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Thermal Dealkylation of 2,4-Bisalkylamino-6-chloro-s-triazines. Effect 
of Alkyl Group Structure on Dealkylation 
By Milan D. MugkatiroviC," and Zivorad D. TadiC, Department of Organic Chemistry, University of Beograd, 

Karnegieva 4, 11 001 Beograd, Yugoslavia 

A number of primary and secondary A"'-dial kyl derivatives of 2.4-diamino-6-chloro-s-triazines were thermally 
dealkylated a t  250 and 280". The amount of olefin formed increased in the series of primary derivatives (alkyl = 
Et, Pr, 2-methylpropyl, 2.3-dimethylpropyl) except for the last member. This trend was attributed to the increased 
hyperconjugative stabilization of the transition state for the reaction which was assumed to proceed via B-cis- 
elimination. The total amount of evolved olefins in the series of secondary derivatives (alkyl = Pr', Bun, 1.2- 
dirnethylpropyl. 1.3.3-trimethylpropyl) decreases after the second member due to the predominance of steric and 
statistical factors over the thermodynamic one. 

IN our previous paper on thermal dealkylation of 
2,4-bisalkylamino-6-chloro-s-triazines it was proposed 
that this reaction presents an example of pyrolytic 
elimination , proceeding via a cyclic intramolecular six- 
membered ring transition state. tJ Assuming the 
similarity of dealkylation of alkylamino-substituted s- 
triazines to other pyrolytic eliminations 2-g and having 
in mind the effect of the structure of the alkyl group in 
these this paper presents an investigation 
of the effect of the structure of the alkylamino-groups in 
2,4-bisalkylamino-6-chloro-s-triazines on olefin form- 
ation and on the extent of dealkylation. 

DISCUSSION 
The increase of the amount of olefin for the first three 

members of the primary alkylamino-series (alkyl = Me, Et, 
and 2-methylpropyl), and can be attributed to hyper- 
conjugative stabilization of the transition state in the 
olefin-forming reaction with the increase of alkyl group 
branching (Table 1) ,5ascl 

TABLE 1 
Yield * and composition of olefins formed by thermal 
dealkylation of 2,4-bis( RCH,NH) -6-chloro-s-triazines 

Olefin (%) 
3 

R Olefins 7 250' 280" 

E t  CH,=CHMe 12.60 19.97 
Pr' CH,=CMe, 29.70 39.00 

EtCMe=CH, 0.80 0.98 

Me CH,=CH, 3.30 10.12 

But MeCH=CMe, 3.10 3.44 

* Percentages throughout this paper were calculated on the 
basis of 1 mol of olefin to  1 mol of substrate. t T.1.c. analysis 
showed that in all cases only two derivatives were present in 
the residue : 2-alkylamino-Camino-6-chloro-s-triazine and un- 
changed starting material. 

The correlation of the transition state stabilization and 
the stability of the products of the reaction, as the func- 

t The stereochemical proof of this mechanism is presently 
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tion of the number of hydrogen atoms available for 
hyperconjugative stabilization, points out the highly 
olefinic character of the transition state.8 Apart from 
the thermodynamic factor, the increase of the amount 
of olefins formed is probably also influenced by the 
increase of driving force for the elimination reaction 
with increased branching of the alkyl group due to the 
enhanced decrease of B-strain on going from the sub- 
strate with a bond angle of 109" to the transition state 
with the bond angle approaching 120". 

The products of dealkylation of the neopentyl deriv- 
ative indicate that the reaction most probably proceeds 
by a mechanism which involves the detachment of a- 
and y-hydrogen atoms respectively, and the formation 
of a double bond between a- and p- and p- and y-carbon 
atoms, respectively, with the simultaneous migration 
of methyl group from a p- to an a-carbon atom. It is 
interesting to note that the temperature of the reaction 
does not influence the dealkylation of the neopentyl 
derivative within experimental error (Table 1). 

Though it is beyond the scope of the present work it 
should be noted that the substitution of chlorine in the 
triazine ring with iodine caused a marked increase in the 
amount of dealkylation for all other primary compounds, 
except for the neopentyl derivative. 

The composition and the ratio of the products of 
dealkylation of the s-butyl derivative can be attributed 
to two effects: hyperconjugative stabilization of the 
transition state already mentioned for the series of 
primary derivatives favouring the formation of internal 
olefin and the steric effect of the eclipsed methyl groups 
in the transition state which favours the formation of 
terminal olefin (Table 2) 7~9-l~ 

On the basis of the data of Brown and his co-workers Sa 

it would be expected that the third member of the series 
of secondary derivatives , on consideration of the higher 
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degree of branching, should yield an increased ratio of 
terminal : internal olefin compared with the s-butyl 
derivative. Our data on the basis of these two members 
of the series, which were the only two which could be 

TABLE 2 

Yield and composition of olefins formed by thermal 
dealkylation of 2,4-bis(RCHMeNH) -6-chloro-s-triazines 

r 
R Olefins 

Me CH,=CHMe 
Et CH2=CHEt 

MeCH=CHMe (cis) 
MeCH=CHMe (trans) 

Pri Me,C=CHMe 
EtCMe=CH, 
CH,=CHPri 

But CH2=CHBut 
Me,C=CMe, 
Pr* CMe=CH2 

Olefin (%) - 
250' 280' 
40.80 61.73 

9.90 13.70 
10.60 13.90 
30.40 40.70 
36.85 47.24 

4.74 6.26 
4.28 7.06 

12.97 22.28 
7.42 11.49 

10.36 12.66 

compared in this manner, are not in agreement with this 
conclusion since, contrary to Brown's experiments where 
the number of 9-hydrogen atoms was constant through- 
out the series, in our investigation the hydrogens on one 
methyl group were succesively substituted with methyl 
groups which probably caused the discrepancy with 
Brown's results. Evolution of 2-methylbut-l-ene could 
be explained by a concerted mechanism involving the 
simultaneous formation of an olefinic bond between the 
p- and y-carbon atoms and hydride transfer from 8- to 
a-carbon. 

In the dealkylation of the fourth member of the series, 
3,3-dimethylbut-l-ene is formed as the sole product of 
p-&elimination. 

The production of 2,3-dimethylbut-2-ene and 2,3- 
dimethylbut-l-ene in the same reaction is due to the 
same mechanism as previously described for Z-methyl- 
but-l-ene, except that methyl group shifts instead of 
hydride ion. 

In conclusion, it can be stated that the thermal 
dealkylation of alkylamino-s-triazines is a reaction 
governed by thermodynamic, steric, and statistical 
factors . 

The ratio of olefins formed in the dealkylation of 1- 
methylpropyl derivatives indicates the important con- 
tribution of steric effects arising from the eclipsing of 
non-participating methyl groups in the transition state. 
This also proves that the molecule is rigid in the transi- 
tion state although it involves a six-membered ring. 

N-Alkyltriazines with p-hydrogen atoms in the alkyl 
portion of the molecule react most probably via a cyclic 

l3 C. D. Hurd and F. H. Blunck, J .  Amer. Chem. SOL, 1938,60, 

l4 A. C. Cope, T. T. Foster, and P. H. Towle, J .  Amer. Ckem. 
2419. 

Soc., 1949, 71, 3929. 

intramolecular six-membered ring transition state with 
an energy of activation much lower by comparison with 
the energy of activation for the reaction of derivatives 
without a 9-hydrogen atom in the alkyl portion of the 
molecule .I345 

EXPERIMENTAL 

Materials.-Cyanuric chloride and amines used, except 
1,3-dirnethylpropylamine which was synthesised in the 
usual manner from isopropyl methyl ketone, and the olefins 
used as standards, were commercial samples (Fluka) . 

All triazines except 2-chlor0-4,6-bisethylamino-s-triazine 
(simazine) and 2-chloro-4,6-bis(isopropylamino)-s-triazine 
(propazine) which were commercially available (Geigy) 
were synthesised by the general procedure of Thurston.16 
The purity of recrystallised compounds (from ethyl acetate) 
was checked by t.1.c. 2-Chloro-4,6-bispro~ylamino-s-triaxine 
had m.p. 219" (Found: C, 47.55; H, 7.2; N, 31.0. C&tl6- 
N,C1 requires C, 47.05; H, 7.0; N, 30.45%). 2-Chloro- 
4,6-bis-2-nzethyl~ro~ylanzino-s-triazine had m.p. 222" 
(Found: C, 51.7; H, 7.75; N, 26.4. CllH2,N,C1 requires 

dimethylpropylanzino-s-triazine had m.p. 203" (Found : C, 
54.4; H, 8.6; N, 24.2. C13H,,N5C1 requires C, 54.65; H, 
8.45 ; N, 24.5 % ) . 2-Chloro-4,6-bis- 1 -nzetlzyl~ropylamino-s- 
triuzine had m.p. 216" (Found: C, 51.0; H, 7.8; N, 26.75. 
CllH2,N5C1 requires C, 51.25; H, 7.8; N, 27.15%). 2- 
ChZoro-4,6-bis- 1,3-dimetlzyZ~ru~yZamino-s-~r~a~~ne had m.p. 
176" (Found: C, 54.85; H, 8.4; N, 23.85. C13H,,N,C1 
requires C, 54.65; H, 8.45; N, 24.5%). 2-Chloro-4,6- 
bis- 1,3,3-trinzethyZ~ropylamino-s-t~i~zi~ze had m.p. 220" 
(Found: C,  57.15; H, 8.9; N, 22.4. C15H2,N5C1 requires 
C, 57.4; H, 9.0; N, 22.3%). 

Dea1kyZatiorts.-Substrate (1 mmol) was dealkylated by 
heating a t  250 and 280° in the apparatus similar to that 
described previously. The reaction vessel was modified 
to avoid losses due to sublimation. The reaction was 
performed in the thermostatted oil-bath (& 1") over 1 h. 
The gaseous products were transported by the low nitrogen 
flow to the burette (1 l), for g.1.c. analysis. Standards 
were prepared by adding 200-400 pl of olefins per 1 1. 

G.1.c.-The gases evolved were analysed on a Perkin- 
Elmer Fractometer F-7. Ethylene, propene, and isobutene 
were analysed on A1203 a t  100, 100, and 120", respectively. 
But-l-ene, cis-but-2-ene, and trans-but-2-ene were analysed 
on dibenzyl ether on Celite a t  25", 2-rnethyl-but-Z-ene, 2- 
methylbut-l-ene, 3-methylbut-l-ene, 2,3-dimethyl-but-2- 
ene, 3,3-ctimethyl-but-l-ene, and 2,3-dimethylbut-l-ene 
were analysed on (3, 9'-oxydipropiononitrile on Celite 545 
(80-100) a t  25". 

C, 51.25; H, 7.8; N, 27.15%). 2-Chl0~0-4,6-bis-2,2- 
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