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Abstract—Fluorodechlorination of polychlorofluorobenzenes with potassium fluoride in the presence of
phase-transfer catalysts was investigaté@nium” catalysts [hexaethylguanidiniuchloride, tetra(diethyl-
amino)phosphonium bromide] taksart in thestabilization of the intermediate-complex. Catalytic role of
polyethers (tetraglymel8-crown-6) in the fluorodechlorination process is limited to increasing the fluoride
ion concentration.

Application of phase-transfer catalysts is amongsalts, guanidinium derivatives, polyethylene glycol
the most efficient methods for activation of halogenalkyl ethers, and crown-ethers. The presatidy
exchange in fluorination of chloroaromatic com- concerns the catalytic activity of these phase-transfer
pounds with alkali metal fluorides {B]. catalysts in the absence ablvents.

In practice, the most interesting operation mode is According to modern views the fluorodechlorina-
the use of phase-transfer catalysts without solventsgion of chloroaromatic compounds with potassium
In this case is no need of reaction products isolatiorfluoride occurs both on the surface of the solid phase
from the solvent, andglso of recovery of theatter. and in theeo-phase, directly contiguous to the potas-
sium fluoride surfacd4]. In both cases the catalyst

besoigt\e”oll;silr{’g gll‘ﬁcigr:flcgr?gﬂ)l/d '&gosgzgt Sgraﬁglyg‘ttﬁ ?gffect is ascribed to increasing the reactivity of the

characteristics: a high stability under the synthesi ﬁtailzz'tuenﬂruo%'d?ﬁ Olrneg}?i cﬁlé?\icacst‘)%rl:jilrfa%fr? u(r)r;ef[jh‘éo
conditions, availability and not too higbrice. These g

: . substrate on the potassium fluoride surface, and in
requirements are met by quaternary phosphoniu e second case a formation of loose igairs

between the catalyst and fluoride ion is imagined

2 45 ] [4, 5]. We believe that this description incompletely
b represents the nature of processes occurring at the
= 35t 5 fluorodechlorination in the presence of phase-transfer
ot catalysts.
25 + 3 5 We selected for the study of fluorodechlorination
- o~ with potassium fluoride the following compounds:
15 F 5 1,3,5-trifluoro-2,4,6-trichloro- 16), 1,2,4-trifluoro-
I / 4 3,5,6-trichloro- (b), and 1,2,3-trifluoro-4,5,6-tri-
5t chlorobenzenesid). Compoundsla-c with similar
ST A S ST S ST | SRR R physical and chemical properties were convenient
0 12 3 15 20 253035 40 8590 95 models for investigation.
T, h

The fluorodechlorination of polychlorobenzenes is
Degree of conversion as a function of reaction time (molar known to proceed along additieelimination

ratio GCI,F, : KF : catalyst is 1:10.05). (1) hexaethyl- mechanism with an intermediate formation of an
guanidinium chloride Y), (2) tetra(diethylamino)phos- anionic c-complex[7]. It was presumed that the dif-
phonium bromide /), (3) crown ether (18-crown-6)Ii{ ), ference in the fluorination rate of catalytic and non-
(4) tetraglyme [1), (5) sulfolane (weight ratio gCI,F,: sul- catalytic reactions could originate not onfisom the
folane is 1:1). catalyst effect on increasing concentration of the
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fluoride ion, but also from stabilization of the cor- fluoride with no solvent or catalyst at 38D. Thus
respondings-complex. Therewith if the catalyst role when as catalysts are applied tetraglyme or
in the accelerating the fluorodechlorination is limited 18-crown-6 the efficiency of catalysis is not sensitive
to increasing the running concentration of tteective”  to the nature of substrate. This result is in agreement
fluoride ion, thecatalytic effect would weakly depend with conclusions made in studies of fluorodechlorin-
on the substrate nature. On tbentrary, if thecatalyst ation of the other substrates in the presence of crown
takes part in stabilization of the intermediateethers [11].

c-complex it can be expected that here the fluorode- The pattern observed with thigonium” catalysts,

chlorination of the moreactive substrates would be L . .
. as hexaethylguanidinium chloride and tetra(diethyl-
accelerated more than that of the lestivesubstrates. amino)phosphonium bromide. The difference  in
On the figure are presented results of fluorodeisomeric composition as compared to uncatalyzed
chlorination performed with no catalyst in sulfolanereaction is already notable at conversion~&.5%,
and with no solvent with catalysts: tetraglymi)( and at conversion 20% it is considerable (Table 1).
18-crown-6 [(Il'), tetra(diethylamino)phosphonium Thus the catalyticeffect of catalystdV andV sig-
bromide (V), and hexaethylguanidinium chloride nificantly depends onsubstrate, and the most is
(V). As seerfrom the figure, themaximal conversion accelerated the fluorodechlorination of substriie
rate (with respect to the sum of isomers) for trifluoro-less that ofic, and the least that d&.
glchlorobenzenes is observed with compoufdsor The observed difference in catalytic effect of poly-
as catalysts, and the reaction in sulfolane without,. .« "\II" " and “onium® catalvstslV. V presum-
catalyst is the least efficient. o Alalystsiv, vV pres
ably originates from the dissimilar mechanism of
The analysis of variation in trifluorotrichloro- their action. Thecatalytic effect at the use of poly-
benzeneda-c isomeric composition in the course of ethersil and lll may be rationalized as increase in
fluorodechlorination revealed (Table 1), that in allthe concentration of ahactive” fluoride ion resulting
cases the reactivity decreased in the sdfiedc, la.  in acceleration of the fluorodechlorination, irrespec-
These data are consistent with the published facts otive of the place where meet tHactive” fluoride ion
the effect of fluorine and chlorine atoms on theand the substrate, be it on the solid surface or in the

stability of the anionia-complex [#~10]. o-phase.When catalystdV and V are applied the
catalysis has another character and not only produces
F €l K higher concentration of th&active” fluoride ions, but

KF N is also due to significant participation of these catal-
Fr@ - K —xa Cl, ysts in the stabilization of the corresponding
1l £l c-complexes_thus reducing the activation energy of

. 3 3 72 fluorodechlorination.

This conclusion is additionally supported by our

l, 1.3,5-k (@), 1.2,4-k (b), 1,2,3-R (0). data on reaction between tetrafluorodichlorobenzene
i and potassium chloride (Table 2). This is chlorode-
_ We analyzediurther the rate of variation of the quoriElation reaction, a plfocess re)versed with respect
isomeric composition of compounda-c as a func- 4, f,gradechlorination of trifluorotrichlorobenzenes.
tion of the catalyst nature at the same CONVErSIORe gata in Table 2 show that the substitution of
degree (with respect to the sumisbmers). fluorine by chlorine at the use of catalydi¢ andV

As was already statedyhen the catalyst does not under similar conditions occurs #30 h to~17 and
take part in the s-complex stabilization, the isomer 30% respectively, whereas with the crown etkeen
ratio in trifluorotrichlorobenzenes at the samen- in 150 h only1.5% of theinitial compound undergoes
version degree in reactions fluorodechlorination withchlorodefluorination, and in theabsence of any
and without catalyst should be approximatelgual. catalyst no visible amount of the reaction product
Results of reactions with catalysté and Ill are forms even in 150 h.
consistent with this assumption. Isomeric composition \ye pelieve that the reversibility of fluorode-
of trifluorotrichlorobenzenes forming at the use of -orination in the presence of catalysié and V
these catalysts and without catalyst in sulfolane at thﬁdditionally evidences that the catalyst play sig-
same conversion is approximately the same (Table 1hificant role in stabilization of the intermediate
and in its turn isclose to that observed at fluorin- _complex thus reducing the activation energy of both
ation of trifluorotrichlorobenzenes with potassium girect and reverse reactions. The crown ethveakly
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Table 1. Fluorodechlorination of trifluorotrichlorobenzenes with potassium fluoride (m@éo GCI;F;: KF: catalyst

1:1:0.05, 166C)

Molar ratio of isomers of C,CLF; la:lb:lc at conversion, %
Catalyst
8.5 15 20 25 30

\Y, 1:1.04:0.41 1:0.82:0.36 1:0.68:0.33 1:0.55:0.31 1:0.47:0.29
v 1:0.93:0.36 1:0.70:0.31 1:0.56:0.28 1:0.44:0.25 1:0.34:0.23
n 1:1.19:0.44 1:1.02:0.43 1:0.92:0.41 1:0.80:0.40

Il 1:1.19:0.45 1:1.19:0.45 1:1.20:0.43

- 1:1.34:0.48 1:1.30:0.40 1:1.29:0.38

- 1:1.30:0.49

3Initial molar ratio of isomers (la): (Ib): (Ic) 1t.41:0.48. °In sulfolane. “Under pressure at 350.

Table 2. Chlorodefluorination of tetrafluorodichloro- vaporizer temperature 200,
benzene with potassium chloride (motatio G,Cl,F,:KCl  energy 70eV.

ionizing electrons

1:1, 160C) . . .

Chromatographic analysis was carried out on a
Yield of C.CLE. % chromatograph Hewlett Packard-5890 equipped with

Catalyst e katharometer and a capillary column (30600

(mol) 8 h 16 h 30 h 0.25 mm), stationary phas&E-54, isothermatqode

(100°C), carrier gas heliunflow rate 20 ml min-.

IV (0.25) 4.0 9.0 17.0 The isomers of dichlorotetrafluorobenzene and
IV (0.05) 2.3 5.3 7.0 trichlorotrifluorobenzene were separated by rectific-
V (0.25) 15.0 22.0 32.0 ation from the raw product of hexachlorobenzene
V (0.05) 7.5 11.2 16.5 fluorination. The fractions boiling respectively at

il (0.05} - - - 152-153°C and 188189 C were collectedFrom the

fraction of trichlorotrifluorobenzenes was separated
excess isomela by freezing at-0°C in order tohave
more leveled isomeric composition. The used frac-
influences the stabilization of the-complex, it only  tions of G,CI,F, and GCl;F, contained over 99%
increases the concentration of tfective” fluoride  of the main substance (with respect to isomers sum)
ion, andpresumably slightly affects the concentrationaccording to GLC data. Potassium fluoride dried by
of the chloride ion. spraying (commercial product of the Pilot Plant of

Thus the experimental data obtained evidence thdf'® Peérm Division of the FederaState Unitary
accelerated fluorodechlorination in the presence ofnterprise “Russian Scientific Center Applied
“onjum” catalystslV, V is caused not only by in- Chemistry’) was used without addltlorlal pu’rlflcatlon.
creased concentration of theactive® fluoride ions 'etraglyme, 18-crown-6sulfolane of “pure” grade
but also by reduced activation energy of fluorinationWeré used without additional purification. Tetra(di-
presumably due to efficient stabilization of the inter- €thylamino)phosphonium bromide and hexaethyl-
mediates-complex. The higher fluorodechlorination guanidinium chloride (commercial product of the
rate in the presence of polyethelis Il originates Pilot Plant of the Perm’ Division of the Feder&tate
mainly from increased running concentration of theUnitary — Enterprise “Russian Scientific Center
“active” fluoride ion. Qpplled Chemistry) were recrystallized from

enzene.

2150 h, yield of GClyF5~1.5%.

EXPERIMENTAL Fluorodechlorination of polyfluorochlorobenz-
enes.Specified quantities of gCI;F, or C;Cl,F,, KF

19 NMR spectra were registered on spectrometeor KCI, and acatalyst were heated atirring to the
Bruker WP-80 (at75,398 MHz) in (CQ),CO with  required temperature, and sampling was performed
hexafluorobenzene as intermaference. Mass spectra intermittently. The samples weranalyzed by GLC

were measured on Finnigan Mat ITD-800 instrumentto determine the conversion degree, afe# NMR
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spectra were recorded for evaluation of the isomeric  Desmurs,J.R. andRatton, S.Eds.,Elsevier, 1996.
composition. 5. Smyth,T.P., Garey, A., and Hodnett3.K., Tetra-

. hedron,1996, vol. 51, no. 22, 363-6376.
'F NMR spectra of all compounds were consistent ¢ \/o-o-hisov N.N.. Zh. Vees. Eﬁm_ Obshchl970

with the published dat§12]. In the mass spectra of " vol. 15, no. 1, pp. 523.
all the initial compounds and the reaction products 7 cacae, F., Speranza, M., WolA.P., and Mac-
were present the corresponding molecular ion peaks. gregor, R.R., J. Fluorine Chem., 1982, vol. 21,
no. 2, pp. 145158.
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