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The double bond character of the exocyclic carbon-nitrogen bond of 9-methylaminoacridinium ion is
less than that of 4-methylaminopyridinium ion since the energy barrier of rotation around this bond is
lower by 8 kJ mol! in the case of the 9-methylaminoacridinium ion.
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Acid or alkaline hydrolysis of 9-aminoacridine [1] takes
place more readily than that of 4-aminopyridine [2]. In the
latter case a strong electron-attracting group, such as a
nitro-group or a further doubly-bound ring-nitrogen atom
(e.g. 4-aminopyrimidine) [3], is a prerequisite in order to
facilitate the reaction. The introduction of methyls in the
amino group has an accelerating effect on the hydrolysis
of 9-aminoacridine [3] but in the case for example of 4-
aminopyrimidine it has a retarding effect [3]. In view of
these results the double bond character of the exocyclic
carbon-nitrogen bond of 9-methylaminoacridinium ion
was compared with that of 4-methylaminopyridinium ion
by examining the temperature dependence of their 13C
nmr spectra.

This wock was carried out because 9-aminoacridines
have antitumor [4a] as well as selective cytotoxic [5]
properties which they lose when hydrolyzed [4].

Results and Discussion.

Assignment of the carbon chemical shifts of 9-methyl-
aminoacridinium and 4-methylaminopyridinium perchlo-
rate (Table), which is helpul for the purpose of the present
discussion, is based on the 13C nmr spectra of 9-amino-
acridine [6] and 4-methylaminopyridine [7] and on a con-
sideration of more resonance structures than Ia and Ib,
such as Ic and Id, for the 9-methylaminoacridinium ion
and of the resonance structures Ila and IIb for 4-methyl-
aminopyridinium ion.

The spectrum of 9-methylaminoacridinium ion I at 7¢
shows that the two carbon atoms at positions 1 and 8 res-
onate at 6 122.6 and 127.7 ppm, the two o-carbons at &
137.9 and 140.9 ppm and the two P-carbons at § 111.0
and 113.2 ppm, respectively (Table). These chemical
shifts are completely separated. Therefore at low tempera-
tures the amine salt exists as structure IIla or Illc and the
bond between carbon-9 and the exocyclic amino nitrogen
has substantial double bond character. Thus the carbon
atoms of each pair mentioned above are non-equivalent
and isomerization between structures IITa and ITIb is
restricted. This spectrum shows also that the two carbons
at positions 3 and 6 and the two carbons at positions 4 and
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5 are non equivalent and resonate at different & values
(Table) but the separation of these chemical shifts is not
complete.
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The 13C nmr spectrum of the above salt was compared
in the same solvent with that of 4-methylaminopyridinium
perchlorate (IT) which showed that at 30° the two o-car-
bons resonate at & 138.1 and 140.7 ppm and the two j3-
carbons at & 104.7 and 110.5 ppm, respectively (Table),
indicating that the bond between the y-carbon and the
exocyclic amino nitrogen has a substantial double-bond
character. Therefore at ordinary temperatures the amine
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salt exists as structures IVa or IVc. Thus the two o- and
the two B-carbons are non equivalent and isomerization
between structures IVa and IVb is restricted.
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The temperature dependence of the 13C nmr spectra of
9-methylaminoacridinium and 4-methylaminopyridinium
perchlorate was studied within the temperature ranges of
7-52° and 30-77°, respectively, and the coalescence tem-
peratures for the two signals of each pair of carbons men-
tioned above, were determined and used to calculate the
energy barrier of rotation (AG*) around the exocyclic car-
bon-nitrogen bond using standard methods [8] (Table).

Table

13C NMR Chemical Shifts and Energy Barrier of Rotation of C=NHCHj4
Bonds in 20% [2H¢]DMSO in 1,2-Dichloroethane

9-MeNH-acridinium ion (7°C)

ToJ AG*/

8 (ppm) K kJ mol-!
o-Carbons A 1379 300 58
(A and B) B 140.9
B-Carbons A 111.0 298 58
(A and B) B 113.2
1,8-Carbons A 122.6 305 58
(A and B) B 127.7
3,6-Carbons A 134.6
(A and B) B 135.1
4,5-Carbons A 123.4
(A and B) B 124.0
2,7-Carbons 118.5
9-Carbon 157.1
CH, 36.4
(amino N)

4-MeNH-pyridinium ion (30°C)
T/ AG*/

& (ppm) K kJ mol-!
a-Carbons A 138.1 340 66
(A and B) B 140.7
B-Carbons A 104.7 347 66
(A and B) B 110.5
¥-Carbon 159.2
CH, 29.4
(amino N)

The AG* value for 9-methylaminoacridinium ion is
lower than that for 4-methylaminopyridinium ion (Table)
by 8 kJ mol-! (=12% lower) indicating that the double-
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bond character of the exocyclic carbon-nitrogen bond of
the former ion is less than that of the latter ion, mainly
because of steric hindrance incurred in the aminoacri-
dinium ion by the presence of the two benzene rings. A
similar trend can be expected also in the case of the free
forms of 9-methylaminoacridine and 4-methylaminopyri-
dine. Therefore, it can be concluded that the higher reac-
tivity of the free or the protonated form of 9-amino-
acridines as compared to that of the free or the protonated
form of 4-aminopyridines is not only due to the electron
withdrawing properties of the benzene rings in the acri-
dine molecule, but it is also due to steric hindrance to res-
onance between the amino group and the acridine ring
(structures Ta and Ib) which reduces the double bond
character of the exocyclic carbon-nitrogen bond.

The present results are compatible with the observation
[3] that the reactivity of 9-aminoacridines towards nucle-
ophilic substitution at carbon-9 increases when methyls are
introduced in the exocyclic amino group, in spite of their
+/ effect, since the increase in steric hidrance incurred
upon methylation causes a further decrease in the double
bond character of the exocyclic carbon-nitrogen bond.

EXPERIMENTAL

Materials.

9-Methylaminoacridinium and 4-methylaminopyridinium per-
chlorate were prepared by mixing an ethanolic solution of 9-
methylaminoacridine [9] (0.4 g/50 ml) with an ethereal solution
of 4-methylaminopyridine [10] (0.4 g/50 ml), respectively, with
an ethereal solution of perchloric acid (upper layer of a 10% mix-
ture of perchloric acid in ether). The precipitates formed were fil-
tered, washed with ether to remove excess perchloric acid and
recrystallized twice from absolute ethanol (charcoal). The crys-
tals obtained were dried at 80° and 0.1 Torr to give 9-methyl-
aminoacridinium perchlorate (0.26 g, 65% yield).

Anal. Calcd. for C14H3N,ClO,4: C, 54.47; H, 4.24; N, 9.07.
Found: C, 54.23; H, 4.19; N, 5.09.

The second product obtained was 4-methylaminopyridinium
perchlorate (0.28 g, 70% yield).

Anal. Caled. for CgHgN,ClOy4: C, 34.55; H, 4.35; N, 13.43.
Found: C, 34.63; H, 4.34; N, 13.39.

1,2-Dichloroethane was purified by washing with a 10%
potassium hydroxide solution and then with distilled water.
After an initial drying with calcium chloride the filtrate was
refluxed with charcoal. After filtration it was refluxed with
phosphorus pentoxide prior to fractional distillation. The distil-
late at 83.5° was collected and kept over molecular sieves 4A.

NMR Spectra.

These were recorded on a Bruker AC-300 Spectrometer (300
MHz) attached with a Bruker variable temperature unit
(Eurotherm Controller/Programmer Type 818), and are reported
in units of J relative to TMS. The solvent used was a 20% solu-
tion of [2Hg]DMSO (kept over molecular sieves 4A) in purified
1,2-dichloroethane. This solvent was kept over molecular sieves
(with occasional shaking) for several weeks before use.
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