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SHORT COMMUNICATION

N-Halogeno-compounds., Part VI [1]. N-Chlorination of 4-Fluoro-,

2,4,6=Trifluoro~, and 2,3,5,6~Tetrafluoro~-aniline, and

Tetrafluoro~p-phenylenediamine

R.E, BANKS*, M.G., BARLOW, J.C., HORNBY, and T.J., NOAKES

Chemistry Department, The University of Manchester
Institute of Science and Technology, Manchester
M60 1QD (Great Britain)

The acquisition of samples of 2,4,6-trifluorocaniline,
2,3,5,6~tetrafluoroaniline, and tetrafluoro-p-phenylenediamine
has enabled us to extend previous work [2-4] on the electrophilic
chlorination of polyfluorinated arylamines with t-butyl

hypochlorite.

2,3,5,6~Tetrafluoroaniline behaved like pentafluoroaniline
[2] and yielded an isolable NN-dichloro-derivative (I) which
underwent smooth iodine-initiated rearrangement to the
corresponding N-chloro-imine (II) (see Scheme 1).
2,4 ,6=Trifluoroaniline resembled 2,3,4,5—-tetrafluorocaniline [4]
in that attempts to isolate Eyrdichloro-z,4,6—trifluoroaniline
failed owing to its 'spontaneous'! isomerization to N,4-dichloro-
2,4 ,6~trifluorocyclohexa~2,5~dienylideneamine (III) when the

solvent used in the chlorination was removed (see Scheme 2).

*po whom enquiries should be addressed.
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Also unsuccessful was an atteupt to isolate NN-dichloro—4-
fluorocaniline following treavment of 4—fluoroaniline with
t-butyl hypochlorite in cold carpon tetrachloride:
the product ot chlorination decowposeda violently, leaviang
behind a black tar, when the solvent was removed by evaporation
at room temperature., The same problem was experienced following
similar chlorination of amiline [5) and p-voluidine,
the initial products (presumably C6H5N012 and’
2—MeC6H4NClZ, respectively) undergoing decomposition to
black tars with even greater violence [6]. Swmooth in situ
rearrangement of the presumed Eﬁrdichloro-4—fluorOaniline
t0 N,4-dichloro-4-fluorocyclohexa-2, 5-dienylidenamine
(IV) (see Scheme 3) was achieved,however; no attempits were
made to deal with the initial products of chlorination of

aniline and p-toluidine in this manner,

Tetrafluoro—p-phenylenediamine, the first fluorinated
diaminobenzene to be studied [ggiref.4LIeacted rapidly
with t~butyl hypochlorite in carbon tetrachloride at
-15 % %o yield, not unexpectedly, a ca. 2:3 mixture
of the syn— and anti-isomers of Eﬂﬁdichlorotetrafluor0«2-
benzoguinonedi-imine (Va and b). Both isomers gave
deceptively simple 19F n.m,r, spectra of the AA?XX?type, one
showing two broadened doublets (IQAX + gAx4 = 4 Hz)at -61.9
aud ~67.2 p.pem.s and the other two triplets (!g_Axl . |gAx,|
= 10 Hz) at —62,6 und =~67.0 p.p.m. In N—chloropolyfluorocyclohexa-
2,5=-dienylideneamines [3]s, the absorption of the fluorines
anti to the N-chloro substituent are more shielded than the

respective gyn-fluorines, and this is most pronounced

for the 5-fluorine, where a difference of ca. 6 pP.p.m. is
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observed., If similar effects operate when two #=NC1l groups
are present, then the gyn-isomer (Va) , which has a pair of
fluorines anti to both chlorines, should show the biggest

difference in chemical shifts. The assignments shown then

follow,

EXPERIMENTAL

N,m.r. Spectroscopy

Chemical shifts were measured relative to external
CF3002H (5F) or Me4Si (6H), downfield shifts being assigned
positive values. Nuclei are labelled according to systematic

nomenclature (cf. ref, 3).

Chlorination of Amines

(a) 2,3,5,6=Tetrafluorcaniline

A solution of the amine (7.55 g, 45.8 mmol) in AnalaR
carbon tetrachloride (50 cm3) was added dropwise during
15 min to a cold (gg. =23 OC) stirred solution of t-butyl
hypochlorite (11.2 g, 103 mmol) in the same solvent (150 cm3).

The mixture was stirred at ca. =23 °c for 1 h then allowed to
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warm to room temperature and evaporated at water-pump
pressure. Distillation of the residual red oil (as
described for NN-dichloropentafluoroaniline f2], provided
NN-dichloro~2,3,5,6~tetrafluoroaniline (nc) (8.00 g,

34.2 mmol, 75%) (Found: C, 30.8, H; 0.2; Cl, 30.1; F, 32.4;

N, 6.0, C6H012F4N requires C, 30.8; H, 0.4; C1, 30,3;

F, 32.5; N, 6.0%), 6 (neat lig.) =-60.9 (3,5-F) and

~66.2 DPePelle (2,6=F) and 6y T.09 pepem. The assignment of
fluorines is based upon the magnitude of the HF~-coupling
‘constants (I3£|>l4g|) and the observation that fluorines

ortho to an NCl; group are more shielded than those ortho

to a hydrogen atom [4]. Analysis of the spectra indicated that
the meta F,F-coupling constants had the same sign, and

together with the previously obtained substituent contributions

[4] for the NC1l, group, yielded the following parameters:

§23 = =20.5; dog = 41145 dog = ~Ted; I35 = =115

(b) 2,4,6~Trifluorcaniline

Experiment (a) above was repeated, using 10.3 g (70.1
mmol) of 2,4,6-trifluorocaniline (in 100 cm® of CCl4) and
17.2 g (158 mmol) of t-butyl hypochlorite (in 200 cm? of
0014). The dark red oil obtained by evaporation of the reaction
mixture decomposed almost at once, with the evolution of heat
and the formation of free chlorine, leaving a solid suspended
in a dark brown oil, This mixture was extracted with cold
petroleum ether (b.p. 30-40 0C) and the insoluble solid
was crystallized from petroleum ether (b.p. 60-80 OC) to
afford red needles of 2,2;,4,4',6,6'—hexaf1uoroazobenzene

(nc) (0.5 gy2 mmol, 6%) (Found: C, 49.4; H,1.2; F,39.0;
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N, 10,0, C12H4F6N2 requires C, 49.7; Hy 1.43 P, 39.3;

N, 9.7%); mop. 143=144 °C, m/e 290 (M*°, 44.5), 159

(CgH F3N,™s T7) and 131 (CgH,P3™y 100R) s &5 ~29.6 (4~F)

and ~37.8 pe.p.m, (2,6-F), and 8y 674 pupem. Analysis and
agsignitent of coupling conscants TO Thelr appropriate ranges
yielded vhe following parametvers: £23 = x 11.73

dps = F 2.45 |dpg| = 0.8 [_;;35| = 2230 5 dpy = 05[dy,] =
8.7 Hz. Distillation of the exvract provided N,4~dichloro-
234 y6=trifluorocyclonexa=~2,5~G1enylidencamine (nc) (3.8, g
1,76 mool, 25%)(Found: C,33,0; H, 0.83 CL,y 33.3; H 25.9;

N, 6.2. C6H2012F3N requires C; 33,35 Hs; 0.8, Cl.32.9;

Py, 26,43 N, 6.5%) 5 Zﬁmﬁh(film) 5.92 and 6,08 pm (CH=CPF svtr.;
presumably coupled oscillators), S = 141 ( 4=¥), ~42.7
(2~F, syn to the N-chlorine [3]), and -45.5 p.p.n, (6-F),

and 8y ca. 6415 PePems (355-H; complex).

{¢) 4~Fluorocaniline

A solution of 4~fluorvaniline (8.9 g, 80 mmol) 1n
AnalaR caroon tetrachloride (100 cm3) was added slowly to a
cold (ca., - 15 °c) stirred solution of t~butyl hypochnlorive
{19.0 g, 175 mnol) in the same solvent (200 cm3)a At'ter
1 h, a sauple (5 cm3) of the cold reaction mixsure was
evaporaged at 20 ®¢ and water puap pressure so that Tthe progress
of the reaction could be assessed by weasuclng the i.c.
spectrumn of the residue; however, wnen uearly all the carbon
tetrachloride had been removed, the material decoiposed
with explosive violence, leaving & black tar. A crystval of
iodine was added to the remainder of the cold (gg.-45 OC)
reaction mixtureywhich was Then stirred at the same

temperature for 30 min, warmed to room temperature,
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and evaporated at water-pump pressure, The dark-coloured
0ily residue was distilled in the apparatus used to purify
NN-dichloroperfluoroaniline [2] to provide N,4~dichloro-
4-fluorocyclohexa=2,5=dienylideneamine (nc) (6.3 g, 35 mmol,
44%) (Found: C, 39.5; H, 2.23 CL, 39.8; F, 10.5; N,7.7.
Cel Ol FN requires C, 40.0: H, 2.27 Cl, 39.4: F10.6%) 5, a
pale-yellow, sweet-smelling oil, m.p. 2.9 0C, 6F =16 DePallla
(4-F), and 8y 6.5 (2H), 6.7 (1H), and 7.04 p.p.m. (1H),

which rapidly liberated iodine from potassium iodide in wet

acetone and dsrkened rapidly when stored at room temperature,

(d) Tetrafluorg-p-phenylenediamine

A solution of tetrafluoro-p-phenylenediamine (5.0 )
28 mmol) in AnalaR carbon tetrachloride (100 cm3) was dripped
slowly into a cold (ca. -15 %) solution of t-butyl
hypochlorite (16.0 g, 147 mmol) in AnalsR carbon tetrachloride
(250 cm3); a dark green colour that develoved where each drop
entered the chlorinating agent quickly disappeared if the
addition was stopped. The final yellow reaction mixture was
warmed to ca. 50 OC, evaporated at water pump pressure until
the volume reached ca. 50 cm3, then allowed to cool to 20 °C,
The yellow crystalline solid that precipitated was shown by
n.m,r. spectroscopy to be a ca, 3:2 mixture of syn- and
anti-NN'-dichlorotetrafluoro-p-benzoguinonedi~imine
(2.5 g5 10 mmol., 36%) (Found: C, 29.3; Cl, 28.9; F, 30,2;

N, 10.9. Calc. for CLC1 s C, 29.1; C1, 28,7; F, 30.8;

T4l
N, 11.3%),ﬂ/max.(mel‘t) 5-91W’ 6a135, 703787 7-535 (d),

8.94vw, 9.10w, 10.03s pm, hma . (hexane) 218 & 4,940), 304

X
(e 47, 860), 317 € 59,430) nm, fractional recrystallization

of which from petroleum (b.p. 60 - 80 oC) gave a sample of
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the syn—isomer, m.p. 178 °C, 5p (94.1 MHz; soln, in
CHClB)—61,9 and -67,2 (rel, int, 1:1). The mother liguor

from evaporation of the reaction mixture was worked-up by
standard methods to yield 1.5 g (total 4.0 g, 16 mmol, 57%)

of dark-yellow crystalline material, recrystallization of which
from petroleum-carbon tetrachloride gave a ca. 1:3

mixture of the syn- and anti-isomers (0.4 g), m.p. 131 %,

6y (94.1 MHz; soln, in CHCl,) =62,6 and -67.0. P.p.m.
(anti-isomer; rel, int. 1:1), and -62.0 and -67.2.p.p.m.

(syn —isomer; rel, int, 1:1).

Rearrangement of NN-Dichloro-2,3,5,.6=tetrafluoroaniline

A small crystal of iodine was added to a stirred solution
of NN-dichloro~2,3,5,6-tetrafluoroaniline (4.5 g 19 mmol)
in AnalaR carbon tetrachloride (100 cm3). After 2 h, the
solvent was removed at ca. 50 % and water-pump pressure,and
the residue (red oil) was distilled to give N,4-dichloro-2,
3,5,6=tetrafluorocyclohexa~2, 5-dienylideneamine (nc) (40 g,
17 mmol, 89%) (Found: C,.31.1; H, O.4; C1,30.2; N, 6.0.
C6H012F4N requires C, 30,83 H, 0.4; Cl, 30.3; Ny6.0%), a
pale yellow oil, b.p. 38 °C at ca. 0.2 muHg, Ay . (film)
5.78m and 5.95s um (CP=CF str,), 85 =50.6 (3-F), -56.9
(5-F)s =70.4 (2-F), and -72.3 p.pem. (6~F), and &y 4.48 p.p.m.
The assignment is based upon that of other cyclohexadienyl-
ideneamines [3], and 2-F and 3=-F are syn to the N-chlorine,

Analysis of the first-—order spectrum yielded the following

non-zero magnitudes of coupling constants:'g23| = 4.1;
l_‘l25 , = le2 l£26| = 1.23 i35l = 3.2; £56|= 8.6;
|Zoul = 6:30 |agu| = 335 || = 3.35 and |Zgg|= 6.3 Ba.
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It is notable that for the HF —coupling constants, unlike the
<,4J

corresponding FF-coupling constants, |3£
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