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Abstract: A recent report claims to have prepared [‘8F]XeF, by exchange between a large stoichiometric
excess of XeF; and no-carrier-added '8F~, as salts of the [2,2,2-crypt-M*] (M = K or Cs) cations, in CH,Cl,
or CHCI; solvents at room temperature. Attempts to repeat this work have proven unsuccessful and have
led to a critical reinvestigation of chemical exchange between fluoride ion, in the form of anhydrous [N(CHs)4]-
[F] and [2,2,2-crypt-K][F], and XeF; in dry CH,Cl, and CH3CN solvents. It was shown, by use of °F and H
NMR spectroscopies, that [2,2,2-crypt-K][F] rapidly reacts with CH3CN solvent to form HF,~, and with CH,-
Cl, solvent to form HF,~, CH,CIF, and CHF; at room temperature. Moreover, XeF, rapidly oxidizes 2,2,2-
crypt in CH,Cl, solvent at room temperature to form HF and HF,~. Thus, the exchange between XeF; and
no-carrier-added 8F~ reported in the prior work arises from exchange between XeF, and HF/HF,~, and
does not involve fluoride ion. However, naked fluoride ion has been shown to undergo exchange with
XeF, under rigorously anhydrous and HF-free conditions. A two-dimensional **F—°F EXSY NMR study
demonstrated that [N(CHs)4][F] exchanges with XeF; in CHzCN solvent, but exchange of HF,~ with either
XeF; or F~ is not detectable under these conditions. The exchange between XeF, and F~ is postulated to
proceed by the formation of XeF;~ as the exchange intermediate.

Introduction Appelmar® has also shown that very slow fluorine exchange

. . . — t X HF (ca. 0.8% afte2 h at
Xenon difluoride has been extensively used as a fluorinating 82%1;5 between Xefand aqueous (ca. 0.8% afte2 h a

agent for a wide variety of inorganic and organic compounds.
Fluorine-18 {8F, 97%", t1» = 109.7 min Eqax= 0.635 MeV)
labelled Xek has been synthesiz&€tland used to prepare
positron emitting medical imaging agents such!&s]p-fluoro-
2-deoxyp-glucosé and [8F]6-fluoro+-DOPAS Fluorine-18
labelled XeR, was first prepared in our laboratorfdsy treating
SOCIF solutions of Xegwith [8F]HF, [18F]SiF,, or [\8F]AsFs.

The exchanges are attributed to the Lewis acid properties of
the labelled fluorides (egs 1 and 2).

A recent study in this journal by Pike et ateports that no-
carrier-added (nca)®F-labelled KF and CsF, sequestered by
2,2,2-crypt (1,10-diaza-4,7,13,16,21,24-hexaoxabicyclo[8.8.8]-
hexacosane), undergo fluorine exchange with XafFroom
temperature in ChCl, and CHC} solvents. The study also
reports that the exchange was inhibited in4CN solvent. It
was claimed that the 2,2,2-cryptiMcation (M = K or Cs)
catalyzes ionization of XeHfn chlorinated solvents. Exchange
experiments conducted in GEI, solutions required a large
molar excess of XefFrelative to the cryptand (molar ratio of
XeR,:2,2,2-crypt:CsCOs used in a typical exchange experiment
was 56:1:0.29) for “efficient” exchange of né#&~ ion. When
2,2,2-crypt-K and CHC} solvents were useds90% of the

A =H, SiF; or AsF, radioactivity was incorporated into XgFhowever, yields were
reported to be highly variable. This work is at apparent odds
We have since shown that®F]XeF, can also be synthesized with earlier 18F-labelling experiments which have shown that
by the thermochemical reaction of carrier-addéB]F, and Xe3 fluoride ion, in the form of [NO-Bu)4][18F], does not exchange
with XeF; in CH,Cl, solvent after 30 min at room temperatdre.

AYF 4+ XeF, — FA™F + XeF" @)
FASF™ + XeF" — FXe'®F + AF )
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Fluoride ion and Xekare known to react with a number of  species, and/or all of the Xghad reacted with the 2,2,2-crypt-
organic solvents. Christe and Wilsbhave demonstrated, by K™ to form HF and HE~, which underwent rapid fluorine

1H and!°F NMR spectroscopies, that anhydrous [NEHF], exchange. The domina®F resonance was a broad singlet at
so-called “naked fluoride”, reacts with GEIN, CH,Cl,, and —162.8 ppm Avyyp, 46 Hz). Christe and Wilsdfhave observed
CHCl; solvents at room temperature. These authors have showrbroad, exchange-averaged resonances il /HF mixtures
that fluoride ion reacts relatively slowly with GBN to form in mixed water (10%)/CECN solutions ranging from-118 to
HF,~ and CHCN™ anions, according to egs 3 and 4. —170 ppm Avy/,, 80 Hz), which have chemical shifts that are
dependent upon the mole ratios of the components. Very weak
F + CH,CN—HF+ CH,.CN" 3) triplets arising from CHF, at —142.1 ppm $Jur, 49 Hz), and
CH,CIF at—168.9 Jyr, 48 Hz) were also observed. In addition,
HF+F —HF, 4) a series of weak, equally intense pairs'% NMR resonances
appears at-79.9,—80.2 and—85.5,—86.2 ppm, which have
Fluoride ion was also reported to react slowly with 4CH}, chemical shifts that are similar to those of the,@&sonances

forming CHCIF as the only reported fluorination product, but in perfluoro-2,2,2-crypt (OCEER0, —81.4 ppm, s; OCE
rapidly with CHCE, resulting in all three possible halogen —87.0 ppm, t3Js ~ 1 Hz; NCR, —88.5 ppm, t3Jer ~ 1 Hz) 14
exchange products, CHEl, CHCIR, and CHRina2:3:1 molar |t is therefore likely that partially fluorinated 2,2,2-cryptands
ratio. Holloway et al® showed, using'H and *F NMR result from oxidative fluorination of 2,2,2-crypt by XgFA
spectroscopies, that XeFeacts with CHCI, and CHCh over  second series of weak and equally inteff§eresonances also

a period of 2 days at room temperature. The reaction o.XeF appeared at-126.9, —127.2 and—131.7,—131.9 ppm. Al-
with CH.Cl, yielded predominantly CKCIF, CHCLF, and HF,  though the detailed characterization of all fluorination products
with CHoF,, CHCIR,, CCLF,, and CFC{ as minor (0.5%)  was beyond the scope of the present work, these findings clearly
products, and that with CHeYielded CHC}F, CHCIR;, CHC, demonstrate that alkali metal fkand Cs) 2,2,2-cryptands are
and HF. Based on these findings, the authors suggested CH not inert in these reactions and therefore do not function as
CN or chlorofluorocarbons might be more appropriate solvents “catalysts”, as previously claiméd.

for XeF, when the kinetics of the desired fluorination reactions Stability of XeF and 2,2,2-crypt in CH,Cl, Solvent. The

are slow. reactivity of Xek, with 2,2,2-crypt in the absence of KF was

¢ '.I'hetaforem(ir:ﬂoned kwo;kpgkn d fg;ﬁd attler;ptstln °‘.‘tf Iall‘i)ora- also investigated in C4€l, solvent. Samples of Xefand 2,2,2-
ories 1o repeat the work ot Fike et'ahave 1ed us to critically crypt were prepared in an equimolar ratio in £Hp solvent

reassess the m_trte]rz;(cno_n %Eé’z_cré/pélq([;ﬂ’ anld other flgorlde and warmed from-196 °C to room temperature over a period
lon sources, with XeFin CH,Cl and CHCN solvents under ¢ o "4 i *A prown-colored solution resulted, similar to that

ri_gorougly anhydrous c_onditions by use of one- and two- arising from the reaction of [2,2,2-crypt-K][F] and XgiR CH,-
dimensional NMR techniques. The previous wohlas shown Cl, (vide supra). ThelF NMR spectrum revealed several

Fhat radlochgmlcal yields in C.Hglvere highly variable. Th's, fluorination products, among which was an intense, broad singlet
is not surprising because fluoride ion has been shown to rapidly at —162.6 ppm Avys, 35 Hz) that is attributable to HE/HE

react with CHC4 to form all three possible solvent exchange exchange. The correspondifig resonance was observed as a
9 .
products, CHGF, CHCIR, and CHF,” and because Xeffias broad singlet at 12.65 ppn\¢12, 40 Hz) and is intermediate

been shown tfo react with CHgto form CHFCL, CHFZC_:I’ with respect to those of HF (7.00 ppthand HR™ (16.20 ppm)
.CFCb’ and HF. Copsequently, the rple of.CHth-a fluoride in CH,ClI; (this work; see Reactions of [2,2,2-crypt-K][F] with
ion exchange medium was not reinvestigated in the presentCH3CN and CHCl, Solvents). Two series of weak and equally
study. intense pairs of°F NMR resonances—<78.7,—79.2; —86.3,
Results and Discussion —87.0;—87.4,—87.9;—93.7,—94.4 ppm; and-127.3,—127.5;

. . . —127.8,—128.1;—-132.6,—132.8; and—142.3,—142.6 ppm)
Reaction of XeFk, with 2,2,2-crypt and KF in CH,Cl, -
Solvent.We have found that equimolar mixtures of XeKF, thatt aredS|m|Igl; tg tkl;ose observte;d for tge )ﬁ@FﬁZCI’y%t/KT f
and 2,2,2-crypt in CkCl, solvent detonate, under rigorously Sys imdt?lscrl_ et_a c;)ve)zvereT(r)] iﬁr\ﬁM’RW Ic tare n fI(t:r?' Ve o
anhydrous conditions, when rapidly warmed freti96 °C to cryptand fluorination by Xef: The spectrum ot this

room temperature. The heat of reaction was, however, ef'fectivelysamplet rgvzeglgd, n tadgltlgr;tg %G;% (5.34 pprg)csolc\%/zrét,
dissipated in experiments where [2,2,2-crypt-K][F] was initially unreai:;‘a] 0° 's'ﬁrXpNé QS 020 e t%pm,_S,S H & .d
dissolved in CHCl,, followed by XeF, addition at ca—140 ppm, &, "I = z; NCH;, 3.00 ppm, t"Jnn = z)and a

°C to the frozen mixture and slow warming to room temperature brc()jadH I'Te %2'72 _ppmAv_léz, 56t Hz) th;‘t IS a3ﬁ|gned to HFbI
over a period of ca. 1 h. The reaction mixture slowly changed and HF™ undergoing rapi proton exchange. 1 IS reasonable
from a colorless to a brown solution. TA& NMR spectrum to assume that protonated nitrogen centers of the fluorination
of this sample was complex, and several fluorination products pro_duct's and unreacted 2,2,2-Crypt may serve as the counter-
were observed. The absence of characteriSficsignals for catlon_s, however, the _NH protons can be expected to undergo
XeFa !t HF12 or HF~ 9 in the 19F NMR spectrum indicated chemical exchange with HF/HF and therefore may also be
that chemical exchange may occur between two or more of theserepresented by the resonance at 12.72 ppm. Several very weak,
broad features were also observed in theNMR spectrum

(9) Christe, K. O.; Wilson, W. WJ. Fluorine Chem199Q 47, 117. between 6 and 10 ppm.
(10) Dukat, W. W.; Holloway, J. H.; Hope, E. G.; Townson, P. J.; Powell, R.
L. J. Fluorine Chem1993 62, 293.

(11) Gerken, M.; Schrobilgen, G. Coord. Chem. Re 200Q 197, 335. (13) Christe, K. O.; Wilson, W. WJ. Fluorine Chem199Q 46, 339.
(12) The!H and°F chemical shifts of anhydrous HF in dry QEl, are 7.00 (14) Clark, W. D.; Lin, T. Y.; Maleknia, S. D.; Lagow, R. J. Org. Chem.
and —191.3 ppm, respectively, at '&; this work. 199Q 55, 5933.
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A sample containing a 33:1 molar ratio of Xefo 2,2,2-
crypt was warmed from-196 °C to room temperature over a
period d 1 h and produced a two-phase mixture with a clear
lower density layer and a minor yellow, higher density layer.
Unlike the equimolar sample of XeRnd 2,2,2-crypt, thé%F
NMR spectrum of the 33:1 molar ratio of Xgko 2,2,2-crypt
revealed the presence of XeF-175.1 ppm;~J(*2°Xe—19F),
5605 Hz), and a second weaker X%gEsonance in the second
phase £178.4 ppm;1J(12°Xe—1°F), 5630 Hz), as well as a
doublet arising from CHGF (—81.0 ppm;2J4r, 53 Hz), and
triplets arising from ChF, (—142.9 ppmZJyr, 49 Hz) and CH-
CIF (—170.4;234r, 48 Hz). The!*F NMR spectrum also showed
intense resonances-all76.4 and-181.2 ppm with line widths

of XeF, and [2,2,2-crypt-K][F] in CHCI, solvent at room
temperature (see Reaction of Xekith 2,2,2-crypt and KF in
CH.Cl, Solvent). To verify that [2,2,2-crypt-K][F] demonstrates
a reactivity similar to that of [N(Ck)4][F] in CH3CN and CH-

Cl; solvents, [2,2,2-crypt-K][F] was studied in these solvents
by IH and°F NMR spectroscopies.

Reactions of [2,2,2-crypt-K][F] with CH3CN and CH.ClI,
Solvents.The%F NMR spectrum of [2,2,2-crypt-K][F] in CH
CN, afte 1 h atroom temperature, showed two signals, a weak
singlet <75 ppm;Avy, 167 Hz) corresponding toFand an
intense doublet¢147.1 ppm;lJyr, 121 Hz) assigned to HF.°
The H NMR spectrum showed, in addition to the solvent line
(CHsCN, 1.96 ppm) and 2,2,2-crypt (OGEH,0, 3.57 ppm,

of 220 and 200 Hz, respectively, that are assigned to HF ands; OCH, 3.52 ppm, t3Juy = 5.5 Hz; NCH, 2.55 ppm, t3Jun

HF.~ undergoing rapid fluorine exchange in their respective = 5.5 Hz), a triplet at 16.33 ppmiJur, 121 Hz) characteristic
phases. The correspondifgl resonances were observed at of HF, .2 Using saturated solutions of anhydrous [N
11.64 and 11.27 ppm and had line widths of 64 and 22 Hz, [F] as the fluoride ion source, GEN~ has been previously
respectively. Although théH NMR spectrum of this sample  detected as a broad singlet (line width not reported) at 9.1 ppm
was complicated by the presence of a second phase, it isin the 'H NMR spectrum, which was found to increase in
noteworthy that 2,2,2-crypt was not observed, as in the equi- intensity with time (up to several day3)n the present study,
molar sample, confirming that 2,2,2-crypt had fully reacted when CH,CN~ was not observed when [2,2,2-crypt-K][F] was allowed
a 33:1 molar excess of Xe CH,Cl, solvent had been allowed  to react in CHCN at room temperature ova 1 hperiod, likely

to react at room temperature for 1 h. These findings clearly because of the lower concentration of fluoride ion and shorter

contradict the previous studywhich claims that a 56:1 molar
ratio of XeF, to 2,2,2-crypt is required to achieve “efficient”
exchange witht®~ ion in CH,Cl,, and further confirms that

reaction time used when compared with the previous study,
and the expected breadth of the resonance. This study confirms
previous work which showed that the major product resulting

2,2,2-crypt is not inert under these reaction conditions. The from the reaction of fluoride ion with C}CN is HF~ when

NMR spectra show large amounts of HF and,HEorrespond-

ing to the fluorination of the Cklgroups of 2,2,2-crypt and the
solvent by Xel. The fluorination products that result from the
reaction of Xel with 2,2,2-crypt are likely contained in the

either [N(CH)4][F]° or [2,2,2-crypt-K][F6 is used as the
fluoride ion source.

Thel%F NMR spectrum of [2,2,2-crypt-K][F] in CkCl,, after
1 h at room temperature, showed a weak singtet15 ppm;

second, higher density phase. Scale up of the reaction for thea,,,, 242 Hz) for F and a triplet £169.7 ppm;LJue, 48.0

purpose of characterizing the 2,2,2-crypt fluorination products Hz) characteristic of ChCIF. TheH NMR spectrum of the
was not attempted because of the exothermicity of the reactionggme sample showed GEIF (5.92 ppm, d2Jue, 48.0 Hz), in

in CHCl,. In view of the 56:1 molar ratio of Xef2,2,2-crypt
in the previous reportand the 33:1 molar ratio of XeR2,2,2-

addition to the solvent line (Ci€l,, 5.34 ppm), and 2,2,2-crypt
(OCH,CH,0, 3.57 ppm, s; OCH 3.49 ppm, t3Jyy = 5.5 Hz;

crypt in the present study, it is clear that a significant amount NCH,, 2.53 ppm, t3Ju1 = 5.5 Hz). A triplet was also observed
of XeF, survives in the presence of HF generated in these jn the present work in théF NMR spectrum {142.8 ppm;
reactions. Hydrogen fluoride has already been shown in our23,. 49.9 Hz) that is characteristic of GFb.1” The triplet
earlier'®F studies to promote fluorine exchange by acting as a expected for Ch, in the'H NMR spectrum was not observed

weak fluoride ion acceptor toward XeReqs 1 and 23.
Therefore, the exchange reported in the previous Weakinot
possibly arise from exchange of free ien with XeF,, but must
arise from HF/HE~ exchange with Xel where HF is in very
large excess relative to HFin these nca®F exchange studies.
Reaction of [N(CHa)4][F] and XeF; in CH,Cl, Solvent.
Christe and co-worketg reported the synthesis of the “naked
fluoride ion” source, anhydrous [N(GH][F]. They demon-
strated that [N(Ch)4][F] reacts with CHCN and chlorinated
solvents’ In the present study, an equimolar sample of [NgGH
[F] and XeR in CH,CI, solvent was prepared to investigate
the role of fluoride ion in chemical exchange with X6k the

because it was masked by the £Hp solvent signal (théH
chemical shift of CHF; is reported at 5.62 pptf). The 19F
NMR spectrum of the HF anion was observed as a doublet
(—156.3 ppmJur, 122 Hz) and showed a triplet (16.20 ppm;
Lur, 122 Hz) in the!lH NMR spectrum. Christe and Wilsén
showed that CKCl, undergoes slow halogen exchange with
[N(CH3)4][F] at room temperature, giving GEIF as the main
reaction product, but did not report the presence of;fGH
However, it was shown in the present study, usiffg NMR
spectroscopy, that a sample of [N(@H[F] in CH.Cl,, after 1

h at room temperature, resulted in the formation of,EHas
the major product, with CECIF as the minor product (the molar

absence of 2,2,2-crypt. Reaction took place over a period of 1 ratio of F":CH,F,:CH,CIF was 2.2:6.8:1.0). The formation of

day at room temperature without color change. TiieNMR
spectrum revealed the presence of €51 CHCLF, and CH-
CIF, in addition to Xek and fluoride ion, and further confirmed
that the fluorination of 2,2,2-crypt-Mby XeF, was responsible

CHyF, as a major product in this reaction is not surprising and
is consistent with previously reported halogen exchange reac-
tions between CKCl, and alkali metal fluorides. Fukui and

for the vigorous reactions that occurred in equimolar mixtures (16) Chirakal, R.; McCarry, B.; Lonergan, M.; Fimau, G.; GarnettABpl.

(15) Christe, K. O.; Wilson, W. W.; Wilson, R. D.; Bau, R.; FengJJAm.
Chem. Soc199Q 112, 7619.

Radiat. Isot.1995 46, 149.
(17) Hudlicky, M. Organic Fluorine ChemistryPlenum Press: New York, 1971;
48

p 48.
(18) Lazeretti, P.; Taddei, FOrg. Magn. Reson1971, 3, 113.
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Figure 1. The 2-D9F—1°F EXSY spectrum of an equimolar sample of
XeFR; and [N(CHp)4][F] in CH3CN solvent, acquired at 1% using a mixing
time of 400 ms. The labels A, B, and C refer to,FHF,~, and Xek,
respectively and asterisks (*) denote natural-abundadt¥e satellites
(2J(229Xe—19F), 5657 Hz).

Kitano!® synthesized CKCIF and CHF, in 19% and 17%
yields, respectively, by passing GEl, through a mixture of
NaF and KF in HO(CH),OH at 186-200°C, and Verbeek and
Sundermeyéf synthesized ChF; in 82% yield (34% conver-
sion) by reaction of CkCl, with a KF—HF melt at 300°C. In
agreement with the work of Christe and WilsbiF,~ was
not observed in the present work when [N(§HF] was
allowed to react with CkCl, for 1 h, whereas reaction of [2,2,2-
crypt-K][F] in CHxCI; resulted in the formation of HF after

in anhydrous HF solvent and will be discussed in subsequent
publications along with electron structure calculations and
energy-minimized geometry of the novel XgFanion?!
Influence of Solvent and Vessel upon the Reactions of
XeF, with Organic Substrates. It has been assumed that F
ion exchange with Xefproceeds by a dissociative mechanism.
A report in this journa? claims that Pyrex glass surfaces
catalyze the ionization of XeRn CH,Cl,, CHCL, CFCk, and
CsFs solvents to presumably form the strong electrophile XeF
(estimated electron affinity, 10.9 &§). There are numerous
examples of stable XéFsalts?*2?5and it is well recognized in
the field of noble-gas chemistry that the XeEation is only
stable in a very limited number of inorganic solvent media which
are not susceptible to oxidative attack by this cation, such as
anhydrous HF and Bg- thus the formation of the strong
electrophile, XeF, as a reactive intermediate in organic solvents
is unlikely and unfounded. A more likely scenario involves an
HF-assisted exchange in which HF hydrogen bonds to and
polarizes Xek, followed by nucleophilic attack at xenon by
the fluorine of HF. Moreover, these auth&ralso claimed that
F~ ion exchange with XeF does not occur under certain
conditions, such as in an FEP vessel or inCN solvent, and
it was suggested that GBN inhibits the exchange of XeF
with [2,2,2-crypt-M][éF].7 Contrary to these claims, a 28F—
19F EXSY experiment in this study has demonstrated that
fluoride ion exchanges with Xefn CH;CN solvent contained
in an FEP vessel (see Fluoride lon Exchange with XXeF
Ramsden and Sm#hhave also claimed that the catalytic
effects of glass surfaces in electrophilic fluorination reactions
using Xek in dry CHyCI, circumvent the need for HF in
reactions described as requiring HF catalysis. The alleged
surface catalysis of Xe=~ exchange is more likely attributable
to HF attack of the glass surface. The origin of HF, as pointed

1 h at room temperature. These findings further demonstrateout previously, may arise from occlusion of HF by %&f as

that the previously reportééxchange reaction between XeF
and [2,2,2-crypt-K]f8F] was not catalyzed by 2,2,2-crypt, but
rather resulted from exchange among HF ;HFand Xek, as
described above (see Stability of Xefnd 2,2,2-crypt in Cht
Cl, Solvent) and in our earlier study.

Fluoride lon Exchange with XeF,. A two-dimensional (2-
D) 19F—19F EXSY experiment demonstrates that fluoride ion
exchanges with XeFin CH3;CN solvent. The off-diagonal
correlations (Figure 1) confirm exchange between an initially
equimolar mixture of [N(CH)4][F], —71.5 ppm QAvy, = 267
Hz), and Xek, —178.2 ppm;1J(12°Xe—1%F), 5657 Hz. It was
also shown that HF (—143.8 ppm;XJyr, 120 Hz) does not
exchange with Xefor fluoride ion on the NMR time scale
under the experimental conditions used in this study. The HF

well as from solvent attack by XeFas described above, and
from a lack of truly anhydrous conditions (eq 6). Attack of glass

1

XeF, + H,0 — Xe + 0, + 2HF (6)

by HF is a cyclic process, producing water which further reacts
with and reduces Xefto produce HF (eq 6). Moreover, the
H,O/HF/glass system is repeatedly emphasized in the literature
of fluorine chemistry to introduce a variety of species, including
boron- and silicon-containing Lewis aciéiswhich may also
serve as fluorine exchange catalysts.

Synthesis of [8F]XeF, by 8~ Exchange with XeR, in
CHCl,. There are also several major concerns relating to ex-

anion present in these samples was derived from fluoride attackchange of'8~-labelled fluoride ion with Xef as previously

on the solvent (eqgs 3 and 4), as previously repottéte 1°F

reported” Among these are the large molar excess of ek

exchange is postulated to proceed through the formation of ative to 2,2,2-crypt (56:1) and the high concentration (0.285

trifluoroxenate(ll), Xek™~, anion as the exchange intermediate
(eq 5). The exchange of XeRkvith HF was also studied by

®)

variable-temperatur€F and!?°Xe NMR spectroscopy of XeF

XeF, + F~ = XeF,”

(19) Fukui, K.; Kitano, N. Japanese Patent 7761, 1€3em. Abstr1958 52,
13773

(20) Verbeék, W.; Sundermeyer, \Wngew. Chem., Int. Ed. Endl966 5, 314;
Angew. Chem1966 78, 307.
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(21) Vvasdev, N.; Schrobilgen, G. J.; Chirakal, R.; Suontamo, R. J., to be
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(22) Ramsden, C. A.; Smith, R. @. Am. Chem. S0d.998 120, 6842.

(23) Schrobilgen, G. J. IBynthetic Fluorine ChemistrChambers, R. D., Olah,
G. A., Prakash, G. K. S., Eds.; Wiley and Sons: New York, 1992; Chapter
1, pp 1-30.

(24) Selig, H.; Holloway, J. H. ITopics in Current ChemistryBoschke, F. L.,
Ed.; Springer-Verlag: Berlin, 1984; Vol. 124, pp-390.
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Preparation of [*F]XeF, ARTICLES

M) of XeF;, in CH,Cl, that was required to effect exchange thata 33:1 molar ratio of XeRo 2,2,2-crypt in CHCI, solvent

with nca®~ ion in 1 mL of CHCl,. Attempts to repeat the leads to fluorination of 2,2,2-crypt and GEl,, producing
previous work and to exchange 10 mCi of né&~ ion (5.8 x CHCILF, CHF,, CH,CIF, and large amounts of HF and kiF
101°mol), in the form of [2,2,2-crypt-KT[EF], with XeR; in 1 These findings establish that the previously claifeatalytic

mL of CH,Cl, solvent at room temperature were unsuccessful behavior of 2,2,2-crypt-M (and its implied inertness) in the

in the present study. Separate HPLC experiments (Phenomenexpnization of Xek, and in fluoride ion exchange with XefRre
Hypersil C18, 5um, 25 x 0.46 cm, eluted with 60% CJCN/ erroneous. Reactions of [2,2,2-crypt-KJf] with XeF, in CH,-

H,O, using a flow rate of 1.0 mL/min) were run for né&— Cl, solvent in the present study were not reproducible and were
and Xek, to establish their retention times. Sharp peaks complicated by fluorinated side products, including large
corresponding t8% (3.1 min) and Xek (UV, 4 = 254 nm, amounts of HF, that result from fluorination of 2,2,2-crypt and
3.8 min) were obtained. The chromatograms acquired for the the solvent. The exchange observed in previous Wwask
reaction of [2,2,2-crypt-KJF] with XeF, in CH,Cl, solvent attributable to HF formation, in accord with earli€F-exchange

at room temperature aftd h were not reproducible. The UV  studies which have shown that HF undergoes fluorine exchange
trace showed a sharp peak with a retention time correspondingwith XeF, by acting as a weak fluoride ion acceptor toward
to XeR, (3.8 min); however, the radiochromatogram showed XeF; (eqs 1 and 2§.It must also be concluded that exchange
one broad, tailing®F-containing peak that eluted from 4 to 6 reactions between nca [2,2,2-crypt-Mf] salts and XeFin

min which was not identified. The broad peak is consistent with CH,Cl, at room temperature are not viable routesf&|XeF,

the coelution of several species, but no disciéfe ion peak for use in clinical work.

was observed. “Cold” experiments, described in previous
sections, demonstrate that the system is complex and leads t
several fluorinated products. THEF exchange experiments CAUTION: We recommend that precautionary measures be estab-
described previously and here employed carbdraticarbon- lished prior to re_peating as!oects of this work, particularly when is

ate, respectively. Both anions are known to accelerate theemployed. Rapid outgassing and/or dgtonatlon c_an result from the
decomposition of XeFin aqueous medi# The inability to ~ Xidation of 2,2,2-crypt by XeFin CH.Cl; if the reaction temperature
separaté®— from [8F]XeF in the radiochromatogram results is not properly moderated. Before beginning work with anhydrous HF,

b hé ivity is distributed ¢ d first-aid treatment procedurgs® should be available and known to
ecause theF activity is distributed among XeFF", HF, an all laboratory personnel. Disposal of samples containingXeFHF

HF2", as well as the products of §o|vent fluorination (vide supra). \ere carried out by freezing the heat-sealed FEP sample tube in liquid
Fluorine-18 exchange experiments between Xafd 8F- nitrogen, followed by cutting off the tube top and inverting the open
labelled fluoride ion, in the form of a tetraalkylammonium salt, tube end in a mixture of ice and aqueous base solution inside a

were not attempted because it is difficult to obtain rigorously fumehood. _ _ _ _

anhydrous'®F-labelled fluoride salts. Consequently, the forma- ~ Nonlabelled Experiments. (a) Materials.Fluorine (Air Products)

tion of fluoride ion hydrates, §H20), (n = 1—6)2° in 18F- was used without further purification. Anhydrous hydrogen fluoride

labelling experiments is expected to greatly attenuate the degredHarshaw Chemical Co.) was purified as described previstisiyd

of fluoride ion “nakedness” in these studies. and the reaction stored in a Kel-F storage vessel equipped with a Kel-F valve until used.
. . ' Hydrogen fluoride was transferred into reaction vessels by vacuum

of XeF, with coordinated water and trace amounts of other

. . N distillation on a stainless steel vacuum line through a submanifold
adventitious water is expected to lead to HF (eq 6) and HF fabricated from FEP and Kel-F. Literature methods were used for the

(eq 4). Furthermore, the reaction of Xekith CHCl is known synthesis of xenon difluoric® the naked fluoride ion source, anhydrous
to produce CHCIF, CHChLF, and HF, with CHF,, CHCIR,, [N(CH3)4][F], S for the drying of anhydrous potassium fluoride (J. T.
CClLF;, and CFC} as minor £0.5%) productd® These factors Baker Chemical Company, 99.6%pand 2,2,2-crypt (1,10-diaza-4,7,-
could also account for the failure of [NBU4)4][ *8F] to undergo 13,16,21,24-hexaoxabicyclo[8.8.8]hexacosane) (Merck, $9%)).
exchange with Xefin CH.Cl,.8 Acetonitrile (HPLC grade, Caledon) was purified to electrochemical

Because multiple fluorination products have been shown to standards according to the literature proced@irBichloromethane
form in reactions of “cold” fluoride ion and Xefwith CHsCN (reagent grade, Caledon) was dried over @adWder (BDH Chemicals,
and CHCl, solvents at room temperature after 1 h, these 99.5%) for several days and vacuum distilled onto Davison Type 3A

2 ’

hod | ical for th (oY molecular sieves (Fisher Scientific) and stored in a dry glass bulb
methods are also not practical routes for the preparatiotF [ equipped with a 4-mm glass J. Young glass stopcock equipped with a

XeF, from nca'®F ion. Moreover, th? resulting'hydrochloro- PTFE barrel until used. Molecular sieves were dried under dynamic
quorpcarbons can be highly toxic, i.e., @E":_'S_ a known vacuum for 24 h at ca. 258C prior to use as a drying agent. Dried
carcinogerf? and thus pose problems for medicinal use if the CH,CI, (\H chemical shift 5.34 ppm) did not show water in th¢é

c)Experimental Section

toxins cannot be reliably separated. NMR spectrum under high gain conditions (thé¢ chemical shift of
] water in CHCI, was determined from a spiked sample to be 1.58 ppm).
Conclusions (b) Standard Techniques.The compounds used in this study were

The present work has demonstrated, by EXSY NMR studies moisture-sensitive; consequently, all manipulations were carried out

that XeF, exchanges with fluoride ion when a countercation, (3,
such as N(CH)4*, which is oxidatively resistant to XeFis 2
employed. The exchange is postulated to proceed through theE33

XeF;~ anion as the intermediate. Moreover, this study shows gg
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on glass and metal vacuum line systems or in the moisture-freéd ¢o) transferred to a covered Teflon or glass vessel containirgh00mg
nitrogen atmosphere of a Vacuum Atmospheres Model DLX drybox of XeF, (XeF, had been transferred in a glovebag purged with dry
as previously describedl.In instances where low-temperature sample nitrogen). Aliquots of the resulting reaction mixtures were analyzed at
preparations were required, samples were cooled inside the drybox byvarious time intervals between 5 and 90 min on a reverse phase HPLC
placing the FEP sample tubes inside a metal Dewar filled with 4.5 column (Phenomenex, Hypersil C18u8, 25 x 0.46 cm) eluted with

mm copper plated steel spheres previously cooled te-t40°C inside
the glass cryowell of the drybox.
Anhydrous CHCN and CHCI, solvents were manipulated using a

60% CHCN (HPLC grade, Caledon) in water, at a flow rate of 1.0
mL/min. The eluates from the column were passed through a Waters
490E programmable multiwavelength detector (255 nm) and a Beckman

Pyrex glass vacuum line equipped with grease-free 6-mm J. Young radioisotope detector (Model 170). Both detectors were connected to a
glass stopcocks equipped with PTFE barrels. Pressures inside théWaters Millenium Chromatography Manager.
vacuum manifold were monitored using a mercury manometer. Fluorine  Nuclear Magnetic Resonance Spectroscopiroton and*F NMR
and anhydrous HF were handled on a metal vacuum line constructedspectra were referenced to external TMS and GF@bkpectively, at
from nickel and 316 stainless steel, and equipped with 316 stainless30°C. All spectra in this study were recorded unlocked without spinning
steel valves and fittings (Autoclave Engineers, Inc.). Vessels were the samples.
attached to vacuum lines through thick-walled FEP tubing %ninh. Proton and®F NMR spectra of samples containing reaction mixtures
PTFE Swagelok connectors by means of PTFE compression fittings of [2,2,2-crypt-K][F] with CHCN and CHCI, were recorded on a
or Y,-in. stainless steel Cajon Ultra-Torr connectors fitted with Viton Bruker AV-200 spectrometer. Proton atff spectra were acquired at
rubber O-rings. Pressures were measured at ambient temperature using00.200 and 188.376 MHz, respectively. Proton spectra were obtained
an MKS Model PDR-5B power supply and digital readout in conjunc- in eight scans, in 16 K memories over a 4.1 kHz spectral width
tion with pressure transducers (effective rangel000 Torr) having corresponding to an acquisition time of 2.02 s and a data point resolution
inert wetted surfaces constructed of Inconel. of 0.25 Hz/point. Fluorine-19 spectra were obtained in 300 scans, in
All preparative work was carried out in 4-mm-o.d. FEP tubes. One 32 K memories over a 47.1 kHz spectral width corresponding to an
end of the tube was heat sealed by pushing it into the end of a 5--mm- acquisition time of 0.347 s and a data point resolution of 1.44 Hz/
o0.d. glass NMR tube previously heated in a Bunsen flame. The other point. Proton and® NMR spectra of samples prepared for investigation
end was fused to ca. 5 cm #f-in.-o.d. FEP tubing, which was heat  of the interaction of XeFwith fluoride ion were recorded on a Bruker
flared and fitted with a Kel-F valve. The FEP sample tubes were dried AV-300 spectrometer and referenced to external TMS and §FCI
under dynamic vacuum for ca. 12 h on a glass vacuum line prior to respectively, at 30C. Proton and®F spectra were acquired at 300.130
transfer to a metal vacuum line where they were passivated with ca. 1 and 282.404 MHz, respectively. Proton spectra were obtained in eight
atm of R for ca. 12 h. Samples were prepared in the drybox prior to scans, in 32 K memories over a 4.5 kHz spectral width corresponding
addition of solvent (ca. 0.5 mL) and contained ca. 0.2 mmol of to an acquisition time of 3.645 s and a data point resolution of 0.14
[N(CHa)4][F], KF, and/or 2,2,2-crypt, and the molar ratio of Xef® Hz/point. Fluorine-19 spectra were obtained in 1000 scans and in 32
the aforementioned reagent was adjusted. The sample containing a 33K memories over a 33.8 kHz spectral width corresponding to an
fold molar excess of XeFRo 2,2,2-crypt contained 0.942 and 0.0289  acquisition time of 0.131 s and a data point resolution of 1.03 Hz/

mmol, respectively.

The sample tubes used for recording the NMR spectra were heat

sealed under dynamic vacuum-at96 °C using a miniature Nichrome

point.
Two-dimensional®F—%F EXSY spectra were acquired at 470.55
MHz using a Bruker Avance DRX-500 spectrometer. Spectra were

wire resistance furnace. The sealed samples were stored submerged irecorded in the phase sensitive mode, using the pulse sequethee 90

liquid nitrogen. For NMR measurements, the 4-mm FEP tube was
inserted into standard 5-mm precision Wilmad NMR tube before
insertion into the NMR probe.

Fluorine-18 Labelling Experiments. (a) Materials. Anhydrous
CHsCN (Aldrich, 99.8%), anhydrous CEl, (Aldrich, 99.8%), Krypto-
fix 222 (Aldrich, 98%), KHCQ (British Drug Houses, 99.5%), and
[*8O]H,0 (Isotec, 98 atom %) were used without further purification.
Xenon difluoride was prepared as described previously (vide supra).

(b) Standard Techniques.No-carrier-added®F-fluoride was pro-
duced using a Siemens 11 MeV proton-only cyclotron (RDS 112) and
by means of the nuclear reactidfO(p,n}éF. The [O]H.O was
separated from th&F~ by passing the bolus through an anion exchange
column (Bio-Rad, AG 11 A8 resin, 50100 mesh, converted to HGO
form). The!® was subsequently eluted from the column using 1 mL
of CH3CN/H,O (95/5) solution containing 8 mg of 2,2,2-crypt and 2
mg of KHCGO; and the CHCN/H,O was evaporated at 12€. The
residue was redissolved in 1 mL of anhydroussCN and redried.

The dry*F-containing residue was redissolved in anhydrous-CH
CN or anhydrous CkCl; diluted to 10 mCi/mL, and 1 mL was

(39) Casteel, W. J., Jr.; Kolb, P.; LeBlond, N.; Mercier, H. P. A.; Schrobilgen,
G. J.Inorg. Chem.1996 35, 929.
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t,—90°—t,—90°—ACQ. A temperature of 18C was used in order to
slow the formation of HE while maintaining solubility. 256 FIDs
were recorded in the F1 dimension, with each FID acquired in 48 scans
over a 60 kHz spectral width. Mixing times of 400 and 800 ms were
employed.

Acknowledgment. We thank the Natural Sciences and
Engineering Research Council (NSERC) of Canada for the
award of a postgraduate scholarship (N.V.) and for support in
the form of a research grant (G.J.S.), the Ontario Ministry of
Education and Training for the award of an Ontario Graduate
Scholarship (B.E.P.), and McMaster University for the award
of James A. Morrison Memorial Scholarships (N.V. and B.E.P.).
We also thank Dr. Donald W. Hughes, McMaster NMR Facility,
for his assistance in acquiring the 28F—19F EXSY NMR
spectra discussed in this study and the Department of Nuclear
Medicine, McMaster University Medical Centre (Hamilton
Health Sciences), for making their cyclotron facility available
for this research.

JA020604Y



