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SUMMARY 

A neL) adrenal cortex imaging agent, 6p-1311-iodomethyl-19-nor- 
cholest-5~10~-en-3B-o1 (NP-591 [I] was synthesized by the 
homallylic rearrangement of 19-iodocholesterol or directly from 
cholest-5-ene-3~,19-dio1-19-toluene-p-sulfonate via homoallylic 
rearrangement with the iodide ion as a nucleophile and subsequent 
exchange with NaI3'I. 
better than 19-iodocholesterol in the rat adrenal and is 
currently being evaluated as a possible diagnostic agent in man. 

NP-59 appears to concentrate 5 times 

INTRODUCTION 

Radioiodinated 19-iodocholesterol was first synthesized 

by Counsel1 et a1 (1). The immediate most stable precursor 

of 19-iodocholesterol is the 3-acetate-19-toluene-p-sulfonate 

analogue of cholesterol. Selective hydrolysis of the  acetate 

ester subsequently treated with sodium iodide in isopropanol 

yields 19-iodocholesterol. Radioiodination of 19-iodo- 

cholesterol has been accomplished by radionuclidic exchange 

with Na1251 or Na13'I in refluxing acetone. 

1311-19-Iodocholesterol has been demonstrated to be a 

useful adrenal cortical scanning agent in Cushing's disease, 

aldosterone producing tumors and localizing adrenal remnants 

associated with presistent or recurring Cushing's syndrome 

after "total" adrenalectomy ( 2 , 3 , 4 ) .  

0 1975 by John Wiley & Sons, Ltd. 
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During developmental research on 19-iodocholesterol, while 

this radiopharmaceutical was prepared for distribution, 

an "impurity" that was not iodide ion was noticed in the 

"cold" 19-iodocholesterol and also in the routine 250 mCi 

Na13'I exchange runs. 

of 19-iodocholesterol. While the major decomposition product 

of 19-iodocholesterol was the iodide ion, accelerated thermal 

decomposition studies indicated a two component curve not 

consistent with the iodide ion being the only impurity (5). 

The object of this study was to identify this "impurity", 

synthesize and evaluate it as a radiopharmaceutical. 

This "impurity" accounted for  10-25% 

EXPERIMENTAL 

I. Cholest-5-ene-3B,19-diol-19-toluene-p-sulfonate [A] : 

Prepared according to Counsel1 et a1 (1). 

11. 66-Iodomethyl-19-nor-cholest-5 (10) -en-3B-ol (NP-59) : 

A. From [A]: 

A solution of 2.5g of [A] and 2.25g of NaI in 50 ml 

absolute alcohol was refluxed f o r  4 hrs. under nitrogen 

The alcohol was evaporated under vacuo, the residue was 

extracted with ether ( 3  x 100 ml) and filtered. The 

combined ether extracts were washed with ( 3  x 50 ml) water, 

dried over anhydrous Na2S04 and evaporated to dryness 

under vacuo at room temperature. 

The solid residue was dissolved in absolute alcohol 

and water was added to cloudiness, refrigerated to 

precipitate a white, amorphous mass, which was filtered, 

washed with water and dried under vacuo at room temperature 

Yield 1-99 (83%). 

Thin layer chromatography: Silica Gel G with chloroform as 

solvent, showed 90% NP-59 Rf 0.38-0.4 and 10% 19-iodocholesterol 

(1) Rf 0.3-0.32. 
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A por t ion  of t h e  above mixture i n  methanol was s t reaked  

on 2 mm th i ck  S i l i c a  G e l  G254 g l a s s  p l a t e s  a and developed 

i n  1 0 0 %  CHC13. 

with methanol and the  so lven t  evaporated under vacuo, t o  

g ive  a colorless th i ck  o i l .  

t h e  so lven t  evaporated under high vacuum t o  g ive  a whi te ,  

f l u f f y  powder. 

m.p. 4 1 - 4 4 O C ;  [a] 2o + 35' ( i n  cyclohexane).  

Analysis:  Calc. f o r  C27H45 10; C = 63.27%, H = 8.85% 

The separa ted  NP-59 was scraped, e l u t e d  

This w a s  d i sso lved  i n  CHC13 and 

D 

Found: C = 63.39%, H = 8.93% 

I R :  7 max ( n e a t ) :  3300, 1475, 1380, 1180, 1155, 1085, 1045, 

875, 790 c m - l .  

NMR (CDC13:60MHZ): 42 cps  (S,3,C18-proton), 50 cps (S,6,C25+ 

C -p ro ton ) ,  55 cps (S,3,C21-proton), 128 cps ( O H ) ,  1 9 4  cps 

(m,1 ,6-C% I-proton) , 2 1 4  cps (m,l,6-CHZI-proton), 239 CpS 

(l,m,3-H). 

Mass Spectrum: 

[M-11 '  511, P ,  [M-l]' 385, [M-I-H20] 

Plus t y p i c a l  fragments corresponding t o  the  choles tane  ske le ton:  

m / e  43,55,57,69,71,81,95,105,107,145,147,211,213. 

B.  From 19-iodocholesterol:  

2 6  

+ 367, [HI]' 128 

Prepared according t o  Counsel1 e t  a 1  (l), 19- iodocholes te ro l  

conta ins  about 25-30% NP-59 

When t h i s  mixture i s  re f luxed  under iq2 i n  isopropanol 

o r  absolu te  e thanol  wi th  a few c r y s t a l s  of NaI overn ight ,  

t h e  propor t ion  of NP-59 s h i f t s  t o  about 9 0 %  while about 10% 

i s  l e f t  as 19-iodocholesterol.  N o  o t h e r  products a r e  de tec ted  

on TLC. 

Radioiodinated 1311-NP-59 Iso tope  Exchange : 

To 1 2  mg NP-59 i n  a 15 m l  round bottom f l a s k  wi th  a magnetic 

aBrinkmann Instruments , Inc.  
Westbury, N . Y .  11590 
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b st irrer,  w a s  added 30 m C i  N a 1 3 1 1  (carrier f r e e ,  h i g h  c o n c e n t r a t i o n , )  

u s i n g  2 x 2 m l  a b s o l u t e  a l c o h o l  f o r  t r a n s f e r .  T h i s  s o l u t i o n  

w a s  s t i r r e d  and r e f l u x e d  f o r  1 hour .  The s o l u t i o n  w a s  coolad  

t o  room tempera ture  and passed  through a 1.5 c m  column of 

C e l l e x  D (BioRad) p r e s s e d  and washed several t i m e s  w i t h  

ace tone  and a b s o l u t e  a l c o h o l  i n  a 2.5 m l  g laspak  s y r i n g e .  

Sample e l u a t e  w a s  c o l l e c t e d  i n  a 1 5  m l  v a c u t a i n e r .  Column 

w a s  r i n s e d  w i t h  2 x 2 m l  a b s o l u t e  e t h a n o l ,  and combined w i t h  

e l u a t e .  

Radiochemical y i e l d :  16 m C i  (53% exchange) 

S p e c i f i c  A c t i v i t y :  1 .3  mCi/mg 

TLC on S i l i c a  G e l  G254 p l a t e s  i n  CHC13 o r  CH2C12 85%:EtoAc 15% 

showed one r a d i o a c t i v e  peak cor responding  t o  " c o l d "  NP-59 s p o t .  

Formulat ion and S t a b i l i t y :  

One m C i  o f  1311-NP-59 (S.A. 1 . 3  mCi/mg) w a s  formula ted  

to  10 m l  w i t h  6.6% EtOH,%Polysorbate 80, q.s. b a c t e r i o s t a t i c  

normal s a l i n e .  

1311-NP-59 i n  a b s o l u t e  a l c o h o l  appears  to  be  s t a b l e  

from -2OoC t o  4OC for g r e a t e r  t h a n  a month. I n  f o r m u l a t i o n  

NP-59 i s  s t a b l e  a t  4'C f o r  2 weeks and a t  room tempera ture  

20% d e i o d i n a t i o n  occured i n  4 days.  

1311-19-iodocholesterol i n  t h e  above formula t ion  a t  4'C 

shows s l o w  d e i o d i n a t i o n  and formation of NP-59 w i t h  t i m e  such  

t h a t  t h e  r a t i o  o f  NP-59 t o  1 9 - i o d o c h o l e s t e r o l  changes from 

0.6 a f t e r  28 days t o  3.0 a f t e r  84 days.  T h i s  i n d i c a t e s  t h a t  

NP-59 is more s t a b l e  i n  f o r m u l a t i o n  t h a n  19- iodocholes te ro l  

and t h a t  1311-19-iodocholesterol r e a r r a n g e s  s lowly  a t  4'C 

i n  an aqueous medium to  NP-59. 

bNew England Nuclear  Corp 

Boston, Mass 
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RESULTS AND CONCLUSIONS 

I n  a n  e f f o r t  t o  improve s y n t h e t i c  y i e l d s  o f  19-iodocho- 

l e s t e r o l  t h e  " impur i ty"  w a s  shown to  be  about  1 0 %  when methyl 

e t h y l  ke tone  o r  ace tone  was used i n s t e a d  o f  i sopropanol  as 

t h e  s o l v e n t  d u r i n g  t h e  p - t o l u e n e s u l f o n a t e  s u b s t i t u t i o n  w i t h  

i o d i d e  i o n .  When a b s o l u t e  e t h a n o l  w a s  used as t h e  s o l v e n t ,  

t h e  " impur i ty"  i n c r e a s e d  to  90%,  l e a v i n g  1 0 %  19- iodocholes te ro l !  

When 1 9 - i o d o c h o l e s t e r o l  w a s  r e f l u x e d  i n  i s o p r o p a n o l  o r  a b s o l u t e  

e t h a n o l  f o r  12 h o u r s ,  90% of the 1 9 - i o d o c h o l e s t e r o l  w a s  

conver ted  to  t h e  " impur i ty" .  With t h e s e  o b s e r v a t i o n s ,  t h e  

" impur i ty"  w a s  s y n t h e s i z e d  and u l t i m a t e l y  c h a r a c t e r i z e d  

to  be  6B-iodomethyl-19-nor-cholest-5(10)-en-3B-ol (NP-59) 

t11 -  

a c t i v i t y  N a l 3 l I  i n  a b s o l u t e  e t h a n o l .  

1311-NP-59 w a s  p repared  by exchange w i t h  h i g h  s p e c i f i c  

T i s s u e  d i s t r i b u t i o n  s t u d i e s  i n  rats show a 5 f o l d  i n c r e a s e  

i n  accumulat ion o f  NP-59 compared to  pure  1 9 - i o d o c h o l e s t e r o l  

i n  t h e  a d r e n a l  gland.  R e s u l t s  o f  this s t u d y  are r e p o r t e d  

e l sewhere  (6,7) . 
The d i f f e r e n c e  i n  products  produced by t h e  t r e a t m e n t  of  

1 9 - t o l u e n e s u l f o n a t e  c h o l e s t e r o l  i n  d i f f e r e n t  s o l v e n t s  i n  the 

presence  of a h a l i d e  i o n  e.g. I-, a r e  summarized i n  Fig.1.  

This  d i f f e r e n c e  can be  e x p l a i n e d  by t h e  format ion  of t w o  

d i s c r e t e  i s o m e r i c  c a t i o n s  A & B (See Fig.  2 )  t h a t  a r e  produced 

i n  t h e  h o m o a l l y l i c  rearrangement  o f  1 9 - s u b s t i t u t e d  s t e r i o d s  

( 8 ~ 9 ) .  

I n  k e t o n i c  s o l v e n t s  such as a c e t o n e ,  methyl  e t h y l  ke tone ,  

c a t i o n  A is  formed t o  a g r e a t e r  e x t e n t  than  c a t i o n  B; t h u s  

kl>>k2 and the predominance of t h e  1 9 - s u b s t i t u t e d  s t e r o i d ,  

w h i l e  i n  a l c o h o l i c  s o l v e n t s  l i k e  e t h a n o l  or i sopropanol  - a t i o n  

B i s  formed t o  a g r e a t e r  e x t e n t ;  t h u s  k2>>kl and t h e  predominance 

of t h e  6-B-methylhalo-5 (10)  -19 n o r  c h o l e s t - 5  (10) -en-3B-o1. 
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NP-59 can be  s y n t h e s i z e d  e i t h e r  from 1 9 - i o d o c h o l e s t e r o l  

by r e f l u x i n g  i n  an a l c o h o l i c  s o l v e n t  due t o  t h e  e l i m i n a t i o n  

o f  I- l e a v i n g  the carbonium i o n  A which r e a r r a n g e s  much q u i c k e r  

t o  the carbonium i o n  B fol lowed by t h e  n u c l e o p h i l i c  a t t a c k  

of  I- t o  g i v e  NP-59. 

c h o l e s t e r o l  i n  a l c o h o l i c  s o l v e n t s .  T i s s u e  d i s t r i b u t i o n  s t u d i e s  (6) 

shows tha t  1311-NP-59 a d m i n i s t e r e d  i n t r a v e n o u s l y  to  rats 

demonstrated a d r e n a l  up take  o f  10% [kgm] D / p  a t  2 4  h r s  

o r  5 t i m e s  t h a t  of 1311-19-iodocholesterol. 

The same h o l d s  t r u e  o f  1 9 - t o l u e n e s u l f o n a t e  
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