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56. Polar Substituent Effects on Rates and Equilibria of 
4-Substituted Quinuclidines 

by Cyril A. Grob and Markus G. Schlageter 
Institut of Organic Chemistry, University of Basle 

(6. 11. 74) 

Preliminary Communication 

In  contrast to their strong effect on the basicity of quinuclidines (I) [l] substi- 
tuents in the 4-position have a relatively weak influence on theii- I ate of quaterniza- 
tion to methiodides (11). 

Second order rate constants&) for quaternization of quinuclzdines 1-30 zn methanol b) (10.00") and 
PIC, values in water (25.00') 

R =  k x lo3 l/mol . s PKa l-11 
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Calculated from five or more measurements. 
Ca. 0.003 molar with a 120-fold excess of methyl iodide. 
The extrapolated value for 25.00" is ca. 1.3 times higher than the literature value [2]. 
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This follows from a comparison of the rate constants for N-methylation of the 
quinuclidines 1-30 with methyl iodide in methanol and from their pK, values in 
water as shown in the Table1). Thus, the strongly electron withdrawing nitro 
group in 30 lowers the rate of quaternization of quinuclidine (1) by a factor of 6.7 
whereas it reduces the pK, of 1 by 3.31 units. The nitro group therefore increases 
the free energy of activation for N-methylation by 0.84 kcal, but raises the free 
energy difference between the base and its conjugate acid by 3.94 kcal. Evidently, 
only a partial positive charge on nitrogen has developed in the transition state for 
quaternization. 

The rate constant for N-methylation of quinuclidine (1) exceeds those for the 
alkyl derivatives 2-5 in the order H > t-Bu > i-Pr > Et  > Me. With the exception 
of the halomethyl derivatives 11, 12 and 13, and the hydroxy and amido derivatives 
21 and 22 the rate constants differ significantly. The activation parameters for 
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Corrclation of rate constants for N-methylation and pK, values for the quinuclidines 1-30. The 
sides of the rcctanglcs indicate confidence limits of the mean for rate constants and confidence 

limits for pK, values, calculated for 9976 lirnits of inclusion in both cases. 

I) Similar measurements of a smaller serics of known 4-substituted quinuclidines have been 
published recently [2]. 
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N-methylation of quinuclidine (1) (H* 12.55 kcal; S* -26.9 & 1 call') and 4-cyano- 
quinuclidine (29) (H* 13.97 kcal; S* -24.8 5 2 Cali") reveal that the substituent 
affects mainly the energy term. 

When the logarithms of the rate constants for N-methylation are plotted against 
the pKa values (s. Fig.) considerable scattering around the regression line (correlation 
coefficient 0.9805) results. This applies particularly to compounds 8, 15, 18 and, to a 
lesser degree, quinuclidine (1) itself. These deviations from linearity are not surprising 
since the log K values involve an irreversible reaction, the pKa values a reversible 
process. These results illustrate a defect inherent in most linear free energy relation- 
ship, i. e. the assumption that polar substituents exert identical effects on reaction 
rates and equilibria. A full account of this work will follow. 
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