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24.4: BASICITY OF ARYLAMINES

After completing this section, you should be able to

1. use the concept of resonance to explain why arylamines are less basic than their aliphatic counterparts.
2. arrange a given series of arylamines in order of increasing or decreasing basicity.
3. discuss, in terms of inductive and resonance effects, why a given arylamine is more or less basic than aniline.

X STUDY NOTES

With reference to the discussion of base strength, the traditional explanation for the base-strengthening effect of electron-releasing (I)
substituents is that such substituents help to stabilize the positive charge on an arylammonium ion more than they stabilize the
unprotonated compound, thereby lowering AG®°.

The electron-withdrawing (i.e., deactivating) substituents decrease the stability of a positively charged arylammonium ion.

Note that the arylammonium ion derived from aniline, PhNH3", is commonly referred to as the anilinium ion.

BASICITY OF ANILINE

Aniline is substantially less basic than methylamine, as is evident by looking at the pK, values for their respective ammonium conjugate
acids (remember that the lower the pKa of the conjugate acid, the weaker the base).
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This difference is basicity can be explained by the observation that, in aniline, the lone pair of electrons on the nitrogen are delocalized by
the aromatic p system, making it less available for bonding to H" and thus less basic. The lone pair electrons of aniline are involved in four
resonance forms making them more stable and therefore less reactive relative to alkylamines.
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The effect of delocalization can be seen when viewing the electrostatic potential maps of aniline an methyl amine. The nitrogen of methyl

amine has a significant amount of electron density on its nitrogen, shown as a red color, which accounts for it basicity compared to aniline.
While the electron density of aniline's nitrogen is delocalized in the aromatic ring making it less basic.

Methylamine Aniline
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BASICITY OF SUBSTITUTED ARYLAMINES

The addition of substituents onto the aromatic ring can can make arylamines more or less basic. Substituents which are electron-
withdrawing (-Cl, -CF3, -CN, -NOy) decrease the electron density in the aromatic ring and on the amine making the arylamine less basic. In
particular, the nitro group of para-nitroaniline allows for an additional resonance form to be drawn, which further stabilizes the lone pair
electrons from the nitrogen, making the substituted arylamine less basic than aniline. This effect is analogous to the one discussed for the
acidity of substituted phenols in Section 17.2.
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Reduced Basicity of para-Nitroaniline due to Electron Pair Delocalization

Substituents which are electron-donating (-CH;, -OCHj;, -NH,) increase the electron density in the aromatic ring and on the amine making
the arylamine more basic. In the case of para-methoxyaniline, the lone pair on the methoxy group donates electron density to the aromatic
system, and a resonance contributor can be drawn in which a negative charge is placed on the carbon adjacent to the nitrogen, which makes
the substituted arylamine more basic than aniline.
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Increased Basicity of para-Methoxyaniline due to Electron-Donation

The shifting electron density of aniline, p-nitroaniline, and p-methoxyaniline are seen in their relative electrostatic potential maps. For p-
Nitroaniline virtually all of the electron density, shown as a red/yellow color. is pulled toward the electron-withdrawing nitro group. In p-
methoxyaninline the electron donating methoxy group donates electron density into the ring. The amine in p-methoxyaniline is shown to
have more electron density, shown as a yellow color, when compared to the amine in aniline.
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p-Nitroaniline Aniline p-Methoxyaniline

? EXERCISE S24.4.1

Using the knowledge of the electron donating or withdrawing effects of subsituents gained in Section 16.6, rank the following
compound in order of decreasing basicity.

a. p-Nitroaniline, methyl p-aminobenzoate, p-chloroaniline

b. p-Bromoaniline, p-Aminobenzonitrile, p-ethylaniline

c. p-(Trifluoromethyl)aniline, p-methoxyaniline, p-methylaniline

Answers
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a. p-Chloroaniline, methyl p-aminobenzoate, p-nitroaniline
b. p-Ethylaniline, p-Bromoaniline, p-aminobenzonitrile
c. p-Methoxyaniline, p-methylaniline, p-(trifluoromethyl)aniline
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