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SUHMARY 

R e a c t i o n  o f  d i l u t e  [ F - l 8 ] f l u o r i n e  gas w i t h  e i t h e r  m e l g t o n i n  o r  
5 - h y d r o x y - t r y p t o p h a n  i n  h y d r o g e n  f l u o r i d e  a t  - 7 0  C g i v e s  
6 - f l u o r o - m e l a t o n i n  o r  4- and 6 - f l uo ro -5 -hyd roxy t r yp tophan .  T h e y  a r e  
o f  p o t e n t i a l  use  i n  P o s i t r o n  E m i s s i o n  Tomography t o  image t h e  b i n d i n g  
s i t e s  f o r  m e l a t o n i n  and t o  s t u d y  t h e  m e t a b o l i s m  o f  s e r o t o n i n .  

Key words:  R a d i o f l u o r i n a t i o n ,  F-18, M e l a t o n i n ,  P o s i t r o n  E m i s s i o n  
Tomography 

INTRODUCTION 

F l u o r i n a t e d  5 - h y d r o x y - i n d o l e s  h a v e  b e e n  p r e p a r e d  b y  t h e  

A b r a m o v i t c h  v a r i a t i o n  o f  t h e  g e n e r a l  F i s c h e r  s y n t h e s i s  f o r  i n d o l e s  

(1). The s y n t h e s i s  i s  n o t  s u i t a b l e  t o  p r e p a r e  r a d i o f l u o r i n a t e d  

i n d o l e s  because i t  r e q u i r e s  a l e n g t h y  sequence o f  r e a c t i o n s  a f t e r  t h e  

i n t r o d u c t i o n  o f  f l u o r i n e .  D i r e c t  f l u o r i n a t i o n  o f  5 - h y d r o x y - i n d o l e s  

w o u l d  be p r e f e r r e d  f o r  work wi th F-18. 

R e c e n t l y ,  we have d e v e l o p e d  a s i m p l e  t e c h n i q u e  f o r  t h e  d i r e c t  

r a d i o - f l u o r i n a t i o n  o f  a c t i v a t e d  a r o m a t i c  compounds .  F o r  e x a m p l e ,  

c a t e c h o l s  d i s s o l v e d  i n  anhydrous  hyd rogen  f l u o r i d e  a t  l o w  t e m p e r a t u r e  

r e a c t  w i t h  d i l u t e  [F -181  f l u o r i n e  gas t o  f o r m  [ F - 1 8 ] f l u o r o - c a t e c h o l s  

i n  good y i e l d s  ( 2 ,  3 ) .  The f l u o r i n a t i o n  r e a c t i o n  y i e l d s  s e v e r a l  

i s o m e r s  o f  t h e  r i n g  f l u o r i n a t e d  c a t e c h o l .  T h i s  may be c o n s i d e r e d  a n  

advan tage  because a f t e r  c h r o m a t o g r a p h i c  s e p a r a t i o n ,  t h e  i s o m e r s  o f  

n o v e l  f l u o r i n a t e d  b i o m o l e c u l e s ,  f o r  example 2 -  a n d  6 - f l u o r o - L - d o p a ,  

a r e  a v a i l a b l e  f o r  b i o l o g i c a l  i n v e s t i g a t i o n s .  
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To e x p l o r e  f u r t h e r  t h e  scope o f  t h e  d i r e c t  r a d i o f l u o r i n a t i o n  we 

h a v e  a p p l i e d  t t o  5 - h y d r o x y - i n d o l e s .  As e x a m p l e s  we h a v e  

d e l i b e r a t e l y  c , o s e n  a f r a g i l e  i n d o l e  w i t h  t h r e e  u n p r o t e c t e d  

f u n c t i o n a l  g r o u p s ,  5 - h y d r o x y - t r y p t o p h a n ,  a n d  t h e  f a i r l y  s t a b 1  e 

i n d o l  e , N - a c e t y l  5 - m e t h o x y - t r y p t a m i  ne, me1 a t o n  in .  Eo t h  a r e  na t u r a  1 

c o m p o u n d s  a n d  p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  b r a i n .  

5 - h y d r o x y - t r y p t o p h a n  i s  t h e  m e t a b o l  i c  p r e c u r s o r  f o r  t h e  

n e u r o t r a n s m i t t e r  s e r o t o n i n .  M e l a t o n i n  i s  a n e u r o h o r m o n e  t h a t  i s  

i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  c h r o n o b i o l o g i c a l  r h y t h m s ,  s u c h  as  s l e e p  

and f e r t i l i t y  ( 4 ) .  

The F-18 l a b e l l e d  f l u o r o a n a l o g s  o f  t h e s e  key  n e u r o c h e m i c a l s  may 

b e  u s e d  i n  v i v o  f o r  m e t a b o l i c  i m a i n g  w i t h  P o s i t r o n  E m i s s i o n  

Tomography . 

Scheme 1 

"*FI F2 - 
in HF 

R l  Rz R3 

5-Hydroxy-tr yptophan H COOH H 

Melatonin CH3 H CHaCO 

MATERIALS 
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M e l a t o n i n  and 5 - h y d r o x y - t r y p t o p h a n  ( 5 - H T P )  w e r e  o b t a i n e d  f r o m  

SIGMA.  Anhydrous hyd rogen  f l u o r i d e  (HF) was o b t a i n e d  f r o m  M a t h e s o n  
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and used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  F luo r ine -18  l a b e l l e d  f l u o r i n e  

gas, CF-18]F2, was produced by t h e  n u c l e a r  r e a c t i o n  2oNe(d.c<) '*F 

when neon w i th  0.5% F2 was i r r a d i a t e d  w i t h  15-MeV deuterons  f r o m  t h e  

McMaster Tandem Van de G r a a f f  A c c e l e r a t o r  ( 5 ) .  The a p p a r a t u s  f o r  

h a n d l i n g  HF and F2 has been desc r ibed  e a r l i e r  ( 2 ) .  

'3 

1 The H- and  "F-NMR s p e c t r a  were  r e c o r d e d  a t  235 MHz and a t  

f i e l d  s t r e n g t h  o f  5.8719 t e s l a  w i t h  a B r u k e r  WM-250 s p e c t r o m e t e r  

u s i n g  a 5 mm probe a t  12 OC. The me la ton in  samples were d i s s o l v e d  i n  

DMSO and those o f  5-HTP i n  DC l /020  t o  g i v e  a c o n c e n t r a t i o n  o f  0 .1  

m o l a r .  The e x t e r n a l  s t a n d a r d s  were  TMS and  CFC13 f o r  ' H -  a n d  

"F-NMR, r e s p e c t i v e l y .  

The mass spec t ra  were r e c o r d e d  u s i n g  V G  Z A B - E  w i t h  f a s t  a tom 

bombardment i o n i  za t i  on. 

FLUORINATION PROCEDURE 

Me la ton in  o r  5-HTP (540 u m o l )  was d i s s o l v e d  i n  HF ( 5  m l )  and t h e  

s o l u t i o n  was coo led  t o  - 7 O O C .  [F-18]Fz (230 umol) i n  neon was passed 

th rough t h e  s o l u t i o n  a t  80 ml/min.  A f t e r  t h e  [18F]F2 had been passed 

th rough the  s u b s t r a t e  s o l u t i o n  t h e  18F c o n t a i n e d  i n  t h e  r e a c t i o n  

vessel  was measured and t a k e n  as  100% f o r  t h e  c a l c u l a t i o n  o f  t h e  

rad iochemica l  y i e l d .  Then, t h e  tiF was evaporated. 

When m e l a t o n i n  was t h e  s u b s t r a t e ,  t h e  r e s i d u e  was d i s s o l v e d  i n  5 

m l  water-methanol  ( 1 : l )  and evapora ted  t o  d r y n e s s .  T h i s  p r o c e d u r e  

was repeated. Then t h e  y e l l o w i s h  r e a c t i o n  mix tu re ,  d i s s o l v e d  i n  3.0 

m l  water -e thano l  ( 3 : l ) ;  was separa ted  by reversed-phase h i g h  p ressu re  

l i q u i d  chromatography (HPLC). 

Table 1 summarizes t h e  c o n d i t i o n s .  The e l u a t e  f r o m  t h e  HPLC 

column was mon i to red  c o n t i n u o u s l y  f o r  UV-absorpt ion a t  280 urn and f o r  

I 8 F  w i t h  a 1 2 0 - u l - f l o w  c e l l  c o u p l e d  t o  a N a I ( T 1 )  s c i n t i l l a t i o n  

d e t e c t o r .  
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T a b l e  1: HPLC - c o n d i t i o n s  and y i e l d  o f  p r o d u c t s  

E l u t i o n  

T imes 

R. Chirakal el d. 

P r o d u c t s  HPLC 

Column M o b i l e  Phase 

25 

29 

27 

31 

w a t e r s  w a t e r  + 20% 
u Bonda- m e t h a n o l  
pak C-18 a t  

1 . 7 8 ~ 3 0  cm 
10 u 3 m l / m i n  

6 - f  1 u o r o  

4 - f  luoro 

6 - f  l u o r o  

4 - f  1 u o r o  

Whatman 0.1% a c e t i c  
P a r t  i s i 1 a c i d  + 3% 

ODs-2 me t h a n o  1 
10 u a t  

0 . 9 ~ 5 0  cm 4 m l / m i n  

-i-- 
Radiochem. 

Y i e l d  

% 

Radiochem. 

Y i e l d  

% 

8 

19 

6.5 

9 

8 

19 

6.5 

9 

When 5-HTP was t h e  s u b s t r a t e ,  t h e  r e s i d u e  a f t e r  t h e  e v a p o r a t i o n  

o f  HF was d i s s o l v e d  i n  5 m l  w a t e r  and e v a p o r a t e d .  T h i s  r e s i d u e  was 

r e - d i s s o l v e d  i n  w a t e r  a n d  e v a p o r a t e d  a g a i n .  F i n a l l y ,  i t  w a s  

d i s s o l v e d  i n  2 ml w d t e r  an4  f i l t e r e d  t h r o u g h  0.4 u f i l t e r  f o r  HPLC 

s e p a r a t i o n .  

A r a d i o c h r o m a t o g r a m  o f  t h e  HPLC s e p a r a t i o n s  o n  t h e  a n a l y t i c a l  

s c a l e  (0.05 m l  a l i q u o t  o f  t h e  r e a c t i o n  m i x t u r e )  i s  shown i n  F i g .  1 A  

a n d  B. F o r  p r e p a r a t i v e  p u r p o s e s  t h e  e l u a t e  w a s  c o l l e c t e d  i n  

f r a c t i o n s  based upon t h e  t r a c e  o f  t h e  U V  d e t e c t o r .  The 18F c o n t a i n e d  

i n  t h e  f r a c t i o n s  was m e a s u r e d ;  t h e  d e c a y - c o r r e c t e d  r a d i o c h e m i c a l  

y i e l d  f o r  each p r o d u c t  i s  g i v e n  i n  T a b l e  1. The s y n t h e s i s  w i t h  b o t h  

s u b s t r a t e s  t o o k  110 m i n u t e s .  The s p e c i f i c  a c t i v i t y  Has 235 mCi/mmol. 

The p u r i t y  o f  each  " F - i n d o l e  p r e p a r a t i o n  was a n a l y s e d  b y  a n a l y t i c a l  

IiPLC and  f o u n d  t o  be  > 95%. 
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F i g u r e  1: H igh  p ressu re  l i q u i d  chromatographic i s o l a t i o n  of t h e  f l uo rome la ton ins  ( A )  
and f luoro-5-hydroxy-tryptophans (6) 

'8F A 

4 - F M 4  

B 

itarl L 4-F-HTP 

i 
I I I I 

0 10 20 30 40 0 10 20 30 40 

Elution Time (minutes) 

4-FM = 4 - f l u o r o - m e l a t o n i n  
6-FM = 6 - f l u o r o - m e l a t o n i n  

4-F-HTP = 4-fluoro-5-OH-tryptophan 
6-F-HTP = 6-Fluoro-5-OH-tryptophan 

IDENTIFICATION OF THE PRODUCTS 

6 - F l u o r o - m e l a t o n i n :  The m a t e r i a l  o f  t h e  25-min  peak  ( F i g .  1 A )  

co-chromatographed w i t h  a u t h e n t i c  6 - f l uo rome la ton in  (1 ) .  I t s  'H- and 

"F-NMR s p e c t r a  w e r e  i d e n t i c a l  t o  t h o s e  o f  a u t h e n t i c  

6 - f l u o r o m e l a t o n i n  (Tab le  2). 

4 -F luoro-mela ton in :  We have i d e n t i f i e d  t h e  m a t e r i a l  o f  t h e  29-min  

peak (F ig .  1A) as a f l u o r o - m e l a t o n i n  based on mass s p e c t r o m e t r y .  I t  

showed a peak a t  m/z = 251.1 w h i c h  c o r r e s p o n d s  t o  t h e  p r o t o n a t e d  

mo lecu la r  i o n  (MH+). 

Comparison o f  t h e  i n t e g r a t e d  H-NMR o f  m e l a t o n i n  w i t h  t h o s e  o f  

t he  29-min m a t e r i a l  ( F i g  1 A )  showed one l e s s  p r o t o n  i n  t h e  a r o m a t i c  

r e g i o n  o f  t h e  l a t t e r  m a t e r i a l .  I r r a d i a t i o n  o f  t h e  N - H  p r o t o n  i n  

p o s i t i o n  1 o f  t h e  i n d o l e  r i n g  caused c o l l a p s e  o f  t h e  d o u b l e t  a t  7.16 

ppm o f  t he  p r o t o n  i n  p o s i t i o n  2. T h i s  i n d i c a t e d  t h a t  f l u o r i n e  d i d  

n o t  e n t e r  i n  p o s i t i o n  2. When t h e  p r o t o n  a t  7.0 ppm (H-6 p r o t o n )  was 
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i r r a d i a t e d  t h e  doub le t  a t  -147.8 ppm ( J H F  = 7.8 Hz) i n  t h e  "F-NMR 

spectrum co l l apsed  t o  a s i n g l e t .  'H-NMR o f  t h e  29-min m a t e r i a l  a l s o  

showed an AB p a t t e r n  f o r  t h e  a romat i c  p ro tons  (J=8.7 Hz )  i n d i c a t i n g  

t h a t  t h e y  a r e  a t t a c h e d  t o  a d j a c e n t  c a r b o n s  ( C - 6  a n d  C - 7 ) .  I n  

6 - f l u o r o m e l a t o n i n  no c o u p l i n g  be tween  H-4 and H - 7  was o b s e r v e d .  

However, t hey  were b o t h  coup led  t o  f l u o r i n e  a t  p o s i t i o n  6 ( T a b l e  2 ) .  

These obse rva t i ons  c o n f i r m  t h e  presence o f  f l u o r i n e  a t  c a r b o n - 4  i n  

t h e  m a t e r i a l  o f  t h e  29-minute peak. 

Hx Ha H. HI Ha Hb "F 

W m l n  7.10 7.05 8.74 7.27 2.01 3.33 - 
CFWatonln 7.16 - 7.00 7.11 2.90 3.35 -147.8 

(K-Yehtonln 7.10 7.21 - 7.21 2.m 3.32 -141.0 

Table 2: NMR-data o f  me la ton in  and f l u o r o m e l a t o n i n s  

HcHa H ~ H I  H.-Hb H-F 

2.1 0.7 7.3 - 
- 0.7 7.3 7.8 

- - 7.3 11.6 
Q.6 

HorF  
I a b 

C H ~ O  W c H 2 - c H  2 - ~ ~ ~ ~ ~ ~ 3  

H o r F  H 

H H 

Solvent: DMSO(&) 
Rttemncs: DMSO (6) tor 'H 

CFCb tor 'Y 

4- and 6-Fluoro-5-HTP were i d e n t i f i e d  on t h e  b a s i s  o f  t h e i r  'H- and  

"F-NMR da ta  (Tab le  3 ) .  
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Tab le  3: NMR-data o f  5 -hydroxy- t ryp tophan and i t s  f l u o r o  d e r i v a t i v e s  

HorF 
I 

;. ,"x 

A A 

DISCUSSION 

T h i s  i s  t h e  f i r s t  r e p o r t  o f  t h e  d i r e c t  f l u o r i n a t i o n  o f  

5 -hyd roxy - indo le  d e r i v a t i v e s .  The r e a c t i o n  between f l u o r i n e  and t h e  

5 - h y d r o x y - i n d o l e s  i n  HF p r o d u c e d  two  s t r u c t u r a l  i s o m e r s  o f  each  
indo le .  4- and 6 - f l uo ro -me la ton in  and 4- and 6-f luoro-5-HTP (Scheme 

1) .  T h r e e  o f  t h e s e  c o m p o u n d s  a r e  n o v e l  f l u o r o a n a l o g s ;  

6 - f l u o r o - m e l a t o n i n  has been made b e f o r e  (1). It shou ld  be no ted  t h a t  

i n  b o t h  cases t h e  4 - f l uo ro i somer  was t h e  prominent p roduc t .  

The fo rma t ion  o f  f l u o r o c a t e c h o l s  d u r i n g  t h e  r e a c t i o n  be tween F2 

and a c a t e c h o l  d e r i v a t i v e  i n  HF a p p e a r s  t o  be t h e  r e s u l t  o f  t h e  

e l e c t r o p h i l i c  a c t i o n  o f  f l u o r i n e .  N u c l e o p h i l i c  s i t e s ,  i .e .  t h e  

p r e f e r r e d  s i t e s  f o r  e l e c t r o p h i l  i c  a t t a c k  on  t h e  5 - h y d r o x y - i n d o l e ,  

have been i d e n t i f i e d  by  k i n e t i c  measurements  o f  t h e  a m o u n t  o f  

hydrogen exchanged f o r  deuter ium i n  deu te ra ted  a c i d  (6) .  The r a t e  o f  

t h i s  exchange i s  g r e a t e r  i n  p o s i t i o n  4 than  i t  i s  i n  p o s i t i o n  6. I t  

i s  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  e l e c t r o p h i l i c  f l u o r i n e  e n t e r e d  

p o s i t i o n  4 p r e f e r e n t i a l l y .  The a d d i t i o n  o f  BF3  t o  t h e  r e a c t i o n  

m i x t u r e  d i d  n o t  i n c r e a s e  t h e  y i e l d  o f  t h e  f l u o r o - i n d o l e s .  Th is  i s  i n  

69 
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c o n t r a s t  t o  t h e  f l u o r i n a t i o n  o f  ca techo ls  ( 3 ) .  

The method can  b e  u s e d  t o  p r o d u c e  e i t h e r  F-18 l a b e l l e d  

f l uo ro -5 -hyd roxy - indo le  o r  f l u o r o m e l a t o n i n  i n  m i l l i c u r i e  q u a n t i t i e s .  

These q u a n t i t i e s  a r e  r e q u i r e d  when t h e  d e p o s i t i o n  o f  e i t h e r  o f  t h e s e  

compounds i s  t o  be s t u d i e d  i n  humans w i t h  P o s i t r o n  E m i s s i o n  

Tomo gra p hy . 
U l t i m a t e l y ,  t h e  F-18 l a b e l l e d  f l u o r o m e l a t o n i n  i s  i n t e n d e d  f o r  

me la ton in  r e c e p t o r  mapping i n  t h e  human b ra in .  Th is  use as a t r a c e r  

f o r  n a t u r a l  m e l a t o n i n  r e q u i r e s ,  o f  c o u r s e ,  t h a t  t h e  t r a c e r  behaves  

b i o c h e m i c a l l y  l i k e  t h e  t racee.  Such b i o l o g i c a l  e q u a l i t y  needs t o  be 

es tab l i shed .  One encourag ing  f a c t  i s  known a l r e a d y ;  " t h e  f l u o r i n e  

s u b s t i t u t i o n  f o r  hydrogen i n  p o s i t i o n  6 does n o t  d e t e c t a b l y  i n t e r f e r e  

w i t h  a c t i v a t i o n  o f  t h e  p i t u i t a r y  m e l a t o n i n  r e c e p t o r "  (7 ,  8). 

The s p e c i f i c  a c t i v i t y  o f  2 3 5  mCi/mmol i s  n o t  h i g h  enough t o  

a l l o w  q u a n t i t a t i o n  o f  t h e  m e l a t o n i n  recep to rs .  A m a t e r i a l  w i t h  > 100 

Ci/mmol i s  u s u a l l y  r e q u i r e d  f o r  r e c e p t o r  s t u d i e s .  R a d i o f l u o r i n a t e d  

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

n u c l e o p h i l i c  s u b s t i t u t i o n  o f  a n  a p p r o p r i a t e  l e a v i n g  g r o u p  b y  

n o - c a r r i e r  added C 1 * F ] f l u o r i d e .  Work i s  i n  p r o g r e s s  i n  o u r  

l a b o r a t o r y  t o  syn thes i ze  m a t e r i a l  w i t h  h i g h  s p e c i f i c  a c t i v i t y .  
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