .  D. Hosschete and T.  A .  ButZer 

As p a r t  o f  the cont inu ing cooperat ive program t o  study ant i tumor 

compounds, three shipments o f  195mPt-labeled Na2PtC16 and one shipment 

o f  '95mPt-labeled - C ~ ~ - [ P ~ ( N H ~ . ) ~ C ~ ~ ]  (--DDP) were made t o  the Un ive rs i t y  

o f  Southern C a l i f o r n i a .  Two shipments o f  ' 95mP t- 1 a bel ed Na2PtC 1 were 

made t o  the Un ive rs i t y  of Kentucky Medical Center. Also,  95mpt- 

labeled - c i s -  and trans-DDP were prepared f o r  the Biology D iv i s ion  

(ORNL) f o r  use i n  cooperative s tud ies of s u b c e l l u l a r  d i s t r i b u t i o n  and 

Pt-DNA binding. 

Synthesis and Tissue D i s t r i b u t i o n  Studies o f  
Chi oroamninepl a t i  num( I I ) Compounds 

Microscale syntheses and t i s s u e  d i s t r i b u t i o n  studies o f  chloroamnine- 

plat inum( 11) complexes of the general formula [Ft(NH3)4-xClx]2-X have 

been i n i t i a t e d .  These studies are being pursued as p a r t  o f  our i n t e r e s t  

i n  p la t inum ant i tumor agents and i n  con junc t ion  w i t h  medical cooperative 

1 0 1 7 1 2 1  
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programs employing some of these agents. The purpose o f  these studies 

i s  t o  ob ta in  d i s t r i b u t i o n / r e t e n t i o n  in format ion o f  a systematic nature 

which can be co r re la ted  w i t h  physiochemical , phys io log ica l ,  and s t ruc tu re -  

a c t i v i t y  data ava i l ab le  fo r  p la t inum a n t i  tumor agents. 

t i o n s  w i l l  be genera l ly  useful i n  understanding and perhaps p red ic t i ng  

the  f a t e  and u t i l i t y  of these and r e l a t e d  agents i n  b io log i ca l  systems. 

A f u r t h e r  o b j e c t i v e  i s  t o  determine i f  any of these complexes e x h i b i t  

unique t i s s u e  d i s t r i b u t i o n  pat terns suggesting t h e i r  use as scanning/ 

Such cor re la -  

v i s u a l i z a t i o n  agents. 

We r e p o r t  here general det.ai 1 s of the m i  c roscal  e synth.zses devel oped 

and some i n i t i a l  empir ica l  observations der ived  from t i ssue d i s t r i b u t i o n  

s tud ies  of t h e  fo l low ing  195mPt-labeled compounds: [Pt(NH3)4]C12 ( I ) ,  

[Pt(NH3)3C1]C1 (II), a - D D P  (III), trans-DDP (IV), K[Pt(NH3)C13] ( V ) ,  

and K2PtC14 (IV). 

(ORNL/TM-6044) f o r  G- and trans-DDP, which are pre fer red  s t a r t i n g  

ma te r ia l s  f o r  compounds I, 11, and V. General d e t a i l s  o f  the microscale 

Deta i l s  o f  synthes is  were presented previously 

.. 

syntheses (cO.1 - m i l l i m o l e )  o f  the remaining four compounds as w e l l  as 

a schematic o u t l i n e  of 95mPt- l  abel ed ch l  oroamni nepl  a t i  num( I I ) syn t h e s e  5 

are  presented below. 

heading i s  keyed t o  the schematic o u t l i n e  (* denotes 195m~t, A repre-  

sents NH3). 

The number i n  parentheses fo l l ow ing  each synthes’s 

* 
Synthesis of K 2 P t  C14 (2) 

* 
Potassium te t rach lo ro7 la t i na te  (11) was prepared from NaZPt C1,. 

an in termediate i n  the synthesis o f  - cis-DDP, by adding s o l i d  K#03 ?o  

an a c i d i c  s o l u t i o n  of the l a t t e r  fol lowed by evaporation t o  dryness. 

IO11 1 2 8  



4 

6 

P u r i f i c a t i o n  was achieved by d i sso l v ing  the m d e  res idue i n  a minimum 

volume of H20 fol lowed by add i t i on  of 12 

a t  0°C. 

HC1 t o  induce c r y s t a l l i z a t i o n  

* 
Synthesis of [ P t  (NH3)q]C12 (5) 

Platinum( 11) tetramnine ch lo r i de  was synthesized from the s t a r t i n g  

NH40H was added t o  a mater ia l  --[Pt A2C12] (see F ig.  1 ) .  

s l u r r y  o f  c is - [P t  A2C12] i n  sa l i ne  and the mix tu re  heated t o  insure 

complete conversion t o  the  product. 

j u s t  t o  dryness and the wh i te  res idue (compound + NaC1) dissolved i n  

Excess 15 

The r e s u l t a n t  so lu t i on  was evaporated 

the  r e q u i s i t e  volume o f  H20 t o  res to re  i s o t o n i c i t y .  

Synthesis of K[Pt*(NH3)C13] ( 4 )  

* 
The synthesis o f  K [ P t  AC13] was adapted from the procedure o f  

Elleman e t  a1 . ' 
H P t  AC13 ( i n  -- s i t u )  by r e f l u x i n g  =-[Pt A2C12] i n  6 

o f  P t  metal powder as ca ta l ys t .  

p r e c i p i t a t e d  as p a r t  o f  the  golden complex e l e c t r o l y t e ,  [P tA4 ] [P t  A C l 3 I 2 ,  

which a f t e r  r e c r y s t a l l i z a t i o n ,  i s  converted t o  K [P t  AC13] by s e l e c t i v e l y  

removing the  PtA42+ c a t i o n  e i t h e r  by (a) adsorpt ion onto a strong 

c a t i o n  r e s i n  ( i n  K'form) o r  (b)  by adding K 2 P t C l q  t o  p r e c i p i t a t e  the  

sa l  t, [ PtA4][ P t C l  4]. 

The key step i n  t h i s  synthesis i s  the preparat ion of 
* 

HC1 i n  the  presence 
* 

Subsequently, the [ P t  AC13]- anion i s  
I. * 

* 

Synthesis o f  [Pt*(NH,),Cl]Cl ( 7 )  

* 
A three step reac t ion  scheme was used i n  synthes iz ing [ P t  A3C1]C1 

* 
i n  r e l a t i v e l y  low y i e l d  from trans-[Pt A2C12], the  prefer red isomer f o r  

t h i s  synthesis. The c r i t i c a l  f i r s t  step invo lves reac t ing  trans-[Pt A2C12] 

1 0 1 1 1 2 9  
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w i t h  NH40H i n  a DMF-H20 medium a t  55'C f o r  1 2 - h r  (pH buffered using 

NH4Cl ;  NH40H/Pt( 11) r a t i o  of  1 . IO). Potassium te t rach lo rop la t i na te  was 

added t o  the a c i d i f i e d  react ion mixture t o  p r e c i p i t a t e  a mix ture o f  the 

compl ex e l e c t r o l y t e s  , [ Pt*A,] [ P t C l  4]  (green ) and [ P t  A3C1 ],[ P t C l  ,] 

( red) .  

green component, rec rys ta l l i zed ,  and then converted t o  [ P t  A3C1]C1 by 

The des i red  red component was d isso lved away from the inso lub le  
* 

s e l e c t i v e l y  removing the PtC14'- anion e i t h e r  by ( a )  adsorpt ion onto a 

s t rong anion resin(C1-form) o r  (b) adding a s to i ch iomet r i c  amount o f  

[PtA4]C12 t o  p r e c i p i t a t e  the s a l t ,  [PtA4][PtC14]. 

T i  ssue d? s t r i  b u t i  on o f  ch l  oroamni nepl a t  i num( I I ) compl exes 

Comparisons o f  the  pre l iminary t i s s u e  d i s t r i b u t i o n  data f o r  these 

complexes are shown i n  Tables 1 t o  3 .  Thus f a r ,  the  fo l l ow ing  empir ica l  

observat ions have been gleaned f rom these data (% dose/g-tissue, organ/ 

blood r a t i o s ,  and r e l a t i v e  t issue d i s t r i b u t i o n s )  a t  24 h r  pos t i n jec t i on  

i n  the  female Fischer 344 r a t :  

(1) Orqan l e v e l s  genera l ly  increase i n  the order  

[PtA4]C12 < [PtA3Cl]C1 < - cis-[PtA,Cl,] < K[PtAC13] 

I I 1  I11 V 

- -  < trans-[  PtA2C1 2] < K2[ P t C l  4 ]  

I V  V I  

which appears t o  p a r a l l e l  trends i n  r e a c t i v i t y ,  the  net  negative charge 

on the  complex, and/or the number o f  ch lo r i de  l igands attached t o  the 

c e n t r a l  metal atom, P t ( I 1 ) .  The ca t i on i c  complexes, I and 11, e x h i b i t  

t he  lowest re ten t i on  i n  a l l  t issues, except t h a t  compound I e x h i b i t s  the 

1 0 7 1 1 3 1  
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. .  * 

h ighest  r e t e n t i o n  i n  the b ra in .  The doubly-charged anionic complex V I  

shows the highest t i s s u e  r e t e n t i o n  i n  8/13 comparisons. The s i n g l y -  

charged anionic complex V e x h i b i t s  the highest blood (1.31% dose/g) and 

spleen leve ls .  

( 2 )  Orqan s e l e c t i v i t y ,  as  judged by organ/blood r a t i o s ,  appears optimal 

f o r  [PtA4]C12. Values fo r  t he  . -  l i v e r ,  kidney, and b r a i n  a r e  21, 38, and 

7, respec t i ve l y  ( re f .  Table 2 ) .  An i n t r i g u i n g  r e s u l t  i s  the r e l a t i v e l y  

h igh  uptake of I i n t o  the bra in .  The % dose/g-tissue and b ra in /  blood 

r a t i o s  f o r  I are the h ighest  of any of the complexes, i . e . ,  3.7 and 135 

times the values fo r  c&-DDP, respect ive ly .  I n t e r e s t i n g l y ,  the l e v e l  

f o r  I (a d i p o s i t i v e  ca t i on )  i s  6.4 times t h a t  for  I I  (a monopositive 

c a t i o n ) .  Th is  apparent s e l e c t i v i t y  f o r  a d i p o s i t i v e  complex cat ion,  
-r  

which would no t  be expected t o  pass the "blood-brain barr ier , "  might 

come about by t ranspor t  as an i o n  p a i r  and/or by a mechanism s i m i l a r  t o  

the t ranspor t  of quaternary amines. It also suggests p o t e n t i a l  u t i 1  i t y  

o f  I ( o r  congeners) as b r a i n  scanning and/or a r a d i a t i o n  s e n s i t i z a t i o n  

agent, i n  conjunct ion w i t h  r a d i a t i o n  therapy o f  b r a i n  tumors. 

( 3 )  Kidney l e v e l s  increase markedly i n  the series, I t o  I V  and then 

f a l l  abrupt ly  a t  %PtC14 ( l o x  l e s s  than fo r  trans-DDP). The data f o r  

the adrenals suggests a s i m i l a r  bu t  l e s s  pronounced trend; however, the 

f u l l  set  o f  data i s  no t  a v a i l a b l e  as yet .  

p o i n t  whether the  r e l a t i v e l y  low kidney l e v e l s  for  K 2 P t C l q  r e f l e c t  a 

genera l izat ion t h a t  doubly-charged anionic plat inum (metal) complexes 

lead t o  l esse r  kidney r e t e n t i o n  (and p o t e n t i a l  damage). What does 

I t i s  not  known a t  t h i s  

appear c l e a r  however i s  t h a t  doubly-charged chloroamnineplatinum (11) 

1 0 1 1 1 3 5  
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species ( ca t i on  and anion) a re  taken up i n  the kidney f a r  l ess  than 

t h e i r  monoposit ively charged analogs. I n t r i n s i c  r e a c t i v i t y  as wel l  as  

species m o b i l i t y  ( t r a n s p o r t )  may con t r i bu te  t o  the apparent s e l e c t i v i t y .  

Addi t ional  c o r r e l a t i o n s  w i  11 be forthcoming i n  the next  repor t .  

Experiments 

developing techn 

phosphami de and 

homogenate ( 5 9 )  

PHOSPHORUS- 33 

D. V. Woo and K. R .  Ambrose 

conducted du r ing  t h i s  quar te r  have been concerned w i t h  

ques t o  be used i n  the i n  v i t r o  eva lua t ion  o f  cycle- 

t s  33P-labeled analog. 

from the  F ischer  r a t  which was used f o r  the a c t i v a t i o n  

-- 
Previously the hepat ic  9OOOXg 

o f  cyclophosphamide had shown s i g n i f i c a n t  c y t o t o x i c i t y  a t  low concentra- 

t i ons .  A t  sub-toxic concentrat ions there  was an i n s u f f i c i e n t  amount o f  

microsomal enzymes f o r  a c t i v a t i o n  o f  the cyclophosphamide. The 1 i v e r  

eY 1 
of 

shed 

homogenate (S-9) obtained from a d i f f e ren t  r a t  s t r a i n  (Sprague-Daw 

was to le ra ted  a t  h igher  concentrat ions, i n d i c a t i n g  a l esse r  degree 

c y t o t o x i c i t y  t o  the KB tumor c e l l  l i n e  which has been used i n  pub1 

stud ies o f  cyclophosphamide c y t o t o x i c i t y .  The op t im iza t ion  o f  the 

microsomal a c t i v a t i n g  system and necessary techniques t o  conduct an - i n  

v i t r o  assay of cyclophosphamide w i l l  continue i n  the next  quar ter .  

TELLURIUM-123m 

F. F. Knapp and K. R. hbrose  

T e l l u r o  Amino Acids 

A la rge  scale p repara t ion  of S-[B(methyl t e l l u r o )  e t h y l ]  hydantoin 

(IVb, F ig .  2 )  has recen t l y  been completea. 

y i e l d  o f  ( IVb) formed upon r e a c t i o n  of methyl t e l l u r o l  ( I I b )  w i th  5-(B- 

bromo e t h y l )  hydantoin i s  c r i t i c a l l y  dependent upon the r e a c t i o n  condi t ions 

We have found t h a t  the 
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Fig. 2. The synthesis o f  telluro amino a c i d s .  

(a  = C6H5, b = CH3) 
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(F ig.  2 ) .  When ( IVb) was prepared b y  the same methods t h a t  had been 

used successfu l ly  t o  prepare ( IVa)  i n  h igh y i e l d ,  the 5-[B-(methyl 

t e l l u r o )  e t h y l ]  hydantoin ( IVb)  was obtained i n  on l y  a low y i e l d  (20%) .  ' 

Attempts t o  increase the y i e l d  of ( IVb)  invo lved a d e t a i l e d  analys is  o f  

the var ious reac t i on  parameters: the so lvent  used i n  Steps 2 and 3, the 

ac id  used i n  Step 4, the so lvent  used f o r  ex t rac t i on  i n  Step 4, and the 

so lvent  used f o r  c r y s t a l l i z a t i o n  o f  the f i n a l  product ( IVb) .  The 

i n i t i a l  product formed i n  Step 3 i s  presumably the sodium s a l t  o f  an 

eno l i c  isomer o f  ( I I I b )  s ince the reduct ion condi t ions are  s t rong ly  

basic (e.g., NaBH4-ROH; pH 8-9) and the product i s  water soluble.  

Conversion o f  ( I I I b )  o r  an equiva lent  s t ruc tu re  t o  the neu t ra l  product 

( IVb) i s  c r i t i c a l l y  dependent upon the nature o f  the ac id  used i n  the 

a c i d i f i c a t i o n  step. While ( IVa) can be obtained i n  h igh  y i e l d  by a c i d i f i -  

ca t i on  o f  ( I I I a )  w i t h  1 - N HCl,  ca re fu l  a c i d i f i c a t i o n  o f  a so lu t i on  o f  

( I I I b )  w i t h  t h i s  ac id  resu l ted  i n  the formation o f  a b lack t e l l u r i u m  

p r e c i p i t a t e  and only  modest amounts o f  ( IVb) were i s o l a t e d  under these 

condi t ions.  The m a j o r i t y  o f  the product i so la ted  consis ted o f  a po lar  

decomposition product as determined by chromatography. Experiments a r e  

now i n  progress t o  i d e n t i f y  t h i s  ma te r ia l .  

d ramat ica l l y  increased the y i e l d  o f  ( IVb) .  

a f t e r  Step 4 was accomplished w i t h  e t h y l  acetate. F i n a l l y ,  c r y s t a l  11:at- 

i o n  of crude (1Vb) was best  accompli shed w i th  acetone-petroleum e the r .  

These care fu l  studies have resu l ted  i n  the opt imizat ion o f  the  react lop 

condi t ions and 5-[B-(methyl t e l  l u r o )  e t h y l ]  hydantoin ( IVb)  has now 

been prepared i n  55% y i e l d .  

The use o f  H2S04 i n  S tep  4 

Optimal e x t r a c t i o n  o f  ( I V b ,  
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The potential use of 123?e-labeled tel luromethionine as a pancreatic 

imaging agent is one o f  our interests, and our imnediate goal is to 

determine the tissue distribution of telluromethionine in rats, Our 

present method of preparation of tell uromethionine originates from the 

generation of dimethyl ditelluride (CH3-Te-Te-CH3, Ib) which i s  a 

highly volatile intermediate. 

manipulations, and the generation and use of 123?e-labeled dimethyl 

ditelluride by these methods would require complex containment procedures. 

These problems are a result of the apparent necessity of introducing 

the tellurium at the initial step of the synthetic scheme. 

reasons we are presently developing the methodology for preparation of 

Our present method alsoYlnvolves numerous 

For these 

DL-2-tri tio-telluromethionine (2-tritio-Vb) for the tissue distribution 

studies. The tritium label can be introduced in a high-yield one-step 

reaction by hydrolysis of the 5-[8-(methyl telluro) ethyl] hydantoin 

(IVb) in basic solution o f  tritiated water (Fig. 2). The results of 

the preliminary tissue distribution experiments with the H-labeled 3 

telluromethionine will determine whether the development of a method 

for the preparation of the 123?e-1abeled amino acid is warranted. 

Tell uro Steroids 

A 1 arge-scal e preparation of 38- hydroxy-24-( i sopropyl tell uro) - 
chol-5-ene has recently been completed. 

to obtain crystals of this material that will be suitable for x-ray 

Attempts are now in progress 

analysis. Such studies would unequivocally confirm the structure of 

this unusual and potentially useful steroid. In addition, the x-ray 

analysis of 3B-hydroxy-24-( isopropyl tel luro)-chol-5-ene would also 

represent an interesting structural problem. 

1 0 7 7 1 3 9  
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The pre l iminary r e s u l t s  repor ted e a r l i e r  (ORNL/TM-6044) described 

the  synthesis and t i ssue  d i s t r i b u t i o n  studies o f  two 123?e-labeled 

neu t ra l  s te ro ids  which e f f e c t i v e l y  concentrate i n  r a t  adrenal s :  36-hydroxy- 

24-nor-23-( isopropyl  t e l  luro)-5a-cholane ( V I )  and 3B-hydroxy-24-( igopropyl 

te l luro) -chol -5-ene ( V I I ) .  A comparative study of the t issue d i s t r i b u t i o n  

o f  123?e-labeled (V I )  and ( V I I )  i n  male and female r a t s  ind icated a 

h igher  adrenal uptake o f  both compounds i n  females when compared t o  the 

r e s u l t s  o f  s i m i l a r  studies conducted w i t h  male r a t s .  

somewhat higher adrenal concent ra t ion  o f  123?e-labeled ( V I I )  as compared 

t o  123?e-labeled (V I )  was detected i n  female r a t s .  

I n  addi t ion,  a 

To determine the r e l a t i v e  concent ra t ion  o f  the labeled s tero ids 

w i t h i n  the  adrenal cortex and medull a, r a t s  were i n jec ted  intravenously 

w i t h  12?e-labeled (V I )  o r  ( V I I ) .  Two days fo l lowing the i n j e c t i o n ,  

t he  adrenals were removed, d issected t o  separate the medulla and cortex 

and the  rad ioac t i ve  contents of each sect ion then determined. I n  one 

experiment (Table 4 )  female r a t s  showed a higher medullary concentrat ion 

o f  123?e-labeled ( V I I ) ,  whereas t h e  concentrat ion o f  r a d i o a c t i v i t y  

w i t h i n  the cortex and medulla o f  male r a t  adrenals was approximately 

equal. I n  another experiment female r a t s  i n j e c t e d  w i th  123?e-1abe1ed 

( V I )  again showed the higher medul lary concentrat ion o f  r a d i o a c t i v i t y .  

2 Other workers have reported a h igh  uptake of 75Se-19-(seleno methyl ) -  

cho les te ro l  i n  the adrenal medulla of female dogs, although the r e l a t i v e  

concent ra t ion  o f  r a d i o a c t i v i t y  va r ied  between the cortex and medulla a t  

d i f f e r e n t  t ime periods. 

We are unable a t  t h i s  time t o  exp la in  these i n t e r e s t i n g  r e s u l t s  

using the 123?e-labeled s tero ids.  Although we are unaware o f  the 
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a '  . 
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possible significance of the high medullary concentration of radioac- 

tivity following administration of the '23?e-labeled steroids we feel 

this interesting observation should be studied further. During the 

next quarter the possible sex differences in the relative concentration 

of radioactivity in the medullary and cortical tissues following injec- 

tion of 123?e-labeled (VI) will be determined. We also plan to initiate 

studies that will compare the concentration and retention of radioactiv- 

ity in rat adrenals following injection of the two 123?e-labeled 

s teroi ds . 

Table 4. Adrenal (medulla/cortex) ratiosa two days following 
i n travenous admi n i strati on of 23?e-l abel ed steroids 

-~ 

.- 
123?e-labeled steroid Female rats Male rats 

38-Hydroxy-24-nor-23- (i sopropyl 
telluro)-5a-cholane (VI) 

38-Hydroxy-24- ( i sopropyl te1l'uro)- 
chol-5-ene (VII) 

2.34 f 0.78 b 

2.07 f 0.24 1.04 f 0.14 

~~ ~~ 

aThe ratios are calculated from % dose/gm of tissue data. 

bThese data are not yet available. 

BETA-ADRENERGIC MYOCARDIAL AGENTS 

R.  V. Woo 

Because of our longstanding involvement in Medical Cooperatives with 

43K and myocardial imaging, a synthesis program has been initiated to 

develop specific radio-labeled beta-adrenergic antagonists for possible 

myocardial imaging. In published reports similar compounds have been 
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studied -- in vitro using high specific’activity rad 

These compounds bind to-ieta-adrenergi c receptors 

0-1 abel ed analogs . 
i n  various model 

systems (turkey erythrocyte membrane, cardiac tissue) in the presence 

o f  other competing uptake mechanisms. 

reported by Erez et al.3 to bind specifically and irreversibly to the 

cardiac beta-adrenergic receptor, appears to be a potential candidate 

for labeling with a gama-emitting radionuclide. 

ficiently high specific activity, chloropractolol could conceivably be 

used to image the heart with current nuclear medicine instrumentation 

and thereby delineate the dynamic physiological function of these 

receptors in intact animals during normal and pathophysiologic condi- 

tions. 

Chloropractolol, which has been 

If labeled in suf- 

The synthesi s of chl oropractol 01 ( V )  , 1 - (4-chl oro-acetamido- 
phenoxy)-3-isopropylamino-2-propanol , involves the following reaction 
scheme shown in Fig. 3. Compound I, p-acetamido phenol, is reacted 

with an excess o f  l-chloro-2,3-epoxypropane in a methanolic-sodium 

hydroxide solution at room temperature. 

16-18 hr the solvents are evaporated off in vacuo. The residue is 

dissolved in ethyl acetate, washed with distilled water, dried with 

MgS04, and the organic solvent is evaporated in vacuo. The inter- 

mediate 11, 1 -(4-acetamido-phenoxy)-2,3-epoxy propane, is recrystal ized 

from isopropanol and further reacted with an excess o f  isopropyl amine 

in isopropanol at room temperature. The reaction i s  stirred for approxi- 

mately 16 hr; the isopropanol and unreacted isopropylamine are evaporated 

in vacuo. The resulting compound 1 1 1 ,  7-(4-acetamido-phenoxy)-3- 

isopropylamine-2-propanol, i s  recrystalized from an ethanol-ethyl 

After stirring approximately 
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acetate so lu t ion .  Deacetylat ion of the  ace ty l  group on 111 v i a  ac id  

hyd ro l ys i s  (concentrated HC1 i n  ethanol )  resu l ted  i n  I V ,  1-(4-amino- 

phenoxy)-3-isopropylamine-2-propanol, dihydrochlor ide ( a f t e r  i n  vacuo 

evaporat ion of solvents).  Se lec t ive  ch lo roacety la t ion  o f  the  a n i l i n e  

func t i on  o f  I V  i n  a 0.1 - M phosphate b u f f e r  a t  pH 6.5 resu l ted  i n  

ch lo rop rac to lo l  ( V ) .  The pH o f  the reac t i on  was maintained a t  6.5 

with a 5 - N NaOH dur ing the add i t i on  o f  an excess o f  ch loroacety l  ch lor ide.  

A f t e r  2 h r  o f  s t i r r i n g  (1 h r  a t  5-10°C and 1 h r  a t  room temperature), 

the s o l u t i o n  was f i l t e r e d ,  cooled (5-1OoC), and made a l k a l i l i e  t o  pH 10- 

11, The chloroacetylated product ( V )  i s  observed as c r y s t a l l i n e  p la tes 

forming i n  the  so lu t ion .  

been synthesized. 

magnetic resonance ( 

have provided spectra consis tent  w i t h  the chemical s t ruc tu res  o f  the 

compounds. 

dur ing  mass spectral  analys is  could have resu l ted  i n  thermal decomposi- 

t i o n  o f  ( V )  p r i o r  t o  i on i za t i on .  

' 

Present ly,  a l l  of the compounds ( I - V )  have 

Character izat ion o f  these compounds by nuclear 

13 C and H), i n f ra red  and mass spect ra l  analys is  

A l te rna t ive ly ,  the h igh temperature o f  the i n l e t  system used 

Opt imizat ion o f  the reac t ion  cond i t ions  f o r  se lec t i ve  acy la t ion  of 

the a n i l i n e  func t ion  w i l l  be repor ted dur ing the next quar ter .  

synthesis o f  radio- labeled ch lo roprac to lo l  ( V I )  using Iodine-131 w i l l  

f o l l o w  s i m i l a r  i od ina t i on  procedures reported i n  the 1 i tera ture .  

Radioiodinat ion o f  ch lo roprac to lo l  ( V )  o r  the deacetylated intermediate 

( I V )  using chloramine-T and c a r r i e r - f r e e  Na1311 i n  a buf fered media 

w i l l  be tested t o  determine which subst rate i s  the most s tab le  under 

the reac t ion  condi t ions requi red f o r  labe l ing .  

The 

1 0 1 1 1 4 4  
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Projected studies using high specif ic  ac t iv i ty  radioiodinated 

chloropractolol wi 11 determine basic pharmacokinetic parameters in test 

animals i n  collaboration w i t h  N .  Revis of the Biology Divis ion.  

- v i t ro  studies us ing  isolated cardiac t issue preparations will be used t o  

determine the specif ic i ty ,  a f f in i ty ,  and kinetics of b i n d i n g  of chloro- 

practolol and i t s  radio-labeled analog, along with other known competitive 

agonists and antagonists. 

labeled product, further studies w i t h  experimentally induced infarcted 

animals will determine relat ive myocardial dis t r ibut ion of the labeled 

Also, fi 

After characterization and evaluation of the 

product between normal and damaged tissue. I f  there are apparent d i f -  

ferences i n  d is t r ibut ion,  then external imaging may allow one t o  visualize 

such differences. 

IMAGING AND INSTRUMENTATION 

P. R. BeZZ and J. M. Dougherty 

Translation of 'ORIS from PDP-8 t o  PDP-11 

The resident program 

The resident program of the Oak Ridge Imaging System (ORIS) for  the 

PDP-11 has been expanded t o  include c m e n t  text provisions so that  

processed images include the t ex t  describing the subject, dose, and other 

parameters entered by the operator i n  f ree  format. 

a l so  includes the automatic appending of processing t ags  so t h a t  photo- 

The text  provision 

graphs show the image processing performed on the image photographed. 

A comnand was added t o  type out the current image comments since we 

have no d i sp lay  w i t h  the borrowed POP-11. 

typeouts, as well as a fu l l  s e t  of "display level"  and subtract 

The quantitation marks and 
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( th resho ld ing )  comnands s i m i l a r  t o  those ava i l ab le  i n  the -8 version, 

have been added t o  the res ident  program. 

d isp lay ,  these prov is ions became e s s e n t i a l  wh i l e  we were debugging the 

-11 ve rs ion  o f  the Fast Four ie r  Transform program, TWOD. Areas o f  the 

processed image could thus be typed o u t  f o r  examination i n  a r ray  format 

w i thou t  having t o  go through the  cumbersome and time-consuming process o f  

w r i t i n g  the  t e n t a t i v e  image t o  the  d i s k e t t e  and t rans fe r r i ng  the f loppy  

d i s k  u n i t  t o  the PDP-8 f o r  examination a f t e r  each small program t e s t .  

Commands were a lso  provided t o  sca le  t h e  values o f  the image elements 

before w r i t i n g  on the  d i ske t te  image f i l e  s ince the PDP-11 word i s  l a r g e r  

than t h e  PDP-8 word. The TWOD program has automatic in teger  a r i thmet jc  

s c a l i n g  which takes f u l l  advantage o f  t h e  accuracy af forded by the a v a i l -  

ab le  word s i ze  i n  the  computer. 

t oo  l a r g e  t o  be t ransferred t o  the  PDP-8 w i thout  scal ing. 

i s  r a r e l y  or never encountered w i t h  unprocessed c l i n i c a l  images. 

Although the PDP-11/05 has no 

Th is  automatic sca l ing  leaves the image 

This problem 

The Fast  Four ie r  Transform Module TWOD 

The image processing program f o r  t he  PDP-11 most desired by the 

Vanderb i l t  group was the Fast Four ie r  Transform (FFT). The TWOD module 

o f  ORIS conta in ing  t h i s  procedure was t rans la ted  and i s  now operating 

proper ly .  The TWOD procedure gave us considerable d i f f i c u l t y  as  i t  i s  a 

very  complicated mathematical process. Besides the main program, i t  has 

27 subroutines and 3 func t ion  tab les.  

e r r o r s  generated i n  the t rans la t i on ,  we had t o  f i n d  fou r  o f  the concealed 

and value-dependent k ind  o f  e r ro rs .  

e x c e l l e n t .  I t s  d i f fe rence res idua ls  a re  about one- th i rd  t h a t  o f  the PDP-8 

Added t o  the ord inary program 

The performance of the TWOD i s  now 
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program for the forward and reverse transformations 

intense 64 x 64 c l in ica l  image, because of improved 

of the larger word s ize  of the PDP-11.  

of a re la t ively 

numerical significance 

1.  

2.  

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

The  TWO0 module performs the following operations: 

Reads the image t o  be transformed. 

Zeros the edge elements t o  reduce dissymnetry effects .  

Determines the average value of a l l  the elements in the image and 

subtracts th i s  from a l l  elements t o  remove the  zero-frequency 

element in the frequency domain. This element i s  usually by f a r  

the largest  and i t s  removal allows the program t o  achieve higher 

precision via the automatic scaling. 

Performs a phase transformation on the element values so t h a t  zero 

frequency l i e s  i n  the center of the frequency domain, making radial ly  

symnetric f i l t e r s  easier t o  use. 

Transforms a l l  image lines by the FFT process in one dimension. 

Transposes both the real and imaginary images. 

Again applies the FFT t o  the real and imaginary l ines as in 5, 

producing the real and imaginary Fourier images. 

Tests a f lag i n  the rad ia l  f i l t e r  function table and,  i f  i t  i s  se t ,  

car r ies  o u t  the adapt ive  f i l t e r  process on the  real and imaginary 

images. 

Converts the radial f i l t e r  function i n t o  a fu l l  f i e ld  f i l t e r  and 

multiplies both the real and imaginary images by the f i l t e r  point- 

by-point. 

Performs the inverse FFT on a l l  l ines of the image. 

Transposes the real and imaginary images. 

I O 1 1  I 4 7  
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12. Again app l i es  the  inverse FFT a s ’ i n  10. 

13. Appl ies the  phase t ransform t o  t h e  r e a l  image t o  re tu rn  i t  t o  

normal. 

14. Corrects t h e  image average va lue f o r  any ne t  scale increase o r  

decrease du r ing  the transformations and adds i t  t o  the image re-  

s t o r i n g  t h e  average value. 

15. Rewrites the  transformed image t o  the working area on the d isk  and 

appends the  FFT tag  ( w i t h  o r  w i t h o u t  the adaptive f i l t e r  tag)  t o  

t he  image comnents. 

FILE proqram 

A program t o  access raw data images from the D i g i t a l  Equipment 

Corporation (DEC) GAMMA-11 image f i l e s  and make them ava i lab le  f o r  pro-  

cessing and f o r  s t o r i n g  the  r e s u l t s  of processing back i n t o  GAMMA-11 

f i l e s  must be w r i t t e n .  Th is  task i s  made somewhat d i f f i c u l t  due t o  the 

complex way i n  which the image c o n d i t i o n  i s  given i n  the GAMMA-11 ad- 

m i n i s t r a t i v e  b locks and the  changes t h a t  are being made by DEC i n  these 

blocks. 

v a r i e t y  o f  image formats are used. 

o f  the  func t ions  i s  now being used t o  access pa t i en t  f i l e s  from copies : 4  

a d i s k  f i l e  from the  VA Hosp i ta l  a t  Lexington. 

The program i t s e l f  i s  n o t  t o o  d i f f i c u l t ,  although a considerat;c 

A temporary program performing s o w  

Development o f  an adaptive f i l t e r  

A non l inear  imaging processing method invo lv ing  operations i n  the 

s p a t i a l  frequency domain was in t roduced by D. L. K i rch  and D. W. B r o w  . -  

1972.4 Th is  method has grea t  p o t e n t i a l  and complements the nonl inear  

methods i n  the  s p a t i a l  domain s ince i t  can a t tack  image f a u l t s  inacce5s.r 
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i n  s igna l  space. The 

proposed, due t o  the  

method had a considerable f a u l t  as  o r i g  

arge i n t e n s i t y  and wide-spread presence 

uency components a r i s i n g  from the t runca t ion  of intense p a r t s  

nal  ly 

o f  f req-  

of the 

image a t  t he  edge of the camera f i e l d  -of -  view. 

o f  t h i s  a r t i f a c t  obscured many of the unwanted components and shielded 

them from treatment by the frequency domain process they c a l l e d  an 

"adapt ive f i 1 t e r .  I' 

The strong components 

I n  o rder  t o  provide a p r a c t i c a l  version of t h i s  process, we found i t  

necessary t o  develop an automatic method t o  reduce the e f f e c t s  o f  image 

t runcat ion.  A program was developed t o  f i n d  the edge o f  a camera image 

(which i s  n o t  always i n  the same place i n  the  computer image array) and 

apply a cosine r o l l o f f  before performing the  d i r e c t  FFT. 

The adapt ive f i l t e r  process consis ts  of t e s t i n g  each rea l  and 

imaginary component o f  the frequency domain and i f  ne i the r  component i s  

l a r g e r  than a comparison value prev ious ly  es tab l i shed for  the image, then 

the sum o f  t h e i r  squares i s  compared w i t h  the  square o f  the comparison 

value. I f  the  sum o f  the squares i s  l ess  than the square o f  the t e s t  

value, both r e a l  and imaginary components are se t  t o  zero. 

much o f  the image noise and, equal ly important, many weak nonrandom 

i n t e r f e r i n g  components are removed. 

normal smoothing o r  a smoothing-and-resolution-sharpening f i l t e r ,  such as 

a Weiner f i l t e r ,  i s  appl ied t o  the frequency domain before inverse FFT 

t rans format ion  back t o  the signal domain. Pre l iminary tes ts  o f  t h i s  

adapt ive f i l t e r  are encouraging and the  t r a n s l a t e d  version i s  included i n  

ORIS-11 as an opt ion.  

I n  t h i s  way 

A f t e r  t h i s  adaptive process, the 
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ORIS report 

Volume I1  of the ORIS report (ORNL/TM-5875/VZ), which serves as a 

program description and  a n  operator's manual, has been completed and i s  

available from the ORNL Biomedical Computing Technology Information 

Center as a par t  of the MED/8-ORIS code package. T h e  program l i s t ings  

and comments are  in l a t e  stages of completion and wi l l  appear as 

ORNL/TM-5875/V3. 

system performance are  being completed. This par t  will be issued as 

Volume 1 o f  the report. A separate, considerably smaller report will be 

written fo r  the ORIS-11 system when i t  i s  in operation in conjunction 

w i t h  GAMMA-11 a t  Vanderbilt or a t  Lexington. 

Plans for  writing the algorithm descriptions and 

MISCELLANEOUS 

S i x  shipments of 43K were made t h i s  quarter. Three shipments were 

t o  the University of Mississippi for t he i r  coronary disease studies i n  

comparison w i t h  similar images obtained us ing  201T1. Two shipments went 

t o  the V.A. Center, Wood, Wisconsin, and one shipment was sent t o  the 

National In s t i t u t e  fo r  Environmental Health. 

Three batches of 64Cu were supplied to  ORAU for the i r  continuing 

study o f  the tumor localization of 64Cu c i t r a t e  and  64Cu bleomycin i n  

tumored ra t s .  

A cooperative program was in i t ia ted  this quarter w i t h  the ORNL 

Biology Division to  examine the usefulness of neutron activated chryso- 

t i l e  "A"  asbestos f ibe r s  in the i r  study of the dis t r ibut ion of asbestos 

i n  rodents following the deposition of fibers i n  transplanted tracheas. 

The principal radi onucl ides produced by neutron i rradi a t i  on are 51 Cr, 



26 

"Fe, 6oCo, and 46Sc. The proposed method o f  determining t rans locat ions 

of the fibst& - i n  rodents is  separation o f  t he  f i b e r s  from various t i s s u e  

samples BnG'@easurement o f  the quan t i t y  by determining the rad ioact ive 

content.  

a c t i v e  species w i l l  leach from the asbestos i n  v i v o  and thus a l t e r  the 

radioactive concentrat ions. 

- 6 .  

However, previous i nves t i ga t i ons  have shown t h a t  the rad io-  

The purpose o f  t h i s  cooperative study i s  t o  

determine the leach r a t e  o f  the p r i n c i p a l  radionucl ides i n  appropr iate 

media and t o  determine whether co r rec t i ons  can be made t o  al low using the 

radioactjviti present i n  a sample as a measure o f  the amount o f  asbestos. 

a t o u r  o f  Nuclear Medicine Technology 

- -  

Vfsttors t h i s  per iod include: 

s t u d e n t s " f m  Hi l lsborough Comnunity College, F lor ida;  D r .  Robert West, 

- U n i v e r s i t y  o f  Minnesota, t o  discuss synthesis o f  organotin compounds o f  

p o t e n t i a l  b i o l o g i c a l  i n t e r e s t ;  and D r .  Michael Zalutsky, o f  F rank l i n  

Mctcan )(terr#rfal Research I n s t i t u t e  t o  discuss preparat ion o f  short-1 i ved 
_. 

radiopharmaceutical s. 

F. F. Knapp pres 

Southeastern Chapter d' t 
North Carol ina, Oct 

e n t i t l e d  "Tel l u r i  : A New Class 

Adrenal Imaging Agen t tended ths--Fktcltar Science Syh- 

posium o f  t he  I E  

where he presented a t e a c h i n g  session i n  the  I E E E  Short Course on Nuclear 

Medicine. 

the 1 8 w n n u a l  Meeting crf the 
2- - - ". 

iety o f  Nuclear Medicine, Winstuh-Salem, 

d also presmted  a s 
x 

a l i f o r n i a ,  October 17-20, 1977 

He a1 so presented an ORAU Travel  i n g  Lecture e n t i t l e d  "Or ig in  

of the Solar System," a t  Huntington College, Montgomery, Alabama on 

December 6, 1977. 

1011151 
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DRAFT 
U z z e l l  : b r  
5/25/78 

S-49,068 

"IMPROVED TISSUE- SPECIFIC SCINTIGRAPHIC IMAGING AGENTS" 

Background of the  I n v e n t i o n  

T h i s  i n v e n t i o n  was made I n  the course o f ,  or  under, a c o n t r a c t  

w i t h  the  U n i t e d  Sta tes  Department of Energy. 

p a r a t i o n  of 123?e-1abeled organlc compounds use fu l  as t racers  fo r  

It r e l a t e s  to the pre- 

t h e  study o f  m t a b o l t c  pathways and p h y s t o l o g i c a l  research. 

Addt t i o n a l l y ,  compounds of t h i s  tnvent ton  have * u t i l i t y  as 

r a d i o a c t f v e  imagtng agents for the d e t e c t i o n  of systemic o r  organa1 

d isorders .  

The use o f  r a d i o a c t i v e l y  l a b e l e d  organtc compounds I n  

t h e  study of biochemical reac t ions  1s wel l  known. T r i t i u m ,  14C and 

32P have been used e x t e n s i v e l y  since t h e i r  corresponding stable 

i so topes  are  present i n  p r a c t i c a l l y  a1 1 impor tan t  c e l l u l a r  com onents. 

Biochemical agepts l a b e l e d  w i t h  "b'and 75Se,,have a lso  found 
4t.d nnainy 3$*.</  / - " ' - " '  ' 

a p p l i c a t i o n  as s c i n t i g r a p h i c  trnaging agents fo r  the de tec t ion  of 

. . . . --. have shown acceptable adrenal accumulatton o f  the agents 

good q u a l i t y  images of dog adrenals have been obtatned. The use of 

75Se-l abel  ed 3 Beta-hydroxy-1 0- (methyl sel enol  -cholest-5-ene 1 s 

descr lbed i n  S. 0. k r k a r  e t  a l .  i n  Journa l  o f  Nuclear Medtcine, Yol. 16, 

p.1038 (1975). 

One disadvantage 1311 l a b e l e d  adrenal agents i s  t h a t  the 

r a d i o i o d i n a t e d  s t e r o f d s  were very unstable I n  VIVO r e s u l t t n g  I n  d hjgh 

thyrold accumulattons o f  r a d i o a c t i v e  todine. A d d t t l o n a l l y ,  13'1 



a l i m i t e d  s h e l f  l i f e  and r e s u l t s  i n  a h igh  ,Beta absorbed dose. 

’’Se n u c l i d e  decays w i t h  the m i s s i o n  of bo h igh  energy photons 

which r e s u l t  i n  i n e f f i c i e n t  c o l l i m a t i o n  and poor q u a l i t y  images. 

The 

C e r t a i n  o f  the  p r i o r  a r t  d i f f i c u l t i e s  cou ld  be avoided by the use of  

123mTe-labeled agents as suggested i n  Rad ioac t ive  Pharmaceut ica ls ,  

Andrews & al .  MNG-651111. S p r i n g f i e l d ,  V i r g i n i a ,  Nat iona l  Bureau o f  

Standards 1966 p.118. 

12?e-labeled compounds and descr ibes the syn thes is  o f  a s t e r o l  

* . r e  

German P a t e n t  2,553,408 a l s o  suggests the use of 

hav ing  nonrad ioac t ive  te l lur ium present  a t  p o s i t i o n  19. 

Another u s e f u l  c l a s s  of t r a c e r  compounds are r a d i o a c t i v e l y  

amino acids. Labeled amino_acids have been used i n  the  study of 

metabolism and synthesisJ f o r  example, t h a t  t a k i n g  p lace i n  the  

abeled 

p r o t e i n  

pancreas. Labeled amino ac ids are a lso  u s e f u l  i n  the  study of the 

e f f e c t s  of v a r i o u s  pharmaceut ica ls  on p r o t e i n  metabolism. 

v i d e  some references which descr ibe the use o f  r a d i o a c t i v e l y - l a b e l e d  

amino ac ids i n  t h e  study o f  metabolism etc.?] b C  k-, / I  pc d c  

[Can we pro- 

I 
r - -  ,- 4 , .? L -  I 4 J 0 d . - : - ) -  - v  ’ -  [ I  ,c , 
J 

d;:u P - _  .- -\ 0 / c y , .  

~~ ~~~ 

“%e-labeled amino ac ids  are l i k e l y  to be i s o t e r i c  w i t h  the 

s u l f u r  analogs and behave s i m i l a r l y  i n  vivo. A d d i t i o n a l l y ,  the  h i g h  

q u a l i t y  s c i n t l g r a p h i c  images produced by the 123mTe n u c l i d e  I s  a 

s u b s t a n t i a l  improvement over labe led  amino ac ids.  P r i o r  a r t  attempts to 

prepare te l lu ro -amino ac ids  by m i c r o b i o l o g i c a l  m t h o d s  have been , 

unsuccessful,  see K o l a r  Z.. I n t .  J. Appl. Radiat. I s o t .  - 25 330 (1974). 

Sumnary o f  the  I n v e n t i o n  

I t  i s  an o b j e c t  o f  t h i s  i n v e n t i o n  t o  prov ide 123mTe-1abeled 

biochemicals. 
, 

It Is a f u r t h e r  o b j e c t  t o  prov ide a method o f  synthes is  f o r  

123mTe-labeled biochemicals. 

These and o t h e r  o b j e c t s  are achieved i n  a method for t h e  preparat lon 

o f  12?e-labeled organic  compounds comprising the steps o f  (a )  

r e a c t i n g  a d i - a l k a l i  metal d i t e l l u r o l  123mTe with a halogen- 

2 



subs t i t u ted  organic compound, R - X ,  R being an a l ky l  or a r y l  group, 

a symnettic d io rgano-d i te l l u r i de  !23mTe2, ( b )  reacting sa id diorgano- 

f o r m  

d i t e l l u r i d e  w i th  a reducing agent t O  form an a l k a l i  metal organo t e l l u r i d e  

of the formula R-123mTe-M, ( c )  reac t i ng  sa id a l k a l i  metal organ0 

t e l l u r i d e  wi th  a halogenated organic compound wi th  a formula R ' - X ,  R k i n g  

an amino ac id group, a group hydro lyzable to an anino acid, o r  a s te ro id  

s ide  chain to form an organo t e l l u r o  Of the formula R'-123mTe-R. 

Deta i  1 ed Desc r ip t i on  

One aspect of t h i s  i nven t ion  invo lves a synthesis o f  123mTe- 

l abe led  steroids by methods which in t roduce the Te i n t o  the s ide chain 

r a t h e r  than the s te ro id  nucleus. As used herein, the s t e r o i d a l  side 
, - I .  .-c' . , 

chain g r w p  i s  defined a x e  we l l  known cyclopentanophenanthrene nucleus 

a c a l k y l  group from t h ~ +  as shown i n  drawing. 

Y i thou t  departing from the s p i r i t  of t h i s  invention, the s t e r o i d  nucleus can 

be subst i tu ted wi th  -_ . . . ..- - . * :  i n  pos i t i ons .  
- . I  7 ,  r , -  ;=< 0 " G ,  , * 7 y  ;- 

a .  
. .  

A '  

a t a s  can be any a l ky l  group @Gu+Ae A carbon atoms and can & ' s o  

c o n t a i n -  , , - -  1 groups. [Are there any s te r i c  l i m i t a t i o n s  on a d ?  

can be substi tuted on-the carbon a t o m  adjacent to the l e ?  Please e a g ' d ' n  ' 

J C ,  - - .  

x - - -  Nc ~3 , e  - - - - - a r n > ~ ,  , - -  :c: - -  r c  ~ 

c ., Id,,4L- ::- - 1 ,  0 - c / I  4 -. - _  0 , -  C r  -4  + 

According to the methods described here in the in t roduct ion o f  the t e : ' y r * , o  

i n t o  the side chain ra the r  than the s t e r o i d  nucleus preserves the t r a n s  

geemetry  of  the s te ro id  nucleus [Why i s  t h i s  important?] 

- 

sent synthesis nethod minlmizer the need f o r  i so la t i ng  Intermediates. 
. 3  p J  

IJ - c- -re 
' 1  . - /  



The react ion sequence leading t o  a s t e r o i d  having a t e l l u r i um labe 

chain involves the react ion Of  a s tero id-nor-hal ide wi th  an a l k a l i  

a l k y l  t e l l u r o l  t o  provide a s t e r o i d a l  a l k y l  t e l l u r o l .  

A. General Procedures f o r  Preparat ion o f  -Te 123m - 
12knTe i s  conveniently prepared from i so top ica l  ly-enriched 

I2*Te, obtainable from the isotope sales o f f i c e  of the Oak Ridge 

ed side 

m e t a l  

Nat ional  Laboratory, Oak Ridge, Tennessee, 37830. The rad ia t i on  o f  t h i s  

isotope i n  a neutron f l u x  provides a 123mTe isotope. 

i r r a d i a t i o n  w i l l  r e s u l t  i o  m l t i n g  Of t a r g e t  metal r e s u l t i n g  i n  a hard 

mass upon cooling. The ta rge t  I s  taken i n t o  so lu t i on  i n  an ac id  so lu t i on  

Generally, 

T - 
\. ~ e t t  ~ i c h  i s  evaporated such as aqua regia</-, 

t o  dryness to provide a t e l l U r i U m  sa l t .  The Sa l t  can be redissolved i n  ac id  

such as i i  VG-as su r e  c o m p l a i  and again 
, e d u c  I * =  d 

/ *  W 4 * > '  c'; rc -+-""I '.. 
evaporated to d r y n e s s k T h e  reSUl t lng sol id i s  dissolved i n  water, A + 

T h e  b o t -  t r n ~ : - r  -< tp,- T c c r j  
h c  Y O ,  J k ~ b  y r d ~ , r c - .  

Ch8-1 webm W i s  added 1, h 4 
- 

C h c  TcCTT)  n o w -  W F ~ - O ~ I I C .  ~ c I I Q , , ~ ~ .  [fy. T c ( C , I .  

"J 

and the so lu t i on  i s  b o i l e d  for ,one-hal f  hour (Why? - '-c r 1 3 - - ~ ' , ~ L  , 2 r/,-- 
e. - ;J- c - < . . ; /  L-:: .'9 - ?CC$('.' - e -  , . ' * , , I . < .  ""p '  <,. .,_ 

, I e- -- , - -- - -  - - , -  - r .-- ,' - . . . -  I - .  

d 

and cooled. 

t i o n  of t e l l u r i um metal which can be recovered by f i l t r a t i o n ,  etc. 

[ls Fi-s a known method o f  t e l l u r i u m  p r e c i p i t a t i o n ? ]  ? f s - n = L  '- 

i s  bubbled through the so lu t i on  to cause the prec ip i ta-  

. .  
w l Q , - - ; ! r i c ' , o .  & -  R " ( r < , c r  p . < ' , C . !  H . p ,  e i r p - , 7 . =  : ' Q , . , y r . - ' - . ,  
J.1. g c a ~ ~ t ~ , l w \ * B r  - 7 . 4 .  I l p p l .  j ? o d d ' , a 4 . i  ? Z L - , , f  - : ,  L) : y  2. Z L l  . ' l Q c : ,  * -  $ *  

''%e can be combined w i t h  c a r r i e r  (non-radioactive) Te i n  the i n i t i a l  

Te d i sso lu t i on  steps to reduce the spec i f i c  a c t i v i t y  to t h e  desired leve l  - 
. .  The remainder of the synthesis t i l l 1  

be described w i t h  reference to Te, w i t h  the understanding tha t  xnne or a l l  

o f  the Te i s  i n  the lZ3rafe fom. 

8. Preparation o f  An A l k a l i  Metal A l ky l  T e l l u r o l  

The preparation of a d i - a l k a l i  metal d i t e l l u r i d e  i s  achieved by the 
L 

d i r e c t  react ion of t e l l u r i u m  powder w i t h  an a l k a l i  metal. This can be con- 

ven ien t l y  achieved by react ion i n  l i q u i d  m o n i a  to fonn 

being any a l k a l i  metal. [Would any other  non-aqueous solvent be sui tab le?]  

W C -  I:iu;A *m*7ir'rq ;r a ~ l w ' , q + ~  : c J v c v L  CcP 
I 8  ~ O ~ U S C ~ ~ J ' '  € I e c C m * J  + h a +  C O -  4 h q r Y  bc w J t d - 4  0' / E  d ut J I L -  - 
CG. w a  - &~&..LC:-LC- + TC --j Te  , c +c. 
cepm.,eJ @ o L 7 e L -  ~ h . 4 ~  ;-I ~ < - c , r a (  , c c r * - m b -  r ' # : ' , : -  
0-d + c r c C t / e  n e t 4  bc c p L e r ~ w ~ e d .  



M l e  I S  then conver ted  t o  the des i r ed  d i - a l k y l - d i - t e l l u r i d e ,  Since 

M l e  

the a p p r o p r i a t e  a lky l  h a l i d e  t o  form a d i a l k y l - d i t e l l u r i d e  

( 1 s  i t  essential t h a t  t h e  R-X be added only a f t e r  the Na2Te2 i s  

2 2  

2 2  i s  u n s t a b l e ,  i t  i s  reac ted  2 s u  by the  d i r e c t  add i t ion  o f  

. .  formed? Please exp la in )  Vc5 +!-< ; ' eqL .C 4 - V I - -  - -- k ? . 7 . 4 . , L - ;  I - -  
I t 

prepa ra t ion  procedure 1 s a modified Hunsdi ecker  degrada- r*;-pr;ferrfed 
t ion  of b i l e  a c i d s  and o t h e r  s t e r o i d s  con ta in ing  carboxyl ic  groups in the 

s i d e  chain.  [Is a carboxyl ic  a c i d  grou necessary?  Why?] 
h s v c  b c + t  u ~ c d  C L J C -  +',a P!, bctacJq  
a J  * .  I 0 -  h 
+-h 87 bch, :+ ; O m .  

r o p ' , l v  2 c e -  v c -  L e d  3 t 3 

a 
This  degrpdat ion  comprises reaction of an a p p r o p r i a t e  s t e r o i d  with mercuric 



D. Preparatlon of 24-nor-23 Alkyl Telluro Sterolds 

The s teroidal-nor-hal ide Is reacted d i rec t ly  w i t h  the a lkyl i  metal 

t e l l u r o l  product of step 8. 

nor-halide as a s lur ry  i n  a s u i t a b l e  OrganlC solvent, for example benzene. 

T h e  resul t ing t e l l u r o  s t e r o i d  can be recovered by 

recovery methods?] c c - 4 b c  U: 
r.C-, e *. r, . c 

This can be performed by d i r e c t  addltion of the 

P b J O f l  C h v D P l + t . i <  

[Any & h e t r y '  
L . 2  j I  w r v -  > l i : . . r  ,e.- '."-.:r. + - .  2'0+sL;i- . r;;?;/ I-, 

. c k',. I.. '1 p r  I d  drz . 
7 e* p y, h yb- - c 5, u r  e ! : - . a  d ch 6 0 rd L t ~2 r a T;/. c { c . 

E. Preparation of 123?e-1abeled Amino Acids 

The preparation of  t e l l u r o  amino acids involves the reactlon of a halo- 

Unlike the seleno genated organic compound with an a lka l i  metal t e l lu r lde .  

compounds used in  the p r i o r  art,,,alkyl tellUr0 compoounds a re  too unstable 

f o r  use even a t  the s i t e  of formation. Attempts to introduce tellurium from 

benzyl te l lur ides  in to  amino aclds  have been unsuccessful. [How were they 

unsuccessful? Did no product appear, or was I t  very low y i e l d s ,  etc? Were 

o t h e r  alkyl t e l l u r i d e s  attempted?] . / / ' -  
t.- ..,,I - .  

. v p ! . - -  - .  . - . I . . ,  - .  i ? ,.::-, * , -  * . -  ;- : 

: = n - C  

. 

r .  .' 
, .  

- 7 :  . : - ; -  L e . - , - .  (-:/.,; . O  ,,. 7 ,  

- =  a # + :  f i / , - -  ; < d - , , - . - d - - ,  r r<T .h , /  + € ; ' J , : ' -  

- , > -  7 ' .  p > ? - - p : / -  --.>, 5 -+-:?y;Lw : q-;. , -., p L O k - . z ,  

. .  
d 2  " r  

. -  . .  _ .  
- I -  L 

\ -. 

f b 9 . -  5 ' ; -  >:'a 1 -  c / J ' . -  -f c ' i  A / ' . > - , + . , . i  G; e m ;  L - r ' - , -  

I t  has been found t h a t  the i n s t a b l l i t y  of alkyl te l lur ldes  can be oyer- 

come by the use of phenyl t e l l u r i d e s .  

procedure for  label lng m:no acids  w i t h  lz3G. 

Following i s  descrtbed the general 



123m 
A. P r e p a r a t i o n  o f  A - 1  a b e l  ed Diphenyl  D i  t e l l  u r i  des 

Phenyl magnesium c h l o r i d e  i s  r e a c t e d  w i t h  123mTe t o  form a 

diphenyl  t e l l u r i d e .  [ P l e a s e  d e s c r i b e  t h i s  s tep  i n  d e t a i l . ]  



B. Preparation o f  Phenyl Tellurol 

T h e  diphenyl di-tellurol from S t e p  A. i s  reac ted  with a r e d u c i n g  

, r - , -  .. . . , . . - . -  ~ e i  1- 
P agent such as an alkali metal borohydride, or 

[Please describe this reaction in de ta i l .  

product? Sodium alkyl tellurol?] 4 a r \  4 e \ 1 u e t '  
What i s  the r e s u l t a n t  - 

a- 

C. Preparation o f  Telluro Amino Acid 

method i s  similar to  prior a r t  methods of preparing seleno amino acids. 

Klosterman. H. J. et  al., J .  h. Chem. SOC. 69 2009 (1947).  (Please 

describe th i s  step in detail.  Also please l i s t  other m t e r i a l s  than  - Y % - .  

to ins ,  which can be used.) 

~1 

- 

E 



The following examples i l l u s t r a t e  the preparation of several repre- 

sentative 123?e-l abeled compounds. 

EXAMPLE I 

Preparation of 123mTe 

Isotopically enriched lZ2Te (94.71%) , obtained from the isotope 

sales office of the Oak Ridge National Laboratory, was irradiated for 14 

days in the Oak Ridge High Flux Isotope Reactor a t  2 x 10 

neutrons/cm asec. The reactor irradiation o f  the metallic tellurium 

resulted in the formation of a molten target mass which had solidified 

dur ing  cooling. 

i s  taken to insipient dryness. The solid residue was dissolved i n  con- 

centrated hydrochloric acid and taken t o  dryness again. The acid treatment 

was repeated again and the resulting solid was dissolved in 200 ml of  water 

15 

2 

The target was dissolved i n  an aqua regia and the solution 

(About how much solid was there?) p S i  ' I r \ n h , " + d / i  
I 

After the addition of NaBr ( 5  grams) the solution was boiled for one-half 

hour, cooled, and SO2 was passed through the solution a t  the rate of G o  

bubbles per second for  two hours. The tellurium metal precipitated as very 

f ine  particles and was recovered by centifugation. The recovered particles 

were washed three times w i t h  water and dried in an oven a t  140'C. The reco- 

very o f  1239e  fs consistently better t h a n  90% by this method. 

EXAMPLE I1 

Preparation of di-sodium di-telluride.  

22  milligrams, 25.8 mCi was combined with carrier tellurium, ( 4 5  

micron powder) t o  yteld a sample w i t h  a specific activity of 25.8 

mCi/mnole. Approximately, 25 m l  liquid amnonia was condensed into the 



reac t i on  vessel conta in ing the t e l l u r i u m  powder. The amnonia i s  main- 

t a ined  i n  the 1 q u i d  s t a t e  by i n s e r t i n g  the f lask i n  a bath of 

o / , . : i L , c  - 1 .  3 d " ~ ,  ' , c c  + y z - - n c  I "  c j 
The react ion vessel had been prev ious ly  f lushed w i th  argon connected to a 

small t r ap  to mainta in  a s l i g h t  argon pressure during the reaction. 

Freshly c u t  pieces of m e t a l l i c  sodium (23 mg, 1 mole) were added to the 

r a p i d l y  s t i r r e d  s lu r r y .  The so lu t i on  was s t i r r e d  2 hours and progressed 

through the color changes yel low, green, blue, red. The red co lo r  i n d i -  

cated the completion of Na2Te2 formation. 

EXAMPLE I 1 1  

Preparation of d i  a1 k y l  dt - t e l l  u r i  de. 

Isopropyl i o d i d e  (174 mg, 1 m o l e )  was added to the react ion vessel 

o f  Example I 1  by means of a syringe inse r ted  through a rubber septum. The 

i n i t i a l  deep red c o l o r  of the so lu t i on  slowly turns to yel low a b e t  con- 

comitant w i th  the appearance of c o l l o i d a l  te l lur ium.  A f t e r  one hour of 

s t i r r i n g  the amnonia was allowed to evaporate under a stream of  argon 

y i e l d i n g  a residue cons is t i ng  o f  an orange gum containing me ta l l i c  

t e l l u r i um.  The residue was ext racted w i th  several small por t ions o f  benzene 

(15 nl.)  and the combined ext racts  were washed w i th  water several 

times. The benzene s o l u t i o n  was d i l u t e d  w i t h  methanol to 25 m l .  and 

a l i quo ts  were taken f o r  counting. The benzene extracted mater ia l  i nd i -  

cated a 42% y i e l d  o f  23mTe di - i sopropy 1 di - t e l l  u r i  de. 

EXAMPLE I V  

Preparat ion o f  sodium a l k y l  t e l l u r i d e .  

The 123mTe d i - isopropyl  d i - t e l l u r i d e  so lu t i on  from Example 
~ ~ b ' , ~ ~  b , , ,hydv .Gde  UJ;II r - .  

:r h e  ?F ~ n e - r v c + L r * *  M')X L b c  
u n l e t  an b,rg-?n atmosphere. L a 1 1  G t i o n s  of sodium borohydride were then 

added u n t i l  a co lo r l ess  so lu t i on  was obtained which ind icated complete 

reduct ion of the d i - t e l l u r i d e  to the sodium isopropyl t e l l u r o l .  

cases gentle warming o f  the d i - t e l l u r i d e  so lu t i on  i s  needed to i n i t i a t e  t h e  

reduction. 

I n  some 

1.011 I b 4  



EXAMPLE V 

Preparation of steroidal-nor-bromides. 

[Please describe the Hundiecker synthesis o f  3 beta-acetoxy-24-nor-bromo-5- 

alpha-cholane in d e t a i l ,  emphasing any features  you regard as new.] 

P '  
3 c  

EXAMPLE VI 

Preparation of 3-beta-hydroxy-24-nor-23( isobutyl t e l l  uro)-5-beta-cholane. 

To the solution o f  Example IV was added about 80 mg. ( 2  m o l e )  of 

sodium hydroxide and the mixture was then refluxed (What is  the purpose 

O r &  n I ? b  b- , A e f i  4 .LQ +?,LI' \ 9 - . - : p - p  io 
ba;e 

c 

of t h i s  step?) L r c  F"' ; J :  -r,p,c,T - 4 k c  c y + r a  

+he c y c c  LICQk0-L 

; , - - * d , ~ :  - L C - ( . + w m ~ - ; ; 5 .  c +  4 , ( <  k4-  7 e - P  J U [ ~  

112 milligrams of 3 Beta-24-nor-23-bromo-5 alpha-cholane from Example V was 

added to the color less  solut ion as  a s lur ry  i n  a small volume of ben- 

zene and the mixture was refluxed for  1 hour. After this time period the 

reac t ion  was completed as indicated by thin layer  chromatographic analysis. 

The resu l t ing  solution was poured in to  water and the organic layer  washed 

several times m t h  water. 

t o  a s i l i c i c  acid column, s l u r r i e d  in  benzene. (Does t h i s  s i l i c i c  acid 

mater la l  have a trade name or other  jdent i fylng c h a r a c t e r i s t i c s ? )  

The ye1 1 ow-col ored benzene solut ion was appl i ed 

[, - . -  1 " < -  3.> * .  '! 0 <-: .. 
' , . # -  . a: - * - r.. . . ' _  y; 

! t ,  I 
.- - > z . .  . 1 ; :  L !  - ' _  . - -  

.-- -.  . , -d . - - .- - 
I 1  . . 

- // - 



25 ml f rac t ions  were col lected by d i lu t ion  with increasing concentra- 

t i o n s  o f  ethyl e ther  in  benzene. Aliquots (100 m i c r o l i t e r s )  of each frac- 

t ion  were taken for  counting. 

labeled s te ro id  product was 26 mci/mnole, indicat ing more than X y i e l d .  

[Why did the acetoxy group convert to hydroxy? 

desirable?]  J3.2 : r ?  , ; i  f --,' - b:{ L f l p , . = -  

The spec i f ic  a c t i v i t y  of the 123mTe- 

Is t h i s  necessary or 

I 

>,d $ 9 :  * O L i f  
/ 

EXAMPLE V I 1  

Preparation of 3-alpha-hydroxy-24-nor-23-( isopentyl t e l l  uro)-5- 
h beta-Kolane. 

modifiedHunsdiecker synthesis from l , L h = c b ~ \ , L  C L . , ~  g f - '  i r  

b t A 6  e 
3-alpha-acetoxy-24-nor-23-bromo-5-~-cholan,prepared by a 

was added as described i n  Example V .  [Any difference in preparation?] 

n o  

t o  a methanolic solut ion of sodium isopentyl t e l l u r o l  prepared as in Example 

IV from di-isopentyl d i - te l lur ides  prepared as in Example - . 
t ion  was refluxed for  one hour a f t e r  which time thin layer  chromotography 

indicated the reipion to be complete. The solut ion was poured into water 

and extracted w i t h  chloroform. 

material was purif ied by a t h i n  layer  chromotography. 

special  about the TLC? 

1 I r < n ;  - .  . :  
-.'- - C a -  ' -/a 2 : 

The solu- 

G 

The y i e l d  was 34 milligram (32%). The 

[Is there anything 

What instrument, solvent  and absorbant were used'] 
. .  P i -  - p = - - c . > c . a  -.e-,,- ';',a -- i F  c- k'.,- 7 CJ , 

2 

r -, . . I .  

. .  
I .  - ,, - .  - .  . . .  - . ,_ - 

, . -  , ,̂  * .  . .  
- .  

EXAMPLE VI11 

Preparation of3-a1 pha-hydroxy-24-nor-23- ( isopropyl t e l l  uro1-5-beta- 

chol ane. 

- / 2 -  



A so lu t i on  of sodium isopropyl  t e l 1 u r o l  was prepared by reduction of 

d i isopropyl  d i - t e l l u r i d e  (135 mg, 400 micro moles) w i t h  sodium borohydride 

i n  basic mthano l  I n  the manner o f  Examples 1-12. 

3-alpha-acetoxy-24nor-23-bromo-5-beta-cholaw (90 mg, 200 micro moles) was 

added and the mixture was re f l uxed  two hours. 

t h i n  l aye r  chrmotography using chloroform solvent.) (Th is  mater ia l  and the 

mater ia l  o f  Example V I  cou ld not  be c r y s t a l l i z e d ,  how would you propose 

P u r i f i c a t i o n  was performed by 

. .- ., - . _  , .  I .  - . . . -7. ,. 
p u r i f y i n g  the product?) -i -I- 0 

I *  \ l r - : o  > J P , F _  IT2, ! , - *  .?\ , :*- I .  :> ! ', , '- 0 - 
/ r  - -,-:" r :  t / , L Y /  = % : - I ,  2 ?: - 

. .  

EXAMPLE I X  

Preparation o f  3-Beta-hydroxy-24-nor-23- ( i sopentyl tell uro)-5- 

a1 p ha-chol ane. 

3-beta-acetoxy-24-nor-23-bromo-5-al pha-chol an t  was prepared by the 

modif ied Hunsdiecker degradation of 3-beta-acetoxy-5-a1 pha-cholani c 
A -  > -  

I -  ac id  and pu r i f i ed ,  (How?) . /  . -  - r -- 
. . 3 / .  -L _ F  - d c -  /L ? c 4 c  d=q 

The product was c rys ta l  1 i zed  f rm--nghanol  and U e  r to aive f i n e  need:cc. 
L. 

To t h i s  mater ia l  was added 200 mp moles o f  sodium isopenty l  t e l l u r o l .  

G f l u x i n g  methan2 B e  react ion mixture was poured i n t o  water and the  c * . r  

product extracted w i t h  chlorofonn. 

tography gave a t h i c k  gum the product was homogeneous by t h i n  l aye r  c t w m -  

tography analysis and t r i t u r a t i o n  w i t h  a mall volume o f  ether gave a 

s o l i d  having a mel t ing p o i n t  o f  78 t o  8OoC (How has t h i s  mater ia l  

_-_---- v r, 
:* 

4 - ---__._ ._ - 
c-- 

P u r i f i c a t i o n  by thin laye r  chromo- 

p u r i  f ied?) b y  TL c 

The 3-hydroxy-24-nor-Z3-(alkyl t e l l u r o )  s tero ids are r e l a t i v e l y  

tnsoluble t n  ether bu t  are r e a d i l y  ext racted from react ion mixtures 



w i t h  ch loro form o r  e t h y l  a c e t a t e .  

a l p h a  and beta  hydroxy s t e r o i d s ?  

[What i S  t h e  expected d i f f e r e n c e  between 

Uhich would be p r e f e r r e d  f o r  imaging?] 

EXAMPLES X 

( P l e a s e  descr ibe  t h e  successful  synthes is  of  severa l  1P3Te-amino 

a c i d s  i n  d e t a i l .  Where i S  i t  most d e s i r a b l e  t o  l a b e l  the  amino a c i d s ? )  

' 'r 

- .- / 

r . .  " . .  . >  

y .  = / :  - A  

/ . ' .  
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I ,  1 * i  , 
- 

\ ,  
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, e  - / , -  - L 
F i s h e r  s t r a i n  w h i t e  a l b i n o  r a t s  were used f o r  t he  f o l l o w i n g  

i n v e s t i g a t i o n .  The an imals  were S ix  t o  ten  weeks o ld .  male r a t s  

weighed 225-300 grams and the  female r a t s  weighed 160-180 grams. 

wa te r  were a l l owed  ad l i b i t u m  p r i o r  t o  i n j e c t i o n  th roughout  the  du ra t i on  o f  

t h e  experiment. Benzene s o l u t i o n  of t he  123mTe-labeled s t e r o i d  o f  

Example IX was taken t o  dryness under argon and the  s o l i d  d i sso l ved  i n  etha- 

no l .  

s t e r i l e  v i a l  c o n t a i n i n g  a p h y s i o l o g i c a l  s a l i n e  s o l u t i o n  c o n t a i n i n g  10% Poly- 

so rba te  80. (What was t h e  Po lyso rba te  f o r ? )  

+ 
Food and 

The s o l u t i o n  was f i l t e r e d  through a m i l l i p o r e  f i l t e r  d i r e c t l y  i n t o  a 

, -  , 

, -  

The f i n a l  e thano l  c o n c e n t r a t i o n  o f  t h i s  s o l u t i o n  was 10%. The s t e r o i d  

s o l u t i o n  (1  m l ,  6-15 m i c r o  c i )  was i n j e c t e d  v i a  the t a i l  v e i n  o f  r a t s  

t h a t  were anes thes ized w i th  ether.  The r a t s  were s a c r i f i c e d  a t  s e l e c t  

t imes  a f t e r  be ing  anes thes ized w i t h  e ther .  B lood was d ra ined  from the 

carcass i n t o  a beaker c o n t a i n i n g  a small amount o f  sodium c i t r a t e  solu- 

r 

t i o n .  (Is t h i s  t o  p r o h i b i t  c l o t t i n g ? )  P -  - 

The organs were c a r e f u l l y  removed, r i n s e d  w i t h  0.9% s a l i n e  s o l u t i o n  and 

1 0 7 1  I b 9  



b l o t t e d  dry p r i o r  t o  weighing. The t i s s u e  d i s t r i b u t i o n  data were ana- 

l y z e d  through a m u l t i f a c t o r i a l  a n a l y s i s  of var iance computer program. 

F Male and female r a t s  were i n j e c t e d  w i t h  the  123mTe-labeled 
s\ \ 
‘4 s t e r o i d  of Example I V  (100-300 m i c r o c u r i e s )  as descr ibed above. A f t e r  

t h r e e  days the  animals were s a c r i f i c e d  and the  adrena ls ,  l i v e r s ,  lungs 

and o v a r i e s  were removed. i ssues  were homogenized i n  45 m l  of a 

ch lo ro fo rm methanol m ix tu re  (2-1, Fo lch  medium) a t  5000 rpm fo r  30 

seconds u s i n g  a S o r v a l l  Omn -Mix device.  The homogenates were f i l t e r e d  

th rough cheese c l o t h  and a f t e r  a d d i t i o n  of an equal amount o f  water the 

phases were a l l owed  t o  separate. 

and upper aqueous phase were counted. The aqueous phase contained very 

1 i t t l e  r a d i o a c t i v i t y .  The organ ic  l a y e r s  were separated and evaporated 

t o  dryness i n  vacuo and the  r e s u l t i n g  res idues  d i sso l ved  i n  a small volume 

o f  ch lo ro fo rm and a p p l i e d  t o  s i l i c i c  a c i d  columns (600-200 mesh, 2 x 30 cm). 

F r a c t i o n s  2 5  m l  i n  volume were c o l l e c t e d  by e l u t i o n  w i t h  inc reas ing  volumes 

o f  e t h e r  i n  benzene. A l i q u o t s  o f  each f r a c t i o n  were counted. - 

A l i q u o t s  o f  the lower  organic phase 

s&* ’ 

The animals were anes thes ized a f t e r  i n t r a p e r i t o n i a l  i n j e c t i o n  o f  

a sodium p e n t a b a r b i t o l  S o l u t i o n  (30-50 mg/kg) and scans were obtained 

u s i n g  a r e c t i l i n e a r  scanner equiped w i t h  a 63 h o l e  go ld  c o l l i m a t o r  a t  a 

f o c a l  d i s tance  o f  3 cm. The animals were scanned a t  .25 inches per minute.  

The camera images were ob ta ined  w i th  an RC-type p r o p o r t i o n a l  counter camera 

u t i l i z i n g  a xenon gas f i e l d  d e t e c t o r  [Do you have f u r t h e r  desc r ip t i on  o f  

t h e  model number, e t c .  o f  the  scanner which was used?] 

J .g 
1 -  

3 -  ’ 
/ ’  \ f l  

. -  
The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  t i s s u e s  o f  male r a t s  was 

‘J determined a t  a v a r i e t y  o f  t ime i n t e r v a l s  o f  1 hour t o  21 days 

f o l l  owing t h e  i n te rvenous  a d m i n i s t r a t i o n  o f  t he  123mTe-l abeled 

s t e r o i d .  The major  organs were removed, weighed and counted d i r e c t l y  

i n  a mu l t i channe l  ana lyzer .  The Qrs t  g r y  d i s t r i b u t i o n  o f  radioac- 
. - .. -- --. - 

t i v i t y  L was determined a t  1.6 i n  18 hours  a f t e r  admin i s t ra t i on .  + h f ~  

k. A t  the e a r l y  t ime i n t e r v a l s  the 
e 

l i v e r ,  spleen, a d r j n a l s  and lungs  a l l  con ta ined s i g n i f i c a n t  l e v e l s  of  
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r a d i o a c t i v i t y .  The c o n c e n t r a t i o n  of  r a d i o  a c t i v i t y  inc reased r a p i d l y  i n  the 

adrena ls ,  however, w h i l e  the  lows of r a d i o a c t i v i t y  decreased o r  remained 

cons tan t ,  i n  t h e  o t h e r  organs descr ibed abovea I n  the  second group o f  a n i -  

mals t h e  d i s t r i b u t i o n  Of r a d i o a c t i v i t y  was determined a t  one, th ree  and 

seven days a f t e r  i n j e c t i o n  of the  l abe led  s te ro id .  

-T- admi - 
n w - d  r - u  + 

a ?nese r e s u l t s  a re  f u r t h e r  subs tan t i a ted  by s i m i l a r  data ob ta ined  from a n i -  

L R  

m w p -  
. .  

. .  . 

aLi& 
mals i n  the  t h i r d  group and were s a c r i f i e d  a t  seven, fou r teen  and twenty-one 

days a f t e r  i n j e c t i o n  w i t h  the  l abe led  s te ro id .  -Ira 
-.. 

L V n t p n  -.* .-%= I' 'cc'I -a "' - 
& 5 o m v , t h e  r a d i o a c t i v e  con ten ts  o f  the  blood, l i v e r  and lungs  a re  very  h igh  a t  

e a r l y  t ime i n t e r v a l s  decreasing r a p i d l y  w i t h  a concomitant inc rease i n  me 

r a d i o a c t i v e  con ten ts  o f  the  adrenal glands. The adrenal  g lands reachea J 

maximum concen t ra t i on  a t  one t o  G o  days a f t e r  i n j e c t i o n .  Female r a t s  

showed g e n e r a l l y  para1 l e 1  concent ra t ions  except t h a t  t h e  concent ra t ion  of 

r a d i o a c t i v i t y  i n  t h e  ova r ies  was a l so  high. c 

__--- 



TABLE 1. E X E R € + E K % l .  DISTRIBUTIOS OF P.ADIOACTII'ITY I N  bULE RAT 
TlSSUES 1, 6 X;D 18 IiOURS AFTER ISTUVESOL'S IhJECTION Of ' 2 3 9 e -  

38-HYDROXY-24-XOR-23- (1SOPROPYL TELLCRO)-5a-CI:OLiWE 

Mean Percent Dosefgras, 2 s.d. 

Tissue 1 hour a f t e r  dose 6 hours a f t e r  dose 18 hours a f t e r  dose 

Blood 1.48 f 0.35 0.95 2 0.04 0.49 t 0.02 

Liver 2 .71  f 0 . 3 0  2 .03  t 0 .07  0 .84  ?: 0.09 

Spleen 2-98 t 0.15  2.75  f 0 . 2 1  1.29 f 0.09 

Pancreas 0.16 f 0 . 0 2  0.24  f 0 . 0 6  0.19 f 0.01 

'Stomach 0 .11  f 0.04 0.07  2 0.02 0.05 2 0.01 

S m l l  Intest ine  0 . 7 1  f 0.19 0.71  f 0.09 0.39 +_ 0.02 

0.72  f 0 . 2 3  0.86 f 0.10 Large Intest ine  0 . 0 6  +_ 0.03 

Adrenals 4 . 5 1  2 1.16 16.51 ? 1.31 . 22.1; f 3.05 

K 1 d n e y s 0 . 6 3  f 0 . 0 4  0 .76  t 0.05 0.77  f 0.08 

Prostate 0.07 f 0.01 0.09 f 0.0: 0.09 f 0.01 

Testes  0.04 2 0.003 0.08  f 0.01 0.09 f 0.01 

Heart 0 . 4 8  ?: 0.09 0.53 2 0.09 0.43 f 0.05 

Lungs 2.01 2 0.09 1.99 2 0 . 0 8  1.52 ? 0.18 

Thyroid 0 .42  f 0.05 2.07 f 0 .78  0 .53  f 0.22 

Brain 0.04 f 0.01 0.05  2 0.001 0.04 5 0.004 



TABLE 2. E?F€RHEXT+ D I S T R I E U T I O N  OF R A D I O A C T I V I T Y  I N  MALE U T  
TISSUES 1, 3 XYD 7 DAYS AFTER ISTFAVESOUS. INJXTION OF Iz3’”Te- 

3B-HYDRO~-24-SOR-23-(ISOPROPYL TELLURO)-5Q-CHOLlLUE 

Mean Percent Dose/gram, f s . d .  

Tissue 1 day a f t e r  dose 3 days a f t e r  dose 7 days af ter  dose 

Blood 

Liver 

Spleen 

Pancreas 

S toaa c h 

Small Intest ine 

Largc Intest ine 

Adrenals 

Kidneys 

Pxos ta te 

Testes  

Heart 

Lungs 

Thyroid 

Brain 

0.61 2 0.04 
1.01 2 0.23 
1.59 f 0.28 
0.33 f 0.07 
0.25 f 0.02 
0.77 2 0.24 
1.82 f 0.93 
26.39 t 1.13 
1.08 f 0.14 
0.18 i 0.06 
0.14 f 0.02 
0.59 f 0.09 
2.12 f 0.35 
1.23 f 0.09 
0.07 f 0.01 

0.31 f 0.03 
0.53 2 0.04 
0.58 f 0.07 
0.30 2 0.03 
0.32 f 0.13 
0.49 f 0.20 
1.89 f 1.99 
19.21 f 2.40 
0.94 f 0.06 
0.17 f 0.02 
0.12 f 0.01 
0.26 f 0.04 
0.85 f 0.14 
0.73 f 0.07 
0.01 f 0.01 

0.28 f 0.04 
0.23 f 0.02 
0.29 f 0.05 
0.21 2 0.008 
0.14 f 0.01 
0.23 ? 0.02 
0.53 ? 0.14 
14.48 f 1.76 

0.75 f 0.07 

0.09 2 0.04 
0.09 f 0.01 
0.12 f 0.03 
0.40 f 0.06 

0.74 f 0.27 

0.08 f 0.001 
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TABLE 3 .  EXPERIXST-3.  DLSTRIBUTIOX Or W I O A C T I S ' I T Y  IS FLUE W.T 
TISSUES 7 ,  1 4  ;rS3'21 DAYS A F K R  IST?,IlTSOUS I X J E C T I O X  OF '''"Te- 

3~-H\;DRO\~-24-~~OP23-(ISOPROP'IL TELLURO)-Sa-CHOLkUE 

Head Percent Dosefgram, t s.d. 
-- 

7 days after dose 14 days after dose 21 days after dose 

Blood 

Liver 

Spleen 

Pancreas 

Stomach 

Small Intestine 
Large Intestine 

Adrcnals 

Kidneys 

Prostate 

Testes 

Heart 

Lungs 

Thyroid 

Brain 

0.19 t 0.05 

0.14 2 0.03 
0.32 2 0.12 

0.12 2 0.01 

0.05 f 0.02 

0.38 f 0.49 

0.09 2 0.01 

5.56 +_ 1.38 

0.49 2 0.12 

0.06 f 0.01 
-0.07 f 0.01 

0.09 t C.03 

0.22 f 0.04  

0.13 f 0.07 
0.OA 2 0.01 

0.16 2 0.04 

0.06 f 0.01 

0.20 2 0.03 

0.07 f 0.01 
0.01 f 0.01 

0.03 f 0.003 

0.03 f 0.01 
4.59 f 0.45 

0.29 t 0.'05 

0.04 f 0.01 

0.05 f 0.01 

0.03 t 0.02 
0.11 f 0.01 

0.15 2 0.08 

0.06 t 0.03 

0.09 2 0.02 

0.03 _+ 0.01 
0.11 2 0.03 

0.04 f 0.01 

0.01 f 0.01 

0.02 t 0.01 
0.02 2 0.01 

1.81 2 0.57 

0.16 t 0.01 

0.02 t 0.004 

0.03 ? 0.004 

0.02 ? 0.001 

0.05 _+ 0.004 

0.12 2 0.06 

0.03 5 0.02 
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Experiments were a l s o  conducted t o  determine i f  the l a b e l e d  s t e r o i d  was 

Three days f o l l o w i n g  metabo l ized  by the  adrena ls  and o t h e r  t i s s u e s  o f  r a t s .  

i n t ravenous  a d m i n i s t r a t i o n  o f  t h e  l a b e l e d  s t e r o i d  male and female r a t s  were 

s a c r i f i c e d  and se lec ted  t i s s u e s  removed. weighed, counted and homogenized i n  

F o l c h  medium. 

tographed on s i l i c i c  a c i d  columns by e l l u t i o n  w i t h  so l ven ts  o f  i nc reas ing  

p o l a r i t y .  

s o l v e n t  m ix tu res  c o n t a i n i n g  i n c r e a s i n g  p ropor t i ons  o f  e t h e r  and benzene and 

were f i n a l l y  washed w i t h  methanol. 

t h a t  t h e  l abe led  s t e r o i d  was me tabo l i zed  t o  several  p roduc ts  by the  male 

adrena ls .  The adrenal  e x r a c t  from a female r a t  con ta ined a nonpolar 

r a d i o a c t i v e  component and a l s o  s i g n i f i c a n t  r a d i o a c t i v i t y  i n  a reg ion  

resembl ing  the  o r i g i n a l  s t e r o i d  which appears t o  i n d i c a t e  a s i g n i f i c a n t  por-  

t i o n  o f  t h e  agent was n o t  metabol ized. 

t i v e  components would i n d i c a t e  a t  l e a s t  p a r t i a l  metabolism. 

t i s s u e s  which were examined the  components t h a t  were observed upon chroma- 

tog raph ic  ana lys i s  of e x t r a c t e d  l i p i d s  were c o n s i s t e n t l y  d i f f e r e n t  and would 

i n d i c a t e  t h a t  t he  r a d i o a c t i v e  components represent  t r u e  metabo l i tes .  

The metabol ism o f  such a d r f n a l  imaging agents i s  impor tan t  because ' - 
r . ,-; . ., , 

The organ ic  phases from the  Fo lch  e x t r a c t s  were chroma- 

1/ 
The columns were i n i t i a l l y  e l i u d e d  w i t h  benzene fo l l owed  by 

The p r o f i l e s  from male r a t s  suggested 

The presence o f  non-po la r  radioac- 

Among the  

- ~ _____ - .. _ _ _ _  - . . . . -- - 
- t i ' ?  . _ '  I x., , r.,: , -; .. . 

, . .. a,?. . -  
h l l - .  = *  - 5  - * e -  - -  A ? .  ::< - .  5 - - ,  . -  I 

I - -  - -  . .  ,-. *I.'. .. . . , . 
. y  .c ,.I. . . . .  

\ 
-I . ! (. : ,-e ti .- _. . ' _  : , . . . '>  - - 

' I f  7 2. r- :i -. . . - * -  I . , , , ,  
. .  - ,-*---?---- - -  - - -_-  -- .- 

The abrenal g lands 0; the  male- r a t s  were c l e a r l y  imaged' one day 
- 4 1 . -  r l  

,m !y a f t e r  a d m i n i s t r a t i o n  of the  123mTe-labeled s te ro id .  

n a l s  and ova r ies  of female r a t s  were a l s o  imaged f o l l o w i n g  the  i n j e c -  

t i o n  of the agent bo th  a r e c t a l i n e a r  scanner and an RC-type propor-  

Both the  adr,?- 

_._____ t i o n a l  counter  - -  camera.--.. _ _  - 
/- .; . ' . -* . .:-.- -.b+L?-.- 

Tests  w i t h  o the r  s t e r o i d s  i n d i c a t e  a complex r e l a t i o n s h i p  between 

s t e r o i d  s t ruc tu re ,  r e l a t i v e  r a t e s  o f  en t r y  and e x i t  f rom the  va r ious  

body components. 

desc r ibed  procedure, 3 -be ta  hydroxy-24-nor-23-octyl-tel1 uro-chol-5-ene 

and 3-be ta  methoxy-24-isopropyl-telluro-5-ene accumulate s low ly  i n  the  

Two s t e r o i d s  prepared according t o  the  above- 



a d r f n a l  s. The s t e r o i d  3-beta-hydroxy-24- isopropyl  t e l l  uro-chol-S-ene 

showed a s l i g h t l y  g rea te r  a d r i n a l  up take  than the  s t e r o i d  i n  the above 

t e s t .  Two o t h e r  s t e r o i d s  (3 -a lpha hydroxy-24-nor-23-(  i sop ropy l  

t e l l u r 0 ) - 5 - b e t a - c h o l a n  and 3-be ta  hydroxy- [ (  i sop ropy l  t e l l u r o )  

methyl]-androsed-5-ene d i d  no t  concen t ra te  i n  the  ad r ina l s .  

It is  seen t h a t  t he  general  syn thes i s  method o f  t h i s  i nven t ion  can 

be adapted t o  the  p repara t i on  of any a l k y l  t e l l u r o  s t e r o i d  merely by 

p r o v i d i n g  a s u i t a b l e  a l l ogena ted  r e a c t i o n  s i t e  and such s t e r o i d s  are 

contempla ted  a t  equ iva len ts  of t h e  S p e c i f i c  s t e r o i d s  descr ibed here in .  
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Dean E. Car lson, Ct l lef ,  Prosecut ion  !?ranch. Patents,  t?? 
Getmantonn, C X X I ,  U - 3 C l d  

?@E CASE 5-40,CSi, 

Ewlosect a re  3n a:3l icat isn i n  the  above case an t  :he f o l l o w i n s  
a d a i t i o n a l  g a x r s :  

i 1 9 r i s t o l  Board 3rawino(s) ( "cord of I n v e n t i o n  

( 1 P r i o r  A r t  L e t t e r  ( i n  lua.1 ( 1 

( Z s s i g n e n t  ( i n  dup.) 0 
Fees payable are: 

5a;ic F e e .  . . . . . . . . . . . . . . . . . . . . . . .  $65 

k r ( i t i m a 1  Fees: 
T o t a l  i l a i 3 s  i p  excess of t e n ,  t i l e s  S i l .  . . . . . .  15 

hurnber o f  inde?endent c l a i m  minus one, t imes fllr. . 30 

To ta l  F i l i n l ;  Fse. . . . . . . . . . . . . . . . . . . . .  5 111 

F i  1 in.: p r i o r  t o  a s  soon as o o s s i b l e  i s  necess3r:t. 

P u b l i c a t i o n  s ta tus :  P b r i e f  a b s t r a c t  was Dubl ishec June 13, 1977. 
'Ae se l i sv i .  t i z t  tb1s I s  n o t  a s t a t u t s r y  ba r  an5 w i l l  argue i t  i n  tho  pate?: 
o f f i c e .  Ot5er  pus l i caz ions  have been release!: s i n c e  then a t  rlurierx~s t i 4 w s .  

Foreiqr,  f i l i n g  I s  recolmended. T'le f o l l o w i n g  c o u n t r i e s  shculd be 
cons i  derea. Canada 

XCP :%Ur 
Enclosures:  

Stephen 0. Hamel 
A s s i s t a n t  Pa t e n t  Counsel 

f o r  Pa ten t  Prosecut ion  
Gab. ?idc;e 

As s ta ted above 



I N  THE UNITED STATES PATENT A!iD TRADEMARK OFFICE 

APPLICANT : Furn F. Knapp, J r .  

SERIAL NO.: 920,411(70) : GROUP 124 

FILED : June 29, 1978 : EXAMINER 

FOR : 123mTE-LABELED BI OCHEMI GALS AND 
METHOD OF PREPARATION 

DECLARATION UNDER 37 CFR 1.131 

I ,  Fern F. Knapp do hereby d e c l a r e  and a f f i r m :  

THAT, I am the  a p p l i c a n t  of  U. S. Patent App l i ca t i on  S.N. 920,411, 

e n t i t l e d  “123mTe-Labeled B iochemica ls  and Method o f  P repara t i on ”  

f i l e d  June 29, 1978, and t h e  i n v e n t o r  o f  t h e  sub jec t  ma t te r  descr ibed 

and c la imed there in ;  

THAT, p r i o r  t o  June 1, 1978, I had completed my i n v e n t i o n  as 

desc r ibed  and claimed i n  s a i d  a p p l i c a t i o n  i n  the  Un i ted  Sta tes  of 

America as evidenced by the  f o l  1 owing : 

a) P r i o r  t o  June 1, 1978 I ,  or o the rs  under my superv i s ion  and 

c o n t r o l ,  had prepared t h e  f o l l o w i n g  w e - l a b e l e d  o rgan ic  com- 

pounds o f  t he  general  formula R--Te-R’ , R being e i t h e r  a1 k y l ,  

s u b s t i t u t e d  a l k y l ,  and or s u b s t i t u t e d  a r y l  and R ’  be ing  a s t e r o i d  

s i d e  chain,  a l k y l  amino ac id ,  or amino ac id  group 

a)  123mTe-24-nor-23- ( i s o p r o p y l  t e l l  uro)-56-cholan-3a-01 

b)  123qe-24-nor-23-( i s o p r o p y l  t e l l  ur0)-5a-cholan-36-01 

c )  12hTe-24-(  i sop ropy l  t e l l  uro)-chol-5-en-36-01 

d)  1 2 3 ~ e - 2 4 - (  i sop ropy l  t e l l  uro)-cho1-5-en-36-OMe 

e )  24-nor-23-( i sop ropy l  t e l l  uro)-5a-chol  an-38-01 
M 

f )  24-nor-23-( i s o p e n t y l  t e l l  uro)-5a-cholan-38-01 

g )  24-nor-23-( i sopen ty l  t e l l  uro)-56-chol  an-3a-01 

h) 24-nor-23-( phenyl t e l l  uro)-56-cholan-3a-01 

(Please l i s t  o the r  I23mTe s t e r o i d s  you had prepared prior t o  t h e  date 

of June 1, 1978. I n d i c a t e  which o f  t he  above were prepared w i t h  

123mTe and which were prepared w i t h  s t a b l e  T e  



DL-a-amino-a-(phenyl t e l l u r o  e t h y 1 ) b u t y r i c  ac id .  

(P lease l i s t  o the r  amino ac ids  o r  a l k y l  amino a c i d s  prepared p r i o r  

t o  June 1, 1978.) 

P 
as evidenced by a t tached e x h i b i t  I; 

THAT each o f  t he  above- l i s ted  123mTe-labelled or s t a b l e  Te- 

o rgan ic  chemicals were prepared by a method which comprised the  steps 

of  TC - D F  

a) r e a c t i n g  afi123mTe-symnetric d io rgano d i t e l l u r i d e  

R Z q e 2 ,  w i t h  NaBHq which i s  a hyd r ide  reduc ing  agent and a 

source o f  a l k a l i  metal  ions  t o  form Na-=Te-q an a l k a l i  metal 

organo t e l l u r i d e ,  i n  which R was e i t h e r  an i s o p r o p y l ,  o c t y l ,  phenyl, 
7 

pen ty l  , (o the rs$ )  

and; 

b )  r e a c t i n g  t h e  Na-123mTe-R w i th  a pr imary  halogenated organic 

and Ra' was 
lo( 416 

compound Ra'-X i n  which X was e i t h e r  Br,  

e i t h e r  ( s t e r o i d a l  s ide  chain groups) 

l b a 4  
or k r o u p s  hydro lyzeab le  t o  an a l k y l  amino a c i d  group) 

L - 0  c 

THAT i n  t h e  p repara t i on  of t he  above-listedh123mTe-1abelled 

biochemicals,  t h e  symnetr ic d io rgano d i t e l l u r i d e s ,  R 2 w e Z  were 

prepared by r e a c t i n g  Na2-e~ w i t h  a halogenated organ ic  com- 

pound R-X where X was , 

- 2 -  



THAT i n  t h e  p r e p a r a t i o n  of sa id  123nTe-3-beta-hydroxy-24-nor-23- 

( i sop ropy l  t e l  l u r o ! - 5 - a l ~ h a - c h o l a n e ,  t h e  p r imary  halogenated o r g a n i c  

compound Ra'-X was 3-beta-acetoxy-24-nor-23-bromo-5-al pha-chol ane and 

was reac ted  w i t h  123mTe-sodium i sop ropy l  t e l  l u r o l  under bas i c  con- 

d i t i o n s  prov ided by -t 

evidenced i n  t h e  a t tached  e x h i b i  

THAT i n  t h e  p repdra t i ons  of the f o l l o w i n g  1 2 3 q e - l a b e l e d  amino 

acids, R-123mTe-CH2-Rt C P ' * Y ~ ( I J ~  4 4  ocy tall- +'a?* 4 c L -  
0-34 -43  

' f 0  I l L r r  / 

were c a r r i e d  ou t  by r e a c t i n g  t h e  f o l l o w i n g  Na-123mTe-R compounds 

w i t h  a p r imary  halogenated o rgan ic  compound Re'-X, Re' be ing  a hydan- 

t o i n  group o r  a 5 - a l k y l  hydan to in  group t o  fo rm t h e  produc ts  

which were hydro lyzed under bas i c  c o n d i t i o n s  by ( d e s c r i b e  b r i e f l y  

was done.) 

t o  form the  f o l l o w i n g  123mTe-label led amino ac ids  

THAT t h e  p repara t i on  o f  t h e  above-described compounds i s  ev ide-c re  

by  the  f o l l o w i n g  documents which were prepared by me o r  a t  my d i r e c : * v  

p r i o r  t o  June 1, 1978. ( I  b e l i e v e  I have s u f f i c i e n t  documents at tdchec 

t o  show how a l l  t h e  compounds were prepared. If poss ib le ,  cou ld  YOU 

see i f  you have any records  such as l e t t e r s  t o  j o u r n a l s ,  etc.  which 

subs tan t i a te  t h e  da te  t h e  a r t i c l e s  wer prepared. 

documents, p lease desc r ibe  them b r i e f l y . )  

I f  you have any 5 , ; .  

- 3 -  
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E x h i b i t  A was prepared p r i o r  t o  June 1, 1978 a s  evidenced by 
4 - P - L  
fl 'XfC-LL.  which i s  &bd p r i o r  t o  June 1 ,  1978 

e. 
L&LJJ r3 U C b  W P  -3 b l , ( 4 7 6 1 )  

w-&u.-D 3sq iA C 4 d O h e Q p  I? d U &  

THAT, on May 25, 1978, a d r a f t  o f  t h e  a b o v e - i d e n t i f i e d  patent 
E g L t b 4  F b  

appl ication,was typed and t h e r e a f t e r  forwarded t o  me f o r  review; - 
THAT w i t h i n  about 24-Q days d u r i n g  which I a l s o  c a r r i e d  on my 

normal d u t i e s  assoc ia ted  w i t h  my p o s i t i o n  of 

a t  t h e  Nuc lear  Medicine Technology Group 

a t  t h e  Oak Ridge Na t iona l  Labora tory ,  I reviewed t h e  d r a f t  a p p l i c a t i o n  

and made ex tens i ve  c o r r e c t i o n s  as i n d i c a t e d  by the  a t tached e x h i b i t  E; 

THAT, a f t e r  my review, my a t to rney ,  Mr. A l l e n  U z z e l l ,  incorpora ted  

my c o r r e c t i o n s  and r e v i s i o n s  i n t o  t h e  a p p l i c a t i o n ,  had it retyped, and 

I read and executed t h e  a p p l i c a t i o n  as f i l e d  on June 23, 1978; 

THAT t h e  executed a p p l i c a t i o n  was forwarded t o  t h e  Department of 

Energy Headquarters on June 23, 1978 as i n d i c a t e d  by t h e  at tached 

E x h i b i t  4;  
4 H  

IO11 I 8 3  
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