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The recent report by Swain of the effect of steric hindrance on the structure of 

transition etatee(l)has prompted us to publish results obtained in this field(2). 

The mechanism of the Menschutkin reaction is SN2,and it has already been studied 

with respect to solvent effecte(3) , and the structure of amines and electrophiles(4). 

Heterocyclic asaaromatic amines are interesting models from the point of view of steric 

effects:they are planar molecules in which substituents and the lone pair of electrons 

of the nitrogen lie in the plane of the ring. 

The transition state of a quaternisation reaction has a geometry between that of the 

amine and that of the. quaternary salt formed.Geometriee of amines and quaternary salts 

have been determined using microwave(5-7)and X-Ray analyeie(8). 

It is possible to separate steric and electronic effects in quaternieation reactions: 

an alkyl substituent ortho to the nitrogen has little effect on the basicity(referred to the 

methyl ieomer)(9)although pKa measurements when compared to calorimetric data show 

a second order variation of basicity due to steric hindrance to rolvation(2).For such 

alkylated amines the reaction rates for quaternisation depend on the sise of the 

substituents so that the ratio log k/ko (ko refers to the methyl isomer)provides a 

measure of the steric effect of the alkyl group. 

According to an Hammett-type approach(l5), comparison of results with several 

heterocyclee by an equation log k/ko = 6 log(k/ko)’ should show the parameter 6 to 

depend upon the structure of the transition state which itself depends on the geometry 
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of the heterocycle, nature of quaternizing agent, solvent and temperature .Thus keeping 

the last three variables constant should provide a relation between 6 and the geometry 

of the heterocycle. 

TABLE I 

Data for quaternisation reactions of heterocycles with methyl iodide 

solvent solvent 

nitr obenzene( IO) acetonitrile 

k’“: lo6 logk/k % quat logk/k 

-1 . 
-1 , 

1 .mole set at N-2 

162 0. 50 0. 

76.4 -0.32 65 -0.27 

24.5 -0.82 81.5 -0.64 

0.08 -3.30 >99.5 >-2.30 
(al (al 

(a)calculated from the results of 3-methyl-6-isopropyl- and 3-isopropyl-6-tertiobutyl- 
pyridazines 
(b)log k/ko was shown to be the same for these two polar aprotic solvents 

Results of correlations with the equation log(k/ko)y = 6 log(k/ko) 
x 

R = correlation T= 

Y= X= 6 coefficient Student’s test 
I I 

2.03 0.9988 29.5 2-alkyl-pyridinee 2-alkyl-thiazolee 

5-methyl-2-alkyl-thiadiazolee 2-alkyl-thiazolee 0.98 1 0.9995 
I 

75.9 

3-methyl-6-alkyl-pyridazines 2-alkyl-thiazolee 1 .39 0.9989 30.4 

I 
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Data reported have been obtained from direct kinetic meanurement6 with thia6ole (2) 

and pyridine (10) by conductimetry and titration. For the thiadiasole and the pyrida6ine ringa 

the ratio of the isomeric quaternary salts wa# determined directly by N.M.R ., the reaction 

having run to completion (11). 

Because of the rymetry of the thiadiaeole ring, both nitrogen6 have the 6ame bari- 

city but they suffer different steric strain6 depending upon the nature of the eubltituentl in 

the 2- and 5-positions. For the 5-methyl-2-alkyRhiadia6ole reries the ratio of 3- and 

4-ieomers leads directly to the quaterni6ation rate ratio6 i.e k3/k4 = k/k . For the 6ame 
0 

reason,with the 3-methyl-6-alkyl-pyridazine eerie6 the ratio of l- and 2-irromers lead6 

to k/k2 = k/k . 
‘0 

As the carbon-nitrogen bond length between the reactant6 in the tran6ition Etate is 

unknown, geometries are reported with particular emphasie upon bond length6 and bond 

Mgle6 around the nitrogen atom6 in the reactants. The relation between the geometry and 

6 parameter ie striking and quite in line with early reeultr obtained from electrophilic 

eubetitution reaction6 which compared primary eteric effect6 in benzene and thiophene ring 

(12). The 6 parameter for the five membered ring6 are equal but different from those of 

the six membered one6. Correlation coefficient6 for the two ca6e6 are excellent : R = 0.999 

and they allow UE to develop the theory of quaternieation reactions. 

GEOMETRIES OF HETEROCYCLES 

1, 3,4-thiadiazole (5) thia6ole (6) pyridine (7) pyrida6ine (16) 
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By keeping constant the geometrical parameters which determine the sensitivity 

towards steric effects and by varying the energy of reactants by means of factors which 

are not directly involved in such potential repulsions (e .g. nature of leaving group,basi- 

city of amine or solvent) one should induce geometrical changes in the transition state 

in accord with the Hammond postulate (13) or with more recent qualitative considera- 

tions (14). This effect in turn should alter the 6 parameter. 

In conclusion, this model reaction is an interesting example of the experimental 

measurement of geometrical variations in transition states. 
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