
BASIC SCIENCES

A new preparationof [18F]fluoromisonidazole[1H-1-(3-[18F]fluoro-2-hydroxypropyl)-2-
nitroimidazole]is presentedas a two-step,two-pot reactionsequence.Themethodis useful
for the productionof 20â€”30mCiquantitiesof this compoundfrom [18F]fluoride,availablein
40%radiochemicalyieldatendofbombardment(EOB)withaspecificactivity(flea)of>650
Ci/mmol(EOB)anda synthesistimeof @140 mm.Thekeyfeatureof the reactionschemeis
the preparationof a newfluoroalkylatingagent,[18F]epifluorohydnn.
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isomdazole and its congeners are metabolically
trapped in cells that are alive but at low oxygen tension
(1). As an example of this biologic property, studies
with tritiated fluoromisonidazole (F-MISO) have shown
accumulation ofthis drug in hypoxic tissues of tumors,
stroke, and ischemic myocardium (2â€”5).This has led
to the suggestion that the fluorine-18- (â€˜8F)labeled
compound might be useful for in vivo positron emission
tomography (PET) imaging of these tissues. Although
the radiosynthesis of [â€˜8F]F-MISOand its biodistribu
tion in rats has been reported (6), the yield by this
procedure is too low (<1% EOS) for widespread appli
cation. In pursuit of a method which affords a higher
radiochemical yield ofthis compound we have investi
gated the [â€˜8F]fluoridedisplacement of(2 R)-(-)glycidyl
tosylate (GOTS) to prepare [â€˜8F]epifluorohydrin(EPI
F) and subsequently the nucleophilic ring opening of
the latter compound with 2-nitroimidazole (2-NIM) to
afford [â€˜8F]F-MISO(7) (Fig. 1). This paper describes a
two-pot synthetic preparation of â€˜8F-labeledF-MISO as
well as a description of some exploratory reactions
performed in the development of this radiosynthesis.

MATERIALS AND METhODS

Potassium fluoride dihydrate, tetrabutylammonium fluo
ride (TBAF) trihydrate, anhydrous potassium carbonate,
4,7,13,l6,2l,24-hexaoxa-l,l0-diazabicyclo[8.8.8]hexacosane
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[Kryptofix(2.2.2)J, (2 R)-(-)-glycidyl tosylate, 2-NIM, EPI-F,
l,8-bis-(dimethylamino)naphthalene (Proton Sponge), aceto
nitnle (CH3CN), dimethylsulfoxide (DMSO), and dimethyl
formamide (DMF) were obtained commercially (Aldrich
Chemical Co., Milwaukee, WI). F-MISO was obtained from
the National Cancer Institute(NSC# 292930)and was purified
by recrystallization from ethanol. Proton sponge was purified
by repeated recrystallization from ethanol to afford a white
crystalline material, mp 48â€”49Â°C,and was stored in the dark.
EPI-Fwaspurifiedby distillationand storedat â€”10Â°C.GOTS
was purified by partitioning between saturated aqueous
NaHCO3 and diethyl ether, followed by isolation from the
ether solution and recrystallization from that solvent to afford
a material which exhibited mp 46-48Â°C.This material was
stored at â€”10Â°C.All other reagentsand solvents were used as
received.

Gas liquid chromatography(GLC)was performedusinga
6 ft. x 1/8 in. o.d. stainlesssteel column packed with 80â€”100
mesh HayeSep-Q (Ailtech Associates, Deerfield, IL) operated
at 200Â°Cand a helium carrier gas flow of3O ml/min. Thermal
conductivity and NaI(Tl)-scintillation detectors were used to
monitor the column effluent. Using this column EPI-F could
be cleanly separated(R, EPI-F 2 mm, k' 9.0) from solutions
with both acetonitrile and dimethylformamide.

Solutions of [â€˜8F]EPI-Fof low specific activity (20 @imol
carrier) were routinely analyzed by GLC, high performance
liquid chromatography (HPLC), and thin layer chromatogra
phy (TLC). Only GLC was unambiguous as a method for
determining the chemical identity of EPI-F. Once correlated
to GLC, HPLC served to evaluate the conversion of EPI-F
into F-MISOin trial reactions.TLC was useful only to the
extent that the absenceof fluoride in preparationsof EPI-F
could be established.Usingthis method it was observedthat
labeledEPI-Fcould not be visualizeddue to a co-evaporation
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Preparation

Labeling Reactions

Step 1

acetonitrile K18F solubilized18F + K2C03 â€¢Kryptofix[2.22] azeotropeâ€˜ ________

90Â°C
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90-. 115Â°C
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NO2

H f_S@\ DMF/CH3CN
KOH + Q@@F@ NONH

NO@

EPI-F 2-NIM F-MISO

zene (-1 l3.lppm) was used as an internal standard for â€˜9F
NMR and resonances expressed as negative values were ob
served upfield relative to CFC13.

Preparation of Analytic Standards
Samples of both EPI-F and F-MISO were obtained from

reactions conducted with reagents and conditions resembling
those for their radiosynthesis.

Preparationof Epifluorohydrin
A solution of GOTS (250 mg, 1.1 mmol) and TBAF

trihydrate(852 mg, 2.7 mmol) in DMSO (2.5 ml) was heated
at 80Â°Cand purged with 100 ml/min of argon. For 30 mm,
the effluent volatile materialswere passed, via teflon tubing,
into 2 ml ofcold (-78Â°C)deuteriochloroform. The chloroform
mixture was isolated, warmed to room temperature, and
passed through anhydrous Na2SO4.Spectroscopic examina
tion (â€˜H,â€˜3Cand â€˜9FNMR) ofthis solution revealedthat the
product was identical to commercially available EPI-F. Aside
from traces of DMSO and water, EPI-F was isolated uncon
taminated. With the addition of 1,4-dioxane (14 mg), as an
integration standard, it was estimated that the yield of EPI-F
was 56%. NMR: â€˜H(CDC13)Ã¶:2.64 (m,1H), 2.83 (m, 1H),
3.23 (m, 1H), 4.26 (dddd, J = 45.7 Hz, J = 10.8 Hz, J = 5.9

Hz, J = 1.1 Hz, lH â€”CIJ2F),4.63 (dddd,J = 45.7 Hz, J =
10.7 Hz, J = 2.4 Hz, J = 1.1 Hz, lH, â€”CU2F); â€˜3C(CDC13)
Ã¶:50.37 (d, J = 23.7 Hz, â€”CH2F),82.95and 85.20(epoxide
carbons);â€˜9F(CDC13)Ã´:â€”224.0(td, J = 47 Hz, J = 11 Hz).

Preparation of Fluoromisonidazole
A mixture of 2-MM (250 mg, 2.2 mmol), proton sponge

(237 mg, 1.1 mmol), EPI-F (0.3 15 ml, 4.4 mmol) and DMSO
(1 ml) was stirred and heated at 80Â°C for 1 hr in a sealed

2-ml vial. As the reaction proceeded the mixture gradually
deepened in color. The mixture was isolated and the volatile
materials were removed by air-bath distillation (80â€”90Â°C,
0.1mm). The colorless distillate was discarded and the stillpot
residue (-@-0.5ml) was rapidly chromatographed over silica
(230â€”400mesh, 3 x 15 cm column)eluting with 20% CH3CN/
CHC13forthe first200 ml followedby 40%CH3CN/CHC13
for the remainder of the elution. The eluted fractions were
examined by TLC and selected fractionswere combined and
concentrated to a solid residue. This material was dried at
room temperatureunder vacuum for 0.5 hr to afford 0.27 1 g
(71%) of material, mp 133â€”140Â°C.Two recrystallizations of
the product from ethanol raised the melting point to 139â€”
141Â°C(lit (8) mp 139.5â€”140Â°C).The â€˜H,â€˜9F,and â€˜3CNMR

FIGURE1 Step2
Isotope preparation and labeling
scheme for the [â€˜8F}F-MISOsynthe
sis.

of the compound from the plate with the development sol
vents. This fact had originally led to the overestimation of
TLC based radiochemicalyields of labeled F-MISO.

Thin layer chromatographywas performed with silica on
aluminum backed plates (Merck, Art. 5534, Darmstadt, West
Germany). To facilitate the localization of labeled F-MISO
on developed TLC plates,samplesofthe unlabeledcompound
were co-spotted on the plates prior to their development. In
each case, the compound was visualizedby exposureof the
developed plate to ultraviolet light. The distribution of radio
activityon the plate was visualized by exposure of high speed
instantfilm(Polaroid,Type57,9 x 12cm format,Cambridge,
MA) to the plate placeddirectlyon the film package,followed
by processing. Alternately, the zone on the plate visualized as
unlabeled F-MISO was excised and the silica was extracted
with ethanol. The extract was concentrated and analyzed by
HPLC (vide infra). The radioactivityeluted from the HPLC
column correspondedto the elution ofthe unlabeledstandard,
demonstrating that the activity on the TLC plate with an Rf
of unlabeled standardwas labeled F-MISO.

The isolation oflabeled F-MISO from crude reaction mix
tures was performed using a semipreparative HPLC column
(Whatman, P/10, ODS-3, M9/25, (25 cm x 9 mm id), Clifton,
NJ) whereas the radiochemical purity and specific activity of

the purifiedproduct wasdeterminedusingan analyticHPLC
column (Beckman-Altex Scientific, Ultrasphere ODS, 5@im,
(25 cm X 4.6 mm id), Berkeley,CA). HPLC columns were
eluted with 5% ethanol in water and postcolumn detection
was performed with ultraviolet absorbance (254 mm) and
NaI(Tl)-scintillation detectors in series.

Specific activity values were calculated by comparing the
mass response per unit volume of solution (uv absorbance)
with the quantity ofactivity per unit volume, decay corrected
to the end of bombardment (EOB). For a 20-@zlinjection a
mass detection threshold (S/N = 4.5) of 1 nmol/ml of F-
MISO was determined. For each determination ofa volumet
nc solution containing both 2-NIM (2.6 mg/l) and F-MISO
(2.5 mg/l) was used as a (uv) calibration standard. Further,
the identity of the labeled compound was established by co
injection of the product solution with the standard solution.

Melting points were determined by the capillary method
and are uncorrected. â€˜H,â€˜9F,and â€˜3C(proton decoupled)
NMR spectrawere recordedat 300, 282 and 75 MHz, respec
tively, using a Vanan VXR-300 multinuclear spectrometer.
Resonances are reportedin ppm relativeto tetramethylsilane
for â€˜Hand â€˜3Cspectra and CFC13for â€˜9Fspectra. Fluoroben

115Â°C
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spectra ofthis material were identical to those ofan authentic
sample obtained from the National Cancer Institutes. Anal.
calcd. for C6H8FN303:C(38.09), H(4.26), N(22.Ol), F(lO.4l).
Found: C(37.93), H(4.2l), N(22.08), F(10.l 1). NMR: â€˜H
(DMSO) Ã´:4.00â€”4.10(m, 1H, â€”CU(OH)-), 4.32â€”4.46(m,
2H), 4.48â€”4.58(m, lH), 4.65 (dd, J = 13.7 Hz, J = 3.6 Hz,
1H), 5.64 (d, J = 7.8 Hz, lH, â€”CH(OH)-),7.22 (s, imid-H),
7.64 (s, imid-H); â€˜3C(DMSO) 6: 51.41 (d, J = 7.6 Hz,

imid-@H2CH(OH)-),67.70(d, J = 19.3Hz, â€”QH(OH)-),84.58
(d, J = 169.1 Hz, -CH2-F), 127.35 (s, imid-C(4 or 5)), 128.52
(s, imid-C(5 or 4)) 144.91(s, imid-C(2));â€˜9F(DMSO) Ã´:-230.7
(td, J = 46 Hz, J = 19 Hz).

Fluorine-18 Fluoride Ion Production
Target irradiations were done using the University of Wash

ington cyclotron (Scanditronix AB, MC 50 cyclotron, Upps
ala, Sweden)and [â€˜8F]fluoridewas obtained from enriched
[â€˜8Ojwatervia the â€˜8O(p,n)'8Freaction.The target(9) consists
of a front 1.0 cm aluminum window(He cooled),a titanium
insert between 1.1mil Ti foils which forms the target chamber,
and a rearwater-cooledsection. The thick window is used to
degrade the 50.5-MeV proton beam to 12.2 Â±2.2 MeV. A
typical 30-mm irradiation using 2.8 ml of2O% enriched water
with 22 MAon targetproducts 110 mCi of â€˜8Fat EOB, with
264 mCi of â€˜3Nand 2 MCi of48V as contaminants. A practical

limit to beam current on the thick Al window is 22 @A.The
use of higher currents result in lower â€˜8Fyields, presumably a
result of heating and targetthinning. Activity was transferred
to the radiochemistrylaboratoryundervacuumthrough130
ft. of â€˜/16in. o.d. (0.5 mm id) teflon tubing.

Preparationof LabeledFluoromisonidazole
In a typicalexperimenta 10ml Vacutainer(BectonDick

son, Plain (z), BD#6530, Rutherford, NJ) was charged with
â€˜8O-enrichedwater containing the [â€˜8F]fluorideactivity (1.5
ml), anhydrous K2C03 (4. 1 mg, 30 @zmol),Kryptofix(2.2.2)
(22.5 mg, 60 @zmol),KF dihydrate (1.8 mg, 20 zmol) and
acetonitrile (1.5 ml). This mixture was concentrated at 90Â°C
while directing a rapid stream of argon across the surface of
the solution. The residue (100 zl) was taken up into a 1.5 ml
portion of acetonitrile and concentrated as before. This proc
ess was repeated (x5) and the final residue was taken up into
200 @lof DMSO at 90Â°Cfor 2â€”3mm. The mixture was
transferred under forced siphon, through teflon tubing, to the
reaction vessel containing the tosylate compound (40 mg, 175
@zmol).The Vacutainer was rinsed with an additional 100 @l
of DMSO followed by transfer of the rinse to the reaction
vessel.

With the vessel held in a 90Â°Coil bath a stream of argon
was bubbled (20 ml/min) through the DMSO solution of the
tosylate. After 2 mm, 100 @lof acetonitrile was added to the
mixture and the temperature was raised to 115Â°C.Thereafter,
two additional lOO-@zlportions of acetonitrile were added at
5-mm intervals.All materialsexitingthe reactionvesselwere
directed, through teflon tubing, into 200 @slofcold(0Â°C)DMF.
After a total of 15 mm, a warm solution of 2-NIM (40 mg,
350 @zmol)and aqueous KOH (10 @zl,14.8 M, 150 @zmol)in

DMF (200 @l)was added to the DMF trappingsolution. The
vial containing the resultant solution and a teflon coated
stirring bar was sealed and the mixture was rapidly stirred and
heated at 115Â°Cfor 15 mm.

The cooled reaction mixture was taken up into 1.5 ml of

waterand 70 zl of glacial acetic acid was added to precipitate
excess 2-NIM. The mixture was diluted with 20 ml of water
and then passedthrougha 0.8-sm membranefilter(Millipore,
Millex-PF (SLAAV255F), Bedford, MA) followed by two C-
18 SEP-PAKs (Millipore-Waters, Milford, MA). The unit was

rinsed with 5 ml of water. The SEP-PAKs strongly retained a
brown material while a faintly yellow solution was obtained
for the combined ifitrate. The solution was concentrated at
70Â°Cunder reducedpressureto an orange residue which was
taken up into 1.5 ml of warm water and passed through a
0.8-@tmmembrane filter. The filter was rinsed with an addi
tional 0.5 ml ofwater and the combined filtrates were applied
to a semipreparativeHPLC column at a rate of 2 mi/mm for
the first minute, followed by elution at 6 ml/min with 5%
aqueous ethanol. A fraction of the eluate containing the
labeled F-MISO was collected after 6-7 mm in 8-14 ml. The
isolated compound was found to be radiochemically pure and
the only observable chemical contaminant was a small
amount of 2-NIM (<1.5 zmol). The concentration of this
contaminant depends upon the efficiency of the separation.

An identical procedure to that described above was used
for the no-intentionally-carrier-addedpreparations, the only
exceptionsbeingthe eliminationof KF as a sourceof carrier
and increased amounts of 2-NIM and concentrated aqueous
KOH. For one experiment, a 50%excess of base (KOH) was
used over that for the carrier-added procedure, while for
another a 100%excess of base and a 50% excess of 2-NIM
were used (Table 1, Exp B and C)

A mock-carrier-addedradiolabeling experiment was per
formed using isotopically stable fluoride (20 zmol) and d3-
acetonitrile, for the co-distillation of EPI-F. Spectroscopic
examination of the isolated distillate by â€˜9FNMR revealed
that EPI-F was the exclusive fluorine containing species (Ã´:â€”
70 to â€”300ppm). Further, the â€˜Hspectrum revealed that
EPI-F, DMSO and water were all present in trace amounts,
with a notable absence of KRY(2.2.2) (6: 3.60 ppm, â€”
OCIJ2Cjf2Oâ€”)and speciescontainingthe tosylfunctionality.
In fact, it wasdeterminedthat at a detection thresholdof 60
nmol no KRY(2.2.2) was present.

RESULTS AND DISCUSSION

Based on a report (8) for the synthesis of F-MISO
from EPI-F, we have labeled the latter compound with
â€˜8Fby the reaction ofglycidyl tosylate (GOTS) and [â€˜8F]
fluoride, with the aim of finding suitable reaction con
ditions for the transformation of [â€˜8F]EPI-Finto [18f9
F-MISO. From a synthetic point of view, the prepara
tion of EPI-F from GOTS is a reasonable choice
realizing that the reaction of a nucleophiic source of
fluoride ion at either C-l or C-3 of this ambident
electrophile would be expected to afford the same prod
uct, EPI-F, although with a difference in absolute ster
eochemistry. Further, reaction of nucleophiles at the
internal epoxide carbon atom (C-2) in structurally re
lated compounds such as epichlorohydrin is not gener
ally observed (10â€”12).

Several trial experiments with unlabeled materials
were carried out to establish a rapid overall synthesis of
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Reagent&
(equivalents)tCondâ€¢tâ€¢ I ionsProducts (%total)t1

.GOTS
(2)+ :TBAF(1)(a)

(b)r.t.,
20 mm

80Â°C,20 mmEPI-F
(5)

(95)2.GOTS

(2)+ :KF (1)+ :KRY(2.2.2)(1)(a)80Â°C, 20 mmEPI-F(95)3.GOTS

(2)+ :KF (1)(a)80Â°C, 20 mmEPI-F(0)4.EPI-F

(1)+ :2-NIM(2)(a)80Â°C, 60 mmF-MISO(4)5.EPI-F+2-NIM+PSF-MISO(a)(1):(2):(0.2)(a)80Â°C,

20mm(9)(b)(1):(2):(0.2)(b)80Â°C,
60mm(21)(C)(1):(2):(1)(C)80Â°C,
20mm(19)(d)(1

):(2):(2)(d)80Â°C, 20 mm(22)

. F = Fluoride ion, GOTS = glycidyl tosylate, EPI-F = epifluorohydrin, 2-NIM = 2-nitroimidazole, KRY(2.2.2) = Kryptofix(2.2.2),

TBAF= tetrabutylammoniumfluoride,F-MISO= fluoromisonidazole,KF= potassiumfluoridedihydrate,PS= protonsponge.
t One equivalent = 175 ;zmol, all reaction solutions used 300 @lof DMSO as the solvent regardless of reagent volume and all NMR

sampleswereof entirereactionmixturesto whichanadditional300 @lof DMSOwasaddedpriorto spectroscopicexamination.

TABLE I
ExploratoryReactionConditionsfor the F-MISOSynthesisin DMSO

6. GOTS+TBAF(2):(1)then2-NIM+PS(4):(2)
(a) 80Â°C,20 mm

then
(b) 80Â°C,20 mm

F-MISO

(27)

F-MISO which was compatible with the half-life of â€˜8F.
Reaction mixtures were either stirred at room temper
ature or heated in sealed vials and then analyzed by'9F
NMR. The results ofthose experiments are summarized
in Table 1. Entries 1-3 relate to the synthesis of EPI-F
from fluoride; entries 4-6 relate to the further conver
sion of EPI-F into F-MISO. Comparison of the first set
ofentnes reveals that KF alone, or in combination with
a base, is a poor source of nucleophilic fluoride, while
either TBAF or the combination of KF/KRY(2.2.2)
may be used to rapidly and efficiently prepare EPI-F.
Comparison of entries 4â€”6reveals that the reaction
between EPI-F and 2-NIM alone is sluggish compared
to the half-life of â€˜8Fand that this reaction may be
considerably accelerated by base catalysis (cf Entries 4
and 5c,d). Coupling of the more favorable reaction
conditions for the overall synthetic scheme may be used
to obtain a useful yield of F-MISO in a relatively short
overall time (Entry 6).

When solutions of various forms of fluoride ion were
examined by â€˜9FNMR, nearly identical chemical shifts
were observed for fluoride ion as TBAF (-102.5 ppm)
or KF in the presence of 1â€”3equivalents of KRY(2.2.2)
(-102.8 ppm) in DMSO. These shifts were observed
considerably downfield of KF in 1:2 water/DMSO
(-125.3 ppm) or DMSO saturated with KF dihydrate

(-1 16.2 ppm). Given that TBAF and KF/KRY(2.2.2)

are effective sources of nucleophilic fluoride and that

TBAF is essentially a source of naked fluoride ion then
perhaps the degree offluoride ion hydration, and hence
its nucleophilicity, may be gauged spectroscopically.
The complex KF/KRY(2.2.2) has previously been de
scribed as a source ofnaked fluoride and used effectively
for the preparations of labeled fluorodeoxyglucose and
fluorinated long chain fatty acids (13).

Examination of reaction mixtures including carrier
added [â€˜8F]-EPI-Fin trial experiments revealed a
smooth conversion of['8F]-EPI-F to [â€˜8F]F-MISO.This
was the near exclusive reaction, unless the temperature
was excessively high (>120Â°C). The course of these
reactions were monitored by HPLC. Although yields
uncorrected for recovered activity of injected material
were obtained, the results of parallel reactions clearly
indicated preferred reaction conditions. Proton Sponge
(PS) was initially used as a source ofa non-nucleophilic,
organic soluble, strong base (pKa 12.5). This was in
tended to provide a large concentration of the 2-
nitroimidazole anion to increase the rate of reaction
between 2-NIM and EPI-F. Ultimately, the substitution
of other bases for PS in this reaction revealed that
K2CO3 and KOH were more effective as catalysts. Re
action mixtures in DMSO held at 80Â°Cfor 20 mm
afforded 4% and 13% of F-MISO using PS and KOH,
respectively. Using a temperature of 110Â°Cfor the same
period raised these same values to 13% and 73%. Fur
ther, K2CO3 was found to be equally effective as KOH
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@4 Chemical Preparation J Purification -@

. Argon

2-NIM + KOH

:::@

F-M1SOF EPI-F

FIGURE2
Apparatusfor the synthesisof [18F]
EPI-Fand [18F]F-MISO.

at 110Â°Cfor 20 mm. The use of DMF in place of
DMSO as a solvent afforded a 78% yield of F-MISO.
In overview, it was decided that DMSO was a suitable
solvent for the preparation of EPI-F while DMF was
most appropriate for the further transformation of EPI
F into F-MISO. The use of DMF had an additional
benefit in that it could be readily removed from the
crude product during workup.

Figure 1 illustrates the scheme used for the prepara
tion of labeled F-MISO. Labeled fluoride is prepared
for chemical reaction by azeotropic drying of the irra
diated enriched water containing the activity, followed
by reconstitution ofthe residue into the aprotic solvent
DMSO. This is done in the presenceof K2CO3and
KRY(2.2.2), with or without carrier (13). Labeling of
F-MISO is conducted as a two-pot reaction sequence.
In the first step, utility is made of the low boiling point
of EPI-F (85Â°C)by removing the [â€˜8F]EPI-Fas it is
generated from the [â€˜8F]fluoridesolution. This is ac
complished by co-distillation with a comparatively large
mass of acetonitrile (300 Ml). As a result, the isolated
EPI-F is obtained free of the bulk of the chemical and
radiochemical materials present in the solution used for
its preparation. In fact, preparation of epifluorohydrin
on a macroscopic scale (authentic standard synthesis
with stable fluoride) and [â€˜8F]EPI-F(from carrier added
[â€˜8F]fluoride)both revealed that the reaction product
between GOTS and fluoride was exclusively EPI-F
(GLC, TLC, NMR-collectively). There was no indica
tion of the presence of 1,3-difluoro-2-propanol or 3-
fluoro-1,2-dihydroxypropane in the distillate, as a result
of further reaction of EPI-F with either additional flu
onde or water (epoxide hydrolysis), respectively. It was
therefore assumed that the reaction of no carrier added
[â€˜8F]fluorideto give [â€˜8F]EPI-Fproceeded in a similar
way as the carrier added reaction of [â€˜8F]fluonde(20
@imolcarrier). This assumption is reasonable based on

the fact that yields of [â€˜8F]EPI-Fand F-MISO are not
diminished at the no-carrier-added level versus the car
ner added level (vide infra). This implies that the side
reactions that would limit the yield ofthese compounds
at the no..carrier-added level are not as important a
factor as the use of lower specific activities. For the
second step the EPI-F (an epoxide) is reacted with 2-
NIM in the presence of KOH as a base catalyst in
DMF/CH3CN at 115Â°C(1 5 mm) within a sealed vial.
The use of DMF as a co-solvent for this reaction per
mitted the dissolution of a relatively large quantity of
2-NIM (40 to 60 mg) and, as well, was volatile enough
to be readily removed before HPLC purification of the
crude product.

The apparatus used in the overall procedure is illus
trated in Figure 2. In the figure, the reaction vessel and
the collection vial act as a micro-distillation apparatus
which is used to prepare a small volume solution of
[â€˜8F]EPI-F.Once sealed, the vial served as the reaction
vessel for the further conversion of EPI-F to F-MISO.
It was a benefit to keep the head space ofthis vial small.
Since the use ofa larger vessel results in a reduced yield,
presumably a result of less of the volatile EPI-F being
in solution. The remainder ofthe system relates to the
isolation of the [â€˜8F]F-MISOfrom the crude reaction
mixture. In short, the crude product is neutralized with
acid then diluted with water to precipitate the bulk of
the 2-MM. The mixture was filtered, extracted with C-
18 SEP-PAKs, and concentrated to a small volume for
HPLC purification.

Conceivably, the entire synthetic scheme could be
reduced to a one-pot procedure. However, the use of a
two-pot procedure greatly simplifies the chromato
graphic isolation of [â€˜8F]F-MISOfrom crude reaction
mixtures. Since most of the organic and radiolabeled
components that can complicate the chromatography,
notably DMSO and [â€˜8F]fluoride,are removed during
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female HPLC fitting

I
6cm

FIGURE3
Reaction vessel used for the prepa
rationof [18F]F-MISO.

the distillation of [â€˜8F]EPI-F.One added advantage to
this approach is the flexibility ofisolate radiochemically
pure [â€˜8F]EPI-Ffor use in alternate syntheses.

The reaction vessel and all other assemblies within
the system are interconnected using Y,6-in. o.d. teflon
tubing and fluid or gas paths are directed using inex
pensive three-way slider valves(Rheodyne, Model 5302,
Conti, CA). Transfers are accomplished either with the
aid of pressure or suction. The reaction vessel is shown

TABLE2
ActivityDistributionDunngthe F-MISO Synthesisand ReactionSummary

Item %Totalactivity(EOB)

A

100

99
10
89

69
14
83

68
3

25

23
22

A

85.1 mCi
20 @mol

8.0 mCi
23%
142 mm
3.9Cm/mmol

B

100

92
2

90

83
4

87

83
10
61

43

B

29.5 mCi
nca

4.3mCi
43%
175 mm
90 Ci/mmol

C

100

93
6

87

77
4

81

77
14
48

40

C

142.4 mCi
nca

24.9 mCi
40%
133mm
670Ci/mrnol

1. Fluoride/KRY(2.2.2)/K2C03

2. Evaporatedactivity
3. Nonsolubilizedactivity
4. Reactionactivity

5. TrappedEPI-F
6. DepletedDMSOactivity

7. CrudeF-MISOmixture
8. C-18SEPPAKsandfilter
9. Crudefifteredproduct

10. HPLCisolatedF-MISO
11. Sterileinjectablesolution

Fluorideactivity(EOB)
Carrierlevel

F-MISOactivity(EOS)
Radiochemicalyield(EOB)
Preparation time
Specificactivity(EOB)

Summary

. A = Typical earner-added reaction (n=3): 40 mg 2-NIM/ 1 0 zI(1 50 zmol) KOHaq.

B = No-carrier-addedreaction:40 mg2-NIM/15 @IKOHaq.
C = No-earner-addedreaction:60 mg2-NIM/20 @lKOHaq.
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nylon plug

flange
teflon ferrule

glass vessel

in detail in Figure 3. The assembly consists of a ma
chined nylon cap-plug, a Â½-inteflon front ferrule, a
custom made 2-ml glass vial and a set offlanges secured
by eight bolts. The cap-plug has four radially arranged,
threaded openings for receiving standard fingertight
HPLC (Kel-F) tube fittings (Alltech Associates) (or
plugs) for the introduction or removal of materials via
â€˜/16-rn.o.d. teflon tubing. The inner glass surface on the
vial mates of the Â½-in.teflon ferrule and was formed



Radioactivity

FIGURE4
An analyticalHPLC radiochromato
gramof purffiednca.[â€˜@F]F-MlSOob
tamed for the product isolated from
Reaction C fI@ab1e2, 10 @molInjec
tion, AUFS = 0.005 @ 254 nm, F-
MISO = 6 nmol/mI,specificactivity
= 670 Ci/mmol, 2-NIM = 20 nmol/

mm ml).

uv abs

using a Â½-in.o.d. stainless steel ferrule as a mandrel
during the glass blowing process. The glass body is
desirable for conducting reactions sensitive to metal
surfaces and the entire unit can be pressurized to >80
psi. For the present application the repeated use of this
vessel with carrier added fluoride (20 @mol)has not
resulted in a decrease in the specific activity of the
isolated F-MISO. In fact, subsequent use of the vessel
for a no-carrier-added preparation afforded a product
with a specific activity of 670 Ci/mmol.

The distribution of activity during typical prepara
tions oflabeled F-MISO are presented in Table 2. Entry
1 is a normalized starting point for the procedure.
Entries 2â€”4represent the activity remaining as a residue
after azeotropic distillation of the recovered target
water, the activity remaining on the wall of the Vacu
tamer after the residue had been taken up into DMSO,
and the activity available for EPI-F synthesis, respec
tively. Overall, within 80 mm over 85% of the decay
corrected activity could be isolated in a useful form for
synthetic use. Entries 5 and 6 represent the activity of
trapped EPI-F and the activity that could not be distilled
from the reaction vessel, respectively. From several
experiments independent analyses of the trapping so
lution revealed it to be free of fluoride (TLC) and the
EPI-F was the only observable labeled compound
(GLC). Entries 7-9 represent the activity in the crude
reaction mixture containing the labeled F-MISO, the
combined activity remaining on the spent ifiter and C-
18 SEP-PAKs,and the activity in the processedproduct
priorto HPLC purification,respectively.Entries 10 and
11 represent the activity of the final purified product
isolated as a solution in 5% aqueous ethanol or alter

nately as a sterile and isotonic solution, respectively.
For the carrieradded reaction (column A) most of the
losses of activity occur during the concentration of the
SEP-PAKextractedaqueous solution ofthe crude prod
uct (compare Entries 7 and 9). It is during this stage
that unreacted EPI-F is removed from solution. This
was established by comparative examination (HPLC)
of the solution before and after concentration. For the
no-carrier-added reactions the losses were dominated
by the presence of by-products removed by the SEP
PAKS and HPLC purification (compare entries 7-10).

From Table 2 some general trends are clear for both
the carrier-addedand no-carrier-addedreactions. How
ever, the lowerradiochemicalyield forthe carrier-added
reaction (A) relative to the no-carrier-addedreactions
(B and C) was surprising.This may arise from a mass
effect or more directly from the use of increased con
centrations of the 2-nitroimidazole anion (2-NIM/
KOH) forthe no-carrier-addedreactions.The optimum
conditions for the second step in the synthetic sequence
have not been fully established. Nevertheless, useful
quantities of labeled F-MISO with quite good specific
activity may be obtained by this overall procedure.
Figure 4 illustrates a HPLC radiochromatogram of
purified, no-carrier-added, [â€˜8FJF-MISO(reaction C,
Table 2). With a specific activity of 670 Ci/mmol, the
total injectable dose (14 ml) contained 84 nmol of F-
MISO and 280 nmol of 2-MM.

In conclusion, the present study describes a proce
dure useful for the preparationof the labeled fluoroal
kylation reagent, EPI-F. Presently, we are using this
reagent for the production oflabeled F-MISO in quan
tities sufficient for PET imaging. The reagent may find
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6. JerabekPA,PatrickTB, KilbournMR, et al. Synthesis
and biodistributionof â€˜8F-labeledfluoronitroimida
zoles: potential in vivo markers of hypoxic tissue. mt
J Radiat Appl mnst@m Part A 1986; 37:599â€”605.
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cyclic ethers by potassium fluoride-18-crown-6. J Or
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11. McClure DE, Arison BH, Baldwin JJ. Mode of nu
cleophilic addition to epichlorohydrin and related spe
cies:chiral aryloxymethyloxiranes J Am Chem Soc
1979;101:3666â€”3668.

12. Klunder JM, Ko SY, Sharpless KB. Asymmetric epox
idation of allyl alcohol: efficient routes to homochiral
fi-adrenergic blocking agents. J Organ Chem 1986;
51:3710â€”3712.

13. Block D, Klatte B, Knochel A, et al. NCA [â€˜8F]-
labeling of aliphatic compounds in high yields via
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tion.JLab CompRadiopharm1986;23:467-477.

application in other areas for the alkylation of nucleo
philic heteroatoms on biologically interesting com
pounds.

ACKNOWLEDGMENTS

This research was supported by Grants CA42045 and
CA34570. The authors thank Dr. E. Shanidand for technical
assistance in obtaining multinuclear NMR spectra, Mr. J. H.
Courter for technical assistancewith the fluoride target fabri
cation, and Mr. Ken Pedersen for fabrication ofthe nylon cap
used for the EPI-Freactionvessel.

REFERENCES

1. RaseyJS, GrunbaumZ, MageeS, et al. Characteriza
tion of radiolabeledfluoromisonidazoleas a probefor
hypoxic cells. Rad Res 1987; 111:292â€”384.

2. Rasey JS, Grunbaum Z, Shanidand E, Ct al. Imaging
hypoxia with F-18 fluoromisonidazole. J Nucl Med
1987; 28:594.

3. Hoffman JM, Rasey JS, Spence AM, et al. Binding of
the hypoxic tracer [H-3] misomdazole in cerebral is
chemia.Stroke1987;18:168â€”178.

4. MartinGV, Rasey JS, CaldwellJC, et al. Fluoromi
sonidazole uptake in ischemic myocardium. J Nud
Med 1987; 28:668.

The Journalof NuclearMedicine350 Grierson,Link,Mathis,etal




