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SYNTHESES OF N6-CARRIER-ADDED (NU) [18F]FLUOROALKYL HALIDES AND THEIR 
APPLICATION IN THE SYNTHESES OF [18F]FLUOROALKYL DERIVATIVES OF NEUROTRANSMITTER 

RECEPTOR ACTIVE COMPOUNDS 
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SUMMARY 

Nucleophi l ic  a l i p h a t i c  s u b s t i t u t i o n  of a l k y l  h a l i d e s , & ,  
[(CH2)nXz (n=2,3; X = B r , I ) ] ,  w i th  N U  K[18F]/Kryptofix 2.2.2 i n  
CH3CN gave t h e  corresponding NCA [18F]fluoroalkyl h a l i d e s  2 i n  
30-40% y i e l d s .  
compared. N-Alkylation of s e v e r a l  neu ro t r ansmi t t e r  r ecep to r  
a c t i v e  amid& and amines with t h i s  reagent  gave the corresponding 
NCA z-[18F]fluoroalkyl d e r i v a t i v e s  ( k 6 )  i n  20-60% y i e l d .  

The f a c t o r s  which in f luence  t h e  y i e l d  of & were 
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INTRODUCTION 

Widespread i n t e r e s t  i n  metabol ic  and r ecep to r  binding s t u d i e s  v i a  pos i t ron  

emission tomography (PET) (1) c a l l s  f o r  new s y n t h e t i c  s t r a t e g i e s  which al low 

r a p i d  and e f f i c i e n t  i nco rpora t ion  of sho r t - l i ved  r ad ionuc l ides  (e.g. l l C  and 18F) 

i n t o  organic  molecules (2).  

syntheses  of N-alkyl radiol igandb is C-11 l a b e l l e d  methyl i od ide  (3-6) and t o  a 

lesser ex ten t  e t h y l  i od ide  (7).  

One of t h e  most commonly used in t e rmed ia t e s  f o r  t he  

However, compared with 18F, l l C  has i nhe ren t  
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disadvantages: (a) its maximum positron energy is higher than that of 18F (0.96 

MeV vs. 0.635 MeV), (b) its half-life is shorter than that of 18F (20 .4  min VS. 

109.7 min) and (c) the specific activity of IIC-labeled radiotracers, especially 

those derived from [11C]02 is usually lower than that of I8F-labeled radiotracers 

synthesized from [18F]fluorine. 

have been synthesized (8,9) and found to be useful for the syntheses of 

I8F-labeled radiopharmaceuticals. 

by nucleophilic aliphatic substitution reaction (8). Unfortunately, since 

- N-methylated products, fluoromethyldialkylamines, are reported to be unstable 

( l o ) ,  the utility of this reagent for labeling of secondary amines is limited. 

We report here the synthesis of a series of NCA [18F]fluoroalkyl halides (2)  by 

nucleophilic aliphatic substitution of alkyl halides (1) with NCA [18F]fluoride 

along with their applications in the syntheses of NCA I8F-labelled derivatives of 

neurotransmitter receptor active compounds. 

To date, only a few I8F-labeled alkyl halides 

For example, [18F]CH2Br has been synthesized 

4# 

4# 

MATERIALS AND METHODS 

Acetonitrile was an HPLC grade reagent from Fischer Scientific Co. 

Kryptofix 2.2.2 was purchased from MCR Chemical Co. 

1,3-diiodopropane were purchased from Eastman Kodak Co. and used without further 

purification. 1,2-Dibromoethane and 1,2-diiodoethane were purchased from Fischer 

Scientific Co. and Aldrich Chemical Co. respectively. 1-Bromo-2-fluoroethane was ' 

purchased from Fairfield Chemical Co. 1-Bromo-3-fluoropropane was synthesized by 

the known method (11). Tetrabutylammonium hydroxide (0.4 in H20) was purchased 

from Eastman Kodak Co. 

melting point apparatus and were uncorrected. NMR spectra were recorded with a 

Varian CFT-20 spectrometer or Bruker RZH 300/52 spectrometer with TMS as an 

internal standard. The mass spectra were measured with a Finnigan k44T 5100 

GC/MS/DS spectrometer. High-pressure liquid chromatographic (HPLC) analyses were 

carried out with a Perkin-Elmer Series 2 or 3B liquid chromatograph equipped with 

a radioactivity monitor (Berthold Model LB503). An analytical reversed-phase 

C18 column (4.5 x 250 mm) was used with either CH30H:H20:(i-Pr)2NH (70:30:0.1) or 

CH3OH:O.O21 NH4CO2H (75:25) as the solvent with a flow rate of 1.5 ml/min. 

the preparative separation a semi-preparative C18 column (10 x 250 m, 

1,3-Dibromopropane and 

The melting points were determined on a Fischer-Johns 

For 
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Phenomenex, ODs-1) was used and eluted with appropriate solvents. 

Sep-Pak cartridges were obtained from Waters Associates. 

The C18 

Syntheses of 8-[4-(4-Fluorophenyl)-4-oxobutyl]-3-(2-fluoroethyl)-l-phenyl- 

1,3,8-triazaspiro[4.5] decan-4-one [~-(2-fluoroethyl)spiroperidol]: Spiroperidol 

(57.23 mg, 0.15 mmol) was dissolved in 3.5 ml of dimethylforamide (DMF) and then 

tetrabutylammonium hydroxide (200 ~ 1 ,  0.31 mmol, 40% aq. solution) and l-bromo-2- 

fluoroethane (190 ~ 1 ,  2.3 mmol) were added. The mixture was stirred at 8OoC for 

15 min. The progress of the reaction was monitored by taking an aliquot of the 

reaction mixture and analyzed by HPLC. At the end of the reaction (15 min), the 

mixture was cooled to room temperature. 

(- 2 ml) and injected into semi-preparative HPLC (C18 column, 10 x 250 mm; 

The crude product was dissolved in CH30H 

CH30H:H20: (I-Pr)2NH, 70:30:0.1 as the solvent with a flow rate of 4 ml/min). 

fractions containing ~-(2-fluoroethyl)spiroperidol (retention time = ,. 19 min) 
were collected and evaporated to give 36 mg (57%) of product, m.p. 115-118°C. 

NMR (CDC13)B: 1.0-3.3 (series of overlapping multiplets), 4.64 (dd, JHH = 4.5 

Hz, JHF = 48 Hz, CH2F); 4.79 ( 8 ,  2H); 6.9 - 7.4 (m, 7H); 8.0 - 8.05 (q, J = 5.5 

Hz, 2H). 

Mass spectrum: 

The 

m/e (relative intensity) * 441 (&, 0.7%); 423 (M-13, 8.1%); 

165 (F@-CHZ-CH~-CH~, + 22 .O%); 

142 (100%); 123 (F- , 34.6%); 100 (50.1%); 

95 ( F - 0 ,  11.7%); 77 (0. 12.7%). 
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Synthesis of 8-[4(4-Fluorophenyl)-4-oxobutyl]-3-(3-fluoropropyl)-l-phenyl- 

1,3,8-triazaspi1?0[4.5] decan-4-one [E-(3-f luoropropyl)spiroperidol]: The method 
~ 

used for the synthesis of 5-(2-fluoroethy1)spiroperidol was adapted for the 

synthesis of ~-(3-fluoropropyl)spiroperidol. NMR (CDC13)6: 1.0 - 3.6 (series of 

overlapping multiplets); 4.62 (dd, JHH = 5.6 Hz, JHF = 48 Hz, CH2F); 4.71 (s ,  

2 H ) ;  6.8 - 7.4 (m, 7H); 8.0 - 8.05 (4, J = 5.5 Hz, 2H). Yass spectrum: m/e 

(relative intensity) = 455 (@, 0.5%); 

+ 
437 (M-18, 15.1%) 317 

(CH2)3F, 62.7%); 

165 (F-@-CHZCH~CH~, + 45.9%); 142 (12.0%); 

123 (F&, 100%); 95 ( F a ,  30%); 77 (0, 31.1%). 

It is interesting to note that the retention times of 2-methylspiroperidol, 

- N-(2-fluoroethy1)spiroperidol and IJ-(3-fluoropropyl)spiroperidol in a C18 column 

(4.5 x 250 mm eluted with CH3OH:HzO: (I-Pr)zNH, 70:30:0.1 at 1.5 ml/min) are very 

similar (9.90 min, 10.00 min, and 10.63 min respectively) indicating that these 

three compounds have similar lipophilicity. 

A General Synthesis of NC4 l-[18F]Fluoroalkyl Malides (A) by Nucleophilic 
Aliphatic Substitution of Alkyl Halides (A) with NCA [18F]Fluoride: No-carrier- 

added aque~us[~~F]fluoride (- 1 ml) prepared by the 180(p,n)18F reaction (12) on 

a small volumn enriched water (95-99% 180) target (13,14), was added to a solu- 

tion of 10 mg (26.6 Umol) of Kryptofix 2.2.2 and 2.5 mg (18 Umol) of K2CO3 in 0.2 

m l  of CH3CN in an open Pyrex vessel. 

nitrogen at 115OC and coevaporated to dryness with CH3CN (3 x 0 . 5  ml). 

dried K[18F] was added 23 umol of alkyl halide (A) in 0.5 ml of CH3CN and the 

The water was removed using a stream of 

To the 
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v e s s e l  w a s  covered. This  s o l u t i o n  was hea ted ' a t  75OC f o r  10 min, cooled t o  room 

temperature  and then 3 m l  of water was added. The mixture was t r a n s f e r r e d  onto a 

C18 Sep-Pak c a r t r i d g e  which had been prewashed with 3 m l  of CH30H followed by 

4 m l  of water. 

washing w a s  discarded.  

with 5 m l  of pentane which was f i l t e r e d  through an anhydrous K2CO3 tube. The 

i d e n t i t i e s  of t he  products  were confirmed by comparison of t h e i r  HPLC r e t e n t i o n  

t i m e s  wi th  a u t h e n t i c  samples. The r e s u l t s  are l i s t e d  i n  Table  1. 

The Sep-Pak c a r t r i d g e  was washed with 4 ml of water and t h e  

The product,  NCA l - [18F]f luoroalkyl  ha l ide ,  was e l u t e d  

Optimizat ion of 18P S u b s t i t u t i o n  i n  (a: K[18F] was prepared a s  descr ibed 

above and t h e  y i e l d  of t he  s u b s t i t u t i o n  r e a c t i o n  was measured by ca r ry ing  ou t  t h e  

r e a c t i o n  a s  descr ibed above. The i d e n t i t i e s  of t he  products  were confirmed by 

comparison of t h e i r  HPLC r e t e n t i o n  times with a u t h e n t i c  samples. Var i ab le s  were 

s o l v e n t ,  Subs t r a t e ,  s u b s t r a t e  concen t r a t ion  and r e a c t i o n  temperature (Tables 2 

and 3) .  

Table  1. 
nuc leoph i l i c  a l i p h a t i c  s u b s t i t u t i o n  of a l k y l  h a l i d e s  wi th  NCA [18F]fluoride i n  

CH3CN a t  65-7SoCa 

Radiochemical y i e l d  of NCA 18F-labeled f l u o r o a l k y l  h a l i d e s  from the  

a ;  n=2, X = I  
b; n=2, X=Br 
c ;  n=3, X = I  
d; n=3, X=Br 

Radiochemical Yield (%)b 

18F (CH2 ),X 

With Kryptof ix  2.2.2 Without Kryp to f ix  2.2.2 

- 5  
30-40 
30-40 
30-40 

a .  React ion t i m e  = 10-15 min; S u b s t r a t e  Concentration: ca. 20 umole, K[18F] 
(NCA); pyrex vesse l .  

Products  were i s o l a t e d  by C 1 8  Sep Pak c a r t r i d g e  e x t r a c t i o n  (H20/pentane) and 
were i d e n t i f i e d  using a r a d i o  HPLC [Perkin-Elmer S e r i e s  2 o r  3B Liquid 
Chromatograph equipped wi th  a W d e t e c t o r  and connected t o  a Berthold Model 
LB 503 r a d i o a c t i v i t y  d e t e c t o r .  
(70: 30: 0.1) as e l u t i o n  so lven t  J and comparison of r e t e n t i o n  times with those 
of a u t h e n t i c  s a m D l e s .  The y i e l d  has been decay co r rec t ed .  

b. 

C18 column with MeOH:H2O:(i-Pr)2NH 
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Tab le  2 .  E f f e c t s  of Solvent  and Temperature on Yield o f  l-[18F]Fluoro-3- 
Iodopropane from lca  

hr 

R u n  So lven t  Temperature (OC) 

1 CH3 CN 70 

3 CH3CN 80 
4 CH3CN 90 
5 DMSO 70 
6 DMSO 80 
7 DMSO 90 
8 DMSO 100 
9 DMS 0 120 

10 DMSO 140 

2 CH3CN 7 5  

a. Reac t ions  were c a r r i e d  o u t  i n  a Pyrex v e s s e l .  

b. The y i e l d  has  been decay c o r r e c t e d .  

Y ie ld (  %)b 

33 
45 
35 
43 

6 
4 
4 
3 
2 
2 

Tab le  3. The I n f l u e n c e  of S u b s t r a t e  and S u b s t r a t e  Concentrat ion 
on Yield of l - [ 1 8 F ] F l ~ o r o p r o p y l  H a l i d e s  (2c  d)a 4 

S u b s t r a t e  S u b s t r a t e  Concen t r a t ion  Yield ( X )  
(Ilm) 

l c  4.5 28 
l c  24.8 36 
l c  45 28 
I d  4.5 25 
I d  25 24 
I d  45 28 

a. A l l  r e a c t i o n s  were c a r r i e d  ou t  a t  75OC i n  a Pyrex v e s s e l .  

b. Percentage of a c t i v i t y  i s o l a t e d  i n  t h e  product ,  c o r r e c t e d  f o r  decay. - 
A General  S y n t h e s i s  of N U  ~ - [ 1 8 F ] F l u o r o a l k y l  Rad io l igands  (E): The 

s u b s t r a t e  (- 5 mg) and hase ( 4 0  ~1 of 0.42 tetrabutylammonium hydroxide i n  H20 

f o r  s p i r o p e r i d o l  and .. 4 mg of K2CO3 f o r  normetazocine and lorazepam) were added 

t o  N U  1- [ 18F ] f luoro-3-iodopropane o r  1-bromo-2- [ 18F ] f l uo roe thane ,  prepared as 

desc r ibed  above, i n  5 m l  of pentane i n  an open test  tube.  The s o l u t i o n  w a s  

hea t ed  (llO°C) and when t h e  volume of t h e  pentane s o l u t i o n  was reduced t o  

- 0.2  m l ,  0.5  m l  of a 1 : l O  s o l u t i o n  of  DMF-THF was added and the  mixture  w a s  

hea t ed  f o r  10 min a f t e r  THF had evaporated.  The crude product  was d i s s o l v e d  i n  



Syntheses of NCA [18F]Fluoroalkyl Halides 61 

1.5 m l  of HPLC solvent  f o r  prepara t ive  HPLC p u r i f i c a t i o n .  

p u r i f i c a t i o n  of the  crude product was accomplished using a 10 x 250 mm 

reversed-phase column (Phenomenex, ODs-1) and e lu ted  with appropriate  so lvents .  

The e f f l u e n t  of the HPLC column is passed through a UV detec tor  a t  254 nm and 

i n t o  a f r a c t i o n  c o l l e c t o r  s e t  up i n  an ion iza t ion  chamber. The product f r a c t i o n  

is taken a t  the appropriate  time when the  W t r a c e  has returned t o  base l i n e  and 

when r a d i o a c t i v i t y  e l u t e s  from the  column. Col lec t ion  is continued f o r  2-3 

minutes. The e l u a t e  from HPLC was evaporated and coevaporated with 5 m l  of 

e thanol  and then with 1 m l  of  2 %  HC1-ethanol t o  dryness. 

appl ied t o  the  residue f o r  - 1 minute t o  ensure removal of a l l  t r a c e s  of 

solvent .  To the  residue w a s  added 3 m l  of s a l i n e  and the r e s u l t i n g  s o l u t i o n  w a s  

f i l t e r e d  through a 0.22 Um mi l l ipore  f i l t e r  i n t o  a mul t i in jec t ion  v i a l .  The 

r e s u l t s  a r e  l i s t e d  i n  Table 4 .  

Prepara t ive  HPLC 

A stream of dry N2 was 

RESULTS AND DISCUSSION 

Reactions of compounds la-d with K[18F]/Kryptofix 2.2.2 (8) i n  CH3CN a t  rv 

65-75OC f o r  10 min followed by p u r i f i c a t i o n  gave the corresponding NC4 

[18F]fluoroalkyl h a l i d e s  (2a-d) i n  30-40% y i e l d  [(equat ion l), Table 11. w 

Since the synthes is  of ?;p from [18F]fluoride is a two-step process, t h e  

opt imizat ion of the radiochemical y i e l d  i n  each s t e p  is necessary t o  increase  the  

o v e r a l l  radiochemical y i e l d  of 3-6. As shown in Table 2, the  solvent  has a 

s i g n i f i c a n t  e f f e c t  while the  reac t ion  temperature has only a s l i g h t  e f f e c t  on the 

y i e l d  of$ 

CH3CN suggests  t h a t  compound $ may have been oxidized by DMSO t o  give the  

corresponding aldehyde (15). 

concentrat ion of t h e  s u b s t r a t e  have l i t t l e  e f f e c t  on the y i e l d  of&(Table  3 ) .  

This makes i t  poss ib le  t o  use less s u b s t r a t e  i n  the  synthes is  and r e s u l t s  i n  a 

more e a s i l y  p u r i f i e d  product mixture. 

e f f e c t  on the  y i e l d  o f & a s  reported by Coenen (8). 

* 

That the  radiochemi,cal y i e l d  of 2 is  lower i n  DMSO than t h a t  i n  

The nature  of the s u b s t r a t e s  (X = Br o r  I) and the  

However, Kryptof ix  2.2.2 has a s i g n i f i c a n t  
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Tab le  4. Radiochemical Yield of NCA 18F-Labeled 2-[18F JF luoroa lky l  Radioligandsa 

S u b s t r a t e  Product Radiochemical Yield ( % ) b  

S p i r o p e r i  do1 - N-(2- [ 18F] f luoroethy1)-  
s p i r o p e r i d o l  (3)c 

- N-(3-[18F Jf luoropropy1)-  
s p i r o p e r i d o l  (A)' 

& 

S p i  r o p e r i  do1 

10-20 

30-50 

(f)Normetazocine (*.)N-(3-[18F Jf luoropropy1)-  50-60 
normetazocine (5)d (19) 

w 

Lorazepam - N-(3- [ 18F If 1uoropropyl)-  
lorazepam (6Ie  

& 

50-60 

a.  Reac t ion  t i m e :  10 min; r e a c t i o n  temperature:  110OG; s u b s t r a t e  
concentrat ion:  10-15 pmole i n  DMF. 

Products  were i s o l a t e d  by a semi-preparat ive C18 column (10 x 250 m) 
e l u t e d  with va r ious  s o l v e n t s  and were i d e n t i f i e d  by comparison of 
r e t e n t i o n  t imes wi th  those  of a u t h e n t i c  samples.  The y i e l d  has been 
decay co r rec t ed .  

c .  The product was e l u t e d  with MeOH:H20: (i-pr)zNH (70:30:0.1), 4 ml/min. 

d.  The product was e l u t e d  wi th  MedH:O.O5gNHqCO2H (65:35), 4 ml/min. 

e. The product w a s  e l u t e d  wi th  MeOH:H20: (1-pr)pNH (60:40:0.1), 4 ml/min. 

b. 

These r e s u l t s  i n d i c a t e  t h a t  N U  18F-labelled f l u o r o a l k y l  h a l i d e s  can be 

r a p i d l y  prepared under very mild cond i t ions  and i n  moderate y i e l d s .  

has  s e v e r a l  advantages over l l C ,  18F-label led f l u o r o a l k y l  h a l i d e s  may be s u p e r i o r  

t o  11C~31 f o r  t h e  s y n t h e s i s  of a number of d i f f e r e n t  c l a s s e s  of r a d i o t r a c e r s .  

An obvious a p p l i c a t i o n  of t h i s  reagent  would be t h e  syn theses  of l8F-labe1led 

neuro t r ansmi t t e r  r e c e p t o r  a c t i v e  compounds (16-18) by N-[18F]fluoroalkylation of 

t h e  a p p r o p r i a t e  p recu r so r s .  

r ad io l igands  (E) have been prepared i n  20-60% y i e l d  by Z-[l8F]f l u o r o a l k y l a t i o n  

of t h e  corresponding amides and/or  amines (Table  4 ) .  The a p p l i c a t i o n  of t h i s  

reagent  f o r  t h e  syntheses  of o t h e r  r ad io l igands  f o r  PET s t u d i e s  and the  s tudy of 

t h e  i n f l u e n c e  of t h e  f luo ropropy l  group on r ecep to r  binding p r o p e r t i e s  of t he  

pa ren t  molecule a s  w e l l  as t h e  metabol ic  s t a b i l i t y  of t hese  t r a c e r s  a r e  

cont inuing.  

S ince  18F 

Thus, a series of N U  ~ - [ l R F ] f l u o r o a l k y l  
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