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The rate constants of the title reactions have been measured at various amine concentra-
tions. The second-order kinetic constant for the amino substitution increases in a hyperbolic
way as a function of the nucleophile concentration. The k;‘”‘/kf1 ratio for each catalysed sys-
tem is not a monotonic function of the X substituent. This result has been rationalized in
the framework of the SB-GA (Specific Base-General Acid) mechanism of base catalysis.

Key words: Aromatic nucleophilic substitutions; Thiophenes; Base catalysis; SB-GA mecha-
nism; Reaction kinetics.

In recent years we have thoroughly investigated the mechanism of base ca-
talysis in aromatic nucleophilic substitutions of nitro-activated thiophene
derivatives with primary and secondary amines as nucleophiles, both in
methanol and in benzene?.

We now report on a kinetic study of the reactions of some 5-nitro-2-
(4-nitrophenoxy)-3-X-thiophenes with aniline and 4-methoxyaniline in
methanol, at 20 °C. The substrates used here as “chemical observers” have
an activating nitro group fixed at C-5 and a variable substituent at C-3,
which represents an ortho-like position with respect to the reaction centre
located at C-2.

The 3-X substituents chosen, apart from X = H, are (i) the sp? groups
CONH,, CO,Me and COMe with the same geometry around the carbonyl
carbon atom but with different “internal” and “external” conjugative inter-
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actions and different steric hindrance; (ii) the methylsulfonyl group
(SO,Me), a group with electronic effects comparable with those of the
COMe group but with a tetrahedral geometry much more compressive with
respect to the adjacent reaction centre; (iii) the cyano group (CN), a strong
electron-withdrawing substituent with a linear geometry; and (iv) the
3-nitro group which has a planar geometry but whose coplanarity with the
aromatic ring could be more or less prevented by the steric compressions
occurring in the reaction area.

The presence of an ortho-like substituent near the reaction centre can de-
termine a different reaction pathway in dependence on three main factors:
(a) the activation degree of substrate; (b) the primary and/or secondary ki-
netic steric effects, as also related to the structures of nucleophile and
nucleofugal group; and (c) the possible anchimeric assistance in decomposi-
tion of the reaction intermediate.

RESULTS AND DISCUSSION

Reaction Products

5-Nitro-2-(4-nitrophenoxy)-3-X-thiophenes 1, on treatment with anilines in
methanol, gave the corresponding anilino derivatives 2 and 3 in high yields.
The relevant physical data are shown in Tables I-I1I.

X + 2 YCgH4NH, X + YCGHiNHg + 4-NO,CeH,0°
3 —
0N~ ~g” ~OCGH:NO-4 0N~ g~ ~NHCgHaY
1 2,3
2:Y=H 3:Y = 4-MeO
a:X=H b: X = CONH, c: X =COOMe d: X = COMe e: X =S0O,Me

f:X=CN g: X =NO,

Kinetic Data

The apparent second-order kinetic constants, k,, for the amine substitution
reactions of 1 in methanol at 20 °C, at various amine concentrations, in the
presence of amine hydrochloride and at constant ionic strength (0.05 mol dm=3)
are given in Tables IV and V.

Inspection of the data shows that for both anilines, with the exception of
the reactions involving the substrates with X = COMe and X = NO,, k, in-
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TABLE IV
Apparent kinetic constants for the reactions of 5-nitro-2-(4-nitrophenoxy)-3-X-thiophenes
with aniline® in methanol at 20 °C

X =H
[Aniline], mol dm™ 0.00505 0.0101 0.0253 0.0505 0.0758 0.101
k,, 10° dm® mol™ s 0.232 0.318 0.409 0.687 0.891 1.05
[Aniline], mol dm™ 0.202 0.404 0.606 0.808 1.01
k,, 10° dm® mol™ s* 1.30 1.53 1.64 1.71 1.73
X = CONH,
[Aniline], mol dm™ 0.000606 0.00101 0.00152 0.00202 0.00306 0.00612
k,, 10* dm® mol™ s 1.60 1.65 1.70 1.76 1.84 1.91
[Aniline], mol dm™ 0.00756 0.00918 0.0122 0.0163 0.0204 0.0306
k,, 10* dm® mol™ s 2.00 2.07 2.15 2.19 2.25 2.32
[Aniline], mol dm™ 0.0510 0.102 0.204 0.306 0.408 0.510
k,, 10* dm® mol™ s 2.38 2.44 2.47 2.48 2.49 2.49
X = CO,Me
[Aniline], mol dm™ 0.000606 0.00101 0.00152 0.00202 0.00303
k,, 10 dm’® mol™ s 5.61 5.83 5.96 6.09 6.37
[Aniline], mol dm™ 0.00606 0.00909 0.0121 0.0162 0.0202
k,, 10 dm® mol™ s 6.70 7.02 7.36 7.78 8.22
[Aniline], mol dm™ 0.0303 0.0505 0.101 0.202 0.303
k,, 10 dm® mol™ s™ 8.71 9.27 10.00 10.5 10.7
[Aniline], mol dm™ 0.404 0.505
k,, 10 dm® mol™ s 10.8 10.8
X =CN
[Aniline], mol dm™ 0.000606 0.00101 0.00152 0.00198 0.00297
k,, 10° dm’® mol™ s* 1.48 1.52 1.55 1.61 1.66
[Aniline], mol dm™ 0.00446 0.00594 0.00743 0.00891 0.0119
Ky 10° dm® mol™ s* 1.72 1.78 1.84 1.91 1.94
[Aniline], mol dm™ 0.0158 0.0198 0.0297 0.0495 0.0990
Ky 10° dm® mol™* s* 1.97 2.00 2.04 2.06 2.09
[Aniline], mol dm™ 0.198 0.297 0.396
Ky 10° dm® mol™ s* 2.11 2.11 2.11
X = SO,Me
[Aniline], mol dm™ 0.00122 0.00204 0.00300 0.00459 0.00600
k,, 10* dm® mol™ s* 0.636 0.961 1.35 1.64 1.82
[Aniline], mol dm™ 0.00765 0.00900 0.0107 0.0120 0.0160
k., 10 dm® mol™ s* 217 2.34 2.52 2.70 2.95
[Aniline], mol dm™ 0.0200 0.0300 0.0500 0.100 0.200
K., 10 dm® mol™ s™ 3.13 3.37 3.66 3.90 4.04
[Aniline], mol dm™ 0.300 0.400 0.500
k., 10 dm® mol™ s* 4.10 4.10 4.12
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TABLE IV
(Continued)

X = COMe
[Aniline], mol dm™ 0.00202 0.00303 0.00404 0.00606 0.00808
k,, 10° dm® mol™ s™ 2.28 2.25 2.30 2.26 2.28
[Aniline], mol dm™ 0.0101 0.0152 0.0202 0.0303 0.0505
k,, 10° dm® mol™ s™ 2.28 2.26 2.31 2.25 2.28
Aniline], mol dm™ 0.101 0.202
ili 1dm®
k,, 10° dm® mol™ s™ 2.29 2.31
X = NO,
Aniline], mol dm™ 0.000408 0.000612 0.000816 0.00102 0.00153
ili 1dm?
k,, dm® mol™ s™ 0.475 0.480 0.480 0.478 0.482
[Aniline], mol dm™ 0.00204
k,, dm® mol™ s™ 0.480

2 [Aniline-HCI] + [NaCl] = 0.05 mol dm™.

creases in a curvilinear (hyperbolic) way as a function of the nucleophile
concentration, at a constant buffer ratio, according to Eq. (1).

Ka = (KK + Kikam[AM])/( k4 + K + Kamn[AM]) 1)

Depending on the catalysis mechanism followed, Kk, is equal to k™ /k_,
or to k3™ k™ /kA" k.4 (Scheme 1).

We will show later on that the reactions here investigated are general
base-catalysed. Indeed, due to the ionization equilibrium of the amines in
methanol (Eq. (2)), two general bases are in solution and also catalysis with
the methoxide ion should indeed be observed.

Am + MeOH AmH* + MeO~ (2)

As a matter of fact, since the ionization constants of aniline and
4-methoxyaniline in methanol are very low, the methoxide ion concentra-
tion, under the experimental conditions used, is too low to yield any appre-
ciable contribution to catalysis. The kinetic measurements carried out at a
constant aniline concentration and a variable buffer ratio (Table VI) sup-
port this conclusion.

Collect. Czech. Chem. Commun. (Vol. 64) (1999)



1884 Frenna et al.:

Equation (1) describes a dependence of k, on [Am] which is linear at low
concentrations {(k_; + k,) >> Ka [AM]; Ka = KiKo/(K_; + Ky) + KiKam[AMI/ (K, +
k,)}; then curvilinear (hyperbolic) and finally shows a plateau correspond-
ing to the asymptote of the hyperbola, i.e., k, = k;, due to the condition
Kam[AM] >> (k_; + k).

X X
ﬂ\oc H,NO»-4 4~k1 ““‘ﬁH2C6H4Y
6714 2
ON" s k1 OCgH4NO,-4
1 + YCgHaNH, XH
\kz\ X
YCgHsNH K gAmH /@\
Y = H, 4-OMe kA || 0N g7 “NHCeHAY
2,3
X A: AmH
K = kg"MkgAm" (9 \NHCgHaY
ON="S" N5 gHNO,-4

SCHEME 1

A non-linear regression treatment of kinetic data by the least-squares
method, according to Eqg. (1) has allowed to calculate the values of k;, k,
and of ki™ /k_, ratio for each catalysed system; the values are reported in
Table VII.

A plot of the logarithmic relative kinetic constants, log (k; x/k; ;) for the
reactions of compounds 1 with a given amine versus o~ constants of X sub-
stituents (Table VIII)2 shows an excellent linear free energy correlation
(Table IX). The greater p value calculated for the aniline as compared with
the 4-methoxyaniline reactions apparently agrees with the reactivity-selec-
tivity principle® but the difference between the p values is not statistically
significant.

The greater reactivity of 4-methoxyaniline with respect to aniline reflects,
although only qualitatively, the greater basicity of the former. In the reac-
tion of decomposition of the zwitterionic intermediate giving the products,
the k_; reactivity order will be, of course, inverted, i.e., 4-methoxyaniline <
aniline. In other words, according to the Hammond postulate, for a given
substrate, the transition state will be “early” for the more reactive amine.

Let us consider the structure of the reaction intermediate. On account of
the different geometry of the groups bonded to tetrahedral carbon 2-atom,
the interaction by hydrogen bonding between the ammonium nitrogen

Collect. Czech. Chem. Commun. (Vol. 64) (1999)
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TABLE V

Apparent kinetic constants for the reactions of 5-nitro-2-(4-nitrophenoxy)-3-X-thiophenes
with 4-methoxyaniline? (concentration in mol dm‘3) in methanol at 20 °C

[4-Methoxyaniline]
k,, 10° dm® mol™ s™
[4-Methoxyaniline]
k,, 10° dm’ mol™ s™
[4-Methoxyaniline]
k,, 10° dm’ mol™ s™

[4-Methoxyaniline]
k,, 10° dm® mol™ s™
[4-Methoxyaniline]
k,, 10° dm® mol™ s™

[4-Methoxyaniline]
K, 10° dm® mol™ s*
[4-Methoxyaniline]
k,, 10° dm® mol™ s*

[4-Methoxyaniline]
k,, dm® mol™ s™
[4-Methoxyaniline]
k,, dm® mol™ s™
[4-Methoxyaniline]
k,, dm® mol™ s™

[4-Methoxyaniline]
k,, 10° dm® mol™ s™
[4-Methoxyaniline]
k,, 10° dm® mol™ s™

[4-Methoxyaniline]
k,, 107 dm® mol™ s™
[4-Methoxyaniline]
k,, 107 dm® mol™ s™

[4-Methoxyaniline]
k,, dm® mol™ s™

0.00495
0.651
0.149
2.09
0.792
3.11

0.00312
1.68
0.0416
2.00

0.00510
5.61
0.0510
7.75

0.00125
0.0173
0.0312
0.0186
0.160
0.0207

0.00312
1.82
0.0416
2.42

0.00204
1.84
0.0204
1.87

0.000400
3.16

X =H
0.00990 0.0248
0.730 0.899
0.198 0.297
2.33 2.60
0.990
3.18

X = CONH,
0.00520 0.00832
1.73 1.80
0.0541 0.0666
2.02 2.04

X = CO,Me
0.0102 0.0163
6.09 6.56
0.0673 0.0816
7.98 8.11

X =CN
0.00312 0.00520
0.0174 0.0175
0.0416 0.0541
0.0190 0.0196
0.200 0.240
0.0209 0.0209

X = SO,Me
0.00520 0.00832
1.87 1.94
0.0541 0.0666
2.55 2.66

X = COMe
0.00306 0.00510
1.80 1.79
0.0306
1.87

X =NO,
0.000500 0.000600
3.18 3.15

0.0495
1.25
0.396
2.80

0.0125
1.86
0.0790
2.05

0.0265
7.09
0.102
8.25

0.00832
0.0176
0.0666
0.0201
0.300
0.0210

0.0125
2.00
0.0790
2.75

0.00734
1.80

0.000700
3.14

0.0743
1.52
0.495
291

0.0208
1.92
0.0915
2.05

0.0326
7.30

0.0125
0.0178
0.0790
0.0206

0.0208
2.14
0.0915
2.83

0.0102
1.84

0.000800

3.17

0.0990
1.87
0.594
3.00

0.0312
1.97
0.104
2.06

0.0418
7.54

0.0208
0.0182
0.120

0.0208

0.0312
2.29
0.104
2.90

0.0143
1.87

2 [4-Methoxyaniline-HCI] + [NaCl] = 0.05 mol dm™.
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and the 3-X substituent, the so-called “built-in solvation” (ref.?) presents
three typologies (4-6).

z Y
| n_- e
C—n® sZ.© _N®
2 e =N
/ O H I \. @H [i ©H
05N 1 'wN 'u/N
255 L\ TCeHaY ON" 8" % N>coHay O2NT 8" % N>coHay
H H H
4 5 6

L = OCgHsNO,-4; Z = NH,, OMe, Me

In the decomposition of the reaction intermediate into the reactants,
both the intramolecular hydrogen bonding between the ammonium pro-
ton and 3-X group and the bond between the nucleophile nitrogen atom
and the aromatic carbon atom are broken, as shown, for example, in 7. The
more nucleophilic the amine is, the stronger the nitrogen carbon bond, the
less acidic the ammonium hydrogen and thus the weaker the hydrogen
bonding. As far as this latter bond is concerned, the transition state would
be “later” with the more basic aniline. It appears that the effect depending
on the nitrogen nucleophilicity, which, according to Hammond’s postu-
late, would cause a given sequence of the positions of transition state along
the reaction co-ordinate, is counterbalanced by the hydrogen bonding ef-
fect. If it were the only effect operating, it would give rise to the exactly op-
posite sequence. Thus, for each substrate, the nucleophile variation does
not involve a significant variation of the position of the transition state. In
other words, the range of transition states corresponding to various substi-
tuted thiophene compounds does not change position on the reaction co-
ordinate with the changing nucleophile. This implies that the selectivity, as
measured by p, is virtually constant whatever the used amine is.

z i
C=~o =0
@iwﬁ @ié@ﬁ
ONT38™A N~y ONTS™A Ny
7 g M
5@ [i\sz
L = OC¢HsNO,-4; Z = NH,, OMe, Me CeHaY

We have seen above that, at variance with the situation where X = H,
CONH,, CO,Me, CN and SO,Me, the reactions of compounds with X =
COMe and NO, are not catalysed. Since on going from X = CO,Me to X =

Collect. Czech. Chem. Commun. (Vol. 64) (1999)
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CN, both k,/k_; and k,/k_; ratios increase in parallel with k; values (Table VII),
it is possible to estimate these ratios for the two substituents COCH,; and
NO,. Such estimates show that the condition k,,,[Am] >> (k_; + k) is ful-
filled even for the lowest nucleophile concentration used and thus the rele-
vant k, measured represent plateau values.

TABLE VI
Apparent second-order kinetic constants, k,, for the reactions of methyl 5-nitro-2-(4-nitro-
phenoxy)thiophene-3-carboxylate with aniline in methanol at 20 °C, as a function of aniline
hydrochloride concentration?®

[Aniline-HCI] 0.00100 0.00250 0.00500 0.0100 0.0200

Ky, 10 dm® mol™ 57t ‘ 7.14 7.15 7.13 7.16 7.15

2 [Aniline-HCI] + [NaCl] = 0.05 dm® mol™.

TABLE VII
Linear regression analysis of apparent second-order Kinetic constants, k,, for the reactions of
5-nitro-2-(4-nitrophenoxy)-3-X-thiophenes with aniline and 4-methoxyaniline in methanol
at 20 °C, according to Eq. (1)

X Amine I;ilm3 mol? s kafky (Ijé;:léirlﬁol‘z st n®
H aniline 1.90 0107 0.0868 10.5 11
CONH, aniline 2.51 0™ 1.60 330 18
SO,Me aniline 4.18 mo™ 0 144 18
CO,Me aniline 1.11 o3 1.03 84.3 17
CN aniline 2.13 01072 1.83 620 18
COMe aniline 2.28 01072 >>1 >>>1 12
NO, aniline 4.79 o™ >>1 >>>1 6
H 4-methoxyaniline 3.59 10™° 0.162 8.32 14
CONH, 4-methoxyaniline 2.11 o073 2.74 359 12
SO,Me 4-methoxyaniline 3.99 o3 0.786 18.1 12
CO,Me 4-methoxyaniline ~ 9.05 (01073 1.14 92.4 10
CN 4-methoxyaniline 2.19 01072 3.40 97.3 16
COMe 4-methoxyaniline 1.84 01072 >>1 >>>1

NO, 4-methoxyaniline 3.16 >>1 >>>1 5

8 Number of data points.

Collect. Czech. Chem. Commun. (Vol. 64) (1999)
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In order to get some insight into the catalysis mechanism, let us consider
the various kinetic coefficients involved, i.e., k_; and k,,, coefficients, as de-
termined by the various 3-X substituents. As the electron-withdrawing
power of the 3-X substituent increases, on one hand the strength of
intramolecular hydrogen bonding also increases on account of the higher
density of negative charge on the atom which is the acceptor of such a hy-
drogen bonding; on the other hand, the bond between the nucleophilic ni-
trogen atom and the aromatic carbon atom becomes more difficult to be
broken. Both effects tend to reduce the k_; value; thus p_; should be nega-
tive.

As far as the k,,,, step is concerned, it is convenient to take into consider-
ation the two catalysis mechanisms commonly accepted®.

In the first mechanism®, the slow step involves the formation of the
transition state 8. With increasing electron-withdrawing power of the X
substituent, both the basicity of the oxygen atom(s) of the 3-X group and
the acidity of the hydrogen atom involved in the built-in solvation in-
crease. Therefore, the two effects brought about by the X substituent varia-
tion increase the strength of the intramolecular hydrogen bond. In the
base-catalysed step it is not necessary to break this bond since the primary
amine has a second hydrogen atom which can be used to bond the base
catalyst. The intervention of a second molecule of amine determines the
slow elimination of the non-hydrogen bonded proton. Since an elec-
tron-withdrawing X substituent increases the acidity of this proton, as a
whole, in this catalysis mechanism, p,™ > 0 should be observed. Moreover,
since the effect of the X substituent on the rate of proton elimination (k{™)
is presumably lower than that on the C-N bond breaking (k_;), one should
observe Op5™ O< [p_, 0 As a matter of fact, it should be (p5™ - p_;) > 0 with
the implication that ki™/k_, should increase with increasing elec-
tron-withdrawing power of the X substituent.

In the SB-GA mechanism® (Scheme 1), there is a fast pre-equilibrium with
a transition state similar to 8 where a proton transfer from XH, to the
amine occurs (Eq. (3)).

XH + YCgH,NH, X- + CgH,NH 3)

For this first reaction of the SB-GA catalysis mechanism, one should ob-
serve pgx > 0. The subsequent step, which involves the general acid-
catalysed detachment of the leaving group by the conjugated acid of the
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amine (transition state 9), is disfavoured by electron-withdrawing X sub-
stituents and should give p, < 0. An examination of data in Table VII shows
that k,,,/k_; values are not a monotonic function of the X substituent; they
decrease on going from X = CONH, to X = CO,Me and increase on going
from X = CO,Me to X = NO,. This observation is in contrast with that base
catalysis mechanism which involves proton transfer to the base as the
rate-determining step (see above).

X
/@NHCSHN
ONT""5" " 0CeHNO,-4
B 9
3®
NH,CgHqY

In contrast, the trend of k,,/k_; values observed can be easily accounted
for in the framework of the SB-GA catalysis mechanism®. In fact, it is evi-
dent that this trend arises from a balance of electronic effects of the X
substituent on the two parameters k,,,, and k_;. In the SB-GA mechanism,
the k,,,, parameter corresponds to Kk,. Since the decomposition reaction of
XH into the products, controlled by k,, and the decomposition of XH into
the reactants are very similar processes, it is probable that k, and k_; param-
eters change in a homogeneous and regular way with changing X
substituent. Moreover, since it should comply with the condition k_; >> Kk,
(otherwise no base catalysis would be observed), the relationship [p_; O<
p, + p, Ohas to be satisfied and, because of a much higher mobility of the
amine leaving group as compared to 4-nitrophenoxy leaving group (k_; >> k),
also the relationship p_; O< [p, O

As both p, and p_; are negative (see above), the difference p, — p_; should
be negative, too. Therefore, the observation of ki™ /k_, ratios, which de-
crease on going from X = CONH, to X = CO,Me, implies that the p, param-
eter should be less than [p, — p_; O On the other hand, the observation of
k,™ /k_, ratios, which increase on going from X = CO,Me to X = CN and to
X = NO,, would imply the condition py > [p, — p_; O In conclusion, two dif-
ferent py values corresponding to the two substituent ranges would be re-
quired.

We think that this dichotomy in the behaviour of the various substrates
studied comes from the hyper-ortho relation®. When the 3-X substituent has
a relatively low conjugative effect, a preferential conjugative interaction oc-
curs between the reaction centre and the 5-nitro group. This preferential in-
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teraction causes a levelling of electronic effects exerted by the X substituent
on the equilibrium XH + B X~ + BH* and a relatively low py value.
When the conjugation of the reaction centre with the 3-X substituent be-
comes important, it interferes successfully with the hyper-ortho relation and
gives rise to a px value so much greater than in the preceding case, as to
change the sign of the algebraic sum p, + p; — p_;. A positive sum produces
kam/K_; ratios which increase with increasing electron-withdrawing power
of the 5-X substituent. This interpretation of the data obtained in the pres-
ent work leads to strong support for the hypothesis that the catalysis ob-
served occurs via the SB-GA mechanism.

The case for X = SO,Me is worth being considered separately. This substi-
tuent has much the same substituent constant as X = COMe (Table VIII) but
shows the reactivity with both amines lower than that of substrates with X =
CO,Me. This unexpectedly low reactivity can be accounted for by a strong
primary steric effect exerted by this bulky substituent and, in addition, by a
greater difficulty than with the sp? groups, to form the hydrogen bonding
as shown in 5. Thus data for SO,Me have to be excluded from the Hammett
correlation (Table 1X). On the other hand the hyper-ortho relation deter-
mines a comparatively much lesser value of the k_; constant for this

TasLE VIII
Substituent constants

X H CONH, CO,Me CN COMe  SO,Me NO,

B ‘ 0.00 0.57 0.67 0.79 0.82 0.84 1.23
TasLE IX

Linear regression analysis? of logarithmic relative kinetic constants [log (k1 x/ky )] for the re-
actions of 5-nitro-2-(4-nitrophenoxy)-3-X-thiophenes with aniline and 4-methoxyaniline in
methanol at 20 °C, according to the equation log (k; y/k; ;) = po~

No. Amine pxs, its; r n® CL>(%)
1 Aniline 4.30 + 0.27 -0.19 £ 0.21 0.992 6 99.9
2 4-Methoxyaniline  3.94 + 0.31 -0.24 £ 0.24 0.988 6 99.9

@ p, reaction constant; i, intercept of the regression line with the ordinate ¢ = 0; Sp and s;,
standard deviations of p and i, respectively; r, correlation coefficient; n, number of data
points; CL, confidence level. ® Data for X = SO,Me have been excluded from the correlation.
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substituent. As a consequence, the k,,/k_; ratio for X = SO,Me does not lie
in the same sequence as that for the other substituents.

For the reactions of 5-nitro-2-(4-nitrophenoxy)thiophene, very low k,/k_;
and ky/k_; ratios are observed. This occurs because in the transition states
pertaining to the reaction of this substrate with the two anilines, there is
no built-in solvation (see above). In other words, the powerful anchimeric
assistance, which for the other ortho-substituted compounds reduces the k_;
parameter through stabilisation of the reaction intermediate, is now miss-
ing and comparatively lower k,/k_; and k,,/k_; ratios are, indeed, observed.
It is worthwhile to recall that the corresponding reactions’ of 3-nitro-2-
(4-nitrophenoxy)thiophene are not catalysed suggesting that, the activa-
tion being equal, the position of the activating nitro group with respect to
the reaction centre is a crucial factor. In this latter compound, in fact, the
lack of competition in the conjugation with a 5-substituent and the hyper-
ortho relation cause a strong conjugative interaction between the reaction
centre and the 3-nitro group and the greatest possible electron density on
the oxygen atoms of this group. As a matter of fact, the strongest possible
hydrogen bonding and the lowest k_; value occur and on the basis of the re-
lationship k_; << (k, + ka,,[AmM]), the reactions involved are not catalysed.

EXPERIMENTAL

Ethers 1 were prepared by the general method of ref.”. Aniline®, 4—methoxyani|ine8 and
methanol® were purified by the reported methods. Amino derivatives 2 and 3 were prepared
by the general method of ref.1%. The relevant physical data of 1-3 are shown in Tables I-IIl.

Kinetics measurements. The kinetics were followed spectrophotometrically as previously de-
scribed!?. The concentrations used were 2 - 10103 mol dm™ for substrates and those re-
ported in Tables IV and V for amines. The wavelength and log € values for UV spectral
measurements are shown in Tables Il and Ill. Optical density measurements were carried out
after dilution with acidified methanol®.
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