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Abstract—Reactions of substituted benzenes C¢HsR (R = Me, F, Cl, Br, CF;, NO,) with xenon difluoride in the
presence of boron trifluoride—diethyl ether complex in weakly acidic (1,1,1,3,3-pentafluorobutane) and weakly
basic media (acetonitrile) have been studied. These reactions lead to the formation of fluorobenzene derivatives
FC¢H4R (isomer mixture) together with isomeric difluorobenzenes and fluorinated and non-fluorinated
biphenyls. The results have been compared with previously reported data obtained in other solvents using other

catalysts.
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Reactions of xenon difluoride with organic com-
pounds have been extensively studied over several
decades since a procedure for its preparation has been
developed. Apart from the expected action of XeF, as
fluorinating agent, some other interesting aspects of its
application in organic, organoelement, and inorganic
chemistry have been revealed (for reviews, see [1-5]).
Of particular interest is the use of xenon difluoride in
the synthesis of organic xenon(Il) derivatives contain-
ing aryl, alkenyl, cycloalkenyl, and alkynyl groups
[6-9]. The first data on reactions of XeF, with benzene
derivatives [10—14], naphthalene [15], and polycyclic
arenes [1, 3] were reported in 1969—1975, and some
data were later corrected and supplemented [16]. These
reactions were commonly carried out in weakly acidic
medium (in methylene chloride, chloroform, or carbon
tetrachloride in the presence of anhydrous HF or BF;
or without a catalyst). Fedorov et al. [17] recently
reported fluorination of benzene and substituted ben-
zenes C¢HsR (R = H, Me, Cl, Br, I, NO,) and nitro-
benzenes 4-RC¢H4NO, (R = Me, MeO) with xenone
difluoride in acetonitrile as weakly basic solvent,
which was motivated by possible increase of the
fluorination selectivity at reduced temperature with
BF;- Et,0 as catalyst (Lewis acid). However, the com-
plete substrate conversion required almost 1.5 equiv of
BF;-Et,0, and the results were partially inconsistent
with previously reported data [11, 14].

Taking into account that reactions of arenes with
xenon difluoride were studied under different experi-
mental conditions (solvent, temperature, catalyst
nature and its amount, method of product analysis), we
carried out reactions of substituted benzenes C¢HsR
(R = Me, F, Cl, Br, CF;, NO,) with XeF, under the
conditions that minimized side processes, and the
products were analyzed by '’F NMR and GC/MS.
We did not examine the reaction of XeF, with iodo-
benzene which was thus converted to C¢HsIO and
[(4-IC¢H4)(CsHs)I][BF4] assumingly through CgHsIF,
[17], since the oxidative fluorination of PhI to PhIF,
and subsequent hydrolytic transformations of the latter
into iodosylbenzene and iodonium salts have long been
known and are well documented [18-24].

Most reactions of arenes with XeF, were carried out
in methylene chloride since both reactants and prod-
ucts are readily soluble in that solvent. However, even
traces of Lewis acids promote the fluorination of
chloromethanes with XeF, to chlorofluoromethanes
with liberation of chlorine and/or hydrogen fluoride
[25]. Fluorinated compounds such as CCI;F,
CCIF,CCIl,F, and CF;CH,CI are stable under these
conditions, but they cannot be used as solvent because
of very poorly solubility of xenon difluoride therein.
The most appropriate solvents turned out to be
commercially available fluorinated hydrocarbons,
1,1,1,3,3-pentafluoropropane (PFP, mp —103°C,
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Scheme 1.
Me Me Me Me Me
Xer, BF3Et20 F F
PFB, 0-25°C
+ + + + CypHgMey + CypH/FMey + CypHgFoMe
—Xe, —HBF4, —Et,0 12HgVie2 1217 2 12HsF2Me;
F F
1 2 3 5

Scheme 2.

Br Br Br Br Br Br
Xer, BF3Et20 F F
PFB, 0-25°C
+ + + +
—Xe, —-HBF,4, —-Et,0
F F F
F F
6 7 8 9 10 11
+ CypHgBro + CyH7BroF + CyoHgBroF;
Scheme 3.
Cl Cl Cl Cl Cl Cl
Xer, BF3 Et20 F F F
PFB, 0-25°C
+ + + + +
—Xe, —HBF,, —Et,0
F F F
F F F
12 13 14 15 16 17 18

+ C4oHgCl, + CqoH7CIF + C4HGCIoF,

bp 15°C) and 1,1,1,3,3-pentafluorobutane (PFB,
mp —35°C, bp 40°C) [26]. The reactor material is also
important. The use of glass reactors for reactions in
weakly acidic medium is undesirable, as was clearly
demonstrated by reactions of XeF, with
4-RC4H4SiMe; [27, 28]. Filler et al. [11, 14] used
Kel-F (polychlorotrifluoroethylene) tubes, and we
carried out the reactions in vessels made of alternative
chemically resistant materials such as FEP (a block
copolymer of tetrafluoroethylene and hexafluoro-
propylene) and PFA (a block copolymer of tetra-
fluoroethylene and perfluoroalkoxytrifluoroethylene)
with better mechanical properties.

Treatment of toluene (1) with XeF, in PFB in the
presence of 1.3—1.5 equiv of BF;-Et,0 was accom-
panied by gas evolution, and a dark brown solution
was obtained. After washing with a solution of
KHCO;, we detected in the reaction mixture initial
toluene, isomeric 2-, 3-, and 4-fluorotoluenes 24,
a small amount of 2,5-difluorotoluene (5), and
biphenyls ClegMez, C12H7FM62, and C12H6F2M62
(according to the '’F NMR and GC/MS data). As
reported previously [11], no side chain fluorination
was observed (Scheme 1).

Under analogous conditions, the reaction of bromo-
benzene (6) with XeF, afforded 2-, 3-, and 4-bromo-
fluorobenzenes 7-9, 2,5- and 3,4-difluorobromo-
benzenes 10 and 11, and bromine-containing biphenyls
ClegBrg, C12H7Br2F, and C12H6BI'2F2 (Scheme 2)
Chlorobenzene (12) reacted with XeF, to give 2-, 3-,
and 4-chlorofluorobenzenes 13-15, small amounts of
2,4-, 2,5-, and 3,4-difluorochlorobenzenes 1618, and
biphenyls C12H8C12, C12H7C12F, and C12H6C12F2
(Scheme 3). Reduction of the amount of BF;-Et,0O to
0.5 equiv insignificantly changed the substrate con-
version. The major products of the reaction of xenon
difluoride with fluorobenzene (19) were 1,2-, 1,3-, and
1,4-difluorobenzenes 20-22. In addition, 1,2,4-tri-
fluorobenzene (23) and (unexpectedly) 3,3,6,6-tetra-
fluorocyclohexa-1,4-diene (24) were formed
(Scheme 4). Tetrafluorobiphenyls were also detected
among the products, but their amount was considerably
smaller than the amount of analogous derivatives ob-
tained from C¢HsR (R = Me, Cl, Br). We failed to
avoid the formation of fluorinated biphenyls by reduc-
ing the concentration of initial fluorobenzene (19).

Trifluoromethylbenzene (25) and nitrobenzene (31)
reacted with XeF, in PFB in the presence of BF;- Et,O
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to give products of replacement of one or two hydro-
gen atoms by fluorine, but no biphenyls were detected.
Benzotrifluoroide (25) was converted to 2-, 3-, and
4-fluoro(trifluoromethyl)benzenes 2628 and 2,5- and
2,3-difluoro derivatives 29 and 30 (Scheme 5). Like-
wise, 2-, 3-, and 4-fluoronitrobenzenes 32-34 and 2,5-
and 2,3-difluoronitrobenzenes 35 and 36 were obtained
from nitrobenzene (31) (Scheme 6). It should be noted
that no 2,3-F,C¢H;3R isomers were detected in the reac-
tions of xenon difluoride with toluene and haloben-
zenes 6, 12, and 19.

Being a weakly basic solvent, acetonitrile effec-
tively neutralizes acidic sites on the glass surface
[25, 28]. According to our data, the concentration of
XeF, in CD3;CN (in a standard NMR tube) did not
change over 9 months. The reactions of substituted
benzenes with XeF, were carried out under the con-
ditions analogous to those described in [17], but the

BARDIN, ADONIN

product composition was determined twice: (1) by
YF NMR immediately after the reaction completion
(see table, procedure B) and (2) by 'F NMR and
GC/MS after treatment of the reaction mixture with
a solution of NaHCO; and extraction with methylene
chloride (see table, procedure C). In all cases, con-
sistent results were obtained.

The reaction of toluene (1) with XeF, (1.2—
1.3 equiv) and BF;-Et,O in acetonitrile afforded
mainly isomeric fluorotoluenes 2—4, small amounts of
2,5-, 2,4-, and 3,4-difluorotoluenes 5, 37, and 38,
and biphenyls C;,Hg(CHj3),, C;,H,F(CHj3),, and
C12HgF2(CHj), (Scheme 7). In addition, N-tolylacet-
amides were detected. Likewise, a mixture of isomeric
chlorofluorobenzenes 13—18 and biphenyls C;;H;FCl,
and C|,H4xF,Cl, was obtained from chlorobenzene (12)
(Scheme 8). Under the same conditions fluorobenzene
(19) was converted into difluorobenzenes 20-22,

Scheme 4.

Xer, BF3 - Etzo
PFB, 0-25°C

—Xe, —HBF,, —Et,0

F F F F -
F F
+ + + +
F
F F FoF
22 23

19 20 21 24
Scheme 5.
CF3 CF3 CF3 CF3 CF3
XeF,, BF3-Et,0 E F F
PFB, 0-25°C
+ + + +
—Xe, —HBF,, —Et,0
F F F
F
25 26 28 29 30
Scheme 6.
NO, NO, NO, NO, NO, NO,
Xer, BF3 . Et20 F F F
PFB, 0-25°C
+ + + +
—Xe, —HBF4, —Et,0
F F F
F
31 32 34 35 36

Scheme 7.

Me

Xer, BF3 " Etzo
MeCN, —25 to 25°C

—Xe, —HBF,, —Et,0

Me Me
F
2+3+4+5+ + + CyoHgMe, + CyoHzFMe, + CqHgFoMey
F
F F
37 38
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Scheme 8.

Cl
XeF,, BF3 -Et,0
MeCN, 25 to 25°C
—Xe, —-HBF,, —Et,0
12

trifluorobenzene 23, and cyclohexadiene 24, while no
biphenyl derivatives were detected by GC/MS
(Scheme 9). The product composition did not change
when BF;-Et,0 was replaced by BF;-MeCN, but the
yield slightly decreased.

Scheme 9.
F
Xer, BF3 Etzo
MeCN, -25 to 25°C
20+ 21 + 22 + 23 + 24
—Xe, —HBF4, —Etzo
19

Further increase of the electron-withdrawing power
of the R substituent in C¢HsR is accompanied by
decrease of the fractions of difluoro derivatives and
biphenyls. Thus, the reactions of benzotrifluoride and
nitrobenzene with XeF, (1.2—1.3 equiv) and BF;- Et,0
in MeCN gave only the corresponding isomeric mono-
fluoro derivatives (Scheme 10).

Scheme 10.
CF3
Xer, BF3 Et20
MeCN, -25 to 25°C
26 + 27 + 28
—Xe, —HBF,, —Et,0
25
NO,
Xer, BF3 Et20
MeCN, -25 to 25°C
32+ 33 + 34
_Xe, —HBF4, —Et,0
31

Comparison of our results (see table, procedure A)
with those obtained in the reactions of XeF, with
C¢H;sR in the presence of anhydrous HF in carbon
tetrachloride (procedure D) or methylene chloride
(procedure E) [11] showed a good agreement in isomer
distribution for R = Me, Cl, NO,. However, no ortho
isomer 26 was detected in the reaction with C4HsCF;
in CCly, while only traces of para isomer 28 were
formed [11]. In the reaction carried out in methylene
chloride, the fractions of 26 and 28 were larger due to
reduced fraction of meta isomer 27. According to our
results, the ratio 26:27:28 is 2:8:1. Analogous

13+ 14 + 15 + 16 + 17 + 18 + CyyH;CLF + CqHeCloF,

disagreement is also observed for the reaction with
fluorobenzene: the ratio of isomeric difluorobenzenes
determined in [11] considerably differs from that found
in the present work. A probable reason is that the
products were analyzed in [11] by GLC after treatment
of the reaction mixture, whereas we performed the
analysis by considerably more reliable ’F NMR and
GC/MS methods both before and after treatment of the
reaction mixture. Another reason may be HF-initiated
side reaction of one FCsH4R isomer (R = F, CF3) with
products of decomposition of CCly; or CH,Cl, by
xenon difluoride [25], which should distort the initial
isomer ratio. Furthermore, the authors [11] reported the
ratio of FCcH4R isomers and their overall yield and
noted the formation of a large number of unidentified
tarry products, but no substrate conversion was given.

The product compositions in the reactions of CsHsR
with XeF, in the presence of BF;:Et,O in MeCN,
determined before and after treatment of the reaction
mixtures (see table, procedures B and C) almost
coincided with each other and were consistent with the
isomer ratios of FCgH4R (R = Me, NO,) [17] (proce-
dure F). However, the isomer ratio 13:15 given in [17]
contradicts both our data and those reported in [11].
This was due to erroneous assignment of signals in the
F NMR spectrum of isomer mixture with no account
taken of '"H-""F coupling constants. As a result, the
authors [17] erroneously concluded that the observed
difference in the distributions of FC¢H4Cl and
FC¢H4Br 1somers is related to steric effect of the
bromine atom which blocks the ortho position. The
authors did not specify the action of which reagent
could be determined by steric effect of the R sub-
stituent.

The reactions of xenon difluoroide with fluoro-
benzene, benzotrifluoride, and nitrobenzene afforded
only products of hydrogen substitution by fluorine
atom(s), whereas more electrophilic benzene deriva-
tives C¢HsR (R = Me, Cl, Br) gave rise to appreciable
amounts of biphenyl derivatives C;;HgR,, C1,H;FR,,
and C;HgF,R,, which were identified by GC/MS and
F NMR. Determination of their isomeric composition
was not the goal of our present study, but each group
of congeners included at least three main components.
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Reaction of xenon difluoride with substituted benzenes

i . Yield of CgH4FR,C Isomer fractions of . c
Comp. Procedure® o(t:"(a\g;s{l,o ‘;) %cha}lley 1§ lcd(;f mmol CsH4FR, % Yield of C¢H;3F2R,” mmol
ne- (GCMS) | L ok | 3.F | 4F | 2-F | 3-F | 4F |24-F, | 2,5-F, | 3.4-F,
1 A 87 (0.87) 25 0.14 | 0.01 |0.10 | 55 4 41 0.001
B 028 |0.05 |[0.14 | 60 10 30 [ 0.03 [0.04 |0.01
C 96 (0.94) 59 030 | 0.02 |[0.14 | 66 4 30 | 0.03 [0.04 |o0.01
D 32 50 8 42
F 94 21 62 9 29
6 Al 78 (0.31) 74 0.06 | 0.03 |0.16 | 24 12 64 0.01 | 0.004
F 99 56 29 9 62
12 A 86 (0.86) 47 0.08 | 0.02 | 031 19 5 76 | 0.01 |[0.01 |o0.01
A° 83 (0.83) 35 0.06 | 0.02 023 | 20 6 74 | 0.007 | 0.007 | 0.007
B 0.10 | 0.02 021 | 30 6 64 | 0.005 | 0.007 | 0.006
C 65 (0.62) 62 0.12" | 0.03" | 024" | 31° 8" | 617 | 0.005 | 0.005 | 0.005
D 66 24 5 71
F 99 42 63 8 29
19 A 93 (0.93); 45 0.03 | 0.01 | 035 8 3 89 | 0.01
88 (0.88)°
A® 99 (1.19) 42 0.04 | 0.01 |028 12 3 85 | 0.01
93 (1.12)°
A 94 (1.00)° 32 0.03 | 0.01 |028 9 3 88 | 0.01
B 68 (0.77)° 41 0.08 |0.01 [021 | 27 3 70 | 0.01
ch 92 (1.09)° 21 0.05 | 0.01 |[0.17 | 22 4 74 | 0.01
D 47 25 6 69 | 0.01
E 52 27 6 67
25 A 82 (0.90) 50 0.11 | 041 |0.05 19 72 9 0.06 | Traces
88 (0.88)°
B 0.01 |0.03 |0.002| 24 71 5
C 58 (0.62) 5 0.01 |0.03 |0.002| 24 71 5
D 76 0 95 5
E 80 31 55 14
31 A 83 (0.79) 27 0.05 | 0.16 |0.01 | 23 72 5 0.016 | 0.001
B 30 (0.32) 9 0.003 | 0.025 | 0.001 | 10 86 4
D 68 21 62 1
E 81 23 63 14
F 10 6 9 89 2

®

Procedure A: FEP or PFA reactor, 1.2—-1.3 equiv of XeF,, 1.3-1.5 equiv of BF;- Et,0, PFB, 0-25°C, 1 h, washing with aqueous KHCOs,

drying over MgSOy,, analysis by GC/MS and '°F NMR; procedure B: glass reactor, 1.2-1.3 equiv of XeF,, 1.3—1.5 equiv of BF; - Et,0,
MeCN, -25 to 25°C, analysis by F NMR; procedure C: glass reactor, 1.2—1.3 equiv of XeF,, 1.3—1.5 equiv of BF; - Et,0, MeCN, -25 to
25°C, washing with aqueous NaHCO3, extraction with CH,Cl,, analysis by GC/MS and '°F NMR; procedure D: Kel-F reactor, 1.2 equiv
of XeF,, anhydrous HF, CCly, —75 to 20°C, washing with aqueous NaOH, drying over Na,SOy, analysis by GLC [11]; procedure E: the
same as D, but CH,Cl, instead of CCly; procedure F: glass reactor, 1.25 equiv of XeF,, 1.4 equiv of BF; - Et,0, MeCN, -25 to 25°C,
washing with aqueous NaHCO;, extraction with diethyl ether, drying over Na,SO,, analysis by GLC and 'H and "°F NMR [17].

o o

Calculated on the reacted C¢HsR.
F NMR data.
4°0.4 mmol of C¢H;sBr.

¢ 0.5 equiv of BF; - Et,0.

f GC/MS data; signals of 2-FC¢H4Cl and 4-FC¢H4Cl overlapped each other in the F NMR spectrum.

¢ 4 mL of PFB per mmol of C¢H;F.
h1.8 equiv of MeCN - BF; instead of BF; - Et,0.
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It should be noted that, in contrast to the data of [11]
according to which the reactions were accompanied by
considerable tarring, the formation of polyphenylenes
was observed in [17] only in the reaction with benzene.

The formation of fluorinated arenes, as well as of
biphenyls, from substituted benzenes in reactions with
xenon difluoride may be rationalized in terms of
single-electron oxidation of the aromatic substrate to
the corresponding radical cation by the action of XeF,
molecule polarized by Lewis acid (the role of BF;-
Et,0O consists of just polarization of XeF, molecule
rather than of binding liberated HF as presumed in
[17]). Intermediate radical cations react with fluoride
ion to give fluoroarenes such as FCsH4R. Concur-
rently, radical cations derived from substituted ben-
zenes can react with parent neutral molecules C¢HsR
via electrophilic substitution of hydrogen to produce
biphenyls C;,HsR,. Fluorination of the latter with XeF,
leads to C;H;FR, and C;,H¢F,R,. Fluorinated bi-
phenyls can also be formed as a result of combination
of [C¢HsR]" with FC¢H4R. This scheme was proposed
in [13, 14] and confirmed experimentally by studying
the reaction of C¢Dg with XeF, [29]. Moreover,
reactions of trimethylsilyl-substituted arenes
4-RC6H4SiMe3 [27, 28] and C6H5,,1F,,SiMeg (l’l = 1—4)
[30] and polyfluorobenzenes C¢HF;R with XeF,,
catalyzed by anhydrous HF or BF; - Et,0O [31], are also
well described by analogous schemes involving the
corresponding radical cations [C¢HF4R]" as key inter-
mediates [31]. The above scheme also explains the
absence of biphenyl derivatives in the reactions of
XeF, with arenes containing electron-withdrawing
substituents. The combination of radical cations
derived from such arenes with negatively charged
highly nucleophilic fluoride ions is much faster than
with initial arenes. Unlike electronic factors, steric
effect of substituents in the aromatic ring is insignif-
icant, as demonstrated by the formation of 2-fluoro-
1,3,5-trineopentylbenzene from 1,3,5-trineopentyl-
benzene and XeF, in CCly in the presence of HF [11].

Thus, analysis of published data and results of our
study shows that the ratio of fluorination products in
the reactions of substituted benzenes C¢HsR with XeF,
in the presence of fluoride ion acceptor does not
depend on the temperature and solvent nature
(provided that the latter is inert toward xenon fluoride).
Therefore, these factors do not control the fluorination
selectivity. The effect of catalyst is determined only by
its Lewis acidity in the given solvent. The presence of
an electron-donating group or chlorine or bromine
atom in the aromatic substrate favors formation of

1405

biphenyl derivatives and (probably) polyphenylenes.
No biphenyl derivatives are formed from substrates
containing electron-withdrawing substituents.

EXPERIMENTAL

The 'H and "’F NMR spectra were recorded on
a Bruker Avance 300 spectrometer at 300 and
282.40 MHz, respectively. The chemical shifts were
measured relative to tetramethylsilane (‘H) or hexa-
fluorobenzene (*°F, 8p —162.9 ppm relative to CCI5F).
GC/MS analyses were obtained on a Hewlett Packard
1800A instrument using an HP-5MS column.

1,1,1,3,3-Pentafluorobutane (PFB, Solkane®
365mfc; Solvay Fluor) was stored over 4-A molecular
sieves. Acetonitrile was distilled first over P,O; and
then over CaH, and was stored over 4-A molecular
sieves. Boron trifluoride—diethyl ether complex was
distilled under dry argon and was stored in sealed
ampules. Boron fluoride—acetonitrile complex was
prepared from BF; and MeCN according to [32].
Substituted benzenes CsHsR (R = F, Cl, Br, CF;, NO,)
were passed through a short column charged with
Al,O3; which was preliminarily calcined at 500°C for
4 h. 2-, 3-, and 4-Fluorotoluenes [33-35], 2,4- [36],
2,5-[35, 37], and 3,4-difluorotoluenes [38], 2-, 3-, and
4-fluoro-1-bromobenzenes [33, 39], 2,5- [37] and
3,4-difluoro-1-bromobenzenes [40], 2-, 3-, and
4-fluoro-1-chlorobenzenes [33, 39], 2,5- [33, 37] and
3,4-difluoro-1-chlorobenzenes [33, 41], 2- [33, 42], 3-
[33, 41, 42], and 4-fluorobenzotrifluorides [33, 43],
2,5- [43] and 3,4-difluorobenzotrifluorides [43], 2-, 3-,
and 4-fluoro-1-nitrobenzenes [33, 39], 2,5- [33, 37]
and 3,4-difluoro-1-nitrobenzenes [33, 41], and 3,3,6,6-
tetrafluorocyclohexa-1,4-diene [44, 45] were identified
by comparing their '’F NMR spectra (chemical shifts
and "F-"H and ""F-"°F coupling constants) with those
of authentic samples and by GC/MS data. The yields
were determined from the "’F NMR and GC/MS data
using hexafluorobenzene as internal standard. The
reactions in PFB were carried out in reactors made of
FEP (tetrafluoroethylene—hexafluoropropylene block
copolymer; i.d. 8.0 mm, e.d. 9.0 mm) or PFA (tetra-
fluoroethylene—perfluoroalkoxytrifluoroethylene block
copolymer; i.d. 11.7 mm, e.d. 14.0 mm).

Reaction of substituted benzenes with xenon
difluoride in the presence of boron trifluoride—
diethyl ether complex in PFB (procedure A). A FEP
or PFA reactor equipped with a Teflon-lined magnetic
stir bar and connected to a gas-washing bottle was
charged with substituted benzene (0.95—-1.10 mmol),

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 52 No. 10 2016
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1,1,1,3,3-pentafluorobutane (1-2 mL per mmol of
C¢HsR), and BF;-Et,0O (1.3-1.5 mmol per mmol of
CsHsR). The mixture was stirred for 10—15 min at 0—
5°C (ice bath), and XeF, (1.2—1.3 mmol per mmol of
CsHsR) was added in portions. After addition of each
portion, the mixture was stirred for 3—5 min at 22—
25°C and cooled again. When the addition was com-
plete, the dark solution was stirred for 15-30 min at
22-25°C, 10% aqueous KHCO; was added, and the
upper organic layer was separated, passed through
a short column charged with silica gel (40—60 pm), and
dried over MgSQO,. The solution was analyzed by
F NMR and GC/MS. The main products are given in
table, and the others are listed below (GC/MS data).

From toluene: C,HgMe, (M 182), C;H,FMe,
(M 200), C,HgF,Me, (M" 218) (total 0.26 mmol).

From bromobenzene: C,,HgBr, (M+ 310),
C12H7BI'2F (M 328), C12H6Br2F2 (M 346) (total
0.08 mmol).

From chlorobenzene: C;,H3Cl, (M+ 223),
C12H7C12F (M 240), C12H6C12F2 (M 256) (total
0.22 mmol).

From fluorobenzene: C,;,HgF, (M" 190)
(<0.01 mmol), 3,3,6,6-tetrafluorocyclohexa-1,4-diene
(24, 0.02 mmol) (‘°F NMR).

From (trifluoromethyl)benzene: 1,2-difluoro-3-(tri-
fluoromethyl)benzene (30, 0.006 mmol). '’F NMR
spectrum (PFB), df, ppm: —136.2 d.d.d (1F, 1-F,
3Jep = 19, *Jpy = 10, “Jpy = 4 Hz), —139.4 t.d.d (1F, 2-F,
“Jeu = 6 Hz, “Jgr = 13, *Jgr = 19 Hz); the CF; signal
was overlapped by the signal of C4HsCF;. GC/MS:
miz 182 [M]".

From nitrobenzene: 1,2-difluoro-3-nitrobenzene
(36, 0.002 mmol). "’F NMR spectrum (PFB), 85, ppm:
~133.8d.d.d (IF, 1-F, *Jgp = 19, *Jey = 10, “Jpy =
4 Hz), —143.2 t.d (1F, 2-F, *Jpy = 6, *Jir = 19 Hz);
published data [46]: ’F NMR spectrum (acetone-ds),
O, ppm: —134.1 m (1F, 1-F), —143.5 d.t (1F, 2-F);
erroneous data were given in [47]: "’F NMR spectrum
(THF) &f, ppm: —127.00 to —128.30 m (1F), —134.40 to
~135.05 m (1F). GC/MS: m/z 159 [M]".

Reaction of C¢Hs;R with XeF, and BF;:Et,O in
acetonitrile (procedures B and C). A glass reactor
equipped with a Teflon-lined magnetic stir bar and
connected to a gas-washing bottle was charged with
Cg¢HsR (0.95-1.14 mmol), MeCN (1-2.5 mL per mmol
of C¢HsR), and BF; - Et,O (1.3—1.6 mmol per mmol of
CsHsR). The solution was stirred for 10—-15 min at
—25°C, and XeF, (1.2-1.3 mmol per mmol of C¢HsR)

BARDIN, ADONIN

was added in portions. The mixture was allowed to
warm up to 22°C over a period of 1 h and stirred for
40—60 min more, hexafluorobenzene (internal stan-
dard) was added, and a sample was withdrawn for
F NMR analysis (procedure B). The mixture was
treated with a saturated aqueous solution of NaHCO;
and extracted with methylene chloride (1-2 mL). The
extract was dried over MgSO, and analyzed by "°F and
GC/MS (procedure C). The main products are given in
table, and the others are listed below (GC/MS data).

From toluene: N-tolylacetamides (M 221,
(010 rnrnol), C12H8M62 (MJr 182), C12H7FM62
(M" 200), C,HF,Me, (M" 218) (total 0.31 mmol).

From fluorobenzene: 3,3,6,6-tetrafluorocyclohexa-
1,4-diene (24, 0.01 mmol; °F NMR).

From chlorobenzene: C;,H3Cl, (M+ 223,
0.10 mmol).

The reaction of fluorobenzene with XeF, and
MeCN - BF; in acetonitrile was carried out with
115 mg (1.19 mmol) of C¢HsF, 241 mg (2.21 mmol) of
MeCN-BF;, and 252 mg (1.49 mmol) of XeF, in 3 mL
of acetonitrile according to procedure C (see table).

The 'H and '"’F NMR and GC/MS data were
obtained at the Joint Center, Siberian Branch, Russian
Academy of Sciences.
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