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SUMMARY

Rate constants have been measured for the reactions of ammonia with.
various fluorinated pyridines and diazines in aqueous dioxan at 25°.  From
the results the activating effects of ring-nitrogen (relative to C-H) and
of trifluoromethyl (relative to -H) have been determined. Ring-nitrogen

activates the system at points ortho-, meta- and para- to the point of

substitution, in the ratios ortho- 6.2 x 104, meta- 8.5 x 102, and para-
2.3 x 105. Similarly a trifluoromethyl substituent is activating by a

factor of 2.4 x 103 ortho- and 4.5 x 103 para- to the point of substitution.

RESULTS AND DISCUSSION

Highly fluorinated heterocyclic compounds are being actively developed
as components for fibre-reactive dyes [2], the feature of special value being,
of course, the particular ease of displacement of fluorine in nucleophilic
aromatic substitution. It is of particular importance, therefore, to
understand the factors influencing reactivity in these systems. Previously,
we have been able to establish the relative activating influences of
fluorine, relative to hydrogen, at different positions with respect to the
site of nucleophilic attack (NH3, aq. dioxan, 25%) as ortho-: meta-:
para-, 31: 23: 0.26 and, in this paper, we describe for comparison the
separation of activating influences of ring-nitrogen and of trifluoromethyl
at different sites.
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TABLE 1

Rate Constants® for attack by ammonia in dioxan-water (60:40 v/v) at 25°%

o
and at 80 C (where indicated)

_1 -
Substrate Position of k/£ mol s 1 krel

attack (relative to (1))

4- (6.80 % 0.05) x 10°% 1 (ref. 3)

(1) (at 80°C) 4~ (2.80 + 0.07) x 102

F 2- (1.55 % 0.02) x 10°° 2.28 x 10°
s (ref. 3)

N 3
| F 4~ 1.35 # 0.01 1.99 x 10
P

‘, bl - ca. 105 b
~

N
(4)

ON
N/

(5)

/

2

(2.52 % 0.05) x 10 3.70 x 10°

=
f
1

/

~

N
' F - (5.07 £ 0.06) x 107> 7.46 x 1072
N

(6)

All rate constants are corrected for statistical factors.
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Substrate Position of k/i mol-ls-1 krel
attack (relative to (1))
AN
‘ c1 4 ~1.67 x 107/
—
N
(10)
\
( cl 4 (1.08 + 0.01) x 10°°
/N
“
(1»
Xy y
! cl 4~ (3.08 + 0.03) x 10
~
N
(12)
CF .
F\ 3 4~ (5.31 £ 0.02) x 102
7 6~ (2.66 + 0.01) x 10”2
N
(13)
CF XXNCF 4- 3.39 £ 0.02
st & 3
P 6- 1.31 + 0.06
(14)
b= (2.22 £ 0.1) x 10°° (ref. 4)
6- (5.87 £ 0.3) x 10 °
\'
F | (at 80°C) 4~ (6.7 £ 0.1) x 1074
/
cF,
(16)

Too fast under these conditions to measure accurately.
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Ring-nitrogen

Comparing the rate constants for substitution in (1), (3), and (4) there
is an ca. 102 increase in reactivity associated with the introduction of
each ring-nitrogen. More precisely, we can obtain an estimate of the

effects of introducing nitrogen at the ortho-position as follows.

® X ®
vs F k, .\ /k = k /k,..(ortho-)
l Nf// (3)"7(D N TCF'———

2,0 x 103

L}

(3 (1

. _ 3 _ 4
S kN/kCH(ortho ) =2.0x 107 x 31 =6.2 x 10

We are able to estimate the effect of nitrogen, relative to C-H,
because we have already established that ortho-fluorine is activating by
a factor of 31 in the pyridine system.

Similarly, comparing (5) with (1) we obtain a meta-effect.

37

kesy/kepy = ky/kgp(meta)

c kN/kCH(meta) = 37 x 23 850

To obtain the para-effect we compare (3) and (2), assuming that the
value of (2) is very close to the value for attack at the 2-position, in
pentafluoropyridine (1), if this could be measured. This is justified
because we have established earlier that the effects of chlorine and of
fluorine meta- to the site of nucleophilic attack are very similar [3l.

Therefore para-effects are obtained as follows.

~N AN
l #// vs I F k(3)/k(2) = kN/kCF(Rara-)
AN A - 8.7 x 10°
®
(3)

(2)

. ylk gg(Para-) = 8.7 x 10° x 0.26 = 2.3 x 10°
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Overall, therefore, the activating influence of ring-nitrogen, may be

compared for different sites:

ortho- : meta- : para-~

4

6.2 x 10% : 8.5 x 10 : 2.3 x 10° (Rel. to H)

[ 72 : 1 : 266 ] (Rel. to the meta-position)

As we can see, even at the meta-position, nitrogen has a substantial
activating influence and the ratio ortho-:para- = 1:3.7 fits surprisingly
well with the observed distribution of isomers for nucleophilic attack

in compound (7). Here, the activating effects of fluorine are closely
similar for attack at both 4- and 6-positions in (7) (one ortho-F, two
meta-F) and therefore the composition (8):(9) = 3.8:1, reflects the

para-:ortho~ influence of ring-nitrogen.

NH,
X\ E NH, AN XN H
F Dioxan F + F
2 ~ H,N P
N N N
¢)) (® (9

A comparison of the chloro compounds (10)-(12) allows us to
determine the influence of ring nitrogen in ortho- and meta-positions,

from the point of displacement of chlorine.

/ eta-) = 65

K11y %10y = Kn/%g- g (meta

We are unable, however, to obtain reliable values for kN/kCH in these
systems since we have not obtained activating effects for chlorine vs.
hydrogen at positions ortho- and meta- to the site of displacement of
chlorine. 1If, however, we use the values of the activating effects of a
chlorine for diplacement of fluorine which have already been established

[4) i.e. ortho-:meta-:para- = 86:24:6.9 then it is possible to obtain an

estimate of kN/kCH for displacement of chlorine.

kN/kCH(meta-) = 65'x 24 = 1.6 x 10° (Cl displacement)

1.84 x 10%

i

k(12)/k(10) = kN/kCCl(ortho-)

s kN/kCH(ortho-) = 1.84 x 104 x 86 = 1.6 x 106 (Cl displacement)
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It appears, therefore, that the activating influence of ring-nitrogen
is more pronounced for displacement of chlorine, than for fluorine, and
this would be consistent with the later transition state which would be
undoubtedly associated with the slower displacement of chlorine, than

fluorine.
Trifluoromethyl

Using the same approach as described above, we may obtain corresponding
values for the activating influence of trifluoromethyl groups ortho- and

para- to the site of displacement of fluorine.

keysy/®eyy = kCF3/kF =78

. ; 3
-y = 1 =2,
S kCF,/kH(ortho ) 78 x 3 2.4 x 10

T

_ 3
k(la)/k(l) = 5,0 x 10

. Kop /kF(ortho~) =/5.0 x 0° = 71
3

. _ _ 3
VL kCF,/kH(ortho Y =71 x31=2.2x%x10

D

X OF, X B
" vs F k(13 *as) = ¥or,/kypara?)
/ N /‘ N/ 3

= 4,5 x 10

(13) (15)

The ortho-values may be obtained from different sources and good agreement
is observed. It is clear that trifluoromethyl has an even smaller

preference for para- over ortho- activation, than ring-nitrogen and we can

now make direct comparisons of the activating influences of ring-nitrogen

and trifluoromethyl.

~ ~
, F vs , FA/, k(3)/k(13)(6-position) = kN/kCCFa(para-)
. /4 . I
// N //” N =51
3 (13)

k(3)/k(13)(4-position) = kN/kCCF3(ortho-) = 25
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N
F ve k, .. /k =k /k. . (para-) = 42 (80°C)
. (D 7(16) N CCF3 ==
N
(@)

A comparison of (1) and (16) was only possible at 80°C but this gives
kN/kCCF (para-) of roughly the same order as the value determined by
comparison of (3) and (13) at 25%C. We hope to obtain corresponding meta-
effects from future studies. Clearly, the effect of trifluoromethyl

is substantial but is significantly less activating than that of ring-

nitrogen.

EXPERIMENTAL

Materials, - All the compounds described in this paper have been
described previously and were synthesised by known methods. Also, reactions
of these systems with ammonia have been studied extensively [5] and,
therefore, product isomer analysis was carried out by n.m.r. and by gas-

density balance g.l.c.

Kinetics. - Rate measurements were carried out at 25°C except where
stated, using 60:40 (v/v) dioxan-water. Samples were withdrawn at
suitable intervals and quenched in a large excess of water, and the
unchanged base was titrated against standard hydrochloric acid. The
infinity value agreed well with that calculated from the weight of material
used. Generally, reactions were followed for at least two half-lives and
each run was carried out in duplicate. Second-order rate constants were

calculated from equation (i), where a and b are the initial concentrations
k = 1n[b(a-2x)/a(b-x)]/(a-2b)t (i)

of ammonia and substrate respectively, since ammonia becomes protonated by
the acid liberated in the reaction. The standard error of the mean in any
individual run was % 1% and duplicate runs agreed to within + 1%. Where
more than one product isomer was formed, the individual rate constants

were calculated from the total rate constant and the yields of the isomeric

products, as analysed both by n.m.r. and by gas-density balance g.l.c.
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