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CORRELATION OF QUANTUM CHEMICAL AND KINETIC DATA
OF REACTION OF AROMATIC DIAMINES WITH p-TOLYL
GLYCIDYL ETHER*
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The reaction kinetics of diamines /— X with p-tolyl glycidy! ether have been measured, and the
respective rate constants k; —~ k4 have been calculated by applying the Picard method of gradual
approximations. The logarithms of the rate constants &, have been correlated with the electron
density indices at amino nitrogen calculated by HMO and SCFMO methods and with the pK,
values of the amines determined potentiometrically.

1t is known that the reaction of primary and secondary amines with epoxide group has a nucleo-
philic character'. In accordance with this fact the found Hammett reaction constants ¢ of e.g.
the reaction of substituted N-methylanilines with phenyl glycidyl ether? and those of substituted
benzylamines with epm(yethylbcnzen(:3 have negative values. It was also found that the reactivity
of amines towards epoxide group increases with their basicity4’5. We arrived at the same con-
clusions when studying the kinetics of reactions of ortho, meta and para substituted anilines
with p-tolyl glycidyl ether® where we found significant correlations between logarithms of rate
constants and the quantum chemically calculated electron density indices at amino nitrogens,
the Hammett o constants, and pK, values of the amines.

The aim of this work was to determine the possibilities of predicting of the reactivi-
ties towards epoxide group of the aromatic diamines of the type H,N—C¢H,—X—
—CgH,—NH, where X = —CH,— (I), -—SO,— (II), —O— (IlI), —CH=CH—
(1v), —S— (V), —SO— (¥I), benzidine (VII), 3,7-diaminothioxanthene-S-dioxide
(VIII), and 1,2- and 1,4-diaminobenzenes (IX and X). Therefore, the rate constants k,
of the reactions of the mentioned diamines with p-tolyl glycidyl ether were correlated
with the quantum chemically calculated electron density indices at amino nitrogen
and with pK, values of the amines.

EXPERIMENTAL

Reagents. 4,4’-Diaminodiphenylmethane ({), benzidine (1), 1,2-diaminobenzene (/X) and
1,4-diaminobenzene (X) were commercial products and were purified by dlstlllatxon or crystal-
lnzatxon 4,4 -Diaminodipheny! sulphone (/[) was prepared as in the previous paper’ and crystal-
* Part IV in the series Reactions of Amines with Epoxy Group. Part IIIl: This Journal 38,
3461 (1973).
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lized from ethanol; m.p. 176—177°C, ref.® 176°C. 4.4’-Diaminodiphenyl sulphide (V) was
prepared by reaction of p-chloronitrobenzene with sodium sulphide and subsequent reduction
of 4-amino-4’-nitrodiphenyl sulphide with tin and hydrochloric acid®; m.p. 107-5—109°C
(from 50% aqueous ethanol), ref.? 108°C. 4,4’-Diaminodiphenyl sulphoxide (V1) was prepared
by oxidation of 4,4’diaminodiphenyl sulphide with hydrogen peroxide10 and crystallized from
aqueous ethanol; m.p. 175—177°C, ref.1? 175°C. 4,4’-Diaminodiphenyl ether ({117) was prepared
by reaction of 4-chloronitrobenzene with potassium p-nitrophenolate and reduction of the 4,4’-di-
nitrodiphenyl ether formed with stannous chloride in methanolic hydrochloric acid!!, Crystal-
lization from ethanol gave a substance melting at 186—188°C, ref.!! 185°C. 4,4’-Diamino-
stilbene (IV) was prepared from 4-nitrotoluene by oxidation and subsequent reduction of 4,4'-di-
pitrostilbene with stannous chloride!?. It was purified by sublimation and crystallization from
chlorobenzene and aqueous ethanol; m.p. 217—220°C, ref.12 217°C. 3,7-Diaminothioxanthene-
-S-dioxide (VIII) was prepared by reaction of 4,4’-diaminodiphenylmethane with 209, oleurn'?
and crystallized from ethanol; m.p. 217--220°C, ref.*® 217°C. Purity of the diamines was checked
by thin-layer chromatography on Silufol UV, s, plales and by paper chromatography The proce-
dure and conditions are given in the previous report

Kinetic measurements were carried out in 99-99; ethanol at 60°C; the concentrations of diamines
and p-tolyl glycidyl ether were 0-0125--0-1 and 0-05—0-4 mol/l, respectively, their ratio being
stoichiometric in each case®. The decrcase of the epoxide group concentration was followed,
and in some experiments also the decrease of concentration of primary aromatic diamine was
measured in the reaction course by following the extinction at the absorption maximum of the
anils formed by reaction of a sample of the reaction mixture with 4-dimcthylaminobenzaldehydeé.
The reactions of 1,2- and 1,4-diaminobenzenes and 4,4’-diaminodiphenyl sulphoxide with p-tolyl
glycidyl ether were carried out under nitrogen, since otherwise the reaction mixture turned
dark due to oxidation of the amines.

The rate cbonstams k, to k4 of the reaction of the aromatic diamines with p-toly! glycidyl
ether were calculated by application of the Picard method of gradual approximations; the proce-
dure was described in our previous report7. For the sake of checking we computed the rate
constants k, of several experiments from the angular coefficients of tangents to the curves of de-
crease of the primary diamine or p-tolyl glycidyl ether at a time 0. In the case of the reaction
of 4,4’-diaminostilbene with p-tolyl glycidyl ether only the constant k; was calculated, because
the reaction product separated from the reaction mixture and, therefore, the reactions were
carried out only to low conversion. All the rate constants calculated are refated to one molecule
of diamine.

Dissociation constants. All the measurements were carried out under pure nitrogen at 25°C
in a beaker with a temperating jacket connected with ultrathermostat. For pH measurements
a compensation valve pH-meter PHK-1 (Mikrotechna), a glass electrode G 202 B (Radiometer)
and a saturated calomel electrode KALC-4 (Laboratorn{ piistroje, Prag) were used. 0-02M-NaOH
solution was prepared from carbonate-free sodium hydroxide; all the chemicals used were of p.a.
purity grade, and only redistilled water was used. The measurements were carried out at constants
ionic strength 0-1 (NaCl). The pH-meter was calibrated with standard buffers pH 4-01 and 698
(Ustav sér a otkovacich latek, Prague).

Each titration of a diamine hydrochioride with 0-02M-NaOH was repeated five times and
plotted in a graph wherefrom the most probable pH value was read which was then used for
the calculation of dissociation constants. The calculation was carried out with fulfilling the basic
conditions (the condition of electroneutrality, concentration condition and expression of all
the constants) from which Eq. (1) was derived for a dibasic base:
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(Ko Ko H D (¢ — @) + Ky Kpp(2e — @) == oK, /[HT])?, ©)

here a = (Kw/[H+]) + ac— [H™], Ky, Ky, are the basicity dissociation constaats, ¢ is the
analytical concentration of acid, a stands for the molar ratio of the added acid and base, and X,
is the autoprotolytic constant of water. The dissociation constants K, and K, were obtained by
solving graphically the Eq. (/) for individual points of the titration curve. In this way we obtained
a system of straight lines which should theoretically cross in one point. In fact, they cross in a
certain area. In Results we give the scattering of the values obtained as the area containing 95%
of all the points of intersection of the straight lines of the graphical solution.

Quantum chemical calculations. The electron density Q at amino nitrogen was calculated with
the use of simple MOLCAO method in the Hiickel approximation (HMO) (ref.“) and alter-
natively with the use of MOLCAO method in Pariser-Parr—Pople approximalionls'm. The Cou-
lombic and exchange integrals were computed with the use of the following &, and /1“, parameter
values; k,: —N(H,), 1-5; =0, [; —0—, %; §, 0-5; hyyt C—NH,, I; C=0, 0-8; C—O0, 0-8; S—O,
0-5; C—S, 0-6. In the calculation of electron densities by the SCFMO method in PPP approxima-
tion the one-centre Coulombic integrals were approximated according to Pariser and Parrlé,
the repulsion integrals between orbitals were calculated according to Mataga—Nishimoto for-
mulal”. The resonance integrals were calculated according to Wolfsberg and Helmholz'®,
the value 0-39 being used for the constant %, and the overlap integrals were computed from tables.
of overlap integralslg. The values of the empiric parameters used are given in Table I.

TasLE [
Parameter Values Used in SCFMO Calculations

Atom (group) I, eV P €Y Bucr eV Z, R.,, A
C 11-16 11413 —2318 1 1-39
NH,2° 226 14-45 —2:090 2 1-38
§21.22.23 12:86 9-52 —1-623 2 1-82
0% 173 140 —2:230 1 142

RESULTS AND DISCUSSION

The reaction of primary amines or diamines with epoxide group is a consecutive
competitive reaction during which all the amino hydrogen can be displaced by the
epoxide group. The tertiary amines are final products, being non-active for further
reaction®*. In this paper we have measured the reaction kinetics of aromatic diamines
I—X with epoxide group of p-tolyl glycidyl ether and calculated the rate constants
of reactions of all the four amino hydrogens with epoxide group by applying the
Picard method of gradual approximations. The rate constants k; — k, calculated
by the abovementioned method and the rate constants k; calculated from slopes
of tangents to the curves of concentration decrease of epoxide groups or aromatic

Collection Czechoslov. Chem. Commun. (Vol. 39] (1974}



1036 Dobas, Eichler, Novak :

primary diamine at the time 0 are given in Table II. From the Table it can be seen
that the both methods give consistent k, values. As it was the case with the reaction
of substituted anilines with p-tolyl glycidyl etherS, also here the rate constants
slightly decrease with increasing concentration of the reaction components and,

TasLe IT

Rate Constants k . 10° (| mol™ ! min~") of Reaction of Aromatic Diamines with p-Tolyl Glycidyl
Ether in 99:9% Ethanol at 60°C

Compounds 449 ¢, molfl k® &° I ky ky kg kg
I 16700 04 427 437 438 348 129 103 - 339
02 445 499 437 389 145 129 302

i 8320 04 154 142 124 084 064 043 195
04 133 — 130 080 077 047 170

u 17350 02 522 475 531 396 161 120 330
02 479 — 469 407 184 160 255

v — 005 475  — - - - = —
005 546 — - - - = -

005 464 — - - - - -

v 20385 04 178 189 180 153 510 435 353
02 235 — 222 163 479 353 464

02 255 — 214 167 508 398 422

VI 10440 04 291 278 291 231 094 075 308
04 273 — 274 218 081 064 339

vir - 02 383 — 387 301 117 910 331
02 440 — 385 307 110 876 349

01 374 — 392 328 129 108 304

01 381 - 391 316 120 100 326

vl — ol 695 — 722 533 261 193 277
) 01 665 — 713 559 2:66 209  2:68

X ~ 04 281 — 265 221 535 447 495
02 356 — 326 270 652 540 500

02 361 — 318 262 593 489 537

X 12480 02 125 114 1515 125 537 443 294
01 136  — 155 128 558 461 278

© 005 163 — 158 129 589 482 268

“ Concentration of p-tolyl glycidyl ether in the reaction mixture. b Calculated from the slope
of the tangent to the curve of decrease of epoxide compound concentration. ¢ Calculated from
the slope of the tangent to the curve of the diamine concentration decrease.
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TaBLE IIT

Dissociation Constants of Aromatic Diamines and Respective Amino Nitrogen Electron Densities
Calculated by HMO (Qyp0) and SCEMO (Qscrmo) Approximation

Compound  ¢. 10% m pKa, pKa, Qumo OscrMmo
1 11-328 531 4+ 0-03 4:45 + 0-03 1-8916 1-8245
1 9-384 2:54 4 0-15 1-45 4- 0-15 1-8296 1-7900
I 8721 537 4 0-03 426 4- 0-03 1-8820 1-8239
Ii4 — 524 394 1-8671 1-8220
14 12:372 4-55 4+ 0-01 3:30 + 0-05 1-8803 1-8181
Vi 8-721 325 4 004 194 £ 0-07 1-8527 1-8123
vir 12-500 4-93 £ 005 3-86 £ 0-05 1-8712 1-8274
vii 8-854 3-15 4+ 010 2:91 £ 007 - —
X — 4-85" 0-67° 1-8831 1-8294
X - 616° 2:89° 1-8852 1-8279

‘Taken from @ ref.28, ¥ ref.27:28 ¢ 1ef 29,

hence, the decreasing ethanol concentration in the reaction mixture. This finding
agrees with the fact that the reactions of amines with epoxide group are accelerated
by protic substances?®. The rate constant ratio k,/k, was found to be 2:7—4-6 for
all the compounds measured except for 4,4'-diaminodiphenyl sulphone (II), where
the ratio was found to be lower, and 1,2-diaminobenzene, where it was higher due
probably to steric effects. The found value of the ratio k, ks approaches to the value
3-4—4-6 found for the ratio of the rate constants of the reaction of primary and
secondary amino hydrogen atoms of the substituted anilines with epoxide group®.

Table III gives the results of potentiometric determinations of concentration
dissociation constants of the aromatic diamines. The potentiometric method proved
to be more simple than the spectrophotometric one. The latter method meets with
the difficulties connected with the experimental inaccessibility of the absorption
spectrum of the monobasic cation BH*, and it must solve this problem by a time-
consuming method of subsequent approximations. From the Table it can be seen
that the accuracy of the pK, determination is different for different diamines. The
high precision of determination in the cases of diamines I, III, V and VII is given
by relatively high solubilities of the bases in water, so that it was possible to use
the whole titration curve for calculation. The lowest accuracy was attained with the
compound II where the clear solution was formed only within @ = 1:16—~2-00, so that
only few experimental points were available. The compound IV, being only slightly
soluble, could not be determined at all. With the compounds VI and VIII it was
possible to use the titration curve in the range a = 0-8—2-00. The values pK,; 2-49
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and 4-95 as well as those of pK,, 1:30 and 3-85 were found in literature for the com-
pounds II (ref.>®) and VII (ref.?¢), respectively. From the Table it can be seen that
our pK,, and pK,, values agree with the literature data within experimental error.

Except for 3,7-diaminothioxanthene-S-dioxide (VHI), all the compounds fulfil
very . well the statistically significant dependence log k, = 0-584 pK,; —4-376 (r =
= 0:9966, 0-1% level of statistical significance). We suppose that the deviation
of the compound VIII is caused by that its structure differs from those of the re-
maining diamines of the series investigated. The found values of angular coefficient
and intercept are close to the values 0-507 and —4-21, respectively, which were found
for correlation of log k, vs pK, values of ortho, meta and para substituted anilines®.

For the correlation of theoretical indices of electronic structure and chemical
reactivity with the logarithms of the rate constants of reactions of aromatic diamines
with p-tolyl glycidyl ether we have used the electron density values Q at amino nitro-
gen (Table 111). ;

Fig. 1 gives the dependences of log k; on the electron densities Q. The linear
dependences are expressed by the following equations: log k, = 32:112Qyo —
— 61693 (r = 0-8955) and log ky = 47-030Qscrmo — 8722 (r = 0-8852) which both
are significant already at 0-1%; level of statistical significance. Scattering of the points
of the former dependence is substantially greater than that of the correlation of log ky
vs pK,; values of the aromatic diamines. With respect to the differences in skeletons
of the individual diamines, the scattering does not deviate from the limits usual for

Fic. 1

Dependence of Logarithms of Rate Constants k; on Electron Densities of Amino Group
of Aromatic Diamines Computed by Methods HMO (0) (Quymo) and SCFMO (e)
(@scorm)
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such quantum chemical studies. In the second case the scattering is considerably
less than that in the correlation of log ky vs Qumo, only the substances VI and IX
being substantially deviated. The deviation of the substance VI can be caused
by unsuitable choice of the parameters of the bridge atoms —SO— in the SCFMO
calculation. Our calculation gave the same values of amino-nitrogen electron density
for both the compounds IX and X (1,2— and 1,4-diaminobenzenes). Forshey and co-
workers arrived at the same conclusion®!. The relatively low value of the reaction
rate constant k, of 1,2-diaminobenzene with p-tolyl glycidyl ether is probably caused
by the steric effect of the amino group in ortho position to the reaction centre. The
same conclusion was drawn also from our studies of substituent effects on the rate
constant of the reaction of substituted anilines with p-tolyl glycidyl ether®. Loga-
rithms of k, values of the reactions of ortho substituted anilines with p-tolyl glycidyl
ether lay on a straight line different (having different slope) from that of meta and
para substituted anilines. From the present and previous® results it can be stated
that the SCF method reflects the influence of different skeletons on the reactivity
of amino groups towards epoxide group better than the HMO method.

The authors are indebted to PhMr J. Makes for carrying out the paper-chromatographic analy-
ses.
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