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NUCLEAR M E D I C I l l E  TECHiJOLOGY - P R O G R E S S  .REPORT.  
FQR . QUARTER . . .  E N D ~ N G  JUNE : 3 ~ ,  -1 977; . . 

SUMMARY 

Formation of the Nuclear Medicine Technology Group within the 

new.Health and Safety ~esearca Division is announced. progress 

is, reported for .the applications of llc, 195m~t, . 3 3 ~ ,  and 123m~e. 

Of note in this report is the progress in the microscale synthesis 

of .cis di~hlorodiammine-~~~~~t (11) , a direct exchange method for 
labeling POC13 with 3 3 ~ ,  and the shccessful synthe~is .of a 

123m~e-iabeled amino acid, .DL-a-amino-y-(phenyl telluro ethyl) 

butyric acid. 

In April.1977 the.Health and Safety Research Division was.created from com- 

ponents of the former Health Physics Division, the.,Environmental Sciences 

Division, and the.0perations Division. The new Division has'..been.organized 

into four sections,: Biological and Radiation Physics, Chemical,Physics, 

Technology Assessments, and Biomedical Effects and Instrumentation under 
, . 

which this activity is .organized as Nuclear Medicine Technology. It includes 

the forme.r, Biomedical Radioisotopes Program from the Operations Division and 

the Image,Enhancement and.Medica1 Instrumentation Programs from the,former 

Medical Physics and.Internal,Dosimetry Section of Hea1th.Physi.c~. The 

other groups in.the Biomedical Effects and Instrumentation Section are:. 

Metabolism and Dosimetry, Health Effects and Epidemiology, and Monitoring 

Technology.and Instrumentation. 

This report series is the successor to the Biomedical~Radioisotope Program 

reports and will. henceforth cqver the activities in me,dical ingtrunentatio?. 



CARBON- 1 1 

T. A .  Butler 

After.  a  p r o t r a c t e d  :shutdown .of t h e  cyc lo t ron  f o r  r e p a i r s ,  a  .proton beam. 

was achieved i n  t h e  l a t t e r  p a r t  o f  , t h i s  q u a r t e r  and the ,  s y n t h e s i s  and 

c l i n i c a l  t e s t i n g  of . l l c - l abe l ed  compounds a s  .tumor l o c a l i z a t i o n  agents  

i n  c o l l a b o r a t i o n  wi th  Oak Ridge Associated U n i v e r s i t i e s  (ORAU) were 

resumed. 

Two human p a t i e n t :  scans  were made wi th  ll~-~-sminocyclogentane~arb~xyiic 

a c i d  ( l l c - ~ c p c )  and one was made wi th  l l ~ - ~ ~ - v a l i n e .  One p repa ra t ion  of 

l l ~ - ~ ~ - t r y p t o p h a n  was ,made f o r  q u a l i t y  assurance t e s t i n g  i n .  p repa ra t ion  

f o r  human c l i n i c a l  use.  The p a t i e n t  scans  were made a t  ORAU - u s i n g  t h e  , 

r e c e n t l y  i n s t a l l e d  p o s i t r o n  tomographic~ins t rument  (ECAT). These tomo- 

g raph ic . s cans  were t h e  - f i r s t  ob ta ined  a t  ORAU wi th  l lc - labe led  compounds, 

and they  a r e  be ing  eva lua t ed  t o  determine what info.rmat ion  ,advantage t h i s  

new technique o f f e . r s  over  convent ional  scanning methods. 

In. p repa ra t ion  f o r  t h e  -product ion  .,of Ic-labeled glucose f i r  radiopharma- 

c e u t i c a l  use,  t h e  uptake o f  l l c  i n  a  l i g h t - s t a r v e d  s w i s . s  chard l e a f  was . 

measured. A mixture  of 1 1 ~ ~ - 1 1 ~ U 2  of undetermined composit,ion.,was exposed 

t o  t h e  l e a f  i l l umina ted  by l i g h t ,  from a  f l u o r e s c e n t  tube.  Approximately 

350 m C i  o f  l l c  was incorpora ted  i n  t h e  l e a f  dur ing  a  10-min exposure t o  t h e  

l l c  gas ,mixture i n i t i a l l y  conta in ing  25UU m C i  of lice This  q u a l i t a t i v e  

experiment confirmed t h e  s u i t a b i l i t y  of t h e  appara tus  and technique f o r  

t h e  proposed syn thes i ?  of l ~ - ~ l u c o s e .  

P l ans  f o r  t h e  next  q u a r t e r  i nc lude  a c c e l e r a t e d . c l i n i c a 1  .eva lua t ion  o f .  

1 1 ~ - ~ ~ ~ ~  and 'fc-DL-valine f o r  tumor l o c a l i z a t i o n ,  f i r s t  human scans  wi th  . 

l l ~ - ~ ~ - t r y p t o p h a n , '  and p r e c l i n i c a l  animql s t u d i e s  wi th  l l ~ - g l u c o s e .  



PLATINUM-1 95m 

J. .. D; Hoeschele ,and T. A .  B u t l e r  

A s  p a r t  of t h e  cont inuing  medical coopera t ive  program t o  s tudy  ant i tumor 

compounds, one shipment each of 1 9 5 m ~ t ~ l a b e l e d  hexach lo rop la t in i c  a c i d ,  

H2PtC16, and 1 9 5 m ~ t t l a b e l e d  cis [P t  (MI3) 2C12 I , c i s - D D P ,  was made t o  t h e  

Univers i ty  of Southern C a l i f o r n i a ,  and one shipment of lg5mPt-labeled 

[Pt(trans-R-DAC) malonate] was made t o  Mary Hitchcock Memorial Hosp i t a l .  

Each of  t h e  above 1 9 5 m ~ t - l a b e l e d  compounds and, i n  a d d i t i o n ,  195m~t-  

labe led  trans-DDP were suppl ied  t o  t h e  ORNL Biology Divis ion  f o r  DNA 

b inding  s t u d i e s .  A c o l l a b o r a t i v e  e f f o r t  wi th  ORAU has  been i n i t i a t e d  

f o r  t h e  purpose of i n v e s t i g a t i n g  t h e  s u b c e l l u l a r  d i s t r i b u t i o n  of cis-DDP. 

In  a d d i t i o n  t o  medical . coopera t ive  a c t i v i t i e s ,  reqearch e f f o r t s  have 

centered  on ( a )  t h e  opt imiza t ion  o j  t h e  microsca le  s y n t h e s i s  of 195m~t-  

l a b e l e d  cis-DDP, and (b) micros c a l e  syntheses  and animal d i s t r i b u t i o n  

s t u d i e s  of . o t h e r  key P t ( I 1 )  compounds which ,100m.a~ p o t e n t i a l  second 

genera t ion  drugs o r  which may ,be u s e f u l  i n  ,gaining i n s i g h t  i n t o  t h e  

mechanism of a c t i o n  and t h e  . s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  of ,  plat inum 

ant i tumor drugs.  

Micros c a l e  Synthes is  of.  c i s - [ P t  (MI3) 2C12] (cis-DDP) 

Optimizat ion of t h e  micro,scale syn theg i s  of ,  1 9 5 m ~ t  is  nea r ing  completion. 

Completion was. ,ant ic ipat ,ed t h i s  q u a r t e r ,  bu t  t h e r e  a r e  a  few remaining 

experiments needed t o  f i n a l i z e  t h i s  . s y n t h e s i s .  Emphasis ,during t h i s  . 

q u a r t e r  h a s ,  focused on (a) i d e n t i f y i n g  and q u a n t i t a t i n g  ste.pwise l o s s e s ,  

(b) i nc reas ing  t h e .  o v e r a l l  y i e l d s ,  (c) e s t a b l i s h i n g  the chemical p u r i t y  

of t h e  .product by spec t roscop ic  .and chromatographic techniques ,  and (d) 

demonstrat ing the. f e a s i b i l i t y  .of  s y n t h e s i s  on, a  50-pmole s c a l e .  

The. p re sen t  microsynthesis .scheme f o r  1 9 5 m ~ t - c i s - ~ ~ ~  is i l l u s t r a t e d  , i n  

Fig. 1 below ,and a  .summary of t h e  + d e t a i l s  of ,  s y n t h e s i s  ( s c a l e ,  y i e l d s ,  



l o s s e s  .and p u r i t y )  a p p e a r s  i n  Tab le  1, Refe rence  w i l l  b e  made t o  t h i s  

m a t e r i a l  i n .  the , s e c t i o n s  .which f o l l o w .  , 

Approximate 

A 
Losses,  % 

1. P t  + aqua r e g i a  .+ H2PtC16 

2. HiPtC16 + 2NaC1 dryness A > Na2PtC16 + 2HCl t 1 
<O .5 - 

5-100C 854C > 2NapP.tCly + N2 + 6HC1 3 .  2Na2PtC16 + N2H4-2Hc1 7; - 5 min. 

4.  Na2PtC11, + K I  > K2PtT4 + 7.NaCL + 2KC1 1.5-20 xs,, ambf eng temp 

A > 6 .  c i 8 3 ? t  (MI3) 212 + 2AgN03 5 0 - 6 0 0 ~  

5-10 min 

cis-[Pt (NH 3) 2 (H20) 2 1 2+, 2 ~ 0 ~ -  + . 2 ~ g i  f 

8. P u r i f i c a t i o n  by r e c r y s t a l l i z a t i o n  ~(O.1,N HC1.or  0.15.M NaC1) / 

. Fig. 1, M i c r o s c a l e  s y n t h e s i s  o f  C$B-[P~  (NH3) 2 ~ 1 2 1 .  



Table 1. - Experimental 1 9 5 m ~ t - c i s - [ ~ t  ( N H ~ )  2 ~ 1 2 1  syntheses  

Experiment .number 
11 10  8 6 

1. Sca le ,  mmoles P t  0. 015a 0 . 0 8 4 4 ~  0.242 0.120 

2. Volumes, m l :  . . 

Na2PtClq s o l u t i o n  ( a f t e r  reduct ion)  0.5 ? 1.0 0.4 

3. Yields ,  percent :  

c i s - [ ~ t  ( N H ~ ) ~  (H20)2] 2+ (Step 6) 

cis-DDP ' (pu r i f i ed )  

4. Losses,  percent :  

Formation, c i s -P t  (NH3) 212 . (Steps 3-5) 33e 20.3 1 5  :8 16 

Conversion, c i s - P t ( ~ H ~ ) ~ I ~  +- cis-DDP 
( s t e p s  6-8) 15  8 12  

5:. A c c o u n t a b i l i t y ,  percent : .  - 100 + 2 - 100 ? 2 

6. P u r i t y :  

Absorbance ratio:. . 
300 nm 

(246 nm] 
chromatographic homcgeneity: 

Number of s p o t s ,  (Rf va lue)  

Percent  a t  , o r i g i n  

a S t a b l e  P t  added. e I n c o r r e c t  s t o i c h i o n e t r y  accounts  f o r  abnormally h igh  

b ~ h y s i o l o g i c a l  s a l i n e ,  E 5 ' ~ .  ion.  
C 

0.1  h HC1 a t  95OC. ' ~eco rded  on Beckman DB. Ra t ios  of 4.5 a r e  observed 
f o r  pure compounds us ing  a Cary ins t rument ,  bu t  only 

d ~ a s e d  on p o r t i o n  of product.  $4.2 us ing  a Beckman DB. 



Yie lds  ,of cis-DDP , prev ious ly  . i n  . t he .  range o f .  40-60%, have been increased  

t o  ~ 7 2 %  (average of  . f o u r  . r e c e n t  . syn theses ) ,  The .improvement i n  y i e l d  is 

p r i n c i p a l l y  t h e  r e s u l t  o f :  (a)  maximizing t h e  concent ra t ions  of Pt(1V) 

and P t ( I 1 )  (>0.24 - M) employed i n  s t e p s  3 and 4, r e s p e c t i v e l y ,  and (b) 

gene ra l  minimizing of  s o l u t i o n  volumes i n  a l l  .subsequent . s t e p s  , p a r t i c u -  

l a r l y  i n  t h e  washing and r e c r y s t a l l i z a t i o n  opera t ions .  

Identification/qqantitation of s tepwise  losses. .  Average s tepwise  l o s s e s  

a te  l i s t , e d  . i n  Fig,. 1 and s tepwise  l o s s e s  f o r  t h e  four  i n d i v i d u a l  exper i -  

ments .  a r e  l i s t e d  i n  Table 1. (Hot-cell  p rocess ing  l o s s e s  a r e  no t  included,  

i n  t h e  l o s s e s  ;considered he re . )  Minor l o s s e s  (<0.5%) - a r e  i ncu r red  i n  t h e  

removal of  . r e s i d u a l  .NO3-, in t roduced  on d i s s o l u t i o n  of plat inum i n -  aqua , 

r e g i a ,  and i n  t h e  subsequent  t r a n s f e r  .of Na2PtC16 s o l u t i o n  (0.5-1.,0 ml). 

t o  screw-capped 15-ml .cent r i fuge  tubes  i n  which a l l  s y n t h e t i c / p u r i f i c a t j o n  

s t e p s  , a r e  performed. P r e s e n t l y ,  s t e p s  .3-5 account c o l l e c t i v e l y  f o r  a s  

much a s  15-20% l o s s ;  however, i t  appears  c e r t a i n  . t h a t .  t h e  major i ty  of t h i s  

l o s s  occurs  i n  s t e p  4. Quan t i t a t i on  of t h e . e x t e n t  of , reduct ion ( s t e p  3) 

by abso rp t ion  spectropho tometry w i l l  p inpoin t  t h e  h igh  l o s s  . s t ep .  Opti-  

miza t ion  o f .  t h i s , s t e p  w i l l  complete t h e  work planned f o r  1 9 5 m ~ t - l a b e l e d  

&.a-DDP. Conversion of c i ~ - P t ( N H ~ ) ~ 1 i  t o  pure cis-DDP ( s t e p s  6-8). 

involves  Q1U-lb;io l o s s ,  113 of which r e s u l t s  from washing and r e c r y s t a l l i - ,  

z a t ion .  Minimizin,g l o s s e s .  i n  t h i s  , p a r t  of , t h e  s y n t h e s i s  is  c r i t i c a l l y  

dependent upon minimizing s o l u t i o n  volumes . The i n t r i n s i c  so,lub i l i t y  of 

~$8-DDP i n  . O . l  N c h l o r i d e  , . ion media , c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h e  

1oss;es i ncu r red  dur ing  washing and/or  r e c r y s t a l l i z a t i o n .  . Appreciable  

r educ t ion  i n  l o s s  a t  t h i s . s t a g e  might be , poss ib l e  i f  t h e  conversion of 

c i i -  [ ~ t  ( N H ~ ) ~ ( H ~ o )  2]2t t o  cis-DDP ( s t e p s  7 and 8) is  c a r r i e d  out . . in  

p h y s i o l o g i c a l  s a l ine ,  and , t h e  r e s u l t a n t  s a l i n e  s o l u t i o n  i s  passed through 

( o r  contac ted  wi th)  a  mixed-bed r e s i n  i n . t h e  NaCl form. This  procedure 

could e l i m i n a t e  both  t h e  washing a n d , r e c r y s t a l l i z a t i o n  s t e p s .  

F e a s i b i l i t y  of 50-pmole s y n t h e s i s  s c a l e .  The f e a s i b i 1 , i t y  of syn thes i z ing  

cia-DDP a t  t h e  50 pmole s c a l e  has  been demonstrated ( c f .  Table 1, Synthesis 



No, 11) .  Both y i e l d  (68%) and p u r i t y  of m a t e r i a l  a r e  e x c e l l e n t .  . Conse-, 

quent ly ,  i t  .is e n t i r e l y  p o s s i b l e  t h a t  t h e  microsynthes i s  coyld be  reduced 

f u r t h e r  . t o  a  s c a l e  of '25 pmoles (or  l e s s ) ,  A t  t h i s  s c a l e  of s y n t h e s i s  

it, becomes p r a c t i c a l  t o  cons ider  i nco rpo ra t i ng  l 9  7 ~ t  (B, y-emit ter ,  T1 12 = 

20 h r )  i n t o  cis-DDP i+ orde r  t o  p repa re  a , h i g h  , s p e c i f i c - a c t i v i t y ,  product .  

The c a l c u l a t e d  s p e c i f i c  a c t i v i t y  of reactdr-produced . l g 7 P t  is cons iderab ly  

h ighe r  (100-200X) than  lgSmPt . (1:O mCi/mg P t )  . High s p e c i f i c - a c t i v i t y  

lg7Pt - labe led  cis-DDP could have p o t e n t i a l  u t i l i t y  i n  c l i n i c a l  pharmaco- 

dynamic s t u d i e g ,  t he rapeu t i c  s t u d i e s  ( rad io-  p l u s  chemotherapy), and s t u d i e s  

of t i s s u e  l o c a l i z a t i o n  (e. g . ,  in  kidney) , p a r t i c u l a r l y  f o r  e l e c t r o n  micros- 

copq! and .au torad iographic  (EM-ARG) techniques .  

P u r i t y  of 1 9 5 m ~ t - l a b e l e d  cis- [P t  (NH3) 2C12 1. Platinum-195m-labeled c i s - D D P  

meets t h e  w e l l  , de f ined  p u r i t y  c r i t e r i a '  e s t a b l i s h e d  f o r  s t a b l e  c&s-DDP. 

P repa ra t i ons  e x h i b i t , m a j o r  abso rp t ion  maxima a t  300 and 365 nm and an 

absorbance r a t i o  [ A s  - ) o f  4.2 f 1; (Absorbance r a t i o s  3 . 5  are observed 

f o r  pure, compounds us ing  a  Cary spectrophotometer  b u t . o n l y , ~ 4 . 2 . . o n  ou r  

Beckman .DB spectrophotometer . )  P u r i t y  eva lua t ions  .employing paper  .chroma- 

tography i n d i c a t e  t h a t  a . t y p i c a l  compound e x h i b i t s  a  s i n g l e  homogeneous 

spo t  wi th  an Rf va lue  of  0.33-0,36, u s ing  2-in. Whatman 3MM paper .  E luen t s  

used were 9 : l  acetone:X (X - H20, 1 M H C l ) . a t  21°C. Two pe rcen t  of t h e  

app l i ed  compound ($9 pg t o t a l )  remains a t  t h e  o r i g i n , f o r  t h e  9:l acetone:  

1 M HC1 mix ture ,  .whereas $6-8% remains when us ing  9  :1 acetone:H20. . . 

Microscale  ~ y n t h e q i s  of 195m~t-tr,ans- [P t  (NH3) 2 ~ 1 2 ]  (trrms'DDP) 

A microsca le  s y n t h e s i s  ('Xl.1 rnmole) of trans-DDP has  been developed f o r  

s t u d i e s  of t h e  mechanism of a c t i o n  of plat inum ant i tumor  drugs i n  con- 

j unc t ion  w i t h  t h e  OWL Biology Div is ion .  

Cis,- and trans-DDP are geomet r ica l  isomers of t h e  .composition [ P t  (NH3) 2C12] . 
Whereas c i s - D D P  e x h i b i t s  po t en t  an t i tumor  a c t i v i t y ,  trans-DDP e x h i b i t s  ,no 

an t i tumor  a c t i v i t y ,  ThTs d r a s t i c  d i f f e r e n c e  i n  b i o l o g i c a l  a c t i v i t y  f o r  

s t r u c t u r a l l y  s i m i l a r  compounds.has s t i m u l a t e d  comparative i n v e s t i g a t i o n s  



i n t o . t h e  b inding  o f . t h e s e  i somers .w i th  .DNA and precursor  s p e c i e s .  Trans-. 

DDP was syn thes i zed  f o r  u s e . i n  t h e s e  s t u d i e s .  The two s y n t h e s i s  schemes 

examined a r e  o u t l i n e d  below. 

Scheme A: 

(1) + NH40H(xs) [ P t  (NH3) 41 c12 + 2NaC1 

(2) [ P ~ ( N H ~ ) ~ I C ~ ~  + H C ~  ( 6  M) > t r ans - [P t  (,NH3)2C12] + 2NH4Cl 

Scheme B : 

(2) [ P t  (N'H3) C12  + HCl(6 M) r e f  l u x  
> t r a n ~ - [ P t ( N H ~ ) ~ C l ~ ]  + 2NH4C1 

Platinum-195m-labeled cis-DDP o r  Na2PtClq can be  used a s  s u i t a b l e  s t a r t i n g  

mater ia l s . .  Both a r e  prepared a s  descr ibed  above i n  . t h e  s y n t h e s i s  ,of 

1 9 5 m ~ t - c i s - ~ ~ ~ .  Both s y n t h e s i s  schemes have t h e i r  i n d i v i d u a l  .mer i t s .  Scheme 

B .is p r e f e r r e d  i f  c i s - D D P  is  .prepared a t  t h e  same t ime,  p a r t i c u l a r l y  s i n c e  

a p u r i f i e d  and assayed s t a r t i n g . m a t e r i a 1  would be a v a i l a b l e .  Yie lds  a r e ,  

h i g h  i n  both  schemes and q u a n t i t a t i v e  . in:' .the .case .of B .' . 

Microsyilthesis of  cis-trans- [P t  (NE13) 2C12 (OH) 21 

A mic rosca l e  s y n t h e s i s  o f  ' 5 m ~ t - l a b e l e d  c i s - t ~ a n s -  [ P t  (NH3) 2 C 1 2  (OH) 2 ]  was 

developed f o r  in-h0us.e up take -d i s t r i bu t ion  s t u d i e s  and t e s t i n g  of t h e  

premise t h a t  t h i s  compound may d e r i v e  i t s  ant i tumor a c t i v i t y  by v i r t u e  of 

a s t e r e o - s p e c i f i c  r educ t ion  i n  vivo t o  a c t i v e  cia-DDP. The d i s t r i b u t i o n  

d a t a  w i l l  b e  presented  i n  t h e  next  progress  r e p o r t .  

This  compound can be considered t o  b e . t h e  pa ren t  of a . f a m i l y  of Pt(1V) 

an t i tumor  drugs having t h e  gene ra l  formula c i s - t r ans -  lPtA2C12 (OH) 21 

(A = NH3, amines) . These compounds a r e  s u f f i c i e n t l y  s o l u b l e  t o  ,be  admin- 

i s t e r e d  in t r avenous ly ,  e x h i b i t  reasonable t h e r a p e u t i c  i n d i c e s  (5-12), 



and appear  t o  o f f e r  some.promise a s  c l i n i c a l  a l t e r n a t i v e s  t o  c i s - D D P ,  

, p a r t i c u l a r l y  . . the ana logs  A = NHg, isopropylamine, .and cyclopentylamine,  

The microsca le  s y n t h e s i a  was..,,adapted from t h a t  r epo r t ed  fo.r t h e  ana log  

[P t  en  C12(0H) 2]. The s y n t h e s i s  scheme is a s  , fol lows:  

OH. 

1. 1 mil l i l i ter  of 30% H202 .p lu s  a small .volurqe o f  ,water (%0.5 m l )  was 

added t o  s q l i d  ..I9 5 m ~ t - ~ < s - ~ ~ ~  (12.3 mg) and the? t h e  .mix ture  was 

warmed. The.  s l u r r y  g radua l ly  t r a n s f  ormed 5nto  a  c l e a r  .pa le  ;yel low 

s o l u t i o n ,  and n o . c r y s t a l l i z a t i o n  o f  p roduct .occur red .  on cool ing  t o  

Q°C. 

2 ,  37.6 mg s t a b l e  cia-DDP was added p l u s  a d d i t i o n a l  .H202 (30%) , and 

t h e .  s l u r r y  was warmed. Cis-tram. [P t  (,NH3) 2C12(0~)  21 began . . to 

c r y s t a l l i z e ,  ou t  : soon.  a f t e r  t h e  s t a b l e  As-DDP d i s so lved .  

3. The product  :was washed, t w i c e  w i t h  wa te r .  

The i n e r t  atmosphere . glove box .is now ope ra t i ona l .  Although t h e  , a u x i l i a r y  

cool ing  f o r  removal.of ; furnace h e a t  from t h e  s y n t h e s i s  of  l a b e l e d  3 3 ~ ~ 1 3  

has n o t . y e t  been i n s t a l l e d ; ,  t h e  ,box can be .u sed ,  f o r  the hand l ing  of  

oxygen-sensi t ive and/or  r a d i o a c t i v e  compounds.. 

E f f o r t s  . t o  . opt imize  t h e  microsca le  syn thes i s .  of  3 ~ - l a b e l e d  cyclophos- 

phamide cont inued du r ing  t h i s  q u a r t e r .  The . l abe l ed  a l k y l a t i n g  agent  w i l l  

b e , t e s t e d  f o r  s y n e r g i s t i c , r a d i o t o x i c  and c y t o t o x i c  a c t i v i t y .  I n i t i a l  

syn theses  of l a b e l e d  compound . r e s u l t e d  , i n  very low r ad iochen~ lca l  aiid 



chemical y i e l d s  (<5%). Major l o s s e s  i n  radiochemical y i e l d  occurred 

dur ing  i n i t i a l  i n c o r p o r a t i o n  o f  - t h e  3 3 ~ - l a b e l  from 3 ~ 0 ~ 1 3 .  Losses i n  

chemical y i e l d  occurred  dur ing  t h e  l a s t  . s t a g e  of t h e  s y n t h e s i s  i n  t h e  

react . ion o f  bis  (2-chloroethyl)phosphoramide d i c h l o r i d e  wi th  3-amino-l- 

propanol i n  t h e  presence  of , t r i e t h y l a m i n e .  The choice of r e a c t i o n  so lven t  

was found t o  be impor tan t  dur ing  t h e  l a s t  s t e p  o f , t h i s  r eac t ion .  The use  

of  dichloromethane r e s u l t e d  , in a s i g n i f i c a n t  amount of t h e  bis (2-chlorqethyl) - 
amine be ing  produced, i n d i c a t i n g  t h a t  a c i d  hydro lys i s  was occu r r ing  between 

t h e  phosphorus-r~itrogen.bond. 'L'his r e s u l t s  trom t h e  p a r t i a l  s o l v a t i o n  of 

th.e . t r i e t h y l a m i n e  hydrochlor ide  sal t  generated w i t h i n  t h e  . r e a c t i o n  s o l - .  

ven t .  S u b s t i t u t i n g  t h e  s o l v e n t  p-dioxane a l l e v i a t e s  t h i s  problem because 

t h e  t r , i e thylamine  s a l t s  formed w i l l  p r e c i p i t a t e  from s o l u t i o n .  The change 

of r e a c t i o n  s o l v e n t s  l e d  t o  t h e  dec i s ion  t o  i s o l a t e  and p u r i f y  t h e  i n t e r -  

mediate  .bis (2-chloroethyl)  phosphoramide d i c h l o r i d e  by chromatography 

procedures  d e s c r i b e d , p r e v i o u s l y  i n  o r d e r  t o  prevent  p o s s i b l e  s i d e  products  

from i n t e r f e r i n g  wi th  t h e  f i n a l  r e a c t i o n .  Fur ther  experimental  syntheses  

w i t h  unlabeled m a t e r i a l  by t h i s  approach have r e s u l t e d  i n  a . s i g n i f i c a n t  

improvement i n .  chemica l .  y i e l d s .  

Various techniques  were eva lua ted  f o r  t h e  s y n t h e s i s  of r ad io l abe led  , 3 3 ~ ~ ~ 1 3 .  

I n i t i a l l y  t h e  r e a c t i o n  of  PC15 wi th  P205 i n  an i n e r t  so lven t  appeared favor- 

a b l e ,  bu t  f u r t h e r  s t u d i e s  r e s u l t e d  i n  v a r i a b l e  chemical y i e l d s  w i t h  a ,  

maximum y i e l d , o f  30% (assayed by i n f r a r e d  spectrophotometry) .  Although t h i s  

procedure is  considered e n t i r e l y  f  e , a s ib l e  a s  a  method analogous t o  t h e  

s y s t h e e i s  o f  3 3 ~ ~ 1  v i a  a 3 3 ~ ~ 1 5  in te rmed ia t e ,  i t  was decided t o  t e s t  .methods 

f o r  t h e .  d i r e c t  conversion of l abe l ed  s t a r t i n g  m a t e r i a l  (aqueous H C J ~ ~ P O ~ + )  t o  . 

3 3 ~ ~ ~ 1 3  w i t h  a  .minimum of r e a c t i o n  s t e p s .  One such procedure eva lua t ed  

invo lved .  t h e  d i r e c t  i n t e r a c t i o n  ,of and H20 w i t h  PC15 t o  produce 

l a b e l e d  3 3 ~ ~ ~ 1 3  i n  c a r r i e r  POC13 by t h e  r eac t ions :  



The.experimenta1 ,procedure conqis ted  of t h e  fol lowing:  

a. Lyoph i l i za t i on  of an aqueous s o l u t i o n  ,conta in ing  c a r r i e r - f r e e  

p l u s  a known amount of H3P04 c a r r i e r  t o  a s m a l l  volume 

(Q6l ml). 

b e  Carefu l  a d d i t i o n  of PC15 (during an a l t e r n a t i n g  freeze-thaw cyc le  

of t h e  l y o p h i l i z e d  s o l u t i o n )  based on t h e  molar q u a n t i t y  of H3P04 

c a r r i e r  and t h e  Hz0 remaining a f t e r  l y o p h i l i z a t i o n . .  

c ,  Vacuum . d i s t i l l a t i o n  of  t h e  POC13. 

Experimental runs us ing  c a r r i e r - f r e e  wi thout  added c a r r i e r  H3P04 

r e s u l t e d  i n  ~ 1 %  incorpo ra t ion  of t h e  rad io labe l . ,  Addi t ion of c a r r i e r  

improved t h e .  radiochemical  y i e l d  s l i g h t l y  (5%). I n c r e a s i n g  t h e .  r e a c t i o n  , 

t i m e  from 4 ' t o  16 h r . a f t e r  a d d i t i o n  of t h e  c a l c u l a t e d  amount of  PC15 

f u r t h e r  improved y i e l d s  t o  ~ 3 1 % .  Poor radiochemical  y i e l d s  were mainly 

a t t r i b u t e d  t o  t h e  , r e l a t i v e  rates of r e a c t i o n  f o r  equa t ions  . ( l )  and (2)  

above. The s e l e c t i v e  h y d r o l y s i s  of ,PC15 (Eq. 2) appears  t o  b e  the. ,  

p r e f e r r e d  r e a c t i o n  which proceeds a t . a  much f a s t e r  r a t e ,  thereby  pro- 

ducing unlabeled POCL3 r a t h e r  than  t h e  . labeled product .  The,number of  

experimental  manipulat ions ( l y o p h i l i z a t i o n ,  a d d i t i o n  of PC15, and vacuum 

d i s t i l l a t i o n )  , however, was judged  t o  be  a s e r i o u s  d f s  advantage. 

A .more promising procedure t hus  . f a r  i s  a d i r e c t  exchange r e a c t i o n ,  This  

s y n t h e s i s  depends upon an apparen t  exchange of OH r a d i c a l s  i n  c a r r i e r -  

f r e e  H3P0i+ w i t h  CL atoms on t h e  POC13 c a r r i e r  v i a  an undetermined i n t e r -  

mediate  species . .  The c a r r i e r - £  tee ~3 3 ~ 0 4  i s  i n i t i a l l y  evapora ted  on . t h e  

i n t e r i o r  of  a g l a s s  ampul by vacuum d i s t i l l a t , i o n ,  A known q u a n t i t y  o f  

POC13 .is t r a n s f e r r e d  t o  t h e  ampul, and t h e  ,ampul i s  s e a l e d  under vacuum 

wi th  a t o r c h .  The g l a s s  a m p u 1 . i ~  t hen  p l a c e d , i n  a screw-top s t a i n l e s s  

steel cy l inde r  which is  hea ted  i n  an oven a t  .%120°C . fo r  4 days.  Upon 

be ing  opened, t h e  ampul is  p laced  i n t o  a s p e c i a l l y  designed appa ra tu s ,  

and t h e  POC13 i s  vacuum d i s t i l l e d  i n t o  an app rop r i a t e  r e c e i v e r  ampul. 

Experimental . r uns  s t a r t i n g  w i t h  500 pCi of c a r r i e r - f r e e  ~ 3 ~ ~ ~ 0 ~ .  and 167 mg 

of  PQClg have r e s u l t e d  i n .  75% l a b e l i n g  e f f i c i e n c y .  



Plans  , ,during t h e  forthcoming q u a r t e r  are t o  o p t i m i z e . a l 1  r e a c t i o n  con- 

d i t i o n s  t o  . improve radiochemical  , y i e l d s  i n ,  t h e  s y n t h e s i s  ..of 3 ~ - l a b e l e d  

POC1 and cyclophosphamide . 

TELLURIUM-1 23m 

F .  F .  Knapp and K .  R .  Ambrose 

S t u d i e s  were -con t inued  concerning t h e  e f f e c t - o f  s t r u c t u r a l  modi f ica t ions  

of  t e l l u r o  s t e r o i d s  on t h e  a b i l i t y  of r a t  ad rena l s  t o  concen t r a t e  t h e  

123m~e- l abe led  compounds i n  vivo.  One new t e l l u r o  s t e r o i d  has  been pre-: 

pared i n  which t h e  t e l l u r i u m  moiety is  p re sen t  i n  , a  shor tened  s idecha in  

(VI, Fig.  2 ) .  I n  t h i s  ana log  t h e  170-sidechain is  s h o r t e r  ( i . e . ,  170- 

i sop ropy l  t e l l u r o  methyl) compared t o  our  o r i g i n a l  123rn~e- labe led  ad rena l  

agent  ( I )  i n  which t h e  17B-sidechain is cons iderably  l a r g e r  (176-isopropyl 

t e l l u r o  i s o b u t y l ) .  This  new analog w a s  prepared by a r o u t e  analogous t o  

that used t o  prepare  3B-hydroxy-24-(isopropyl te1luro)-chol-3-ene (v).  
A commercial sample of e t i e n i c  a c i d  methyl e s t e r  (rnethyl-3B-hydroxy-176- 

carboxyl-androst-5-en-oate) was converted t o  t h e  corresponding 36-methyl 

e t h e r  which was then  reduced with a meral hydr ide  t o  y i e l d  3B-methoxy-17B- 

(hydroxy methyl)-androst-5-ene. Treatment w i t h  t r i p h e n y l  phosphonium d i -  

bromide genera ted  from t r i p h e n y l  phosphine and carbon te t rabromide  gave 

30-methoxy-170-ybromo ,methyl) -androst-5-ene which w a s  t h e  d e s i r e d  sub- 

strate f o r  couplin,g w i th  sodium i s o p r o p y l . ~ t e l l u r o l .  The l a t t e r  , r e a c t i o n  

was..conducted i n  t h e  u s u a l  manner t o  yield.36-hydroxy-176-(isopropyl. 

t e l l u r o  methyl) -andros t-5-ene (VI) which was p u r i f i e d  and f u l l y  character- '  

i z ed .  The, 123m~e- l abe led  analog was,  prepared by t h e  same methods. The 

r e s u l t s  of t i s s u e  d i s t r i b u t i o n  experiments and r e c t i l i n e a r , s c a n n i n g  s t u d i e s  

u s ing  123m~e- l abe led  (VI) a r e  d iscussed  below. . I n  , add i t i on ,  d i scuss ions  

o f . s k n i l a r  s t u d i e s  u s ing  s e v e r a l  of t h e  o t h e r . t e l l u r o  s t e r o i d  ana logs  

t h a $  were begun i n .  t h e  last Quar te r ly  Report a r e  completed below. 



Fig. 2 .  The structure of Several New Steroids Containing 
the Tellurium Heteroatoln i n  the C-17  Sidechain. 



3~-Hydroxy-24-nor-23-(octyl t e l l u r o )  -5a-cholane . (.111) 

T i s sue  d i s t r i b u t i o n  s t u d i e s  u s ing  123ye - l abe l ed  (111) i n d i c a t e d  t h a t .  

in t ravenous  admin i s t r a t  i o n  r e s u l t e d  i n  slow accumulationl of r a d i o a c t i v i t y  

i n  r a t  ad rena l s .  Seven .days a f t e r  i n j e c t i o n ,  . t h e  a d r e n a l / t i s s u e  r a t i o s  

were s i m i l a r  t o  r a t i o s  obta ined  one ,  day a f t e r .  admin i s t r a t i on  o f .  l2 3mTe- 

l a b e l e d  38-hydroxy-24-nor-23-(isopropyl t e l l u r o )  -5a-cholape . ( I )  . These 

r e s u l t s  were.  cor robora ted  by r e c t i l i n e a r  scans  .of -.rats i n j e c t e d .  w i th  : 

123m~e- labe led  (111) and i n d i c a t e  t h a t  t h i s  agent  would n o t  b e  e f f e c t i v e  

f o r  , e a r l y  ad rena l  , v i s u a l i z a t i o n .  

3B-Hydroxy-24-(isopropyl . telluilo) -eh.o-1-5-ene (V) 

The r e c t i l i n e a r  scans  of both male and female r a t s  fo l lowing  i n j e c t i o n  

of 123m~e- l abe led  (V) i n d i c a t e d  very r a p i d  ad rena l  concen t r a t ion  of 

r a d i o a c t i v i t y .  The, r e s u l t s  of t i s s u e  d i s t r i b u t i o n  experiments c o r r e l a t e d  

w e l l  w i th  t h e  r e c t i l i n e a r  scan  d a t a ,  i n d i c a t i n g  a h igh  concen t r a t ion  of 

r a d i o a c t i v i t y  i n  t h e  ad rena l s  and a l s o  t h e  ova r i e s  of  female r a t s .  S ince  

123m~e- labe led  ( I )  and (V) a r e  t h e  only two analogs we have found t h a t  

show a h igh  ad rena l  uptake,  a comparative s tudy  was performed t o  determine 

t h e  r e l a t i v e  ad rena l  uptake of  t h e s e  two agents  i n  both  male and female 

r a t s .  The r e s u l t s  of t h e s e  s t u d i e s  (Table 2) i n d i c a t e  t h a t  123m~e- l abe led  

(V) concen t r a t e s  somewhat b e t t e r  i n  r a t  adrena ls .  Because t h i s  analog is ' 

much less expensive t o  prepare  than  (I) t h e s e  d a t a  would sugges t  t h a t  

123m~e- labe led  (V) should be used f o r  ex t ens ive  s t u d i e s  i n  l a r g e r  animals 

(wide i n f r a ) .  



Table .  2. Adrenal/ t i s s u e  r a t i o s  of % .  dose/g :following 
ingravenous .admin ' is t rat ion .of t h e  123m~e- labe led  s t e r o i d s a  

Females Ma1 e s  

Compound L V I V 
. . 

Day 1 

Blood, 55 .7 .  63.7 49 .3 .  39.5 
L ive r  39 .O 36.3 34.1 19.8 
Ovaries 5.3 7 .O - - 
Kidneys 42.7 . 69.6 30.5 39, i9 
Lungs 24.7.  23.2 1 9 . 4 .  13.4 

Day 7 .  

Blood 129.7 182.5 59.4 125.8 
L ive r  127.5 133 .1  61.7 60.9 
Ovaries 9.4 6.7 - - 
~ i d n e ~ s  50.6 72.0 19.. 6 40.. 7 
Lungs . 141.1 . . 79.8 60.8 43.8 

, a ~ h e  d a t a  presented  f o r  each time per iod  a r e  the.mean from t h r e e  
animals.  ?he s tandard  dev ia t ions  were gene ra l ly  l e s s  . . than .  10% 
of t h e  mean,values.  

' .  
The. chemical s y n t h e s i s  ,of (VI) has  been descr ibed  e a r l i e r  i n  t h i s  re,port  . 
Tissue .  d i s t r i b u t i o n  experiments w i th  3 m ~ e - l a b e l e d  (VI). have, demonstrated 

a very low adrenal-.and ovar ian  up take .o f  r a d i o a c t i v i t y .  It i s . i n t e r e s t i n g  

t o  note ,  t h a t  seven days a f t e r  i n j e c t i o n  of t h e  l a b e l e d  . s t e r o i d  t h e .  

ma jo r i t y  of t h e  r a d i o a c t i v i t y  accumulated i n  t h e  ad ipose  t i s s u e .  In 

f a c t ,  a f t e r  seven days t h e  concent ra t ion  o f . r a d i o a c t i v i t y  i n  t h e  ad ipose  

was g r e a t e r  than  t h a t  i n  t h e  ad rena l s  and o v a r i e s .  It is  n o t  c l e a r  what 

t h e s e  r e s u l t s  mean, and they may sugges t  in vivo  i n s t a b i l i t y  of t h e  

l abe l ed  s t e r o i d .  The r e c t i l i n e a r  scan  d a t a  were s i m i l a r  t o  t h e  t i s s u e  

d i s t r i b u t i o n  r e s u l t s  and ind ica t ed  t h a t  t h e r e  was no t i s s u e - s p e c i f i c  

l o c a l i e a t i o n  of t h i s  analog. 

I n  summary, we ,have .now. e s s e n t i a l l y  completed our  pre l iminary  s t u d i e s  . 

involv ing  a new c l a s s  .o f  : .neutral  s t e r o i d s  l a b e l e d  i n  t h e  s i d e c h a i n . w i t h  

t h e  ' 2  3 m ~ e  nuc l ide  ( F i g  ,. 2) , These s t u d i e s  have .  def ined  c e r t a i n  s t r y c -  



t u r a l  f e a t u r e s  t h a t  determine t h e  a b i l i t y  of r a t  ad rena l s  t o  concen t r a t e  

t h e s e  subs tances  in v i v o .  A l t h o ~ ' ~ h  none of Chese analogs have been found 

t o  c o n c e n t r a t e  in r a t  ad rena l s  more e f f e c t i v e l y  than  (I) i t  has  been 

demonstrated t h a t  t h e  uptake of (V) is very s i m i l a r .  Using both 1 2 3 m ~ e -  

l a b e l e d  (I) and (V), c l e a r  images of both t h e  ad rena l  glands and t h e  

o v a r i e s  of r a t s  have been obta ined  us ing  both a  r e c t i l i n e a r  scanner  and 

an  RC t y p e  p r o p o r t i o n a l  counter .  More r e c e n t l y ,  t h e  ad rena l  glands of  

r a b b i t s  have s u c c e s s f u l l y  been-imaged us ing  a  r e c t i l i n e a r  scanner  and a  

gamma camera. I n . a d d i t i o n ,  t h e  t i s s u e  d i s f r f b u ~ i o n  of r a d i o a c ~ l v l ~ y  kl a 

dog fo l lowing  inj a c t i o n  of  l 2  3 m ~ e - i a b e l e d  (I) i n d i c a t e d  h igh  a d r e n a l l t i s s u e  

r a t i o s  a f t e r  n ine  days ( i . e . ,  a d r e n a l l l i v e r  r a t i o  = 29:l) .  I n  t h e  next  

q u a r t e r  we w i l l  cont inue  t h e s e  s t u d i e s  i n  dogs us ing  both 123m~e- l abe led  

(I) and (V), and we w i l l  a l s o  at tempt  t o  image dog ad rena l s  u s ing  s e v e r a l  

d i f f e r e n t  i n s t rumen ta l  techniques.  Our success  i n  imaging r a t  and r a b b i t  

a d r e n a l s  sugges t s  c l i n i c a l  t r i a l s  i n  humans and, t h e r e f o r e ,  animal t o x i c i t y  

s t u d i e s  should be  undertaken. The 123m~e- i abe led  (V) appears  t o  concen t r a t e  

marg ina l ly  b e t t e r  than  ( I )  in rat ad rena l s  (Table 2 ) ,  and more impor tan t ly ,  

i t  is prepared from a less expensive s t e r o i d  s u b s t r a t e .  Consequently,  a  

l a rge - sca l e  . s y n t h e s i s  of (V) was r e c e n t l y  i n i t i a t r d  t o r  t o x i c i t y  T ~ S K S  i n .  

l a b o r a t o r y  animals .  Its g ros s  t o x i c i t y  w i l l  be  determined i n  t e s t  animals ,  

and a l s o ,  h i s t o p a t h o l o g i c a l  examination w i l 1 , b e  conducted us ing  t h e  ad rena l  

g l ands . and  o t h e r  organs i s o l a t e d  from animals r r e a r e d . w i t h . l a r g e  duses o f . , [ V ) ,  

TeLlurium-i23m-Labeled Amino Acids ,as P o t e n t i a l  
P a n c r e a t i c  Imaging Agents 

Cons iderable  . e f f o r t  , h a s  been devoted toward developing t echn iques .  f o r  t h e  

chemical s y n t h e s i s  of  123m~e- i abe led  amino .acids .  Telli iro amino a c i d s  have 

n o t  been p rev ious ly  prepared and t h e s e  compounds a r e  of i n t e r e s t  a s . p o t e n -  

t i a l  p a n c r e a t i c  imaging agents .  The e a r l y  d iagnos is  of p a n c r e a t i t i s  and 

p a n c r e a t i c  carcinoma is a common. c l i n i c a l  ,problem. . The use  of . 7 5 ~ e - l a b e l e d  

selenomethionine (V.b., Fig. 3) . w a s  o r i g i n a l l y  developed because of t h e  

b i o l o g i c a l .  importance of .methionine and t h e  a v a i l a b i l i t y  of t h e  gamma- 

e m i t t i n g  7 5 ~ e  nuc l ide .  Furthermore, 7 5 ~ e  was . r e a d i l y  incorpora ted  i n t o  
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11. Homoserine 

V. a. x = S, R = CH3 
b. x = Se, R = CH3 
C. x = Te, R = CH3 
d. x = Te, R = CgHg 
e. X = 123m~e, R = C6H6 

Fig. 3:   he Synthesis of Telluro Amino Acids. 



selenomethionine by b o t h  microbio logica l  and chemical methods. Seleno- 

methionine (V.b .) behaves s i m i l a r l y  t o  methionine (V.a.) i n  vivo and is 

concent ra ted  i n  a number of animal s p e c i e s  by t h e  pancreas and o t h e r  

t i s s u e s  t h a t  a r e  involved  i n .  a c t i v e  p r o t e i n  s y n t h e s i s .  The .mu l t ip l e  

high-energy gamma emiss ions  o f .  7 5 ~ e ,  however, r e s u l t  i n  poor images. wi th  

an unnecessary: r a d i a t i o n  dose t o  t h e .  p a t i e n t .  . To a l l e v i a t e  t h e s e  .-dis- 

advantages . t he ,  use o f  3 q e - l a b e l e d  t e l l u rome th ion ine  (V .e .) has  .been 

sugges ted  a s  a s u p e r i o r  a l t e n i a t i v e  f o r  . p a n c r e a t i c  imaging. Attempts . t o  

p repa re  123m~e- l abe led  te l lurometh ionine  by microbio logica l  techniques 

have been unsuccessfu l .  Our s u c c e s s f u l  experience. wi th  t h e  p repa ra t ion  

of t h e  1 2 3 m ~ ~ - 1 a b e l e d  s t er~ ids  prompted f u r t h e r  exp lo ra t ion  of  t h e  syn- 

theoio of t e l . h i ~ r n  amino ac ida .  

Our , f i r s t  a t  tempts t o  prepare  t e l l u r o  amino ac ids ,  by methods involv ing  

t h e  i n t r o d u c t i o n  o f ! t h e  benzyl  t e l l u r o  moiety were unsuccessful .  The 

f a i l u r e  is due p r i m a r i l y  t o  t he . ex t r eme  i n s t a b i l i t y  of . d i b e n z y l . , d i t e l l u r i d e .  

I n  a d d i t i o n ,  t h e  benzyl  :methylene carbon-tel lur ium bond i s  uns t ab le  even 

i n  s imple benzyl  a l k y l  t e l l u r i d e s .  These p r o p e r t i e s  p rec lude  t h e  prepa- 

r a t i o n  oi , the,  rrequisice bmzyP L e l l u ~ , ~  i ~ i t e r n ~ c d i a t c s  which O Q ~ V Q  aE ~ u b -  

strates , f o r  t h e  du Vigneaud r educ t ion  and subsequent t ransformat ion  t o  

the d e s i r e d  m e t h y l t e l l u r o  products .  These combined f a c t s  d i c  tate.d .devis ing  

a n t a l t e r n a t i v e  s t r a t e g y .  Our e a r l y  . s t u d i e s  of f a c t o r s  . a f f e c t i n g  t h e  forma- 

t i o n  and s t a b i l i t y  of . d i t e l l u r i d e s  .and t e l l u r i d e s  proved t h a t  phenyl aky l  

tellurides a r e  much more s t a b l e  than  .simple d i a l k y l  t e l l u r i d e s  because 

of  . t h e  s t a b i l i z i n g  e f f e c t  .of  t h e  aromatic  r i n g .  Thu.s. a  scheme was ,,devia.ed 

for t h e  p repa ra t ion  0 f . a  r e p r e s e n t a t i v e  a-amino a c i d , c o n t a i n i n g  t h e  phenyl 

t e l l u r o  moiety (Fig. 3). The me,thod developed should .be of .general  app l i -  

c a b i l i t y  f o r  t h e  s y n t h e s i s  ,o f  a v a r i e t y  of . e e l l u r o  a a n o  acids. It@ 

success  . r e s u l t s  from s t r i c t l y  avoiding any a t tempts  .to f s o l a ~ e  t h e  t r l l u i u l  

i n t e rmed ia t e s .  Such in t e rmed ia t e s  ( I )  a r e  q u i t e  u s e f u l  s y n t h e t i c a l l y  when 

generated i n  situ, however, and a r e  formed by. r educ t ion  of . t h e  p r e c u r s o r ,  

d i t e l l u r i d e s  .under an i n e r t  .aemosphere. For Clie preparat. ion .of a model 

t e l l u r o  amino a c i d ,  diphenyl d i t e l l u r i d e  was reduced wi th  sodium .boro- 

hydr ide  i n  methanol under an argon.atmosphere.  The r e s u l t i n g  phenyl 

t q l l u r o l  was . then  coupled wi th  5-(bromqethy.1) hy,dantoin . (111). which w a s  



convenien t ly  prepared  by known meth.ods from DL-h.omoserine (11) . The.  reac- 

t i o n  r e s u l t e d  i n  a  h i g h  . y i e l d  of  5-(phenyl t e l l u r o  e thy l )  -hydantoin (IV. a , )  

This  unusual ly  s u b s t i t u t e d  h y d a n t 0 i n . i ~  s t a b l e  when .s tored  i n  t h e  dark a s  

a s o l i d  a t  4 'C.  It was . f u l l y  c h a r a c t e r i z e d  and e x h i b i t e d .  t h e  expected 

phys i ca l  and chemical p roper t ies . ,  Treatment o f , t h i s  hydantoin w i t h  1 N 

NaOH i n . a  t e f lon - l i ned  bomb a t . 160°Cresu l t ed  i n  hyd ro lys i s  t o  DL-a-amino- 

y-(phenyl t e l l u r o )  b u t y r i c  a c i d  (V.d,). Although some decomposition was 

de t ec t ed ,  t h e  product  was i s o l a t e d  i n  reasonable  yi.eld .and was , f u l l y  

charac,terized .by t h e  usua l  . . methods. The 123m~e- l abe l ed  amino- ,acid ,(V,e.) 

w a s  prepared from reactor-produced 1 2 3 m ~ e .  The microsca le  s y n t h e s i s  o f ,  

diphenyl  d i t e l l u r i d e  w a s  .accomplishe,d by r e a c t i o n  ,of t h e  1 2 3 m ~ e  wi th  

phenyl magnesium c h l o r i d e .  The 3mTe-labe,led d iphenyl  . d i t  e l l u r i d e  w a s  .. 

then . reduced ,  coupled, wi th  t he .hydan to in ,  and t h e , l a b e l e d  b u t y r i c  a c i d  

(V.e.) t hen  ob ta ined ,  by t h e  methods. described above. The p h y s i c a l  proper- 

t ies  of t h e  l a b e l e d  amino a c i d  were i n d e n t i c a l  . t o  t h o s e  determined f o r  , t h e  

unlabeled .+product,  and rad iochemica l ,  homegeneity w a s  e s t a b l i s h e d  chromato- v 

g r a p h i c a l l y .  The. t i s s u e  d i s t r i b u t i o n s . o f  t h e  l a b e l e d  amino a c i d  a r e  

p r e s e n t l y  under i n v e s t i g a t i o n  us ing  F i s c h e r  s t r a i n  r a t s .  

Using t h i s  same methodology we a r e  now a t t empt ing  t o  s y n t h e s i z e  t e l l u r o -  

methionine (V. c .)  . S p e c i a l  p r ecau t ions  must be  t aken  i n  t h i s  ca se  because 

of  t h e  h igh  v o l a t i l i t y  of .dimethyl d i t e l l u r i d e  and methyl t e l l u r o l  ( I  .b ,) . 
I n  a d d i t i o n ,  t h e  5-(methyl t e l l u r o - e t h y l )  hydantoin (1V.b.) must be  i s o l a t e d  

by a d i f f e r e n t  method from t h a t  used t o  i s o l a t e  5-(phenyl t e l l u r o  e t h y l )  

hydantoin (1V.a.).  Dimerhyl diee1luri.de has  been prepared by r e a c t i o n  of 

methyl i od ide  w i t h  sodium d i t e l l u r i d e .  Reduction of t h e  d i t e l l u r i d e  t o  

methyl t e l l u r o l  w i th  subsequent  coupl ing  w i t h  5-(bromo e t h y l )  hydantoin 

(111) then  gave (1V.b .), The 5-(methyl t e l l u r o  e t h y l )  hydanto in  h a s  been 

p u r i f i e d  and c h a r a c t e r i z e d ,  The b e s t  cond i t i ons  f o r  h y d r o l y s i s  o f c t h i s  , 

i n t e rmed ia t e  t o  te l lu rometh ione  (V.C.) must now b e  detennined.  

I n  summary, t h e  methodology has  now been developed f o r  t h e  p r e p a r a t i o n  

of t e l l u r o  amino a c i d s .  The f i r s t  such compound, DL-a-amino-y-(phenyl 

t e l l u r o  e t h y l )  b u t y r i c  a c i d ,  ha s  been prepared.  The s y n t h e s i s  is e a s i l y  

adapted t o  the  microeca le  and, p rovid iag  C11r r e q u i s i t e  ha lo -a lky l  



hydanto in  in t e rmed ia t e s  are a v a i l a b l e ,  t h e . p r e p a r a t i o n  of a . v a r f e t y  of 

t e l l u r o  amino a c i d s  is poss ib le6  

During t h e . n e x t . q u a r t e r  i t  is  a n t i c i p a t e d  t h a t  s e v e r a l  of t h e  r e q u i r e d .  

hydanto ins  w i l l  be . .prepared and t h e i r  coupl ing wi th  phenyl t e l l u r o l  and 

o t h e r  t e l l u r o l s  w i l l  be, s t u d i e d  i n  d e t a i l . , .  The t i s s u e  d i s t r i b u t i o n  o f . a n y  

new . t e l l u r o  amino a c i d s  prepared w i l l  b e  s t u d i e d  .by making t h e  1 2 3 m ~ e -  

l a b e l e d  analog. 

IMAGING AND INSTRUMENTATION 

P. X.. Bell ,  

The conversion of t h e  Oak Ridge Imaging System (ORIS) programs from t h e  

PDP-8 t o  t h e  PDP-11 language has begun us ing  a borrowed PDP-11 computer. 

S ince  incep t ion  of  ORIS, t h e  16-b i t  word has  become t h e  s t anda rd  i n  

n u c l e a r  medicine imaging systems. I n  o r d e r  t o  make our  developments 

a v a i l a b l e  f o r  c l i n i c a l  eva lua t ion ,  t h e  conversion t o  t h e  c l i n i c a l l y  used 

PDP-11 h a s  been undertaken. A cons iderable  p a r t  of t h e  ma t r ix  convolu- 

t i o n  program, which is used both f o r  a n t i s c a t t e r  and a n t i p e n e t r a t i o n  

c a l c u l a t i o n s  and f o r  t h e  two-dimensional polynomial l e a s t  squares  

smoothing and bounding, has  been t r a n s l a t e d .  The procurement of a f loppy 

d i s k  d r i v e  has made p o s s i b l e  acce l e ra t ed  progress  i n  adap t ing  t h e  O S / ~  

i ngu t /ou tpu t  methods t o  t h e  RT-11 monitor used wi th  t h e  PDP-11. A few of 

t h e  many undocumented procedures  necessary  f o r  succes s fu l  use of RT-11 

have been loca t ed .  

An RK8E d i s k  pack con ta in ing  an ORIS'system and source  f i l e s  has  been .pre- 

pared f o r  U r .  Uayid Schurr of t h e  Kaluer P r r u a n e n t c  n c d i e i l  Group a t  .. 

Oakland, C a l i f o r n i a ,  i n  response. t o  a r eques t  through t h e  Biomedical Compu- 

t i n g  Technology Information Center.  This  w i l l  provide a complete system, 

a f t e r  minor a d d i t i o n s  o r  modi f ica t ions  t o  s u i t . F h e i r ,  hardware. 

The succes s  of t h e  two-dimensional' l eas t - squares  ma t r ix  method f o r  d a t a .  

smoothing has encouraged us t o  begin development of a three-dimensional 



analagous.method, two-space.dimensions, and time f o r  smoothing and bounding 

of  dynamic.sequences. The d a t a  a r e  s o  , spa r se  i n  ,dynamic sequence t h a t  

every . e f f o r t  , is  .needed t o  improve t h e  r e l i a b i l i t y  of t h e  r e s u l t s .  The 

mat r ix  a r r a y  . w i l l  .have , 3 4 3  elements and t h u s .  t he ,  d i r e c t  method may, need 

speeding up by t h r e e  or thogonal  two-dimensional f i t . s .  

MISCELLANEOUS 

Two sh-ipments of 6 4 ~ u  were supp l i ed  t o  ORAU t o  s tudy  t h e  t i s s u e  d i s t r i -  

bu t ion  of high s p e c i f i c - a c t i v i t y  6 4 ~ u  c i t r a t e  and 6 4 ~ u  bleomycin i n  

tumored r a t s .  Copper-64 is  a p o s i t r o n  e m i t t e r  (19%) and may have p o t e n t i a l  

a s  a p o s i t r o n  tomographic agent  f o r  d e t e c t i o n  of cancer .  

Two shipments .o f  18F a s  ~ a l  8 ~ -  were -made t o  ORAU f o r  u se .  i n  animal ,  s t u d i e s  

us ing  t h e  ECAT scanner ,  

High s p e c i f i c - a c t i v i t y  141ceC13 was made by, t h e  ,nucle,ar r e a c t  ipn  

and p u r i f i e d  by HDEHP. so lven t  e x t r a c t i o n .  The p repa ra t ion  w i l l ,  b e  t e s t e d  

i n  a , coopera t ive  s tudy  wi th  D r .  Nathaniel- ,Revis  of t h e  Biology Divisi.on t o  

measure myocardial uptake i n  .connection wi th  i n f a r c t  a tudies. . , , in a r a t  

model. Cerium-141 w a s  chosen because of : i ts  imaging p r o p e r t i e s  . 
Nine, shipments ,of  4 . k  were made t h i s  q u a r t e r .  Four shipme*ts t q  Univers i ty  

of M i s s i s s i p p i  were used f o r  r ad io i so tope  imaging i n  . h e a r t  d i s e a s e  s t u d i e s  

i n  comparison w i t h  201~1; Three shipments t o  Brookhaven Nat iona l  Labo,ratory 

were used i n  t h e i r  s t u d i e s  of exchangeable, e l e c t r o l y t e s  i n  human s u b j e c t s .  

Two shipments t o  Ci ty  College of New York were used f o r  ,imaging s t u d i e s .  

V i s i t o r s  t h i s  per iod  inc lude  : D r .  John . Bevin, from .Proc tor  and .Gamble 

Maimi.Valley Laboratory,  t o  d i scuss  t h e i r  r e s u l t s  o n . t o x i c i t y  s t u d i e s  wi th  

3 3 ~ - l a b e l e d  EHDP; DF . Archie.  P r i s  tako, B r i s  t o 1  Labora to r i e s ,  t o  d i s c u s s  

the ,  a v a i l a b i l i t y  of 1 ? 5 m ~ t - l a b e l e d  compounds ; and D r .  Charles  Weew , a 



r e p r o d u c t i v e  endoc r ino log i s t  from the Divis ion  of Agr i cu l tu re  of Arizona 

S t a t e  Un ive r s i t y ,  who wanted t o  d i scuss  p o s s i b l e  r a d i o i s o t o p i c  imaging 

techniques  f o r  monitor ing changes i n  blood flow t o  o v a r i e s  a s  a func t ion  

of a d m i n i s t r a t i o n  of va r ious  pros tag landins .  D r .  P h i l i p  DeSimone and 

John B u t t s . o f r t h e  V; A. Hosp i t a l ,  Lexington, Kentucky, and D r .  Jack  Coupal, 

rad iopharmacis t ,  and Richard Yanzey, radiopharmacy graduate  s t u d e n t ,  from 

the ,  Un ive r s i t y  o f  Kentucky v i s i t e d  a long  with D r .  Stephen Krauss, Univer- 

sL ty  of Tennessee Memorial .Research Center  and Hosp i t a l ,  t o  d i scuss  . . p o s s i b l e  

c l i n i c a l  r e s e a r c h  wich p l a t  iriulu c l ~ e ~ l ~ o  therapy cempounda . D r .  Krauss i s  

a c t i v e l y  t e s t i n g  cis-DDP i n  human c l i n i c a 1 , t r i a l s .  The Kentucky group 
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~$CI-DJ)P. I 
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Meeting of  . t h e  S o c i e t y  of .-Nuclear Medicine i n  Chicago, June 20-23, where 

two papers  were p re sen ted  by t h e  Group. 
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