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STRAINED HETEROCYCLIC SYSTEMS. 13.1 

DIPOLE MOMENTS OF CYCLOALKA[~QUlNOLINES 

I. Hodge Markgraf,' James F. Skinner, John M. Ellison, and 0. Thomas Marshall 

Depanment of Chemistry, Williams College, Williamslown. Massachusetts 01267, U.S.A. 

Bh5VaEL- The electric dipole moments of 2.3-dimelhylnaphVlaiene (1). 2.3-dimethylquinoline (2), 

2.3-dhydm-lH-cyclopenta~qulnoline (31, and 1.2dihydmcycbbuta~quinoline (4) have been 

determined experimenlaiiy. The measured values in beNene are 0.72.2.04.2.13, and 2.17 0. 

respectively. Ring strain effects thus do MI significantly alter dipole nwmenls. 

Compounds such as pyridine and quimline permit useful correlations between suuctures and physical pmpenies, with 

substituent effects usually inlerpreted in terms of inductive and resonance conmbutions. Dipole momcnls and basicities are 

among the properties most often studied with these aza-ammatic systems, and the pair of nonbonded electrons of the nitrogen 

atom mnstitutes the primary center for both parameters. Repons by us24 and have established that fusion of a 

stained ring adjacent to the h e l m  atom markedly deueases the basicity of such systems. This phenomenon is best 

accommodated by the orbital rehybridization hypothesis of Sueitwieser, Since the dipole moment of pyridines and 

quillolines arises principally fmm the hybridization of the hetero atom? we have undertaken the fist  assessment of ring suain 

effects on dipole moments. 

For lhe present study we chose 2,3-dimethylnaphthalene ( I ) ,  2.3-dimethylquinoline (2), 2.3-dihydro-I& 

cyclopenta[plquinoline (3), and 1,2-dihydrocyclobuta~quinoline (4).10 

3 4 

Density, refractive index, and capacitance measurements were made at 25.00 f. 0.02 OC in benzene.12 Duplicate 

experimental dipole moments weredetermind by the dielecaic constantdensity, and refractive index pmedure of Smith.13 

using the mehod of least squares for calculation of the slopes and intercepts. Sample experimenlal data are given in Table 1 

and the calculated parameten are given in Table 2. 



Table 1 

Mole tractions, densilies, refractive indices, and dieledric mnslanls at 25 oC in benzene 
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Table 2 

Linear regression dala and dlpole moments at 25 OC In banrene 

El a h2 c P IA 

a Deledned from data in Table 1 

The ~xp~rirnentd diploe moments of compounds 2 4  am compared to those of related carbocyclic and heterocyclic systems in 

Table 3. These dala establish that fused strained rings exert no profound effects on the dipole moments of such frameworks 

as 3 and 4. The influence of alkyl substituents, consistent over the range of compounds summarized here, conforms to 

previous int~~retations.22 Given the pattern of values for pyridine, 2-wthylpyridine, and 29-dimethylpyridine as well as 

that for quinoline and 2-methylquinoline, the magnitude of the dipole moment for 2 is lower than anticipated. Its direction, 

however, is consistent with expectations. Using ow value for I. the mcan value for quinoline eable  3), and the convention 

adopted for reporting the latter's direction.34 we estimate by vector analysis a value of 2.28 D for 2 with 0 = +1640. 



Table 3 

Expedmenlaldipole mmenls at 25% 

cQw=Ud Sober@ U Relererca 
D 

loluene 

pxyiene 

indan 

bemocyclobulene 

2-methylnaphthalene 

a Solvents: B - benzene. C - cyclohexane 
Temperalure and solvent unspecilied 
Present work 
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