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ABSTRACT. The rates of reaction between 4-substituted-2, 6-dinitrochlorobenzenes with para-
substituted anilines in methanol-acetonitrile mixtures were measured by conductometry. It was
observed that the rate constant increases in the order of X=4-NO;>4-CN> 4-CF;, where X is
a substituent in the substrate. The rate constant also increases in the order of Y=p-OCH,>p-
CH:>H>p-CI>m-NO,, where Y is a substituent in the aniline ring. Kinetic studies in the
methanol-acetonitrile solvent system with various nucleophiles showed that the N-C bond forming
step is making a great contribution to the overall second order rate constant. The electrophilic
catalysis by methanol probably consists of the hydrogen bonding between alcoholic hydrogen and
leaving chloride in the transition state. The nuecleophilic catalysis by methanol may be ascribed to
the formation of hydrogen bonds between alcoholic oxygen and hydrogens of amines in the
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transition state. All these experimental facts are supporting the operation of SyAr machanism
with the second step being the rate determining. This mechanism can be succesfully fitted to the

PES model.
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Table 1. Second~order rate constants (f2X102 M-1 §-1) for the reaction of 2,4, 6-trinitrochlorobenzene
with anilines in MeOH-MeCN mixtures at 10°C and 25°C

Substitutuents p-CH; P-H p-Cl m-NO,
S~ Temp. {°C)

MeOH /v 10 25 10 25 10 25 10 25
100 126 244 36.3 70.0 6.33 1.18 0. 117 0.226

0 96.0 197 28.6 54.9 5.77 .11 0. 106 0. 202

80 94.3 194 28.5 47.2 4.70 0.987 0.0994  0.191

70 79.5 151 26.6 44.1 3. 40 0. 845 0.0872  (0.166

50 62.2 105 21.5 35.0 2.78 0. 640 0.0763  0.144

30 43.8 96.6 15.4 28.3 — 0.511 0.0549  0.102

Table 2. Second-order rate constants (£2X 102 M~1 871} for the reaction of 2, 6-dinitro-4—cyanochlorobenzene
with anilines in MeOH-MeCN mixtures 1t 10°C and 25°C
Substituents pOCH, p-CH; »+H »Cl m-NO,
~~__Temp. (°C)
MeOH v/v% |

10 25 10 25 10 25 10 25 10 25

100 76.6 153 26.3 50.2 5.5 13.5 1.09 291 0.0132 ¢.0565
90 8l.1 144 24.5 483 499 1.1 1.5 2.42 0.0128 0.0625
80 79.9 135 19.9 458 445 88 0.8 220 0.0124 0.0544
70 77.0 121 13.4 399 3.8 717 0725 191 0.0105 0.0389
50 53.6 97.2 12.8 30.1 2.8 524 0.605 141 0.0086 0.0324
30 45.6 8.0 11.5 188 245 4.44 0.473 1.11 0.0059 0.0227

Table 3. Second-order rate constants (f2% 103 M~1S-1) for the reaction of 2, 6-dinitro-4-trifluoromethyl-
chlorobenzene with anilines in MeOH-MeCN mixtures at 10°C and 25°C

Substituents p-OCH;, ?pCH; H #-Cl
Temp. (°C)
10 25 10 25 10 25 10 25
MeOH vjv¥% ————
100 80.7 130 22. 4 52.6 6.50 15.5 1.29 2.98
90 77.8 134 17.6 40.6 5. 82 14.6 1.03 2,50
80 68.0 127 15.4 37.1 4.82 14.2 0.983 2.38
70 60.5 107 13.5 33.7 3.73 11.2 0. 885 1.97
50 47.9 92 12.5 24.7 3.22 7.18 0. 700 1.74
30 40.3 84.9 9.91 20.0 2.25 5.00 (. 525 1.36
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Table 4. Hammett py values for the reaction of
in MeOH-MeCN mixtures at 10°C and 25°C

BAB - ERE - TER - FEF

4-substituted-2, 6- dinitrochlorobenzenes with anilines

x-¢(NOz)Cl
T(eo“(} : ("ff,f,% X=4-NO; 4-CN 4-CFs

P (r) on n Px (r)

10 100 3,46 (1. 00} —3.67 (0. 996) —3.48 (0. 992)
90 —3.37 (0. 999) —3.73 (0. 993) —3.58 (0. 988)

80 —3.40 (1. 00) —3.80 {0-990) —3.51 (0. 988)

70 —-3.41 {0.999) —3.83 (0. 981) —3.52 {0.983)

50 —3.35 (0. 999) —3.79 (0. 988) —3.56 (0. 990)

30 ~3.35 (0. 999) —3.88 (0. 991) —3.59 (0. 991)

25 100 —-3.46 {1. 00) —3.42 (0.999) —3.24 {0. 990)
90 —3.40 (0. 999) —3.35 (0. 998) —3.33 (0. 994)

80 —3.40 (0. 999) —3.38 (0.997) —3.31 {0.993)

70 —3.87 {0. 999 —3.47 (0.997) —3.36 (0. 996)

50 —3.29 (1. 00) —3.44 (0. 996) —-3.33 (0. 988)

30 —3.39 (1. 60) —3.47 (0. 995) —3.47 (0. 981)

r; correlation coefficient.

Table 5. Brgnsted 8 values for the reaction of para—substituted Anilines with 4-substituted-2, 6- dinitro-
chlorobenzenes in MeOH-MeCN mixtures at 10°C and 25°C

T(QOIEP- MeOH 4-NO, 4-CN 4-CF;
Y| wivs) 8 @ B ® 8 ®
10 100 1.16 (0. 999) 1.30 (0. 994) 1.23 (0. 989)
90 1.13 (1. 00) 1.33 (0. 990) 1.27 (0. 983)
80 114 (1. 00) 1.34 (0. 987) 1.25 (0. 981)
70 1.14 (0. 999) 1.36 (0. 975) 1.25 0.977)
50 1.16 (0. 999) 1.34 {0.983) 1.26 (0. 985)
30 1.32 (0. 995) 1.38 {0.987) 1.27 0. 987)
25 100 1.16 (1. 00) 1.16 (0. 998) 1.15 (0.997)
90 1.14 1. 00) 1.14 (0. 997) 1.18 {0. 991)
80 1.14 (1.00) 1.15 (0. 995) 1.18 {0. 930)
70 1.13 . 00} 117 (0. 995) 1.19 €0.993)
50 1.10 (1.00) 1.17 (0. 995) 1.18 (0. 983)
30 1.14 (1. 00) 1.18 (0. 993} 1.23 (0. 975)

r; correlation coeflicient.

2 Yd%e E o 22 e AFA A= A%
TAAEN 45 (o] pOCHy 7139 4914
9 A7 AAPAA L 55 (€ 4-NOp
MEFEA S 2 RS 1A F2 I, 2
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on 3FF Brénsted 8 2t& Table 4,50 9 9F5q

o o) oy e —3.3810.0628 & 22 2t
2. BT 1.1620.039 & RE o] oyt
B#S F-58t 2r1E Benzyl #EAQ ohda
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Table 6. Hammett pg values for the reactions of anilines with 4-substituted -2, 6-dinitrochlorobenzenes

in MeOH-~-MeCN mixtures at 10°C and 25°C

X-9NH;
| G #CHy i 7
s (r) Ps (r) Ps ()
10 100 7.39 (0. 992) 7.28 (0. 999) 7.05 (0. 998)
% 7.24 (0. 983) 7.05 (0. 998) 7.28 (0. 996)
80 7.45 (0. 990) 7.38 (0. 999) 7.00 (0. 997)
70 7.38 (0.997) 7.26 (1. 00) 6.60 (0. 996)
50 7.07 (0.994) 7.60 (1. 00) 6.62 (0. 995)
30 6.86 (0. 986) 6.82 (1. 00) 6.64 (0. 994)
25 100 6. 94 (0.995) 6.90 (0.997) 6.65 (0. 990)
90 7.03 (0. 988) 6.56 (0.998) 6.86 (0. 994)
80 7.16 (0. 988) 6.37 (1. 00) 6.74 (0. 994)
70 6.88 (0. 986) 6.65 (1.00) 6. 46 (0. 995)
50 6.79 (0.982) 7.03 (1.00) 6.56 (0. 996)
30 7.14 (0.997) 7.30 (0. 999) 6.56 (0. 996)
r: Correlation coefficient.
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Fig.1. Dependence of log %3 on the dielectric constant
of the solvent in reactions between 2, 4, 6-trinitrochio-
robenzene with (a} p-toluidine, (b) aniline, (c) p-
chloroaniline and (d) m-nitroaniline at 25°C.
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Fig. 2. Approximate energy-reaction coordinate dia-
gram for the reaction of 4-substituted-2, 6-dinitrochlo-
robenzenes with substitvted anilines in MeOH-MeCN
mixtures. (a); 70% MeCN, (b): 30% MeCN, (¢).
pure MeOH.
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Table 7. Activation parameters 4H* (Kcal mole~1) and 45* (e. u) for the reaction of 4-substituted-
2, 6-dinitrochlorobenzene with anilines in MeOH-MeCN mixtares at 25°C

p-OCH, #-CH; »-H »-Cl m-NQOg

MeQH (v/v%) 4H*  —4S* | gH* —45* | 4H* —A4S* | 4H* 48 | 4H* —45*
4-NO3 100 68 M4 6.8 36 6.4 41 6.8 48

90 7.4 32 6.7 37 6.7 40 6.6 49

80 7.5 32 651 43 7.7 37 6.7 48

70 6.6 36 51 43 9.6 31 6.6 49

50 5.3 41 49 4 89 34 6.5 50

30 83 31 6.2 40 9.6 32 6.3 51
£CN 100 7.1 34 6.6 38 9.3 31 10 32 16 20

90 5.8 38 7.6 36 83 3 8.7 37 17 16

80 5.3 40 87 31 7.1 40 9.5 34 16 20

70 45 43 11 23 6.2 43 10 33 14 27

50 6.1 38 9.0 30 6.3 43 8.9 37 14 28

30 6.0 39 49 45 6.1 44 89 38 14 28
4-CF; 100 4.7 47 9.0 A4 9.1 36 88 4

90 65 4 88 35 9.7 3 9.3 39

80 6.4 41 9.2 34 11 36 9.3 39

70 58 43 9.6 33 12 27 84 42

50 6.7 41 7.0 42 8.4 40 9.6 39

30 7.7 38 7.3 42 3.2 58 10 38

A deld Aoz A9t oA AL Pear-
son &] HSAB o] &%z & g3tz gz Clm&
w2 oz LUMO & 7HA = ke 2
ol{A] HOMO & ~“}x =z HOMO ¢ LUMO
7t9) orbital 4E2Lo| FRlAAE Aoz A
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$AFIEE ARFAPAA WeEEd 9B
<& FA Aol At dgEEe] o & o
¥e F3 v Fig. 29} 7+-& SyAr(nucleophilic
aromatic substitution)¥t-g-vll7}) Fo g =
2SS ¢ F Ak, =H Table 7914 2E
vtoh o] B4HieAolHA JHYE e el
e Zm A5 2 29 ¥ FEdE e
Bolr ghell A =g AHL & Sk 5 gl

4. 2oiE oltfx] XM 2EAH A (Linear Solva-
tion Energy Relationship)

Lee 52 MeOH-MeCN Z & 2ol Aol o 8l §-
o] 9] x*(polarity-polarizability) 35} a(hydrogen
bonding doner acidity)7+-S ¥33I WL A A
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Table 8. The coefficient a, s and afs values of
Solvatochromic Parameters z* and « for the reaction of
4-Substituted -2, 6-dinitrachlorobenzene with anilines
at 25°C

Y-¢-NH;
pOCH; p-CH; H #Cl m-NO;

X-¢(NO2) Ll

4-NO; s 0.957 0.75% 2.00 2.49
a 1.08 0.667 1.42 1.54
afs : 1.23 0.8% 0.710 (.618
T 0.976 0.996 0.985 0.9%
T 8.9 22.3 11.4  22.3
4-CN s | 1.66 4.8 0.8 1.62 3.35
a | 1.23 266 0.677 1.34 2.06
afs| 0.741 0.545 0.777 0.827 0.615
r | 0.987 0.992 0.991 0.995 0.956

T |112.3 15.7 14.8 19.9 6.52

4-CF, s 1.13 .07 4.73 1. 09
a | 0.807 0.987 2.75 0.983
afs| 0.714 0.922 0.581 0.901
r [ 0.945 0.994 0.984 0.998
T]578 182 11.0 31.6
N+RTXT K oR+X"
o
3
2 s
3 AN
3
g R‘: H
a 2
>f C G .
2 K i
F E
N+RX { N-R Bord Formation ! NT Lz LX

Fig. 3. Potentia] energy surface for a nucleophilic
substitution of chlorobenzene. N stands for a nucleo-
phile and energy minima and maxima are represented

by circles and stars.
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Table 9. Summary of prediction for the different Sy reaction coordinates
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