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Three f l u o r i n a t e d  d e r i v a t i v e s  of f en tany l ,  f l uo ro fen tany l  (A), 
keto-f luorofentenyl  (3, and f luo ro fen tano l  (Q, were synthesized and 
t h e i r  a b i l i t i e s  t o  compete wi th  3H-diprenorphine f o r  binding sites i n  
guinea p ig  b r a i n  membranes were determined. The r e l a t i v e  potencies  were 
f e n t a n y l  > 2 =- 6 >>+ On t he  b a s i s  of its apparent a f f i n i t y  f o r  o p i a t e  
r ecep to r s  and its re a t i v e  ease of s y n t h e s i s , h w a s  s e l e c t e d  f o r  f u r t h e r  
study. 
with [3H]naltrexona f o r  binding sites i n  rat b r a i n  membranes. Both 
f e n t a n y l  a n d h e x h i b i t e d  a similar high "sodium r a t i o "  (quot ient  of t h e  
IC50's a g a i n s t  [3H]naltrexone i n  t h e  presence and absence of sodium 
c h l o r i d e )  gene ra l ly  c h a r a c t e r i s t i c  of o p i a t e  agon i s t s .  The a n a l g e s i c  
po tenc ie s  of f en tany l  a n d a w e r e  determined i n  r a t s  by measuring 
suppression of locomotion and v o c a l i z a t i o n  responses t o  footshock. 4 
appeared s l i g h t l y  less potent  than f en tany l ,  but produced a s i m i l a r  
ana lges i a  and ca t a l epsy  which was e n t i r e l y  blocked by pretreatment  of 
rats with naloxone, an o p i a t e  an tagon i s t .  A ra i d  s y n t h e s i s  of [18F]-- 

determined 5 ,  60, and 120 minutes a f t e r  intravenous i n j e c t i o n .  The use 
of t h i s  gene ra l  route  t o  18F-labeled d e r i v a t i v e s  of f en tany l  f o r  s t u d i e s  
of t h e  o p i a t e  r ecep to r  using pos i t ron  emission tomography is  planned. 

Pentanyl w a s  e l i g h t l y  b e t t e r  t h a n k  in i ts  a b i l i t y  t o  compete 

was developed and the  t i s s u e  d i s t r i b u t i o n  of  [ 18 F ] - - i n  mice was 

I.NTROUUtXION 

The development of r ap id  s y n t h e t i c  methods f o r  i n t roduc ing  carbon-11 and 

f luorine-18 i n t o  o p i a t e  l i gands  has  been undertaken by a number of 

i n v e s t i g a t o r s  who plan t o  use the  r e s u l t i n g  r a d i o t r a c e r s  f o r  t he  in vivo s t u d y  

of the o p i a t e  r ecep to r  using pos i t ron  emission tomography (PET). 
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( a )  NaCNBH3, C6H5NH2; ( b )  (CH3CH2C0)20; ( c )  H2/Pd-C; (d)  NaBH4. 

[ ~&'plp~~orofentanol and B e l a t e d  Compounds: Synthesis and E v a l u a t i o n  as 
Candidates  for O p i a t e  Receptor  S t u d i e s  Using Positron h i s s i o n  Torography 

number of pos i t i on -emi t t e r  l abe led  r a d i o l i g a n d s  f o r  t h e  o p i a t e  r e c e p t o r  have 

been developed1-5 and r e c e n t l y  PET s t u d i e s  of the d i s t r i b u t i o n  of 

l lC-labeled o p i a t e  l i g a n d s  a c t i v e  tracers in t h e  human6 and baboon b r a i n 7  were 

r epor t ed .  

n e u r o t r a n s m i t t e r  r e c e p t o r  l i g a n d s  f o r  p o s i t r o n  emission tomography, r ecen t  PET 

s t u d i e s  of t h e  dopamine r e c e p t o r  have shown t h e  advantage of s tudy ing  

Although both carbon-11 and f luo r ine -18  have been used i n  l a b e l i n g  
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r ad io l igand  - n e u r o t r a n s m i t t e r  r e c e p t o r  i n t e r a c t i o n s  f o r  t i m e  p e r i o d s  of 

s e v e r a l  hours  i n  o r d e r  t o  a l low time f o r  c l e a r a n c e  of non- spec i f i ca l ly  bound 

r a d i o a c t i v i t y  and to  provide high c o n t r a s t  i n  t he  n e u r o t r a n s m i t t e r  r i c h  

a r e a 5 . l  

of carbon-11 (20.4 min) w e  are i n v e s t i g a t i n g  t h e  binding p r o p e r t i e s  of 

f l u o r i n a t e d  d e r i v a t i v e s  of o p i a t e  l i g a n d s  which may be cand ida te s  f o r  l a b e l i n g  

wi th  f luorine-18.  We r e p o r t  he re  the  s y n t h e s i s  of t h r e e  f l u o r i n a t e d  

d e r i v a t i v e s  of  f e n t a n y l  (Scheme l), an o p i a t e  a g o n i s t  w i th  a n a l g e s i c  potency 

cons ide rab ly  g r e a t e r  t h a t  of m ~ r p h i n e . ~  

d e r i v a t i v e s  f o r  o p i a t e  r e c e p t o r s  was a s ses sed  by compe t i t i ve  b ind ing  a s s a y s  

and t h e i r  a n a l g e s i c  po tenc ie s  were determined i n  rats by measuring t h r e s h o l d s  

f o r  locomotion and v o c a l i z a t i o n  In response t o  footshock.  On t he  b a s i s  of 

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

l a b e l i n g  with f luo r ine -18  a t  h igh  s p e c i f i c  a c t i v i t y ,  one of t hese  compounds, 

Since s t u d i e s  of s e v e r a l  hours  o r  more are precluded by the  h a l f - l i f e  

The a f f i n i t i e s  of t hese  f e n t a n y l  

f l u o r o f e n t a n o l  (9, was s e l e c t e d  f o r  l a b e l i n g  with f luorine-18 and a r a p i d  

s y n t h e s i s  was developed (Scheme 2). The t i s s u e  d i s t r i b u t i o n  of  [18F] - -  i n  

mice is repor t ed .  

scBBI(II2 
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ry 

( a )  C S [ ~ ~ F ] ,  DMSO, 1600; (b)  C H 3 L i ;  (c )  H3O+; 

( e l  1; ( f )  NaBHq, CH30H 

(d)  Br2, HC1, HOAc, CHCl3; 

NATlsuIAIsmmsn#iI6 

A l l  me l t ing  pofnts are uncorrected.  NKR s p e c t r a  were run on a Varian HFT 

80, mass s p e c t r a  were run on a Finnigan 5100 and IR s p e c t r a  were run on a 

P e r k i n  E l m e r  Model 7358. Enriched water H2l80 (95-99%) w a s  obtained from 

Mound Laboratory.  [3H]Naltrexone and [3H]diprenorphine were obtained from 
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Dr. Richard Hanks (National Institute of Drug Abuse, Washington, D.C.). 

Carbon and hydrogen analyses were performed by Schwarzkopf Microanalytical 

Laboratory. Fluorine analyses w r e  performed by ion chromatographic analysis 

of fluoride following sodium fusion. 

Smthasls of ~(b-Pipcrld~l)Roplo~llide (9: Compound 1 was 
N 

synthesized in three steps from 1-benzyl-4-piperidone by the following modifi- 

cation of the literature procedure. lo 

(Aldrich, 2 mL, 10.8 mmol), aniline (2 mL, 22 mmol) and glacial acetic acid 

(2 mL, 34 mmol) in methanol (50 mL) was stirred at room temperature for 30 

A solution of 1-benzyl-4-piperidone 

min. To the mixture was added sodium cyanoborohydride (1.01 g, 15.9 mmol) in 

small portions. The mixture was stirred at room temperature for 10 h, an 

aqueous solution of sodium hydroxide (2N, 20 mL) was added and the resulting 

solution was stirred at room temperature for 15 min and concentrated & 
vacuo. The aqueous portion was extracted with ether and the ether extracts 

were combined, dried and concentrated In vacuo to leave an oil, which was 

recrystallized from ethanol and water to give N-(l-benzyl-4-piperidyl)aniline 

as a white solid (2.44 g, 85fb):rnp 84 - 84.5OC (lit.lo 84.8 - 860); IR (KBr) 

3325, 1580 cm-l; 1H NMR (CDCl3)6 7.3 - 6.9 (a strong singlet at 7.3 overlaps 

with a m ,  7H), 6.6 ( m ,  3H), 3.6 - 3.0 (a strong singlet at 3.52 overlaps with 

a m, 4H), 3.0 - 2.6 (m, 2H), 2.3 - 1.8 (m, 4H), 1.75 - 1.1 (m, 2H). 

- 

To a solution of N-(l-benzyl-4-piperidyl)aniline (0.4 g, 1.5 mol) in 

benzene (5 mL) was added propionic anhydride (0.2 mL, 1.6 mmol) and potassium 

carbonate (0.7 9). The resulting mixture was refluxed for 8 h, 2 mL of NaOH 

solution (1N) was added and the mixture extracted with ether. The ether was 

dried and concentrated to produce an oil which dissolved in hot petroleum 

ether to produce a solution which was allowed to stand at 00 and then 

filtered. The filtrate was concentrated in vacuo to leave an oil which was 

purified by flash column chromatography (silica gel; methano1:ether:chloroforrn 

(1:20:20)) to produce N-(l-benzyl-4-piperidyl)propionanilide as an oil which 

was recrystallized from methanol and water to give a colorless solid (0.35 g, 
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73%): mp 72-73OC (litlo 74-760); I R  (KBr) 1650 cm-l; I H  NKR (CDC13)6 7.5 - 6.8 

(m, l O H ) ,  4.9 - 4.3 (m, l H ) ,  3.4 (s, 2H), 3.0 - 2.65 (m, 2H), 2.3 - 1.5 (m, 

6H), 1.5 - 1.1 (m, 2H), 1.0 ( t ,  J-8 Hz, 3H). 

A mixture of N-(l-benzyl-4-piperidyl)propionanilide (0.5 g,  1.6 mmol), 

Pd/C (0.1 g),  g l a c i a l  acetic ac id  (3 mL) and methanol (3 mL) waa hydrogenated 

a t  48 p s i  a t  7OoC f o r  11 h. The mixture was f i l t e r e d ,  the c a t a l y s t  was washed 

with methanol and the  methanol s o l u t i o n  was concentrated in vacuo. The 

residue was  dissolved i n  e t h e r  and the e t h e r  layer  was washed with aqueous 

sodium hydroxide ( l N ,  20 mL) then d r i e d  and concentrated i n  vacuo. The 

residue was dissolved i n  hot petroleum e t h e r ,  and the s o l u t i o n  was quickly 

cooled i n  a dry ice-acetone bath.  The N-debenzylated amine (1) was obtained 

as c o l o r l e s s  powder (0.34 g, 95%); mp 84-85OC ( l i t l o  83-850) I R  (KBr) 3275, 

1640 cm'l; l H  NMR (CDC13)6 7.4-6.8 (m, 5H). 4.8-4.4 (m, l H ) ,  3.2-2.4 ( m , 4 H ) ,  

2.2 (br .  s, 1H) 2.1-1.55 (m, 4H), 1.5-1.1 (m, 2H) ,  0.9 ( t ,  J-8 Hz, 3H). 

N - ( ~ - ( 8 - ( ~ - ~ l w ~ p b a n ~ l ) e t h y l ) ~ - p i p c r i d y 1 ) p r o p i o ~ a i l i d e  (flwrofcn- 

The following modif icat ion of the  l i t e r a t u r e  methodll tanyl) (A): 
To a s o l u t i o n  of  1 (0.22 g, 0.95 m o l )  i n  te t rahydrofuran (THP, 5 mL) was 

added a mixture of 8-(E-fluoropheny1)ethyl bromide12 ( 2 )  (0.23 g, 1.13 mmol) 

i n  THF ( 5  mL) and potassium carbonate (0.2 g). The mixture w a s  heated a t  

r e f l u x  f o r  20 h. The mixture was f i l t e r e d ,  and the f i l t r a t e  was concentrated 

i n  vacuo. To t h e  residue w a s  added methanol and aqueous s o l u t i o n  of sodium 

hydroxide (lN, 1 mL). The mixture was s t i r r e d  w e l l ,  and an aqueous s o l u t i o n  

of H C l  (2N, 2 mL) was then introduced. Uethanol w a s  then removed i n  vacuo. 

To the  remaining aqueous por t ion  and white s o l i d s  was added e t h e r  (30 mL) and 

water (10 m L ) .  The mixture was cooled i n  an ice bath f o r  0.5 h and the s o l i d  

was c o l l e c t e d  by f i l t r a t i o n .  (The s o l i d  w a s  the  H C l  sa l t  of the des i red  

product,  as ind ica ted  by l H  NMR.) 

aqueous sodium carbonate was added u n t i l  the  aqueous s o l u t i o n  was basic .  

mixture was concentrated i n  vacuo t o  remom methanol. The remaining aqueous 

s o l u t i o n  was ex t rac ted  v i t h  e t h e r  (10 mL x 3). 

was used. 

a4 

% 

-- 

The s o l i d  was d isso lved  i n  methanol, and 

The 

The e t h e r  e x t r a c t s  were 
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combined, d r i e d  over  potass ium ca rbona te  and c o n c e n t r a t e d  i n  vacuo t o  l eave  an  

oil, which was r e c r y s t a l l i z e d  in methanol and water t o  g i v e  a l i g h t  ye l low 

s o l i d  (0.30 g ,  91X):mp 103-105OC ( l i t l l  104-1050); IR (KBr) 1640 c m - l ;  'H NMR 

(CDClj)6 7.5-6.75 (m,  9H), 4.7 ( t t ,  5312.0, 4.0 Hz, lH), 3.0 (br. d ,  2H), 

2.8-1.2 (m, 12H), 1.0 ( t ,  518 Hz, 3H). 

N-( l - (6- (p-~luoro~enyl ) -6-ox~thyl )~-piper idyl )propio~ni l ide  (Lto-  

fluorofentanyl) g): To a s o l u t i o n  of 1 (0.26 g, 1.12 mmol) in e t h a n o l  

(10 mL) was added a s o l u t i o n  of 2 - f luo rophenacy l  bromide (4)13 (0.11 g, 

5.3 mmol) in e t h a n o l  (5 mL) and potass ium c a r b o n a t e  (0.2 9). The mix tu re  was 

s t i r r e d  a t  0-4OC f o r  0.5 h and a t  room t empera tu re  f o r  2 h. A f t e r  f i l t r a t i o n ,  

t h e  ye l low f i l t r a t e  was c o n c e n t r a t e d  i n  vacuo to g i v e  a red  oil, which w a s  

p u r i f i e d  by f l a s h  column chromatography ( s i l i c a  p e l ;  methano1:chloroform:ether 

(1:20:20). The d e s i r e d  f r a c t i o n  was c o l l e c t e d  and c o n c e n t r a t e d  i n  vacuo. The 

r e s i d u e  was r e c r y s t a l l i z e d  from e t h a n o l  and water t o  g i v e  a yellow s o l i d  

(0.37 g ,  89%): mp 106-108°C; IR ( K B r )  1680, 1620 crn-l; IH NMR (CDClj)6 7.9 

(dd, 5x6 Hz, 2H), 7.2 (m, 7H), 4.7 ( t t ,  5-12, 5.0 Hz, lH), 3.7 ( 8 ,  2H), 2.95 

( m ,  2H), 2.25 ( d t ,  Ja12.0, 4.0 Hz, 2H), 2.05 - 1.15 (m,  6H), 1.0 ( t ,  518.0 Hz. 

3H). Anal. Calcd. f o r  C22H25FN202: C, 71.71; H, 6.84; F, 5.15. Found: C, 

71.08; H, 7.18; F, 5.2. 

Y - 

N-( I-( ~ - ( ~ - F l u o ~ p ~ n y l ) - 6 - h y d ~ o x y e  t h y l ) ~ - p i p c r i d y l ) p r o p i o ~ n i l i d e  

(fluorofentanol) (6): 

(15 mL) was added sodium borohydr ide  (0.16 mmol). The mix tu re  was hea ted  a t  

50-6OOC for  2 h ,  an aqueous s o l u t i o n  of HC1 (2N, 10 mL) was added and t h e  

mix tu re  was s t i r r e d  a t  room t empera tu re  f o r  30 min. The methanol was then  

removed in vacuo and t h e  wh i t e  s o l i d  r e s i d u e  was washed wi th  e t h e r  and water, 

and f i l t e r e d .  The s o l i d  thus  c o l l e c t e d  was d i s s o l v e d  in methanol (20 mL), and 

To a s o l u t i o n  o f 2  (0.19 g, 0.52 mmol) in methanol * 

a n  aqueous s o l u t i o n  of sodium hydroxide  (2N, 3 mL) was added. Methanol was 

then  removed in vacuo, and t h e  aqueous r e s i d u e  was e x t r a c t e d  wi th  e t h e r  

(10 mL x 3). The e t h e r  e x t r a c t s  were combined, d r i e d  and concen t r a t ed  

vacuo. The r e s i d u e  was r e c r y s t a l l i z e d  from methanol and water t o  g i v e  wh i t e  - 
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p l a t e s  (0.18 g ,  93X):mp 112-114OC; IR (KBr) 3400, 1630 cm-'; 'H NMR 

7.6-6.2 (m, 9H), 4.9-4.3 (m,2H), 3.1 (la, 2H), 2-95 - 1.2 (m, 1 1 H ) ,  

6 

J=8 

Hz, 3H). Anal Calcd. f o r  C22H27FN202: C, 71.32; H, 7.35, F, 5.12. Found: C, 

71.43; 8 ,  7-42; F, 5.2. 

Syatheaio of [ ~8p]Fluorofentaoal ([ 18F]*: Fluorine-18 produced using 

t h e  180(p,n)18F reac t ion14  on % enr i ched  water (95-99%) i n  a t i t an ium 

t a r g e t 1 5  wl ls  added t o  2 mg of Cs2CO3 i n  a b o r o s i l l c a t e  g l a s s  c r u c i b l e .  

s o l u t i o n  w a s  evaporated t o  dryness  a t  140° under a s t ream of n i t rogen ,  and 

f u r t h e r  d r i e d  by coevaporat ion with a c e t o n i t r i l e  ( 5  mL). 

The 

2 -Ni t robenzon i t r i l e  (2 mg) i n  d r y  dimethylsulfoxide (0.2 mL) was added t o  

the  d r i e d  Cs[%] c r u c i b l e  and hea t ing  w a s  continued f o r  ten minutes. 

cool ing,  t h e  r e a c t i o n  mixture was d i l u t e d  with water ( 3  mL) end passed through 

a C-18 Sep-pak c a r t r i d g e  and r in sed  with water ( 2  mL). 

n i t r i l e  was e l u t e d  from t h e  c a r t r i d g e  with pentane ( 5  mL) which was passed 

through a K2CO3 drying tube.  

A f t e r  

~ - [ ~ ~ F ] F l u o r o b e n z o -  

Methylli thium (0.4 mL, 1.4 M i n  e t h e r )  w a s  added, followed by hydro- 

c h l o r i c  ac id  (0.6 mL, 2 M i n  50% aqueoua methanol). The pentane was removed 

using an o i l  bath heated t o  80° and the  hydro lys i s  was allowed t o  cont inue a t  

8OoC f o r  nine minutes.  

( 5  mL) and passed through a C-18 Sep-pak c a r t r i d g e  which was washed with water 

(2  mL). 

(5 aL) which was d r i e d  with potassium carbonate.  

After cool ing,  the mixture was d i l u t e d  with water 

~-[~8F]Fluoroacetophenone was recovered by e l u t i o n  with chloroform 

Bromine (0.8 M i n  0.2 mL HOAc con ta in ing  5 %  H C 1 )  was added t o  t h e  cHC13 

s o l u t i o n  and t h e  r e s u l t i n g  So lu t ion  heated a t  r e f l u x  f o r  nine minutes.  

Unconsumed bromine was decomposed with propene. The r e a c t i o n  d x t u r e  was 

d i l u t e d  with methanol (4  mL) and concentrated t o  0.5 mL a t  80% under a stream 

of n i t rogen  t o  remove chloroform. Sodium bicarbonate  ( 5  mL, s a t u r a t e d  

s o l u t i o n )  was added t o  t h e  r e s idue  and t h i s  w a s  passed through a C-18 Sep-pak 

c a r t r i d g e  which was then r in sed  with water (2 mL). ~-[18F]Fluorophenacyl  
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bromide ( 18F]-4J (radio-HPLC s o l v e n t  system a s s a y  85%) w a s  e l u t e d  from t h e  

c a r t r i d g e  with chloroform (5 mL) and d r i e d  wi th  potassium carbonate .  

N-(4-Piperidyl)propionanilide (1) (8 mg) i n  methanol ( 4  mL) w a s  added t o  
6 d  

t h e  chloroform e l u a n t  and t h e  s o l u t i o n  was concen t r a t ed  t o  0.5 mL a t  8OoC 

under a stream of n i t r o g e n .  The a l k y l a t i o n  r e a c t i o n  was then allowed t o  

con t inue  under g e n t l e  r e f l u x  f o r  t e n  minutes.  Reduction of t h e  ketone of t h e  

r e s u l t i n g  18F-labeled amine ( [ 1 8 F J z )  was accomplished by add ing  NaBH4 (30 mg) 

t o  t h e  r e a c t i o n  mixture  and warming (600C) f o r  an a d d i t i o n a l  t e n  minutes.  

Res idua l  NaBH4 was decompoged wi th  HC1 (0.6 mL, 6N); NaHCO3 (200 mg) was  added 

t o  make the  s o l u t i o n  a l k a l i n e  and i t  was then  passed through a C 1 8  Sep-pak 

c a r t r i d g e  with water (7  mL). 

t h e  c a r t r i d g e  wi th  chloroform (6 mL), and a f t e r  d ry ing  wi th  potassium 

ca rbona te ,  was adsorbed o n t o  a s i l i ca  g e l  Sep-pak. 

ammonia-methanol: chloroform ( 4  mL, 1 :9 )  gave t h e  crude p roduc t ,  which,,was 

then  p u r i f i e d  by p r e p a r a t i v e  HPLC (20  x 250 mm Spherisorb-5p ODS column, HPLC 

Technology, methanol:0.01 5 pH 4 ammonium phosphate b u f f e r  (65:35), 4 mL/min) 

t o  a f f o r d  r ad iochemica l ly  pure (by a n a l y t i c a l  radio-HPLC) [ l8F]-2 i n  15): 

radiochemical  y i e l d  ( c a l c u l a t e d  t o  end of c y c l o t r o n  bombardment and based on 

t h e  t o t a l  amount of 18F produced by t h e  H2l8O t a r g e t ) .  

t o t a l  mass a s s o c i a t e d  wi th  t h e  r a d i o a c t i v i t y  measured by UV spec t roscopy ,  

c a l c u l a t e d  as f l u o r o f e n t a n o l :  1 5  micrograms (40.5 nmol). Thus from 200 m C i  of 

[18F]f luoride,  30 m C i  (decay c o r r e c t e d  t o  EOB) o f  [l8F]-6 is produced with a 

s p e c i f i c  a c t i v i t y  of 0.74 Ci/pmol (EOB). 

[18F]Fluorofentanol ( [18F]-6) w a s  e l u t e d  from 
r\r 

E l u t i o n  w i t h  3.8 M 

Syn thes i s  time: 2.5 h ,  

ry 

-tithe B i n d i n g  Assape: Assays were performed us ing  [3H]naltrexone 

(27 Ci/mmol) and [3H]diprenorphine (27  Ci/mmol). Stock s o l u t i o n s  of t he  test 

compounds were prepared by d i s s o l v i n g  each i n  a s m a l l  amount of  0.1 N HC1 and 

d i l u t i n g  to volume wi th  d i s t i l l e d  water. Crude membrane f r a c t i o n s  were 

prepared from e i t h e r  rat  or guinea pig b r a i n s  as p r e v i o u s l y  desc r ibed .16  

membrane p r e p a r a t i o n s  were s t o r e d  i n  0.32 M suc rose  a t  -7OOC u n t i l  needed. 

The 
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Duplicate  samples ( 2  m L )  of membrane con ta in ing  1.0 0.1 mg/mL p r o t e i n  i n  

0.05 M T r i s - H C 1  a t  pH 7.4 w i t h  1 mM dipotassium EDTA were f i r s t  incubated with 

1 nM t r i t i a t e d  l igand a t  22OC f o r  1.5 hours.  Competition experiments were 

then c a r r i e d  out with s i x  concen t r a t ions  of each test drug ranging from 

10,000 nM t o  0.1 nM. 

contained 1000 nM un labe l l ed  l igand.  After  incubat ion,  samples were f i l t e r e d  

through Whatman GF/B f i l t e r s ,  which were r in sed  twice with b u f f e r  (4 mL) and 

then d r i ed .  The r a d i o a c t i v i t y  remaining on the  f i l t e r s  was determined by 

l i q u i d  s c i n t i l l a t i o n .  

To e s t ima te  nonspec i f i c  binding,  some samples a l s o  

Analgesic Activity In Vim: Pootshock i n t e n s i t y  th re sho lds  f o r  e l i c i t i n g  

locomotion and voca l i za t ion  in r a t s  (male Sprague-Dawley, 200 grams) were 

determined. Each rat received an ascending a e r i e s  of 200 msec d u r a t i o n  

scrambled footshocks de l ive red  through a g r i d  f l o o r .  Shock i n t e n s i t y  was 

var i ed  i n  s t e p s  of 0.25 mA over t r ia ls  which were separated by 30 s e c  

i n t e r t r i a l  i n t e r v a l s .  Thresholds f o r  locomotion and v o c a l i z a t i o n  responses 

were taken a s  the  f i r s t  of two consecut ive i n t e n s i t i e s  t o  e l i c i t  such 

responses.  Rats were then i n j e c t e d  (6.c.) with one of t h r e e  doses of 

f en tany l ,  one of four doses of f luo ro fen tano l  ( a ) ,  o r  s a l i n e  veh ic l e .  

Compounds were prepared f o r  i n j e c t i o n  by d i s s o l v i n g  i n  2 or 3 drops of 

0.1 N HC1 and d i l u t i n g  with s a l i n e .  The i n j e c t i o n  volume f o r  a l l  dosages was 

2 mL/kg body weight. 

determined. 

* 

Twenty minutes a f t e r  i n j e c t i o n  th re sho lds  were aga in  

Thsue Mstribatioa of [18p]2 in  lflce: [18F]-6 i n  s a l i n e  
ry 

(- 150 pCi/mouse) was  i n j e c t e d  intravenously i n t o  male mice and animals 

(3/t ime p o i n t )  were s a c r i f i c e d  a t  5 ,  60 and 120 minutes post i n j e c t i o n .  

Tissues  were removed, b l o t t e d  f r e e  of blood, weighed, and counted i n  an 

automatic  gatmua counter  (Packard, Model 5230). 

sample was co r rec t ed  t o  a common time and normalized t o  the  t o t a l  i n j e c t e d  

dose. 

The r a d i o a c t i v i t y  i n  each 
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RESULTS AND DISCUSSION 

synthesis, colpe titive Bindiw Assay and Analgesic Potency of Fluorinated 

Derivatives of Fentanyl: 

mentioned in the patent literaturell, was initially a target compound for 

labeling with fluorine-18.17 

via the alkylation of N-(4-piperidyl)propionanilide (1) vith 2-fluorophenethyl 

bromide ( 2 ) .  Anticipating the time constraints imposed by the 110 min 

half-life of fluorine-18, a synthetic strategy for Abased on the use of a 

more reactive alkylating agent, ~-fluorophenacyl bromide ( 4 )  was proposed and 

was tested using the unlabeled compounds (Scheme 1). As predicted, the 

Fluorofentanyl (A), a compound which has been 

It was prepared for competitive binding assays 

+ - 
?, 

alkylation of 4 with 1 proceeded rapidly and in high yield to produce 5. * a & 

Unfortunately, all efforts to reduce the E-fluorophenacyl group to the 

E-fluorophenethyl group were unsuccessful and either produced the benzylic 

alcohol or unreacted starting material. For example, using a model substrate, 

e-fluorophenacyl piperidine. catalytic reduction with palladium invariably 

returned starting material. Under forcing conditions as described by 

Rosenmund to reduce secondary phenacyl amines18, slow decomposition of the 

starting material was observed. Other reduction strategies also failed. For 

example, although ketones have also been deoxygenated via the corresponding 

tosylhydra~onel~ by exposure to borohydride, the model substrate resisted 

tosylhydrazone formation. Furthermore, although triethylsilane-boron tri- 

f luoride20 reduced E-f luoroacetophenone to E-f luoroethylbenzene in quantita- 

tive yield, e-fluorophenacyl piperidine afforded only the corresponding amino 

alcohol, even after prolonged reaction. Since nearly a l l  known methods to 

reduce aryl ketones and alcohols rely on a pKOtfC or Levis acid to complex 

with the departing oxygen and thereby increase the electrophilicity of the 

benzylic center, the resistance of this a-amino substituted aryl ketone can 

probably be attributed to quaternization of the tertiary amfne making 

formation of the required vicinal incipient benzyl cation unfavorable. 



Opiate Receptor Studies for Fluorinated Derivatives of Fentanyl 287 

A l t h o u g h 2  could not be synthesized using t h i s  route  which was amenable 

t o  18F-labeling, the  alcohol  (6) and keto d e r i v a t i v e  ( 5 )  were r e a d i l y  

prepared. 

t h a t  t h e i r  potency r e l a t i v e  t o  fen tanyl  was not reduced by the presence of a 

keto or  hydroxyl group a t o  the aromatic ring. 

* - 
Therefore they were candidates  f o r  18F-labeling with t h e  provis ion 

The potency of the  f luor ina ted  analogs of fen tanyl  was evaluated in  v i t r o  

with competitive binding assays,  results of which a r e  given i n  Table 1. 

Table 1. Stereospec i f ic  Competitive Binding Assay (IC50, nM) 

Brain Membrane: Rat Guinea Pig 

Linand (1  nM): [ 3H] Na 1 t rexone [3H]Di phenorphine 

Additives: --- 100 mH NaCl Sodium Rat io  

Fentanyl 30 630 
Fluorofentany1,A 
Keto-Fluorofentanyl, 2 
Fluorofentano1,A 60 1400 
Levorphanol 6 100 
Naloxone 16 11 

For comparison, fen tanyl ,  levorphanol (a  

t y p i c a l  an tagonis t )  were a l s o  assayed. 

21  110 
400 

20000 
23 400 
17  

<1 

t y p i c a l  agonis t ) ,  and naloxone (a  

M l O g S  3 and 6 were found approxi- - *  
mately one-half as potent as fentanyl ,  v f t h  keto compound 5 at  l e a s t  two 

m 

orders  of magnitude l e s s  potent .  

agonist-antagonist p roper t ies l6 ,  21, remained e s s e n t i a l l y  unchanged among the  

four  compounds and f a l l s  i n  the  range c h a r a c t e r i s t i c  of "pure agonists." 

The sodium r a t i o ,  a powerful pred ic tor  of 

The ana lges ic  e f f e c t s  of f luorofentanol  (6) and fentanyl  were compared in 
& 

- viva by measuring footshock i n t e n s i t y  thresholds  f o r  e l i c i t i n g  locomotion and 

voca l iza t ion  responses i n  male Sprague-Dawley r a t s  ( see  Table 2) .  

Both compounds produce c l e a r  analgesic  and, at  high doses, c a t a l e p t i c  e f f e c t s  

although f luorofentanol  (6) is somewhat l e s s  potent .  In  an a d d i t i o n a l  

experiment, adminis t ra t ion of c a t a l e p t i c  doses of each compound was preceded 

(3 minutes) by i n j e c t i o n  of naloxone (1.0 mg/kg, s.c.). Rats t rea ted  in t h i s  

- 
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Dose 

Table  2. Analgesic  E f f e c t s *  of  Pen tany l  and P l u o r o f e n t a n o l  (6 )  
-d 

Locomotion V o c a l i z a t i o n  
Fen tany l  P luo ro fen tano l  Fen tany l  P luo ro fen tano l  

Vehicle  +0.5 ( t5 .3 )  -2.0 (*5*8) 

0.01 mg/kg +36 (17.2) +9 (*3.1) +27 ( t11.5)  +17 (17.7) 

0.05 mg/kg +39 ( t7 .6 )  +25 ( i l 1 . 9 )  +82 (*7.3) +37 (*9.9) 

0.10 mg/kg profound +92 (15.9) profound +lo8 (f2.6) 
c a t a l e p s y  c a t a l e p s y  

0.50 mg/kg profound 
c a t a l e p s y  

profound 
c a t a l e p s y  

*% change (+ s.e.m.) i n  t h r e s h o l d  fo l lowing  i n j e c t i o n .  

manner, no t  on ly  f a i l e d  t o  d i s p l a y  c a t a l e p s y ,  but  a l s o  f a i l e d  t o  d i s p l a y  any 

changes i n  t h r e s h o l d s  f o r  e l i c i t i n g  the two pa in  responses .  This a n t a g o n i s t i c  

effect  of naloxone confirms t h a t  t h e  a n a l g e s i a  induced by both f e n t a n y l  and 

f l u o r o f e n t a n o l  is mediated by o p i a t e  r e c e p t o r s .  

Based on t h e s e  compe t i t i ve  binding a s says  and on measurements of anal-  

g e s i c  a c t i v i t y ,  f l u o r o f e n t a n o l  ( 6 )  was determined t o  be of similar potency t o  

t h e  o r i g i n a l  t a r g e t  molecule f l u o r o f e n t a n y l  ( 3 )  and was t h e r e f o r e  s e l e c t e d  f o r  

development of a r a p i d  s y n t h e t i c  s t r a t e g y  f o r  l a b e l i n g  wi th  f luorine-18.  

+ 
I L  

Synthests of 18p-Iabelcd&: Since it was e s s e n t i a l  t h a t  t h e  s p e c i f i c  

a c t i v i t y  of t he  r e c e p t o r  a c t i v e  r a d i o t r a c e r  be very h igh  i n  o rde r  t o  avoid 

pharmacological e f f e c t s ,  t h e  l a b e l i n g  s t r a t e g y  was based on t h e  use of 

l'F-labeled f l u o r i d e  which is a v a i l a b l e  i n  ve ry  h igh  s p e c i f i c  a c t i v i t y  up t o  

(30  Cl/pmol) from an en r i ched  water (H2l8O) t a r g e t . 1 5  

n u c l e o p h i l l c  aromatic s u b s t i t u t i o n  reac t i o n  us ing  no-carrier-added C s  [ 18F I z 2  

was chosen in a sequence which begins  wi th  t h e  s y n t h e s i s  o f  ~ - [ ~ ~ F ] f l u o r o -  

b e n z o n i t r i l e  in 60-70% y i e l d  (Scheme 2 ) .  E labora t ion  of t he  n i t r i l e  group 

i n t o  a methyl ketone was then  performed with me thy l l i t h ium in t he  usua l  way.23 

S e l e c t i v e  monobromination of t he  ~-[~~F]fluoroacetophenone was accomplished 

us ing  a s o l u t i o n  of bromine-acetic a c i d  con ta in ing  a c a t a l y t i c  amount of 

hydroch lo r i c  ac id24  in r e f  l ux ing  chloroform. 

Accordingly,  t h e  

Chloroform proved t o  be the 
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Table 3. B i o d i s t r i b u t i o n  of [ L8F]Fluorofentanol (18F-6) in nice at  * 5, 60 and 120 Minutes 

Time Af te r  I n j e c t i o n  (Min) 

5 (1113) 60 (n-4) 120 (n=3) 

Tissue X l g  Xlorgan X l g  Xlorgan X l g  Xlorgan 

Blood 2.3w.4 

Brain 3.3W. 1 
Heart 4.1w.1 

Lungs 12 *l 
Liver 4.5w.9 

Spleen 7.2w. 8 

Kidneys 16 *2 

Small 
I n t e s t i n e s  4.6W.6 
Tes te s  2. IW. 3 
Muscle 2.7w.3 

1.5 W.1 

0.53w.10 

1.5 W.l 

6.3 w.4 

0.78W. 08 

6.3 w.4 

5.3 W.8 
0.27%. 01 

0.5 w.1 
0.23M. 04 

0.5 w.l 
1.1 w . 3  

2.0 w.4 

0.9 w . 2  

2.6 W.7 

2.1 w . 5  
2.1 w . 7  
0.53w.17 

0.11 W.02 

0.07 w.01 

0.17 w . 0 6  

2.7 *0.6 

0.10 w .02  

1.1 w . 4  

2.4 w . 9  
0.3 W.1 

0.14M. 03 

0.07%. 02 

0.13W. 03 

0.31fo. 08 

0.93W.08 

0.24W.09 

2.6 *2.0 

1.0 w . 2  
0.7 w . 3  
0.19w.05 

0.03 w.01 

0 . 0 1 5 ~ . 0 0  

0.043%. 00 

1.2 w.02 

0.024M.00 

1.1 *0.9 

1.0 w . 0 4  
0.09 w .03  

so lven t  of choice f o r  avoiding overbromination of t h e  NCA ~ - [18F] f luo roace to -  

phenone and c o n s i s t e n t l y  gave less than 5% dibromo, and g r e a t e r  than 85X 

monobromo ([I8F]-4) w i th  t h e  remaining 10% being unreacted s t a r t i n g  m t e r i a l  

a s  determined by r a d i o  HPLC. Pure 4’-fluoro-2-bromoacetophenone (4), al though 

s t a b l e  in s o l u t i o n ,  even a t  e l eva ted  temperature,  was p a r t i c u l a r l y  s e n s i t i v e  

t o  decomposition by c a t a l y t i c  q u a n t i t i e s  of weak L e w i s  bases  such as potassium 

carbonate  and sodium a c e t a t e  and t h e r e f o r e  workup of t he  bromination r e a c t i o n  

mixture w a s  s p e c i f i c a l l y  designed t o  a f f o r d  a s a l t  f r e e  s o h t I o n  of 

~ - [ ~ * F ] f l u o r o p h e n a c y l  bromide, “8PI-k The a l k y l a t i o n  of w i t h  [18F]-ft  

proceeded r e a d i l y  i n  methanol under g e n t l e  r e f l u x  t o  g i v e  [18P]-5 which w a s  

reduced with sodium borohydride in s i t u  t o  g ive  [18F]-k 

& 

*cI 

+ 

Crude [‘%If l uo ro fen tano l  ( [  18F]-6) w a s  p u r i f i e d  by p r e p a r a t i v e  
& 

reversed-phase HPLC t o  a f f o r d  a radiochemical ly  pure product in 15% o v e r a l l  

y i e l d .  For i n j e c t i o n ,  t h e  r a d i o a c t i v e  f r a c t i o n  w a s  evaporated t o  dryness  with 

one drop of d i l u t e  hydrochlor ic  ac id ,  d i s so lved  in i s o t o n i c  s a l i n e ,  and 

s t e r i l i z e d  by m i l l i p o r e  f i l t r a t i o n .  
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Tfaaue Metribation of in Mice: The time cour se  of t h e  t i s s u e  

d i s t r i b u t i o n  of [l8F]-6 was measured a t  5, 60 and 120 minutes  post  i n j e c t i o n .  

Within one hour ,  t h e  c o n c e n t r a t i o n  i n  v i r t u a l l y  a l l  t i s s u e s  had dec reased  

d r a m a t i c a l l y  (Tab le  3). These r e s u l t s  are similar t o  those  r epor t ed  f o r  t he  

d i s t r i b u t i o n  o f  [3H]fentanyl  i n  r a b b f t ~ . * ~  

(3Hl fen tany l  dec l ined  q u i c k l y ,  a f i n d i n g  c o n s i s t e n t  with t h e  r e l a t i v e l y  s h o r t  

d u r a t i o n  of  pharmacological  e f f e c t s  produced by f e n t a n ~ l . * ~  

r a p i d  e g r e s s  of [18F]-6 from mouse b r a i n  r e p o r t e d  he re  appears  t o  l i m i t  t he  

u s e f u l n e s s  of  t h i s  r a d i o t r a c e r  f o r  PET s t u d i e s  of t h e  o p i a t e  r e c e p t o r  in 

b r a i n .  

ry 

In  p a r t i c u l a r ,  b r a i n  l e v e l s  of  

The similarly - 
COWCLDS roll 

I n  summary, t h e  i n t r o d u c t i o n  of a hydroxyl group a t o  the  phenyl ring and 

a f l u o r i n e  atom i n  t h e  4 p o s i t i o n  of t h e  phenethyl  group of f e n t a n y l  r e s u l t s  

i n  a small dec rease  i n  potency of t h e  pa ren t  molecule as measured by 

compe t i t i ve  b ind ing  a s says .  

a l though  m u l t i s t e p ,  proceeds in r e l a t i v e l y  h igh  o v e r a l l  y i e l d  and, s i n c e  i t  

proceeds through [18F]-4 should provide a r o u t e  t o  o t h e r  f e n t a n y l  d e r i v a t i v e s  

by varying the  s t r u c t u r e  of  t h e  amine used in t h e  a l k y l a t i o n  s t e p .  Work is i n  

p rogres s  t o  p repa re  a similar d e r i v a t i v e  of l o f e n t a n i l ,  an o p i a t e  a g o n i s t  w i th  

g r e a t e r  potency and f a r  l onge r  d u r a t i o n  of pharmacological  a c t i v i t y  than 

The s y n t h e s i s  of t h e  18F-labeled compound, 

4' 

f e n t a n y l ,  to l a b e l  i t  with f luo r ine -18  using t he  r ap id  s y n t h e s i s  r epor t ed  he re  

and t o  e v a l u a t e  i t s  s u i t a b i l i t y  a s  a r a d i o t r a c e r  f o r  PET s t u d i e s  of the o p i a t e  

r e c e p t o r  in vivo.  
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