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Difluoropyridines generally have high thermal stability and are useful
agricultural chemicals particularly as pre-emergence herbicides where
they are effective in controlling a variety of noxious weeds. For instance,
5-chloro-2,3-difluoro pyridine, can be used for the preparation of pyridinyl-
oxyphenoxy alkane carboxylic acid derivatives, which are herbicides
with particularly advantageous properties. This compound was synthe-
sized with higher yield in comparison with previous methods, by using
new technique and blended catalysts in two blended polar aprotic solvents.
After synthesizing, the product was separated from the reaction mixture,
by slow fractional distillation with heat sealed cover and vigorous column.
This compound is an important starting material for the preparation of
agrochemicals and pharmaceuticals compounds.
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INTRODUCTION

The chlorine in certain positions in polychloro-benzenes can be replaced by
fluorine using the potassium fluoride exchange reaction'. For example, hexachloro-
benzene reacts with potassium fluoride to give 1,3,5-trichloro-2,4,6-trifluorobenzene
as a major product®. This shows that chlorine is not only a strong activating group
from the meta position as expected in nucleophilic reaction but is also a significant
activator even from the ortho and para positions’. Other known methods include
fluorination of dichloropyridines using a polar solvent* or in a solvent-free medium”.
In other methods, difluoropyridines were prepared from diaminopyridines by the
simultaneous replacement of two amino groups by diazotization in hydrogen fluoride®.
Itis equally well-known that the replacement of chlorine or bromine in the 3-position
on pyridine by fluorine using potassium fluoride is much more difficult as reaction
of 2,3,5- trichloropyridine (I) with 2 moles of potassium fluoride in dimethyl sulfone
for 24 h at 200 °C gives only 2-fluoro-3,4-dichloropyridine (II), i.e. no exchange
occurred at the 3-position®.
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The 5-chloro-2,3-difluoro pyridine (IIT), has been known for some times”®. It's
useful as intermediate for the preparation of herbicidal 2-[4-((3-fluoro-5-chloro-2-
pyridyl)oxy)phenoxy] propionic acid (IV) derivatives. This compound has been
prepared previously by reaction between some compounds in a solvent’'": (a) A
trihalopyridine as a main starting material such as trichloro, tribromo or 3,5-dichloro-
2-fluoropyridine (V). (b) A fluorinating agent such as anhydrous and finely divided
potassium, cesium, mixture of them, sodium, rubidium or tetra alkyl ammonium
fluoride. (c) An acid scavenger to consume or inactivation of trace of HCI or HF
which may be present or generated during the reaction such as anhydrous K,COs or
Na,COs or a phase transfer catalyst such as quaternary ammonium or phosphonium
chloride or bromide or macrocyclic polyether commonly known as crown ethers.
(d) A polar aprotic solvent (or other solvent) to maintain an essentially uniform
dispersion of the reactants such as dimethyl sulfoxide, dimethyl formamide, dimethyl
acetamide, diethyl acetamide, methyl isobuthyl ketone (MIK), N-methyl
pyrrolidinone (NMP), tetramethyl sulfone (sulfolane) and dimethyl propylene urea
(DMPU) or other non-polar solvents such as benzonitrile, chloronaphtalene, chloro
benzene, dichlorobenzene, xylene or toluene’".

In another process, the mentioned compound (IIT)"?, can be prepared with starting
from 2,5-dichloro-3-nitropyridine (VI) by hydrogenation of the nitro group, subse-
quent diazotization and exchange of the diazo group in anhydrous HF in a Monel
autoclave and subsequent halex reaction with KF and CsF to introduce the fluorine
atom in the 2-position. Better yield had been obtained in this procedure but it also
had many steps and accompanied by corrosion problems in handling of anhydrous
HF (uneconomical apparatus). Additionally, it could not complete economically
the replacement of both fluorine atoms in one step by means of inexpensive alkali
metal fluoride.

In another process, the mentioned compound (III)", can be prepared by nitration
of 2,5-dichloropyridine (VII) and reduction to 2,5-dichloro-3-aminopyridine (VIII),
subsequent nitration to the nitramino derivative and treatment therefore by means
of boron trifluoride etherates, 2,5-dichloro-3-fluoropyridine (IX), being obtained.
This can be converted into the desired product by an exchange reaction with KF
and/or CsF. This long route has many disadvantageous, inadequate yields, high
toxicity and explosiveness of the intermediates and the use of the industrially undes-
irable reagent boron trifluoride etherates.

For drying the reaction mixture, in some previous papers, it was recommended
to distilled off some solvent (azeotropic distillation) for water removing or adding
xylene or toluene and azetropic distilled water from the reaction mixture’'.

EXPERIMENTAL

2,3,5-Trichloro pyridine, potassium fluoride, cesium fluoride, dimethyl propylene
urea (DMPU) and tetramethylene sulfone (sulfolane), tetraethylene glycol dimethyl
ether, benzyltriphenylphosphonium chloride, 18-6 crown ether, potassium carbonate
and toluene were purchased from Fluka Company.
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'H NMR spectra were determined with a Varian XL-400 (400 MHz) instrument
in CDCIl; using TMS as the internal standard. "’F NMR spectra were recorded on a
Varian XL-400 (400 MHz) instrument using TFA as the internal standard. GC-Mass
spectra were performed on a Thermo Finnegan GC 2000 equipped to trace MS.
The following chromatographic conditions were used: 60 m x 0.25 mm HP-5 fused
silica capillary column. Helium was used as the carrier gas at a flow rate of 1 mL/min.
The column temperature was set to 70 °C for the first 4 min, increased 5 °C/min to
a temperature of 295 °C and maintained at 295 °C for 0.5 h. Mass spectral data were
obtained with a quadruple analyzer mass selective detector at electron energy of 70 eV
over a mass range of 35-500 atomic mass units in the total ion mode.

Drying process: To a 500 mL flask equipped with mantle stirrer, a thermometer,
a dean-stark and a water cooler condenser, is charged with 50 mL toluene, 42 g KF
+ CsF (8:2), 160 g sulfolane, 70 g DMPU, 1 g K,COs3, 3 g benzyltriphenyl-ammonium
chloride and 1 g 18-6 crown ether. The reaction mixture is heated to azetropic-
distilled water for 8 h. Then, toluene is separated from the reaction mixture by
vacuum distillation (dried suspension).

In a same procedure, 41.6 g of 2,3,5-trichloropyridine and 20 mL of toluene in
a 250 mL flask equipped with mantle stirrer, a thermometer, a dean-stark and a
water cooler condenser, is heated to azetropic distilled water for 8 h. Then, toluene
is separated from the reaction mixture by vacuum distillation (dried solution).

Synthesis: To a 500 mL flask equipped with an efficient stirrer, a heating mantle,
a thermometer, a temperature controller, a distillation vigroy column, a water cooler
condenser, a receiver is charged with dried above suspension and the dried solution
is added drop wise to the reaction mixture for 12 h at 220-230 °C. The main product
(IIT) with 3,5-dichloro-2-fluoropyridine (V) (22.85 g) was collected into the receiver
flask by vigroy column distillation for 48 h. The GC-mass spectrum of receiver
liquid shows a ratio of (9:1) ITII/V without any impurities. In the last step, these two
compounds separated from each other by packed column fractional distillation (18.2 g
pure III, 70 % yield).

Spectroscopic data

5-Chloro-2,3-difluoropyridine (III): "H NMR (CDCl;, internal standard: TMS):
7.61 [ddd, 1H, J =2.24 Hz (H-6), 7.89 Hz (F-2), 8.41 Hz (F-3), H-4], 7.97 [dd, 1H,
J=2.24Hz (H-4), 1.8 Hz (F-2), H-6]. "FNMR (CDCl;, internal standard: CFCls): -88.80
(ddd, iF, J = 1.80 Hz (H-6), 7.89 Hz (H-4), 25.67 Hz (F-3), F-2], -136.51 (dd, iF, J
= 8.41 Hz (H-4), 25.67 Hz (F-2), F-3]. MS: m/e (%): 50.2 (4), 64.2 (25), 69.2 (7),
87.2(9),94.2 (3), 114.2 (63), 122.2 (11), 124.2 (2), 149.2 (100), 151.2 (34).

3,5-Dichloro-2-fluoropyridine (V): '"H NMR (CDCls, internal standard: TMS):
7.83 [dd, 1H, J=2.32 Hz (H-6), 7.63 Hz (H-6), 7.63 Hz (F-2), H-6], 8.07 [dd, 1H,
J=2.32Hz (H-4), 1.47 Hz (F-2), H-6]. "F NMR (CDCls, internal standard: CFCl):
73.77 [dd, 1F, J=1.47 Hz (H-6), 7.63 Hz (H-4), (F-2]. MS: m/e (%): 49.2 (9), 68.2
9),75 (3), 84.1 (8),94.1 (8), 103.1 (13), 110.1 (13), 130.2 (50), 132.2 (15), 138.1
(3), 165.2 (100), 167.1 (63), 169.2 (10).
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Structures of fluorine compounds

RESULTS AND DISCUSSION

In the previous methods, only the synthesis of these compounds with low purity
of desired compound (III) were mentioned and no discussion was reported about
separating them. Here, we synthesized 5-chloro-2,3-difluoropyridine (IIT) and 3,5-
dichloro-2-fluoropyridine (V) with high purity (90 %) in comparison with the previous
methods (maximum: 58 %) and separated from each other by packed column frac-
tional distillation as pure compounds (IIL, b.p: 135 °C; V, b.p: 174 °C). In this
procedure for production of III, we can use the mixture of III/V (9:1) for the prepa-
ration of pyridinyloxyphenoxy alkane carboxylic acid derivatives, as herbicidal
and pharmaceutical activity in industry, because this mixture have a good ratio of
II/V (9:1) and could be used as a main starting material with low cost and com-
mercial procedure. In this method, by using the best ratio of fluorinating agents
(KF + CsF) and mixture of catalysts (benzyltriphenyl ammonium chloride + 18-6
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crown ether) and aprotic solvents (Sulfolane + DMPU), drying procedure with
toluene and drop wise adding of I to the reaction mixture and slow distilled it, we
could obtain III with 90 % purity and could be separated from V, by packed column
fractional distillation.
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