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SUMMARY

Three fluorinated derivatives of fentanyl, fluorofentanyl (2),
keto-fluorofentanyl (3), and fluorofentanol (§), were synthesized and
thelr abilities to compete with 3H—d1prenotph1ne for binding sites in
guinea pig brain membranes were determined. The relative potencles were
fentanyl >A3‘='_§' >> 5. On the basis of its apparent affinity for opiate
receptors and its relative ease of synthesis,‘g was selected for further
study. Fentanyl was slightly better than_g in its ability to compete
with [3H]naltrexone for binding sites in rat brain membranes. Both
fentanyl and § exhibited a similar high "sodium ratio”™ (quotient of the
1Cs50's against [3H]nalttexone in the presence and absence of sodium
chloride) generally characteristic of opiate agonists. The analgesic
potencies of fentaunyl and'e'were determined in rats by measuring
suppression of locomotion and vocalization responses to footshock. 6
appeared slightly less potent than fentanyl, but produced a similar
analgesia and catalepsy which was entirely blocked by pretreatment of
rats with naloxone, an opiate antagonist. A ragid synthesis of [18F] 6
wag developed and the tissue distribution of [ F]-6 in mice was
determined 5, 60, and 120 minutes after 1ntravenous injection. The use
of this general route to 18p-1abeled derivatives of fentanyl for studies
of the opiate receptor using positron emission tomography is planned.

INTRODUCTION
The development of rapid synthetic methods for introducing carbon-1l and
fluorine~18 into opiate ligands has been undertaken by a number of
investigators who plan to use the resulting radiotracers for the ig_zlxg.study
of the oplate receptor using positron emission tomography (PET). Already a
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(a) NaCNBH3, CgHgNH2; (b) (CH3CH2C0)20; (c) H/Pd-C; (d) NaBHj.

[18F]F1uorofentanol and Related Compounds: Synthesis and Evaluation as
Candidates for Opiate Receptor Studies Using Positron Emission Tomography

number of position-emitter labeled radioligands for the opiate receptor have
been developed1'5 and recently PET studies of the distribution of

Llc-1abeled oplate ligands active tracers in the human® and baboon brain’ were
reported. Although both carbon-11 and fluorine-18 have been used in labeling
neurotransmitter receptor ligands for positron emission tomography, recent PET

studies of the dopamine receptor have shown the advantage of studying
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radioligand - neurotransmitter receptor interactions for time periods of
several hours in order to allow time for clearance of non-specifically bound
radioactivity and to provide high coantrast in the neurotransmitter rich
areas.® Since studies of several hours or more are precluded by the half-life
of carbon-11 (20.4 min) we are investigating the binding properties of
fluorinated derivatives of opiate ligands which may be candidates for labeling
with fluorine-18. We report here the synthesis of three fluorinated
derivatives of fentanyl (Scheme 1), an oplate agonist with analgesic potency
considerably greater that of morphine.9 The affinities of these fentanyl
derivatives for opilate receptors was assessed by competitive binding assays
and their analgesic potencies were determined in rats by measuring thresholds
for locomotion and vocalization in response to footshock. On the basis of
these measurements and the rapid synthetic strategies currently available for
labeling with fluorine-18 at high specific activity, one of these compounds,
fluorofentanol (6), was selected for labeling with fluorine-18 and a rapid
synthesis was developed (Scheme 2). The tissue distribution of [18F]:g in

mice is reported.

SCHEME 2
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(a) Cs[18F], DMSO, 1609; (b) CH3Li; (c) H30%; (d) Brp, HCl, HOAc, CHCl3;

(e) 1; (£) NaBH,, CH30H

MATERIALS AND METHODS
All melting points are uncorrected. NMR spectra were run on a Varian HFT
80, mass spectra were run on a Finnigan 5100 and IR spectra were run on a
Perkin Elmer Model 735B. Enriched water H2180 (95-99%) was obtained from

Mound Laboratory. [3H]Naltrexone and [3H]d1prenorphine were obtained from
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Dr. Richard Hawks (National Institute of Drug Abuse, Washington, D.C.).
Carbon and hydrogen analyses were performed by Schwarzkopf Microanalytical

Laboratory. Fluorine analyses were performed by ion chromatographic analysis

of fluoride following sodium fusion.

Synthesis of N—-(4-Piperidyl)Propionanilide gl): Compound’b was

synthesized in three steps from l-benzyl-4-piperidone by the following modifi-
cation of the literature procedure.10 A solution of l-benzyl-4-piperidone
(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
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 in
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, 85%):mp 84 - 84.50C (11t.10 84.8 - 860); IR (KBr)
3325, 1580 em~l; lH NMR (CDC13)8 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
am, 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 mmol) in
benzene (5 mL) was added proplonic anhydride (0.2 mL, 1.6 mmol) and potassium
carbonate (0.7 g). 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 oll which dissolved in hot petroleum
ether to produce a solution which was allowed to stand at 0° and then
filtered. The filtrate was concentrated in vacuc to leave an oil which was
purified by flash column chromatography (silica gel; methanol:ether:chloroform
(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 72-739C (11cl0 74-760); IR (KBr) 1650 ca~l; lu MMR (CDC13)8 7.5 - 6.8
(m, 10H), 4.9 - 4.3 (m, 14), 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), glacial acetic acid (3 mL) and methanol (3 mL) was hydrogenated

at 48 psi at 709C for 11 h. The mixture was filtered, the catalyst was washed
with methanol and the methanol solution was concentrated in vacuo. The
residue was dissolved in ether and the ether layer was washed with aqueous
sodium hydroxide (1N, 20 mL) then dried and concentrated in vacuo. The
residue was dissolved in hot petroleum ether, and the solution was quickly
cooled in a dry ice-acetone bath. The N-debenzylated amine (1) was obtained
as colorless powder (0.34 g, 95%); mp 84-850C (11tl0 83-850) IR (KBr) 3275,
1640 co~l; g NMR (CDC13)6 7.4-6.8 (m, 5H), 4.8-4.4 (m, 1H), 3.2-2.4 (m,4H),
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-(1-(8-(p~Fluorophenyl)ethyl)—4—piperidyl)propionanilide (fluorofen-

tanyl) gz): The following modification of the literature methodll was used.
To a solution of’%‘(O.ZZ g, 0.95 mmol) in tetrahydrofuran (THF, 5 mL) was
added a mixture of B-(Effluorophenyl)ethyl bromtdel? g&) (0.23 g, 1.13 mmol)
in THF (5 mL) and potassium carbonate (0.2 g). The mixture was heated at
reflux for 20 h. The mixture was filtered, and the filtrate was concentrated
in vacuo. To the residue was added methanol and aqueous solution of sodium
hydroxide (1N, 1 mL). The mixture was stirred well, and an aqueous solution
of HC1 (2N, 2 mL) was then introduced. Methanol was then removed in vacuo.
To the remaining aqueous portion and white solids was added ether (30 mL) and
water (10 mL). The mixture was cooled in an ice bath for 0.5 h and the solid
was collected by filtration. (The solid was the HCl salt of the desired
product, as indicated by ly NMR.) The solid was dissolved in methanol, and
aqueous sodium carbonate was added until the aqueous solution was basic. The
mixture was concentrated in vacuo to remove methanol. The remaining aqueous

solution was extracted with ether (10 mL x 3). The ether extracts were
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combined, dried over potassium carbonate and concentrated in vacuo to leave an
oil, which was recrystallized in methanol and water to give a light yellow
solid (0.30 g, 91%):mp 103-105°C (11t1l 104-1050); IR (KBr) 1640 cm~!; 1H NMR
(CDC13)8§ 7,5~6.75 (m, 9H), 4.7 (tt, J=12.0, 4.0 Hz, 1H), 3.0 (br. d, 2H),
2.8-1.2 (m, 12d4), 1.0 (t, J=8 Hz, 3H).

N-(1-(8-(p-Fluorophenyl)-8-oxoethyl)—4—piperidyl)propionanilide (Keto-

fluorofentanyl) gz): To a solution of’&'(0.26 g, l.12 mmol) in ethanol

(10 mL) was added a solution of p-fluorophenacyl bromide gi)13 (0.11 g,

5.3 mmol) in ethanol (5 mL) and potassium carbonate (0.2 g). The mixture was
stirred at 0-49C for 0.5 h and at room temperature for 2 h. After filtration,
the yellow filtrate was concentrated in vacuo to give a red oil, which was
purified by flash column chromatography (silica gel; methanol:chloroform:ether
(1:20:20). The desired fraction was collected and concentrated in vacuo. The
residue was recrystallized from ethanol and water to give a yellow solid

(0.37 g, 89%): mp 106-108°C; IR (KBr) 1680, 1620 cn~l; g NMR (CDC13)8 7.9
(dd, J=6 Bz, 2H), 7.2 (m, 7H), 4.7 (tt, J=12, 5.0 Hz, 1H), 3.7 (s, 2H), 2.95
(m, 24), 2.25 (dt, J=12.0, 4.0 Hz, 2#), 2.05 - 1.15 (m, 6H), 1.0 (t, J=8.0 Hz,
3H). Anal. Caled. for CyHpsFN202: C, 71.71; H, 6.84; F, 5.15. Found: C,

71.08; H, 7.18; F, 5.2.

N-(1-(8~(p~Fluorophenyl)-8-hydroxyethyl)—4-piperidyl)propionanilide

(fluorofentanol) gg): To a solution of'gi (0.19 g, 0.52 mmol) in methanol

(15 nmL) was added sodium borohydride (0.16 mmol). The mixture was heated at
50-60°C for 2 h, an aqueous solution of HCl (2N, 10 mL) was added and the
nixture was stirred at room temperature for 30 min. The methanol was then
removed in vacuo and the white solid residue was washed with ether and water,

and filtered. The solid thus collected was dissolved in methanol (20 mL), and

an aqueous solution of sodium hydroxide (2N, 3 mL) was added. Methanol was
then removed in vacuo, and the aqueous residue was extracted with ether
(10 mL x 3). The ether extracts were combined, dried and concentrated in

vacuo. The residue was recrystallized from methanol and water to give white
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plates (0.18 g, 93%):mp 112-114°C; IR (KBr) 3400, 1630 cm™l; 1H NMR (CDC13)5
7.6-6.2 (m, 9H), 4.9-4.3 (m,2H), 3.1 (m, 2H), 2.95 - 1.2 (m, 11H), 1.0 (t, J=8
Hz, 3H). Anal Caled. for C22H27FN203: C, 71.32; H, 7.35, ¥, 5.12. Found: C,
71.43; H, 7.42; F, 5.2.

Synthesis of [18F]Flucrofentanol ([18#]}-6): Fluorine-18 produced using

the 18O(p,n)lBF reactionl? on 180 enriched water (95-99Z) in a titanium
targetl5 was added to 2 mg of Cs2C03 in a borosilicate glass crucible. The
solution was evaporated to dryness at 140° under a stream of nitrogen, and
further dried by coevaporation with acetonitrile (5 mL).

p~Nitrobenzonitrile (2 mg) in dry dimethylsulfoxide (0.2 ml) was added to
the dried Cs[lsF] crucible and heating was continued for ten minutes. After
cooling, the reaction mixture was diluted with water (3 mlL) and passed through
a C-18 Sep-pak cartridge and ringsed with water (2 mL). Ef[lsF]Fluorobenzo-
nitrile was eluted from the cartridge with pentane (5 mL) which was passed
through a K9CO03 drying tube.

Methyllithium (0.4 mL, 1.4 M in ether) was added, followed by hydro-
chloric acid (0.6 mL, 2 M in 50X aqueous methanol). The pentane was removed
using an oil bath heated to BO° and the hydrolysis was allowed to continue at
80°C for nine minutes. After cooling, the mixture was diluted with water

(5 mL) and passed through a C-18 Sep-pak cartridge which was washed with water

(2 mL). 27[18P]F1uoroacetophenone wag recovered by elution with chloroform
(5 mL) which was dried with potassium carbonate.

Bromine (0.8 M in 0.2 mL HOAc coataining 5% HCl) was added to the CHCl3
gsolution and the resulting solution heated at reflux for nine minutes.
Unconsumed bromine was decomposed with propene. The reaction mixture was
diluted with methanol (4 ul) and concentrated to 0.5 mL at 80°C under a stream
of nitrogen to remove chloroform. Sodium bicarbonate (5 mL, saturated
solution) was added to the residue and this was passed through a C~18 Sep-pak

cartridge which was then rinsed with water (2 mlL). Ef[laF]Fluotophenacyl
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bromide ([IBF]:é) (radio-HPLC solvent system assay 85X) was eluted from the
cartridge with chloroform (5 mL) and dried with potassium carbonate.
N-(4-Piperidyl)propionanilide Sk) (8 mg) in methanol (4 mlL) was added to
the chloroform eluant and the solution was concentrated to 0.5 mL at 80°C
under a stream of nitrogen. The alkylation reaction was then allowed to
continue under gentle reflux for ten minutes. Reduction of the ketone of the
resulting 18F-labeled amine ([18F]:a) was accomplished by adding NaBH4 (30 mg)
to the reaction mixture and warming (60°C) for an additional ten minutes.
Residual NaBH4 was decompoged with HCL (0.6 mL, 6N); NaHCOj3 (200 mg) was added
to make the solution alkaline and it was then passed through a C]8 Sep—pak
cartridge with water (7 mL). [18F]F1uorofentanol ([ISF]:Q) was eluted from
the cartridge with chloctoform (6 mL), and after drying with potassium
carbonate, was adsorbed onto a silica gel Sep-pak. Elution with 3.8 M
ammonia-methanol: chloroform (4 mL, 1:9) gave the crude product, which was
then purified by preparative HPLC (20 x 250 mm Spherisorb-5u 0DS column, HPLC

Technology, methanol:0.01 M pH 4 ammonium phosphate buffer (65:35), 4 mL/min)

to afford radiochemically pure (by analytical radio-HPLC) [18F]:e in 152
radiochemical yield (calculated to end of cyclotron bombardment and based on
the total amount of Ll8F produced by the H2180 target). Synthesis time: 2.5 h,
total mass assoclated with the radioactivity measured by UV spectroscopy,
calculated as fluorofentanol: 15 micrograms (40.5 nmol). Thus from 200 mCi of
[18F]f1uoride, 30 mC1 (decay corrected to EOB) of (18F]:3 is produced with a
specific activity of 0.74 Ci/umol (EOB).

Competitive Binding Assays: Assays were performed using [3H]na1ttexone

(27 ¢i/mmol) and [3H]diprenorphine (27 Ci/mmol). Stock solutions of the test
compounds were prepared by dissolving each in a small amount of 0.1 N HC1l and
diluting to volume with distilled water. Crude membrane fractions were

prepared from either rat or guinea pig brains as previously described.l6 The

membrane preparations were stored in 0.32 M sucrose at =70°C until needed.
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Duplicate samples (2 mL) of membrane containing 1.0 ® 0.1 mg/aL protein in
0.05 M Tris-HCl at pH 7.4 with 1 mM dipotassium EDTA were first incubated with
1 oM tritiated ligand at 22°C for 1.5 hours. Competition experiments were
then carried out with six concentrations of each test drug ranging from

10,000 oM to 0.1 nM. To estimate nonspecific binding, some samples also
contained 1000 nM unlabelled ligand. After incubation, samples were filtered
through Whatman GF/B filters, which were rinsed twice with buffer (4 mL) and
then dried. The radiocactivity remaining on the filters was determined by
liquid scintillation.

Analgesic Activity In Vivo: Footshock intensity thresholds for eliciting

locomotion and vocalization in rats (male Sprague-Dawley, 200 grams) were
determined. Each rat received an ascending series of 200 msec duration

scrambled footshocks delivered through a grid floor. Shock intensity was

varied in steps of 0.25 mA over trials which were separated by 30 sec
intertrial intervals. Thresholds for locomotion and vocalization responses
were taken as the first of two consecutive intensities to elicit such
responses. Rats were then injected (s.c.) with one of three doses of
fentanyl, one of four doses of fluorofentanol ggz, or saline vehicle.
Compounds were prepared for injection by dissolving in 2 or 3 drops of

0.1 N HC1 and diluting with saline. The injection volume for all dosages was
2 mL/kg body weight. Twenty minutes after injection thresholds were again
determined.

Tissue Distribution of [18!]1 in Mice: [18F]—‘2' in saline

(~ 150 uCi/mouse) was injected intravenously into male mice and animals
(3/time point) were sacrificed at 5, 60 and 120 minutes post injection.
Tissues were removed, blotted free of blood, weighed, and counted in an
automatic gamma counter (Packard, Model 5230). The radioactivity in each
sample was corrected to a common time and normalized to the total injected

dose.
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RESULTS AND DISCUSSION

Synthesis, Competitive Binding Assay and Analgesic Potency of Fluorinated

Derivatives of Fentanyl: Fluorofentanyl gz), a compound which has been

mentioned in the patent 1iterature11, was initially a target compound for
labeling with fluorine-18.17 It was prepared for competitive binding assays
via the alkylation of N-(4-piperidyl)propionanilide g&} with p-fluorophenethyl
bromide g%z. Anticipating the time constraints imposed by the 110 min
half-1ife of fluorine-18, a synthetic strategy for‘aﬂbased on the use of a

more reactive alkylating agent, p-fluorophenacyl bromide (22 was proposed and

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

alkylation of'iwithnl’ proceeded rapidly and in high yield to produceni.
Unfortunately, all efforts to reduce the p-fluorophenacyl group to the
p-fluorophenethyl group were unsuccessful and either produced the benzylic
alcohol or unreacted starting material. For example, using a model substrate,
p-fluorophenacyl piperidine, catalytic reduction with palladium invariably
returned starting material. Under forcing conditions as described by
Rosenmund to reduce secondary phenacyl aminesls, slow decomposition of the
starting material was observed. Other reduction strategies also failed. For
example, although ketones have also been deoxygenated via the corresponding
tosylhydrazone19 by exposure to borohydride, the model substrate resisted
tosylhydrazone formation. Furthermore, although triethylsilane-boron tri-
fluoride?0 reduced p-fluoroacetophenone to p-fluoroethylbenzene in quantita-
tive yield, p-fluorophenacyl piperidine afforded only the corresponding amino
alcohol, even after prolonged reaction. Since nearly all known methods to
reduce aryl ketones and alcohols rely on a protic or Lewls 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 amine making

formation of the required vicinal incipient benzyl cation unfavorable.
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Although‘a’could not be synthesized using this route which was amenable
to 18F-labe11ng, the alcohol 222 and keto derivative Szz were readily
prepared. Therefore they were candidates for 18F—labeling with the provision
that theilr potency relative to fentanyl was not reduced by the presence of a
keto or hydroxyl group a to the aromatic ring.

The potency of the fluorinated analogs of fentanyl was evaluated in vitro

with competitive binding assays, results of which are given in Table 1.

Table 1. Stereospecific Competitive Binding Assay (ICsp, nM)

Brain Membrane: Rat Guinea Pig
Ligand (1 nM): [3H]Na1trexone [3H]D1phenorph1ne
Additives: --- 100 mM NaCl Sodium Ratio
Fentanyl 30 630 21 110
Fluorofentanyl,ga 400
Keto-Fluorofentanyl,gb 20000
Fluorofentanol, ’e' 60 1400 23 400
Levorphanol 6 100 17
Naloxone 16 11 <1

For comparison, fentanyl, levorphanol (a typical agonist), and naloxone (a
typical antagonist) were also assayed. Analogse and ’E’were found approxi-
mately one-half as potent as fentanyl, with keto compound'z'at least two
orders of magnitude less potent. The sodium ratio, a powerful predictor of
agonist-antagonist propertiesl6»21, remained essentially unchanged among the
four compounds and falls in the range characteristic of "pure agonists.”

The analgesic effects of fluorofentanol SE) and fentanyl were compared in
vivo by measuring footshock intensity thresholds for eliciting locomotion and

vocalization responses in male Sprague-Dawley rats (see Table 2).

Both compounds produce clear analgesic and, at high doses, cataleptic effects
although fluorofentanol ggz is somewhat less potent. In an additiomnal
experiment, administration of cataleptic doses of each compound was preceded

(3 minutes) by injection of naloxone (1.0 mg/kg, s.c.). Rats treated in this
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Table 2. Analgesic Effects* of Fentanyl and Fluorofentanol (6)

~
Locomotion Vocalization
Dose Fentanyl Fluorofentanol Fentanyl Fluorofentanol
Vehicle +0.5 (*5.3) =2.0 (£5.8)
0.01 mg/kg +36 (£7.2) +9 (¥3.1) +27 (£11.5) +17 (£7.7)
0.05 mg/kg +39 (7.6) +25 (#11.9) +82 (#7.3) 437 (#9.9)
0.10 mg/kg profound +92 (5.9) profound +108 ($2.6)
catalepsy catalepsy
0.50 mg/kg profound profound
catalepsy catalepsy

*
% change (+ g.e.m.) in threshold following injection.

manner, not only failed to display catalepsy, but also failed to display any
changes in thresholds for eliciting the two pain responses. This antagonistic
effect of naloxone confirms that the analgesia induced by both fentanyl and
fluorofentanol is mediated by oplate receptors.

Based on these competitive binding assays and on measurements of anal-
gesic activity, fluorofentanol 822 was determined to be of similar potency to
the original target molecule fluorofentanyl si} and was therefore selected for
development of a rapid synthetic strategy for labeling with fluorine-18.

Synthesis of 18p-Labeled 6 Since it was essential that the specific

activity of the receptor active radiotracer be very high in order to avoid
pharmacological effects, the labeling strategy was based on the use of
18p-1abeled fluoride which is available in very high specific activity up to
(30 Ci/umol) from an enriched water (H2180) target.15 Accordingly, the
nucleophilic aromatic substitution reaction using no-carrier-added Cs[lsF]22
was chosen in a sequence which begins with the synthesis of Bj[lsF]fluoro-
benzonitrile in 60-70% yield (Scheme 2). Elaboration of the nitrile group
into a methyl ketone was then performed with methyllithium in the usual way.23
Selective monobromination of the Bf[lsF]fluoroacetophenone was accomplished

using a solution of bromine-acetic acid containing a catalytic amount of

hydrochloric acid?4 1n refluxing chloroform. Chloroform proved to be the
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Table 3. Biodistributfon of [18F]F1uorofentanol (18F-6) in Mice at
5, 60 and 120 Minutes ~

Time After Injection (Min)

5 (a=3) 60 (n=b) 120 (n=3)
Tissue Z/g X/organ Z/g X/organ 2/g Z/organ
Blood 2.340.4 0.5 0.1 0.1440.03
Brain 3.3%0.1 1.5 #0.1 0.23%0.04 0.11 #0.02 0.07+0.02 0.03 +0.01
Heart 4.1%0.1 0,53%0.10 0.5 #0.1 0.07 #0.01 0.13+0.03 0.015%0.00
Lungs 12 %1 1.5 #0.1 1.1 #0.3 0.17 ¥0.06 0.314+0.08 0.043%0.00
Liver 4.5¥0.9 6.3 %0.4 2.0 ¥0.4 2.7 #0.6 0.93%0.08 1.2 #0.02
Spleen 7.240.8 0.78%0.08 0.9 #0.2 0.10 +0.02  0.24%0.09 0.024%0.00
Kidneys 16 +2 6.3 0.4 2.6 0.7 1.1 £0.4 2.6 #2.0 1.1 *0.9
Small
Intestines 4.6%0.6 5.3 #0.8 2.1 #0.5 2.4 #0.9 1.0 #0.2 1.0 *0.04
Testes 2.1%0.3 0.27%0.01 2.1 #0.7 0.3 0.1 0.7 #0.3 0.09 +0.03
Muscle 2.7%0.3 0.53%0.17 0.19+0,05

solvent of choice for avoiding overbromination of the NCA Ef[IBF]fluoroaceto-

phenone and consistently gave less than 5% dibromo, and greater than 852

monobromo ([laF]:i) with the remaining 102 being unreacted starting material
as determined by radio HPLC. Pure 4'-fluoro-2-bromoacetophenone gﬁ), although
stable in solution, even at elevated temperature, was particularly sensitive
to decomposition by catalytic quantities of weak Lewis bases such as potassium
carbonate and sodium acetate and therefore workup of the bromination reaction
mixture was specifically designed to afford a salt free solution of
P_-[IBF]fluorophenacyl bromide, [1817]-’1{; The alkylation of‘bwith [181?]—}\’
proceeded readily in methanol under gentle reflux to give [IBF]jz'which was
reduced with sodium borohydride in situ to give [18F]-¢.

Crude [lsF]fluotofentanol ([18F]:22 was purified by preparative
reversed-phase HPLC to afford a radiochemically pure product in 15% overall
yield. For injection, the radioactive fraction was evaporated to dryness with
one drop of dilute hydrochloric acid, dissolved in isotonic saline, and

sterilized by millipore filtration.
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Tiasue Distribption of [lallje'in Mice: The time course of the tissue

distribution of [18F]j2’vas measured at 5, 60 and 120 minutes post injection.
Within one hour, the concentration in virtually all tissues had decreased
drawmatically (Table 3). These results are similar to those reported for the
distribution of [3H]fentany1 in rabbits.23 1In particular, brain levels of
[3H]fentany1 declined quickly, a finding consistent with the relatively short
duration of pharmacological effects produced by fentanyl.25 The similarly
rapid egress of [18F]72Jfrom mouse brain reported here appears to limit the
usefulness of this radiotracer for PET studies of the opiate receptor in

brain.

CONCLUSION

In summary, the introduction of a hydroxyl group a to the phenyl ring and
a fluorine atom in the 4 position of the phenethyl group of featanyl results
in a small decrease in potency of the parent molecule as measured by
competitive binding assays. The synthesis of the 18p-1abeled compound,
although multistep, proceeds in relatively high overall yield and, since it
proceeds through [18F]:§: should provide a route to other fentanyl derivatives
by varying the structure of the amine used in the alkylation step. Work is 1in
progress to prepare a similar derivative of lofentanil, an opiate agonist with

greater potency and far longer duration of pharmacological activity than

fentanyl, to label it with fluorine-18 using the rapid synthesis reported here
and to evaluate 1its suitability as a radlotracer for PET studies of the opiate
receptor in vivo.
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