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U n i v e r s i t y  of M i c h i g a n  M e d i c a l  C e n t e r  
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SUMMARY 

Metyrapone ( 1 )  and m e t y r a p o l  ( 2 )  are p o t e n t  and r e v e r s i b l e  

i n h i b i t o r s  of t h e  116-hydroxylase  enzyme s y s t e m  of t h e  a d r e n a l  

c o r t e x .  I o d i n e - 1 2 5 - l a b e l l e d  d e r i v a t i v e s  of 2 and 2 were re- 

q u i r e d  f o r  b i o d i s t r i b u t i o n  s t u d i e s .  U t i l i z i n g  a new exchange 

p r o c e d u r e  t h e s e  r a d i o i o d i n a t e d  a n a l o g u e s  were  s y n t h e s i z e d  w i t h  

r a d i o c h e m i c a l  y i e l d s  r a n g i n g  from 24-100% and s p e c i f i c  a c t i v i t i e s  

as h i g h  as 1.72 Ci/mmol. 

Key Words: Iodine-125; metyrapone;  m e t y r a p o l ;  116-hydroxylase  

INTRODUCTION 

Both  metyrapone ,  2-methyl-l,2-di-3-pyridyl-l-propanone (l-), and i t s  r e s p e c -  

t i v e  a l c o h o l ,  m e t y r a p o l  (2) h a v e  been shown t o  b e  p o t e n t  and  r e v e r s i b l e  i n h i b i t o r s  

of t h e  a d r e n a l  c o r t i c a l  11 B-hydroxylase enzyme s y s  tem1-3. 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 t u d i e s  of metyrapone  d e r i v a t i v e s  h a v e  i n d i c a t e d  t h a t  i n h i b i t i o n  of 

116-hydroxylase  a c t i v i t y  i s  enhanced by  r e p l a c e m e n t  of t h e  A-ring p y r i d y l  g r o u p  
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by a phenyl r i n g  exempl i f i ed  by compounds 2 and 54-5. We r e q u i r e d  t h e  iodine-125 

l a b e l l e d  ana logues  of compounds 2 and 5 f o r  i n i t i a l  b i o d i s t r i b u t i o n  s t u d i e s  aimed 

a t  development of a c l i n i c a l l y  u s e f u l  a d r e n o c o r t i c a l  imaging a g e n t .  The syn theses  

of t h e s e  i o d i n a t e d  compounds and t h e i r  subsequent  r a d i o i o d i n a t i o n  a r e  desc r ibed  

h e r e i n .  

Y Me 
1 X=N, Y=O 

- 2 X=N, Y=H,OH 

- 

3 x=c, Y=O - 
- 4 X=C, Y=H,OH 

SYNTHESIS 

I o d i n a t i o n  of t he  p r e v i o u s l y  s y n t h e s i z e d  ke tone  2 was accomplished w i t h  

s i l v e r  s u l f a t e  and i o d i d e  under  Derbyshi re   condition^^>^ t o  produce t h e  mono 2 

and d i i o d o  5 p r o d u c t s  shown i n  Scheme I. Compounds 2 and 6 cou ld  be r e a d i l y  

s e p a r a t e d  by s i l i c a  g e l  chromatography. The iodometyrapone d e r i v a t i v e  5 under- 

went sodium borohydr ide  r e d u c t i o n  t o  y i e l d  t h e  i o d i n a t e d  metyrapol  d e r i v a t i v e  

- 

Conf i rmat ion  of t h e  p o s i t i o n  of t h e  i o d i n e  atom on t h e  phenyl r i n g  was 

achieved  by t a k i n g  advantage  of t h e  noneno l i zab le  n a t u r e  of t h e  ke tones  5 and 5. 
Treatment of e i t h e r  ke tone  w i t h  potass ium hydroxide  y i e lded  3 - i sop ropy lpyr id ine  

Scheme 1 

r I L  en s Ye P '?a 

w Me 
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and t h e  corresponding iodobenzoic  a c i d s  ( s e e  Scheme 2 ) .  U t i l i z i n g  a u t h e n t i c  

samples of 2-, m- and p-iodobenzoic a c i d s  f o r  comparison by HPLC a n a l y s i s ,  t h e  

base  cleavage of ke tone  ? y i e l d e d  ;-iodobenzoic a c i d  i n  g r e a t e r  t han  98.5% p u r i t y .  

The para isomer (<2%) w a s  t h e  on ly  o t h e r  component p re sen t .  

A l k a l i  t r ea tmen t  of ke tone  5 y i e l d e d  an  a c i d  whose 1 H  NMR spectrum revea led  

t h e  presence of bo th  2,5-diiodo- and ;-iodobenzoic a c i d  upon comparison t o  

pub l i shed  s p e c t r a  f o r  t h e s e  corn pound^^*^. S ince  a 200 MHz l€I  NMR spectrum of 

ke tone  5 confirmed t h e  presence of  on ly  t h e  2,5-diiodo-isomer,  t h e  m-iodobenzoic 

a c i d  de r ived  from i t s  a l k a l i  t r ea tmen t  is  probably t h e  r e s u l t  of o r t h o  deiodin-  

a t i o n  e i t h e r  be fo re  o r  a f t e r  c leavage.  

Scheme 2 

Compounds z - lwere  r a d i o i o d i n a t e d  by a new i o d i d e  exchange t echn ique  develop- 

ed i n  OUT 1aboratorylO.  Treatment of t h e  a p p r o p r i a t e  nonrad ioac t ive  i o d i n a t e d  

compound wi th  Na1251 and ammonium s u l f a t e  o r  ammonium b i s u l f a t e  a f fo rded  t h e  

iodine-125-label led d e r i v a t i v e s  i n  r ad iochemica l  y i e l d s  of 24-100%. S p e c i f i c  

a c t i v i t i e s  ranging from 0.45 t o  1 . 7 2  Ci/mmol ( s e e  Table 1) were obtained.  

Scheme 3 

Y Me Y Me 

& 5 Y=O Z=H 
6 Y=O Z=I 
7 Y=H,OH Z=H 
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Chemicals and Equipment 

No-carrier-added Na1251 (s. 500 mCi/mL) i n  r educ tan t - f r ee  0.1N NaOH w a s  

ob ta ined  from New England Nuclear.  m-Iodobenzoic a c i d  was purchased from 

Ald r i ch  Chemical Co. 2-Iodo- and p-iodobenzoic a c i d s  were ob ta ined  from P f a l t z  

and Bauer. 

R a d i o a c t i v i t y  measurements were made u s i n g  e i t h e r  a Capintec Model CRC-2 

r a d i o i s o t o p e  c a l i b r a t o r  o r  a Packard Model 5260 autogamma coun te r .  Ana ly t i ca l  

HPLC w a s  performed on a Waters Model 272 equipped wi th  a Radiomatic Flo-one radio-  

a c t i v e  flow d e t e c t o r  (200 p L  s o l i d  s c i n t i l l a t o r  c e l l ) .  Simultaneous u l t r a v i o l e t  

(254 nm) and r a d i o a c t i v e  d e t e c t i o n  were u t i l i z e d .  Elemental  a n a l y s e s  were per- 

formed by Spang M i c r o a n a l y t i c a l  Laboratory,  Eagle Harbor,  Michigan. I n f r a r e d  

s p e c t r a  were recorded on a Beckman I R  Acculab 8 spectrophotometer .  Nuclear 

magnetic resonance s p e c t r a  were recorded on e i t h e r  a Varian M-360A (60 MHz) o r  a 

Var i an  XL-200 (200 MHz) spectrophotometer .  

Laboratory Devices Mel-temp c a p i l l a r y  me l t ing  po in t  appa ra tus  and a r e  uncorrected.  

A l l  me l t ing  p o i n t s  were taken on a 

3'-Iodo-2-methyl-2-(3-pyridyl)propiophenone (5)  and 2',5'-Diiodo-Z-met yl-2-(3- 

pyridy1)propiophenone ( 6 )  

Ketone 2 (0.75 g ,  3.3 mmol) was d i s s o l v e d  i n  10 mL of 80% H2SO4. S i l v e r  

s u l f a t e  (1.16 g ,  3.7 mmol) was added and t h e  r e a c t i o n  f l a s k  was heated t o  85°C. 

F i n e l y  crushed i o d i n e  (1.80 g ,  7.5 mmol) was then  added i n  small batches ove r  

t h e  course of 1 h. The r e a c t i o n  s o l u t i o n  w a s  heated a n  a d d i t i o n a l  1 .5  h ,  cooled 

t o  25OC and poured over  ice.  The i n s o l u b l e  s i l v e r  sa l t s  were removed by vacuum 

f i l t r a t i o n  and t h e  f i l t r a t e  was made a l k a l i n e  w i t h  s o l i d  Na2C03 t o  p r e c i p i t a t e  

a d d i t i o n a l  s i l v e r  sa l ts .  The aqueous l a y e r  and s o l i d  sa l t s  were washed l i b e r a l l y  

wi th  CH2C12. The CH2C12 l a y e r  was washed w i t h  10% Na2S203, d r i e d  (NazSOh), f i l -  

t e r e d  and concen t r a t ed  under reduced p res su re .  The r e s i d u e  (1.09 g )  w a s  chroma- 

tographed on a s i l i c a  g e l  column (28 x 4.2 cm) (E. Merck 69385, s i l i c a  g e l  60 
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40-63 urn) and e l u t e d  w i t h  EtOAc/hexane ( 1 : l )  acco rd ing  t o  t h e  procedure  of S t i l l  

e t  a1.l1. The d i i o d o  compound 6 e l u t e d  f i r s t  ( e l u t i o n  volume 500-700 mL) as a 

ye l low o i l  (0.23 g ,  14.6%). IK ( n e a t )  1698 (C=O); 1385, 1360 cm-lfgeminal methyls ) .  

'H NMR (200 MHZ)(d6-acetone) 6 1.67 ( 6 ,  6H, CH3), 6.70 ( d ,  l H ,  phenyl  Cg-H, J4,6= 

2.0 Hz),  7.45 (m, 2H, phenyl C -H, p y r i d i n e  C5-H), 7.67 ( d ,  l H ,  phenyl C3-H, 

J3,4=8.4 Hz) ,  7.83 ( d J d ,  l H ,  p y r i d i n e  Cq-H, J4 ,6=1.5  Hz, 54,5=7.1 Hz) 8.55 (d /d ,  

l H ,  p y r i d i n e  Cg-H, 54,6=1.5 Hz, J5,6=4.7 Hz) 8.67 ( d ,  1 H ,  p y r i d i n e  Cz-H,  52 ,5=  

2.0 H z ) .  

-- 

4 

Mass spec t rum,  EX m/e 477 (M', 22), 356 (100) .  

Ana lys i s :  C a l c u l a t e d  f o r  t h e  p i c r a t e  s a l t  (mp 16O-16l0C) C15H13NO12 ' 

C6H3N307; C ,  35.71; H ,  2.28; N ,  7.93; Found: C ,  35.79; H ,  2.25; N ,  7.82. 

The iodoketone  5 was e l u t e d  ( e l u t i o n  volume 800-950 mL) from t h e  column as a 

w h i t e  s o l i d  (0.61 g ,  52.6%). The s o l i d  w a s  r e c r y s t a l l i z e d  from hexane, mp 99- 

100°C. 'H NMR (60 MH,) 

(CDC13) 6 1.66 ( s ,  6H, CH3), 7.45 (m, 2H, arom.), 8.62 (m, 6H, arom.). 

I R  (KBr) 1673 (C=O), 1388, 1365 cm-l (geminal  me thy l s ) .  

Ana lys i s :  C a l c u l a t e d  f o r  C15H14NOI: C, 51.30: H ,  4.02; N ,  3.99; Found: C ,  

51.42; H ,  4.21; N ,  3.86. 

u-(m-Iodophenyl)-8,~-dimethyl-3-pyridineethanol hydroch lo r ide  ( 7 ) .  

The monoiodoketone 5 (0.21 g ,  0.6 mmol) was d i s s o l v e d  i n  8 mL of a b s o l u t e  

e thano l .  Sodium borohydr ide  (0.045 g,  1.2 mmol) w a s  added i n  one ba tch  and t h e  

r e a c t i o n  was s t i r r e d  a t  25OC f o r  3 h .  H20 (0.2 mL) w a s  t hen  added and t h e  re- 

a c t i o n  w a s  s t i r r e d  a n o t h e r  0.5 h. The s o l v e n t  w a s  removed unde r  reduced  p r e s s u r e  

and t h e  r e s i d u e  p a r t i t i o n e d  between CH2C12 and H20. The CH2C12 l a y e r  was d r i e d  

(Na2S04), f i l t e r e d ,  and concen t r a t ed  under  reduced  p r e s s u r e .  The c rude  a l c o h o l  

((1.21 g ,  97.2%) w a s  conve r t ed  t o  t h e  HC1 sa l t  w i t h  e t h a n o l i c  HC1 and t h e  s o l v e n t  

w a s  removed. The sa l t  was r e c r y s t a l l i z e d  from a b s o l u t e  EtOH/Et20 t o  y i e l d  _Z as a 

whi te  s o l i d  (0.18 g ,  77 .8%) ,  rnp 190-192'C. I R  (KBr) 3330 cm-l (OH). l H  NMR (60 

MH,) (d6-DMSO) 6 1.28 (d ,  6H, CH3), 4.64 ( s ,  l H ,  CH), 7.90 (m, 8H,  arom.). 

Ana lys i s :  Ca lcu la t ed  f o r  cl5Hl6NOI'HC1: c ,  46.23; H ,  4.40; N ,  3.59; Found: 

C ,  46.08; H ,  4.33; N ,  3.50. 



Radioiodinated Metyrapone and Metyrapol Analogs 1379 

Determinat ion of i o d i d e  p o s i t i o n  on t h e  phenyl r i n g .  

A. Cleavage of iodoketone 2. A sample of t h e  iodoketone 2 (3.0 mg) was 

added t o  1.0 mL of  C l a i s e n ’ s  a l k a l i ”  (KOH, H20/  MeOH) and s t i r r e d  f o r  18 h a t  

25°C. The aqueous s o l u t i o n  

was i n j e c t e d  i n t o  the HPLC employing u l t r a v i o l e t  (254 nm) d e t e c t i o n .  A Waters 

UBondapak C - 1 8  column (4.6 x 250 mm) was used f o r  t h e  a n a l y s i s  w i th  the  fo l lowing  

s o l v e n t  system: 3% Et3N (pH 7.5 w i t h  H3P04)/ CH3CN (83/17) .  The k.’ va lues  f o r  

t h e  a u t h e n t i c  samples of 2-iodobenzoic a c i d ,  m-iod,obenzoic a c i d  and p-iodobenzoic 

a c i d  were, r e s p e c t i v e l y ,  1 .7 ,  6.9 and 7.6. Based on t h e  d i f f e r e n c e  i n  e x t i n c t i o n  

c o e f f i c i e n t  between t h e  a u t h e n t i c  samples of m- and p-iodobenzoic a c i d  (p-iodo- 

benzoic  a c i d  has  an e x t i n c t i o n  c o e f f i c i e n t  13.3 t imes l a r g e r  t han  m-iodobenzoic 

a c i d ) ,  t h e  r a t i o  of t h e  meta/para  product  i n  t h e  cleavage r e a c t i o n  was c a l c u l a t e d  

t o  be 98.811.2. 

The r e a c t i o n  was e x t r a c t e d  wi th  CH2C12 ( 3  x 1 mL). 

B .  Cleavage of ke tone  5. The d i iodoke tone  5 (10.0 mg) w a s  d i s s o l v e d  i n  

2.0 mL of C l a i s e n ’ s  a l k a l i  and s t i r r e d  f o r  18 h a t  25’C. The r e a c t i o n  was ex- 

Lracted wi th  CH2C12  ( 3  x 1 mL). The aqueous s o l u t i o n  was cooled t o  5°C and 

a c i d i f i e d  t o  pH 2 with concen t r a t ed  H C 1 .  The aqueous s o l u t i o n  was then re-  

e x t r a c t e d  w i t h  CH2C12 ( 3  x 1 mL). The CH2C12 l a y e r  from t h e  second e x t r a c t i o n  

was d r i e d  (Na2S04), f i l t e r e d ,  and concen t r a t ed  under  reduced p res su re  t o  y i e l d  

4.2 m g  of the  benzoic  a c i d .  The m a t e r i a l  was analyzed by I H  NMR and a comparison 

w i t h  l i t e r a t u r e  spec t r a8s9  showed that t h e  r e a c t i o n  product  w a s  a mixture  of t h e  

2,5-diiodo- and m-iodobenzoic a c i d s .  

Exchange Rad io iod ina t ions  of  Compounds 5-7. 

P r e p a r a t i v e  exchange r a d i o i o d i n a t i o n s  of compounds 1-1 were c a r r i e d  o u t  i n  

5 mL mult idose v i a l s  c losed  w i t h  a Teflon-l ined septum. These were f i t t e d  wi th  a 

5 mL d i sposab le  g l a s s  s y r i n g e  connected t o  a 1 1 / 2 ”  18 ga need le  bent  a t  90” and 

i n s e r t e d  through t h e  septum, as t h e  d i s t i l l a t e  condenser and r e c e p t a c l e .  The 

condenser  o u t l e t  w a s  vented th rough  a sodium t h i o s u l f a t e  t r a p  t o  s e q u e s t e r  any 

v o l a t i l e  r a d i o i o d i n e  produced. A mixture of 1-2 mg of s u b s t r a t e ,  5-15 m C i  of 
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NaIz5I ,  and 5-7 mg of (NH4)HS04 ( f o r  exchange of ke tone  5 o r  5)  or (NH4)2S04 ( f o r  

exchange of a l c o h o l  7)  i n  0.5-1.0 mL of H20 w a s  hea t ed  t o  dryness  i n  an  o i l  ba th  

and t h e  d ry  r e a c t i o n  mix tu re  maintained a t  140°C f o r  2-5 h.  The course of t h e  

exchange w a s  monitored,  a t  a p p r o p r i a t e  i n t e r v a l s ,  by TLC a n a l y s i s  a f t e r  r e d i s -  

s o l v i n g  t h e  r e a c t i o n  medium i n  0.5 mL of H20. Heat ing w a s  s topped when unbound 

r a d i o i o d i d e  could n o  longe r  be d e t e c t e d  or  a f t e r  a r e a c t i o n  t i m e  of 5 h i f  t h e  

exchange was incomplete .  The d r y  r e a c t i o n  mix tu re  w a s  t h e n  coo led ,  d i s so lved  i n  

I mL of a b s o l u t e  EtOH and passed through a Cellex-D (Biorad)  anion exchange 

column (1 x 4 cm) e l u t e d  wi th  E t O H  t o  remove unbound r a d i o i o d i d e  from t h e  prepa- 

r a t i o n .  Radiochemical y i e l d s  of 23-88% were ob ta ined .  Following TLC and HPLC 

a n a l y s e s ,  t h e  e t h a n o l  was removed from t h e  r a d i o i o d i n a t e d  product  and t h e  product  

was formulated t o  a s p e c i f i c  c o n c e n t r a t i o n  of  approximately 100 u C i / m L  u s i n g  

t thanol /Tween 801 wate r  (l.O/ 0.25/8.75).  

Radio-TLC ana lyses  were performed on 2.5 x 20 c m  s i l i c a  gel-coated g l a s s  

p l a t e s  (Whatman K6F)  o r  r e v e r s e  phase C-18-coated g l a s s  p l a t e s  (Whatman KC18F). 

The s i l i c a  g e l  p l a t e s  were developed w i t h  EtOAc/hexane ( 1 : l )  and t h e  C-18 p l a t e s  

w i t h  MeCN/H20 ( 4 : l ) .  The p l a t e s  were examined on a Packard Model 720 r ad io -  

chromatogram scanner .  F ree  I 2 5 I  remained a t  t h e  o r i g i n  on t h e  developed s i l i c a  

g e l  p l a t e s  and t r a v e l l e d  w i t h  t h e  so lven t  f r o n t  on t h e  r e v e r s e  phase C-18 p l a t e s .  

The R f  va lues  f o r  t h e  i o d i n a t e d  compounds 2-L are shown i n  Table  1. 

S p e c i f i c  a c t i v i t y  was determined by u s i n g  HPLC w i t h  a nonrad ioac t ive  i n t e r n a l  

s t a n d a r d  (see Table  1). Radiochemical p u r i t y  w a s  confirmed by HPLC a n a l y s i s  and 

was always > 98%. A Waters UBondapak C-18 column (4.6 x 250 mm) was used f o r  a l l  

a n a l y s e s  w i t h  t h e  fo l lowing  s o l v e n t  system: 0.03 M phosphate (pH 7.4)/CH3CN 

(60:40).  The k '  va lues  f o r  t h e  i o d i n a t e d  compounds a r e  10.8 (51, 16.8 (k), 6.8 

(1). 
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