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In previous publications [1, 2, 3] a number of theoretical and practical 
questions of the reactions of aro:inatic amines and phosgene were dealt with, 
Characterizing the phosgenization of several mono and diamines, and the de­
hydro-halogenization of the resulting carbamic acid chloride by reaction-kinet­
ic data, conclusions were dra-wn on the mcchanisms of the reactions, and a 
ne\\- "fast-phosgenization method" has been developed for production of iso­

cyanates. 
This publieation is treating of the phosgenization of tolylcne 2,4- and 

2,6-diamine hydrochloride. In several industrial processes isocyanate is pro­
duced by phosgenization of amine hydrochlorides [4, 5]. Recently the basic 
phosgenization became general, although aminc hydrochlorides can be ob­
tained in the amine-phosgenization reactions too, so the phosgenization of 
hydrochloride in these processes into consideration must be taken. 

The acylation proceeds according to the gross equation: 

Because of the poor solubility of diamine hydrochloride, thc reaction 
IS heterogeneously phased. 

The hydrochloride suspension was phosgenizated at varIOUS tempera­
tures, made from the solution of tolylene diaminc with the aid of hydrochloric 
acid solution, applying differcnt excesses of soh-ent and phosgene. The phos­
gene was given in solution to the suspension adjusted to the required tempcr­
ature, then closing the vessel, the mixture was shaken with a jolting machine 
for various times, keeping the tcmperaturc constant. 

For stopping of the reaction sodium or potassium methylate or ethylate 
was used, and in the reaction mixture the content of free amine in non-aqueous 
medium was determined with perchloric acid in glacial acetic acid. The de­
termination has been described in method [1]. 

* Dedicated to Prof. Z. CSfROS on the occasion of his 70th birthday. 
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In the mixture of acetone-glacial acetic acid both amine-groups of di­
amine can be separately measured with perchloric acid: the curye of the po­
tential change has two inflection points. The titrant, consumed up to the 
first inflection point, measured the one (the more basic one) of the amine-
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Fig. 1. The phosgenization of 2,4- and 2,6-diaminotoluenc-dihydrochloride at 25' C. under va­
rious molar ratio of aminehydrochloride: phosgene 
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Fig. 2. The phosgenization of 2,4- and 2,6-diaminotoluene-dihydrichloridc at 50°C. in toluene. 
under ,-arious molar ratio of aminchydrochloride: phosgene 

groups, (in case of 2,4-diamine in the para position), the same quantity of 
titrant was used up, which titrated the other amine-group. In case of 2,6-di­
amino-toluene the two amine-groups are in the same position, by the neutral­
ization of the first, the basicity of the seeond decreased, so it presented a 
separate wave upon titration in a differentiating solyent. At the alcoholatic 
quenching, the amine-group of the monourethane -- monoamine deriva­
tives, originated from the intermediate products,is equal in basicity to the more 



PIfOSGESIZATIOS 121 

basic amine-group of the diamine, and it appears on titration in the first po­

tential wave. 
Thus, from the two inflection points, obtained on titration of the reac­

tion-mixture, with the titrant added up to the first inflection point, the one 

% tOO 
-§ 
'= .!2 80 -S 
" -s 
-'?' 60 

Cl> 

~ 40 :§ 
_C! 
'1::l 
-2 20 Co 
tJ 

~ 

c 
" :eo c.; 

'" <:: 
.!2 
'§ 80 
-§ 
~ 

~ 
to 
D W ~ 

'" '" li 20 D 

~ 

0 20 

!) 2D 

;--...... --------<-1: (53 m%r ratio 

_
.....,--:=======:::1.3,17 m%r ratio 

1: 4,76 molar ratio 

50 80 100 reaction timerfmin) 

~--~------~-1' 1,53 molor ratio 

r 317 molar ralio 

50 100 reaction tirne (f77ln} 

Fig. 3. The pho,genization of 2,.l-diaminotoluene-dihydrochloride at 70'e. in toluene. under 
various molar ratio of aminehydrochloride: phosgene 

amint~-group of thc unreacted diaminc, as well as the remained amine-group 
of the monoacylated compound -was titrated. The titrant, added between the 
two inflection points, measures the second amine-group of the unreacted 

diamine. 
The changes in thc content of the total amine-hydrochloride and in the 

quantity of the diamine-dihydrochloride calculated from the titration results 
were examined during phosgenization at 25, 50, 70 and 90°C (Figs 1-8). 

Comparison of the curve forms, obtained at yarious temperatures, points 
to the fact, that after a more or less steep section, all curves tend to flatten, 
i.e. the reaction is completed. A.t a given temperature, and with a given a­
mount of phosgene, only a certain transformation is possible. 
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At 25°e there is a low-rate reaction, even in the case of a large excess 
of phosgene, the transformation is only 17 and 25 per cent, respectively (Fig. 1). 

At 500 e the transformation does not differ considerably from the values 
')-'-e (F' :» at ::.;:,- Ig. :.. . 

In case of phosgenization at700e (Figs 3, 4, 6, 7), the rate of the reac­
tion is about the double of that at 50 oe. A large excess of phosgene reduces 
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Fig. 4. The phosgenization of 2A-diaminotoluene-dihydrochloride at 70°C. in orthodichloro­
benzene. under various molar ratio of aminehydrochloride : phosgene 

the content of the unreacted amine hydrochloride to 48 -45 per cent. At 90°C 
the transformation is even more pronounced (Figs 5, 8). 

As r'egards the change of the content of diamine-dihydrochloride, the 
two-model-compounds behaved in an essentially different manner. 

In case of 2,4 isomer, the amount of the dihyclrochloride was zero at 
the end of the transformation, i.e. the introduction of the first phosgene mole­
cule was complete in all diamine molecules. At the same time the diacylation, 
i.e. the reaction of the second molecule with phosgene is only IO'w-rate (the 
content of the total amine-hydrochloride is 40 to 50 per cent). 
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In case of 2,6 isomer, the acylation of the first amine-group was followed 
by the introduction of the second phosgene, in spite of the presence of a signif­
icant amount of dihydrochloride. During the reaction the diamine-dihydro­
chloride decreased by slightly more, as the amount of total amine-hydrochlo­
ride. 

This phenomenon is especially obvious at 70QC, and in case of a reaction 
with phosgene gIven in excess, compared to the stoichiometrically required 
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Fig. 5. The phosgenization of 2,4-diaminotoluene-dihydrochloride at 90°C, in orthodichloro­
benzene. under various molar ratio of aminehydrochloride: phosgene 

amount. In orthodichlorobenzene, as well as for a lower phosgene, addition 
than required for total diacylation, the difference subsists though it is not so 
marked. 

At lower temperatures (25 and 50°C) 120-150 minutes are required to 
the transformation under the given circumstances, while at 90Q C, 4·0-60 
minutes are enough. 

The volume of the solvent did not influence the transformation. Using 
less soh'ent (suspending agent), the reaction starts more slowly, hut it tends 
towards the same limits. 
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Fig. - The phosgenization of 2.6-diaminotoluene-dihydrochloride at 70°C, in orthodichloro­
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The increase of molar ratio of phosgene to diamine hydrochloride lll­

creases both the rate of acylation and the reaction. 

In some of experiments the amount of hydrochloric acid employed for 
the preparation of hydrochloride was increased at a 100 per cent excess. The 
reaction was the same, as for less hydrochloric acid. The excess of hydrochloric 
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Fig. 8. The phosgellization of 2,6-diaminotoluene-dihydrochloride at 90"C, in orthodichloro­
benzene, under various molar ratio of aminehydrochloride : phosgene 

acid was probably in the gas-space of the experimental vessel, because of its 
slight solubility. The hydrochloric acid formed during the acylation leaved 
the solution in the same 'way, and the reaction affected a saturated solution. 

The different acylation of the t'wo isomer dihydrochlorides can be ex­
plained by the electronic structure of molecules and by steric causes. In phos­
genization of hydrochloride the acylation must be proceded by thermal dis­
sociation, accounted for by the inert solvent (non-electrolytic dissociation), and 
by the test temperature. 

During the dissociation the bond :N -H splits and proton is produced: 
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In case of 2,4 and 2,6 isomers in ortho and para position (thus in posi­
tions 2, 4 and 6), the electron density is greater because of hyperconjugational 
electron-sender effect of the methyl group, consequently the splitting-off of 
protons is inhibited. In ortho positions (2 and 6), however this effect is reduced, 
thus, the proton removal goes easier. The elimination of hydrochloric acid 
is motivated by steric reasons in ortho position. 

Therefore in case of 2,4 isomer the hydrochloric acid splits off in the po­
sition 2 first, and the molecule is acylated. The acylation being a rapid reac­
tion [3], concerning the reaction time of hydrochloride acylation, the rate de­
pends on the elimination of hydrochloric acid. 

The 2,6 isomer has no marked position for the first acylating group, 
because the molecule is symmetrical. After the acylation, following the elimi­
nation of hydrochloric acid, the elpctronic structure of the aromatic ring 
does not change considerably. - N - H group is connected to the ring again, 
which must lose proton to form isocvanate. 

Thus, 2,6 isomers hayc the samc possibility to splitting-off the second 
hydrochloric acid, as for the first, more oyer it can be assumed thermal split­
ting-off of the second hydrochloric acid is facilitated by the electron-sucking 
effect of the carbollyl-oxigen, and by the effect of the developed isocyanate­

group. 
In case of the 2,'1 isomer these effects occonr also in the ·1 (para) posi­

tion, but these effects do not exceed the relatively easier splitting-off of hydro­
chloric acid, caused by the steric effect and the effect of the methyl group 
in the 2 (ortho) position, so instead of splitting-off of second hydrochloric 
acid, the elimination of hydrochloric acid occurs in another molecule, in po­
sition 2. 

Order of rates is the following characterizing the processes bv relative 
rate constants: 
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Summary 

> 

The acylatioll of tolylene-2A- and 2,6-diamine hydrochloride was examined at tempera. 
tures of 25 to 90'C, in toluene and orthodichlorobenzene medium, in the presence of phosgene. 
excess. Because of the heterogeneous phase no exact reaction·kinetic data could be calculated, 
the acylation of two-two groups of two isomer was characterized instead by relative reaction 
rates. From analyses of reaction-mixtures it was concluded, that in case of ~A-isomer. mono· 
acylation is the first. much slower followed by diacylation, 2.6 isomer is subject to direct diacy· 
lation. eveu the mixture. in conformity with the conditions of reaction. contains much unreact· 
cd di~rnine dihydrochloride. . 

References 

L CseRos, Z.-Soos, R. SZEGIIY. L.-BITTER, L: Periodica Polytechnica (Ch) 10, 495 (1966). 
" CseRos. Z.-Soos, H.-DAl\CSO, J.-SZEGHY. L.: Periodica Politechnica 10, 503 (1966) . 
. 3. C"tiROS. Z. Soos. R.-BITTER, L-SZEGHY. L.-PETXElI . .\.ZY. L: Arta Chim. c\cad. Sci. 

Hung. 61, (2) 197 (1969). 
4. HE"TSCHEL W.: Berichte 18, 1178 (1885) . 
. ). SIEFKEX, \'1;'.: Annalen der Chemie 562, 75 (19·J.9). 

Dr. Rudolf S06s 
Dr. Imre PETC'iEH.{ZY } Budapest XI.. Miiegyetem rkp. 3. Hungary 




