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Abstract—Reactions of 1,3-dichlorotetrafluorobenzene and 1,3-dichloro-2,4,6-trifluorobenzene with aqueous
ammonia in the presence and in the absence of copper(l) salt lead to fluorine replacement by amino group
in the para and ortho positions with respect to the chlorine atom. Ammonolysis of the resulting chloropoly-
fluoroanilines in the absence of a catalyst involves replacement of fluorine atom imetegposition with

respect to the amino group. In the presence of copper(l) salt, catalytic aminodechlorination occursagd the

and ortho positions with respect to the amino group introduced in the first stage.

Reactions of polyhalogenated arenes with ammonia catalyst“heavief halogen atoms are more labile

and amines provide a general procedure for synthesithan fluorine [5]. Such a study is also important from
ing polyfluorinated aromatic amines and diamineghe viewpoint of extending the scope of application
[1-4]. If a substrate contains other halogen atoms iof fairly readily accessible chloropolyfluorobenzenes
addition to fluorine, replacement of the latter occurswhich are concomitant products in the synthesis of
[1, 2]. For example, ammonolysis of pentafluorohalo-hexafluorobenzene from hexachlorobenzene [6]. With
benzenes gives rise mainly to the correspondinghloropentafluorobenzene as an example [4] we
4-halotetrafluoroanilines [1, 2]. In the subsequenpreviously showed that the first stage of the ammo-
ammonolysis, the amino group in the primary sub-molysis in the absence of a catalyst and in the presence
stitution products (polyfluoroanilines) behaves asf copper(l) chloride is replacement of fluorine atom.
a metaorienting group, leading to formation of the As a result, introduction of amino group into tpara
correspondingnetaphenylenediamines. Treatment of or ortho position with respect to chlorine change the
hexafluorobenzene or pentafluoroaniline with aqueousatio of rates of concurrent processes in the second
ammonia gives mainly tetrafluoro-1,3-phenylenedistage of ammonolysis to the reverse, namely in favor
amine (90%) [3], while from 4-chlorotetrafluoro- of catalytic replacement of chlorine. Thus a new
aniline 4-chlorotrifluoro-1,3-phenylenediamine is procedure for preparation of 2,3,5,6-tetrafluoro-1,4-
obtained [4]. Thus polyfluorinategpara- and ortho-  phenylenediamine appears. With the above in mind,
phenylenediamines are almost inaccessible via the question arises so as to whether the observed effect
above reaction. This considerably narrows the scope general for the ammonolysis of polyfluorinated
of application of ammonolysis of polyfluoroarenes aschlorobenzenes and how its application scope can be
a route to polyfluorophenylenediamines which areextended in order to obtain polyfluorinated phenylene-
very promising reagents for fine organic synthesisdiamines.
Therefore, it becomes important to study the synthetic |n the present work we studied the ammonolysis of
potential of catalytic ammonolysis as applied toj 3-dichlorotetrafluorobenzend)(and 1,3-dichloro-
polyfluorohalobenzenes. It is known that in the am-2 4 6-trifluorobenzendl() in the absence of a catalyst
monolysis of halofluorobenzenes in the presence qind in the presence of copper(l) salt with the goal of
comparing the results with those obtained previously
" This study was financially supported by the Ministry of While studying the ammonolysis of chloropentafluoro-

Education of the Russian Federation (project no. E 00-5.0-90enzene [4]. In the first case, the substrate was
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a mixture of isomers formed by reaction of hexa-accessible compountd in aqueous ethanol at 180
chlorobenzene with potassium fluoride [6]; according8]. In our case, the lower yield 0¥ (50%) is fully
to the GLC data, it contained 67% of compound compensated by the use as starting material of
20% of 1,2-dichlorotetrafluorobenzenil (), and 10% an accessible mixture of dichlorotetrafluorobenzenes.
of 1,4-dichlorotetrafluorobenzendV(). The reaction When the same reaction was carried out at°C40
mixtures and products isolated by column chromatoge48 h), a 3:1 mixture of 4,6-dichloro-2,5-difluoro-1,3-
raphy were analyzed by GLC, G®IS, and**F and  phenylenediamineVl ) and 2,4-dichloro-5,6-difluoro-
H NMR. The experimental results are summarized  3-phenylenediaminé/(Il ) was obtained (Scheme 1;
in Table 1, and Table 2 contains th& and'H NMR  Table 1, run no. 2). Separation of this mixture by
parameters of the products. column chromatography gave a fraction containing
1,3-dichlorotetrafluorobenzend)(reacted with previously unknown diaminé/Il with an impurity
aqueous ammonia at 8D under pressure (reaction of isomerVIIl (ratio 5:1); their elemental composi-
time 48 h) to give 2,4-dichloro-3,5,6-trifluoroaniline tion and molecular weight was determined by high-
(V) with a small impurity of 2,6-dichloro-3,4,5-tri- resolution mass spectrometry. TH& NMR chemical
fluoroaniline 1) (ratio 12:1; Scheme 1; Table 1, shifts of compound¥/Il andVIIl are very consistent
run no. 1). AmineV was synthesized previously in with those calculated by the additivity scheme using
80% vyield by the action of ammonia on difficultly the corresponding increments [7] (Table 2). In all

cl
f :NHZ
cl

VI

cl
NH,
cl
NH,

VIII

Table 1. Noncatalytic and catalytic ammonolysis of 1,3-dichlorotetrafluorobenzenan@ 1,3-dichloro-2,4,6-trifluoro-
benzene I() (48 h, 60 ml of 30% aqueous ammonia)

Egn SL(Jé)s;r)ate Ijrneﬁ!oi:(r:a l\l/l((l)lk;:rcrjg? WF;EZ?]ECtg Product composition (mol %, GLC data)
128 | 80 - 2.9 [ (6), 1 (9), IV (5),V (60), VI (5), VIl (1), XIX (6)
28 | 140 - 2.9 I (1),V (2), VI (5), VIl (53),Vlll (16),XIX (12), un-
identified (6)

32 | 80 1:1 2.9 I (6), Il (10), IV (7), V (55), VI (5), XIX (6)
42 | 140 1:1 1.9 IX (24), X (23), XI (8), Xl (9)

50 I 100 - 2.9 X (75), XIV (13), XV (4)

6° I 150 - 2.6 Xl (10), XV (76)

7° I 100 1:1 2.5 Xl (53), XIV (11), XV (4)

8o I 150 1:1 1.0 XVI (46), XVII (18), XVIl (9)

& A mixture containing 67% ofl, 20% of its ortho isomer Il , and 10% ofpara isomer IV was used (GLC).

® A mixture containing 90% ofll was used (GLC).
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Table 2. NMR spectra of polyfluorinated aromatic amin&s-XIX (acetoned;, ¢ = 20%)

Comp. "F NMR spectrum,3g, ppm 0, Hz) IH NMR spectrum,

no- experimental calculateé 8 ppm @, Hz)

Y 42.1 (3-F), 22.5 (5-F), 3.3 (6-F), {6-F 22| 3-F 43.8,5-F 23.3,6-F 1.2 5.81 (2H, NH)

F-p-F 8, FmF < 1)
VI 265 (3-F, 5F), -10.8 (4-F), (RoF 22| 3-F, 5-F 23.3, 4-F 0.2 | 5.65 (2H, NH)
F-mF < 1)

Vil 6.5 (2-F), 40.3 (5-F), (Fo-F 9) 2-F 4.0, 5-F 40.2 5.12 (2H, NH)

VIIS | 45 (2-F), 40.0 (5-F), (Fp-F 9) 2-F 4.0, 5-F 40.2 4.00 (4H, 2NH)

Vil 21.6 (5-F),-6.1 (6-F), (Fo-F 21) 5-F 21.0, 6-F-7.0 5.25 (2H, NH)

Vil ¢ | 21.2 (5-F), 6.6 (6-F), (Fo-F 21) 5-F 21.0, 6-F-7.0 4.25 (2H, NH)

IX 242 (2-F), 5.8 (5-F), 1.2 (6-F), &-F 20, 3-F23.1,5-F3.9, 6-F1.1 | 4.43 (2H, NH),

F-mF 9, Fp-F 9) 4.68 (2H, NH)
X 2.0 (2-F), 6.9 (3-F), 25.8 (5-F), {B-F 10,| 2-F-3.2, 3-F 6.3, 5-F 25.§ 6.86 m (Ho), (H-p-F 2,
F-o-F 19, FmF 9, Hp-F 2, HoF 10, H-o-F 10, H-mF 8),
H-mF 8) 458 (2H, NH), 4.91
(2H, NH,)
X 45.0 (3-F), 25.0 (5-F), 1.2 (6-F), {p-F 10,| 3-F 46.2, 5-F 27.0, 6-F 6.61 m (Hyon), (H-OF
F-o-F 19, FmF < 1, H-o-F 10.5, Ho-F 9.5, -0.9 10.5, H-o-F 9.5,
H-mF 7) H-mF 7), 5.65 (2H,
NH,)
Xi¢ 44.0 (3-F), 24.6 (5-F), 0.2 (6-F), {p-F 11,| 3-F 46.2, 5-F 27.0, 6-F 6.38 m (Hc), (H-0-F 10,
F-o-F 20, FmF 3, H-o-F 8.5, H-o-F 10, -0.9 H-o-F 8.5, HmF 6.5),
H-mF 6.5) 437 (2H, NH)
Xl 2.1 (3-F), 14.2 (4-F), 24.6 (6-F), b-F 11| 3-F -3.2, 4-F 148, 6-F 6.37 m (H,). (2H-OF
F-o-F 22, FmF 2, Ho-F 10, HmF 7) 25.8 10, H-m-F 7), 3.4 (2H,
NH,), 3.4 (2H, NH)
Xl ¢ | 46.2 (3-F), 49.0 (5-F), (Ho-F not determined; 3-F 49.9, 5-F 50.2 6.32 d (Hyom), (H-O-F 9,
H-o-F 9) H-p-F not determined),
431 (2H, NH)

XIVE | 48.8 (3-F, 5-F), (EmF < 3, Ho-F 9) 3-F, 5-F 50.2 6.42 t (Hyor), (2H-0-F 9),
471 (2H, NH)

XV¢ | 44.85 (5-F), (Ho-F 11) 5-F 51.7 6.03 d (Hyon), (H-0-F 11),
4.49 (2H, NH), 4.06
(2H, NH,)

XVI 31.06 (3-F), 40.19 (5-F), (fn-F < 3, H-o-F 10) 3-F 32.2, 5-F 40.7 6.24 m (Hyom, 3.71 (2H,
NH,), 3.04 (2H, NH)

XVIl | 31.10 (2-F, 6-F), (FmF < 3, Ho-F 10) | 2-F, 6-F 32.2 6.17 d.d (H,m (H-oF
10, HmH 2), 3.40
(2H, NH,), 3.27 (2H,
NH,)

XVII 46.53 (5-F), (2Ho-F 10) 5-F 49.3 591t (Hom, (2H-0-F 10,
H-mH 1), 4.05 (4H,
2NH,)

XIX 28.1 (2-F), 21.7 (5-F)-6.6 (6-F), (Fp-F 8,| 2-F 25.4,5-F 19.3, 6-F 6.2 5.59 (2H, NH)

F-o-F 21, FmF 12)

& The increments for calculations by the additivity scheme were taken from [7].
P In some cases, the difference between the calculated and experimental chemical shifts of the fluorine atometa plosition

with respect to the amino group can be minimized using other increments (see [4]).
¢ The spectra were recorded in CRCI
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Scheme 2.
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cases the reaction mixtures also contained aminesmipossible to choose between structuxé and
formed by ammonolysis of isomers of which were isomeric 4-chloro-2,3,5-trifluoroaniline for the product
present in the initial compound (see above; Table 1). with m/z 181 (M]") present in the reaction mixture

Comparison of the monoamine and diamine ratioen the basis of'°F NMR data. The calculated.
V:VI and VIl :VIII indicates that the most part of values {0.9, 26.7, and 46.2 ppm for 4-chloro-2,3,5-
diamine VIII is formed from amineV. The ratios trifluoroaniline; cf. 5 values given in Table 2 for
of aminesV and VI and diamines/ll andVIIl , the amineXIl) are almost similar. However, thied signal
first of which considerably exceeds thgara:ortho is split with two similar coupling constants which
ratio (3) in the ammonolysis of chloropentafluoroben-correspond to fluorine atoms in thertho positions
zene [4], suggest that the rate of fluorine replacemer({fTable 2); the respective couplings are observed for
by amino group in thepara position with respect to two fluorine atoms in thé®F NMR spectrum. These
the chlorine atom is generally higher than the ratelata led us to choose structuid.

of fluorine replacement in thertho position. This Presumably, diaminebX, X, and XIl are formed
conclusion is consistent with the compositions olig replacement of the corresponding chlorine atoms
products formed by reactions of a mixture of isomeriGn aniline V. This indicates a general character of the
dichlorotetrafluorobenzenes with various amines irygsistance by the amino group in the initially formed
dimethylformamide [9]. aniline to catalytic aminodechlorination in thgara
The reaction ofl with aqueous ammonia in the andortho position (rather than to aminodefluorination
presence of copper(l) chloride at®D (Table 1, run in the subsequent amination), which was revealed by
no. 3) gave a mixture of almost the same compoundss while studying the ammonolysis of chloropenta-
as in the ammonolysis dfin the absence of a catalyst fluorobenzene [4]. Obviously, aminé and diamines
(Table 1; cf. runs nos. 1 and 3). These results indicat& and XIl result from reduction of amine¥ and
that copper(l) chloride does not affect the orientationX with copper(l) salt or material of reactor walls.
of monoaminodehalogenation df an analogous Analogous processes, namely the formation of penta-
pattern was observed in the ammonolysis of chlorofluorobenzene in the reduction of chloropentafluoro-
pentafluorobenzene [4]. However, when the reactiobenzene with copper in water at 3@ [11] and of
in the presence of CuCl was carried out at X230 2,4,5-trifluoro-1,3-phenylenediamine in the reaction of
(Scheme 2; Table 1, run no. 4), a mixture of 2-chlorothe same substrate with aqueous ammonia in a steel
3,5,6-trifluoro-1,4-phenylenediaminelX(), 2,3,5-tri- high-pressure reactor at 28D [4], have been reported.
fluoro-1,4-phenylenediamine X{, 2-chloro-3,5,6-tri- It remains unclear which process, reduction\bfor
fluoroaniline (XI), and previously described [10] its ammonolysis, occurs first.

3,5,6-trifluoro-1,2-phenylenediamine&Xif ) at a ratio  The reaction of 1,3-dichloro-2,4,6-trifluorobenzene
of 3:3:1:1 was obtained. By column chromatographyjy with aqueous ammonia at 10D gave 2,6-di-
we isolated diaminéX (yield 19%), amineX| (yield  ¢|oro-3 5-difluoroaniline XI1I ) with an admixture of
12%), and a mixture of phenylenediamineandXIl 2 4_gichloro-3,5-difluoroaniline XIV) (ratio 6:1;
(vield 60%). Scheme 3; Table 1, run no. 5). At 1%L) the products

As noted above, the calculated chemical shifts ofvere 2,6-dichloro-5-fluoro-1,3-phenylenediamine
fluorine nuclei in diamine$X, X, andXIll agree well (XV) and amineXIIl at a ratio of 7:1 (Scheme 3;
with those observed in the experimentdF NMR  Table 1, run no. 6). In both cases, a fairly large frac-
spectra but differ appreciably from those expectedion of the major product makes it possible to use the
for isomeric compounds. The fine structure of signalgesulting mixtures in further syntheses without separa-
in the 1% andH NMR spectra also corresponds totion into particular isomers. CompoundV was
the assumed structures (Table 2). By contrast, it wasolated in 73% yield by column chromatography.
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Scheme 3.
Cl Cl
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CompoundsXIll [12, 13] and XIV [13] were chloride at 100C (Table 1, run no. 7) is analogous to
previously synthesized via a series of transformationghe mixture formed in the ammonolysis in the absence
starting from difficultly accessible 3,5-dichloro-2,4,6- of catalyst, other conditions being equal (Table 1, cf.
trifluorobenzonitrile. Another known procedure for run nos. 5 and 7). When the reaction was carried out
preparation of anilineXlll includes synthesis and with copper(l) chloride under more severe conditions
subsequent reduction of the corresponding nitrober(Scheme 4; Table 1, run no. 8), strong tarring was
zene [14]. However, no parameters of amingd observed, and the overall yield of ammonolysis prod-
and XIV were given in the above publications. Also,ucts was as low as30%. The major products were
we have found no data on phenylenediami¥ those formed via aminodechlorination and hydro-
which is likely to be formed from amin&XIll and dechlorination: 3,5-difluoro-1,2-phenylenediamine
from XIV . The experimentaﬂgF NMR chemical shifts (XVI), 2,6-difluoro-1,4-phenylenediaminexXYIl ),
(Table 2) showed a better agreement with those caknd 2-chloro-5-fluoro-1,3-phenylenediaming\ll )
culated by the additivity scheme for isomeric 4,6-di-at a ratio of 5:2:1. All these were isolated by column
chloro-5-fluoro-1,3-phenylenediamine than for com-chromatography in 23, 7, and 5% yield, respectively.
pound XV. However, the former cannot be obtained Djamine XVI can be obtained in four steps from
from amine XIlI . m-difluorobenzene [16] with an overall yield of 30%,

The predominant formation of aminXlll via and diamineXVIl is available from 1,3,5-trifluoro-
replacement by amino group of the fluorine atom inbenzene [17] in six steps with an overall yield of
the ortho position with respect to both chlorine atoms5-8%. We have found no published data on diamine
contradicts the substitution patterns observed for conXVIll . In the reaction shown in Scheme 4 diamine
pound! (see above) and chloropentafluorobenzene [4XVI may be formed from aminIll or XIV, and
where thepara-fluorine atom with respect to chlorine diamine XVII may originate from amineXIV as
is replaced preferentially. Presumably, in the ammoa result of aminodechlorination and hydrodechlorina-
nolysis ofll we have the overall effect of five halogen tion. Diamine XVIII is likely to arise from amine
atoms, which favors replacement of the middle ofXill or XIV via replacement by amino group of the
them [15]. fluorine atom in themeta position with respect to

The product mixture obtained in the reactionlbf the existing amino group and subsequent hydrode-
with aqueous ammonia in the presence of copper(ghlorination.

Scheme 4.

NH, NH,
Aqueous NHj4 . " F F
Cu*, 150°C NH, F NH,

II + +
Cl
F NH, NH,
XVI XVII XVIII

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 7 2002



1028 SELIVANOVA et al.

Thus, as we found previously with chloropenta-weights were determined on a Finnigan MAT-8200
fluorobenzene [4] as an example, the ammonolysis diigh-resolution mass spectrometer.

1,3-dichlorotetrafluorobenzend)(and 1,3-dichloro- Mixtures of products were separated by column

2,4,6-trifluorobenzenell() under mild conditions in  chromatography on silica gel (40/100m).

the presence and in th? f?bsgnce_ ofhcopper(l) salt As substrates we used a mixture containing 67% of

results m__replace_ment of fluorine in theara and compoundl, 20% of Ill , and 10% offV and com-

ortho positions with respect to the chlorine atom. o 0 :

The subsequent ammonolysis of the resulting anilin ﬁ:gg :Lat(za?inatlil?/\l/relz?e ?)(t))gin%f d :‘?gmr?f?emchseurgis(:‘[grcﬁ(.)t

in the absence of catalyst involves fluorine replace: e . P
factory at the Novosibirsk Institute of Organic

ment in themetapo_sition With respect to the ami_no Chemistry (Siberian Division, Russian Academy of
group and formation of dichloroxphenylenedi- Sciences). 30% Aqueous ammonth=( 0.893 glerf)

amines. In the presence of copper(l) chloride, th 4 b . f a
main reaction pathway is not aminodefluorination bufVaS Prepared by saturation of commercial agueous
ammonia with gaseous ammonia.

replacement of chlorine in thpara and ortho posi-
tions with respect to the amino group (in the case of Reactions of polyfluorinated aromatic substrates
compoundl). In the case of compount, the pres- Wwith agueous ammonia(Table 1). A mixture of com-
ence ofCuCl favors the latter process in the competifoundl or Il , aqgueous ammonia, and copper(l) halide
tion with aminodefluorination. These reactions(if required) was kept for 48 h at a specified tempera-
illustrate the general character of the previouslyture in a rotating steel high-pressure reactor. The
revealed effect [4] of amino group as a substituenmixture was cooled and extracted with diethyl ether,
ensuring the possibility for catalysis by copper(l) salthe extract was dried over MgQOthe solvent was

of para- and orto-aminodechlorination in chlorine- evaporated, and the residue was analyzed and sub-

containing polyfluorinated aromatic substrate. jected to column chromatography.
Column chromatography of the residue (20 @)
EXPERIMENTAL obtained in the reaction of compoundvith aqueous

1 19 _ ammonia at 80C (run no. 1), eluent petroleum ether,

The "H and ~F NMR spectra were obtained on pp 40-70°C, gave (in the order of elution): 4.3 g of
Bruker WP-200 and Bruker AM-400 instruments froma mixture Consisting of Compounds (30%)’ 1l
20% solutions in acetones using, respectively, hexa- (41%), IV (23%), V (3%), andVI (3%); 7.4 g of
methyldisiloxane and hexafluorobenzene as internal 4-dichloro-3,5,6-trifluoroaniline \(, 90% of the
references. The product mixtures were analyzed by,ain substance; yield 50%. Found, %: C 33.05, 33.22;
GLC on a HewlettPackard HP-5890 chromatography 0.80, 0.89; CI 33.00, 33.10; F 26.00, 26.35; N 6.60.
equipped with a thermal conductivity detector; injectorc H,CI,F,N. Calculated, %: C 33.30; H 0.92;
temperature 20C, detector temperature 240, oven  C[ 32.87; F 26.38; N 6.48) with admixtures of amine
temperature programming from 40 to 2dDat a rate V| and 3,4-dichloro-2,5,6-trifluoroanilineX(X ); 6 g
of 10 deg/min;, capillary column 1506®.53 mm, of a mixture of amine®/ (81%),VI (2.5%), andXIX
stationary phase 1:610° mm HP-5 (methylphenyl- (16%); 1.25 g of a mixture of compoundsé (43%),
polysiloxane containing 5% of methylphenyl groups);vi (~1%), XIX (21%),VIl (21%), anaVIll (7.7%).
carrier gas helium, Snl/min. The components were  column chromatography of the residue (0.5 g)
quan“tated US|ng the Intema| nOI‘mallzatlon teChnlqueobtained in run no. 2 (eluent methylene Chlorlde) gave

The products were identified by gas chromatog{in the order of elution): 0.06 g of a mixture contain-
raphy-mass spectrometry using a Hewl&ackard ing 49% of amineXIX and 8% of diamineViIl ;
G1081A instrument consisting of an HF90 0.32 g of a mixture containing 82% of 4,6-dichloro-
Series Il gas chromatograph and an HP-5971 masg;5-difluoro-1,3-phenylenediaminé/il ) and 15% of
selective detector; energy of ionizing electrons 70 eV¢iamineVIll (mp 136-138°C. FoundM™: 211.97207.
oven temperature programming from°&0(2 min) to CgH,CI,F,N,. CalculatedM: 211.97196); 0.6 g of
280°C at a rate of 10 deg/min (5 min at the final @ mixture containing 57% of diaminéll and 28% of
temperature); injector temperature 280 ion source an unidentified product.
temperature 17&; HP-5 capillary column, 30 m From the residue (1.6 g) obtained in run no. 4,
0.25 mmx0.25 um (5% of diphenyl- and 95% of using benzene as eluent, we isolated (in the order
dimethylsiloxane); carrier gas helium, flow rateof elution): 0.20 g of a mixture containing 70% of
1 ml/min. The data were acquired in the mass rang2-chloro-3,5,6-trifluoroaniline XI) (Found M™:
from 30 to 650 amu at 1.2 scan/s. The moleculaf80.98969. @H;CIF;N. CalculatedM: 180.99061);

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 7 2002



CATALYTIC AND NONCATALYTIC AMMONOLYSIS

0.35 g of a mixture containing 70% of 2-chloro-3,5,6- 4.
trifluoro-1,4-phenylenediaminelX) [sublimation of

this mixture at 100C (5 mm) gave a crystalline sub-
stance. FounaM™: 196.00137. @H,CIF;N,. Calcu- 5.
lated M: 196.00151]; 0.53 g of a mixture of isomeric
diaminesX (73%) andXIl (14%); 0.35 g of a mixture
containing 84% of 2,3,5-trifluoro-1,4-phenylenedi- ¢
amine K) and 7% of its isomerXll (Found M™: '
162.04192. gHsF;N,. CalculatedVl: 162.04048).

The residue (1 g) obtained in run no. 5 was recrys-
tallized from petroleum ether (bp 400°C) to isolate
0.93 g of 2,6-dichloro-3,5-difluoroanilineX(ll ) with 7.
its isomerXIV as an impurity. Found1™: 196.96052.
CgHsCI,F,N. CalculatedM: 196.96106.

Column chromatography of the residue (2.3 g)
obtained in run no. 6 (with methylene chloride as
eluent) gave 1.9 g (yield 73%) of 2,6-dichloro- g,
5-fluoro-1,3-phenylenediamineXy) containing 92%
of the main substance. mp 11518 7C. FoundM™: 9
193.98235. gHCI,FN,. CalculatedM: 193.98138. '

Column chromatography of the residue (0.8 g)q
obtained in run no. 8 (using petroleum ether as eluent,
bp 40-70°C) gave (in the order of elution): 0.07 g of
3-chloro-5-fluoro-1,3-phenylenediaminexVIll ),
mp 86-87°C. Found M™: 160.02026. GHsCIF,N.,.
CalculatedM: 160.02035; 0.3 g of diamin&VI,
mp 48-50°C (published data [16]: mp 48.89.5°C);
0.1 g of 2,6-difluoro-1,4-phenylenediamin&\(Il ),
mp 84-86°C (published data [17]: mp 992°C).
Found M™: 144.05001. GH4F,N,. Calculated
M: 144.04990. 13.

The authors are grateful to 1.V. Zibareva (TSMTS-
STN, Novosibirsk Institute of Organic Chemistry, 14
Siberian Division, Russian Academy of Sciences) for
her assistance in the access to the STN database
(project no. 00-03-32721). 15.
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