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A 13c-NMR STUDY OF SOME 9-AMINOACRIDINES AND THEIR
CATIONS IN RELATION WITH TAUTOMERIC PROBLEMS

KEY WORDS: Ll3C-NMR, Tautomerism,,Protonation,
Rotation about a C(sp“)-N(amino) bond
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ABSTRACT

13coNMR chemical shifts have been measured for
gome 9-aminocacridine derivatives, substituted on
positions 9 and 10, in DMSO and for some related salts
in D,0. The results are discussed with regard to amino/
imino tautomerism, structure of the cations, and slow

rotation about a formal C-N double bond.
INTRODUCTION

In a previous work dealing with 13c-NMR

gspectroscopy of acridines! two 9-aminoacridines (9-

aminoacridine itself 1 and 9-methylaminocacridine 2)
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Table 2.-Chemical shifts of the N-substituents
(solvent DMS0-dg)

Compunds

3, R=n-C,Hqg SO.O(CHZ-a), 33.2(CH2-B),
19.7(CH2—Y), 13.7(CH3)

4, R=n-CgHj 4 50.4(CH2-a), 31.0(CH2-B, CHy-Y),
26.2(CH2-6), 22.0(CH2—5),
13.7(CH3)

5, R=CHyC¢Hs 51.9(CH,), 138.2(c-1"),

126.7(C-2'), 128.4(Cc-3'),
127.0(C-4")
6, (see text) n-CgHy 54.5(CHy- ), 25.7(CHy-8),
11.8(CHy)
CHy,CgHs  49.8(CH,), 136.5(C-1'),
125.8(c-2'), 128.6(C-3'),
126.8(C-4")

were recorded in dimethylsulfoxide (DMSO) and in
trifluoroacetic acid (TFAA). VNothing unusual was
observed and the signals were assigned without
difficulty (Tables 1 and 3). However, when the methyl
group was changed by a longer alkyl group (n-propyl,
n-butyl, or n-hexyl) appearance of broad signals became
common. In this paper we report some examples of this
behaviour and we propose an explanation that can
account for it.
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EXPERIMENTAL

Compounds 3, &4, 5, and 6 have already been
described.2»3 Salts 9 - 12 have been prepared
similarly.4 L3c-NMr spectra were recorded at 50.32 MHz
on a Bruker AM 200 (Centre Interuniversitaire de RMN de
Marseille). Samples were dissolved in [2H6]DMSO or in
D50, the deuterium signal providing field-frequency
lock; the concentration was 20-30% (w/v). Chemical
shifts are expressed in ppm from tetramethylsilane.
Typical conditions were as follows: pulse width, 8 us
(ca. 60°); repetition time, 2 s; spectral width, 12
kHz; data points, 16 384,

RESULTS AND DISCUSSION
Neutral Species

The spectra of 9-n-butylaminoacridine 3 (Tables 1
and 2) are similar to that of 9-methylaminoacridine 2.1
However, when the spectra of 9-n-hexylaminoacridine 4
were recorded, the signals corresponding to carbons
C-3(6) and C-8a(9a) were broad and those corresponding
to C-4(5) and C-4a(5a), very broad (Table 1). Three
explanations are possible.

i) Slow rotation about the C-9/N bond in the
amino tautomer.

ii) Slow rotation about the C-9/N bond in the
imino tautomer.

iii) Slow prototropic exchange between amino and
imino tautomers.
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X a, Amino
N/ - O N tautomer
R .
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It 1is difficult to estimate the rotational
barriers in such tautomers, but it is safe to assume
that it will be lower in the case of the amino tautomer
a that in the case of the imino one b. Addition of a
drop of TFAA suppresses the broadening.

The spectrum of 9-benzylaminoacridine 5 (Table 1)
is characterized by the splitting of all signals except
C-9. These are narrow and their averaged values
(Table 1) are very different compared to the preceding
aminoacridines.

The study of compound 6 (9-n-propylimino-10-
benylacridane) provides an explanation for the
behaviour of compound 5.

The spectra of 5 and 6 are quite similar (See
Table 1, averaged values), the main difference being
the shielding of C-4(5) (122.8 114.4) in compound 6.
This difference is due to the presence of the 10-benzyl
group (compare with compound 7).% Three consequences
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N~ CH2CHCH3

9

No

C+42 49.0

may be drawn from these results:

i) Compound 5 exists in the imino form, S5Sb.

ii) In the conditions of our experiment (50 MHz,
room temperature), rotation about the C-9/N bond in
imino structures 5 and 6, is blocked (narrow signals).

iii) The broadening observed for compound 4 is not
due to slow rotation about the C-9/N bond in tautomer
4b.

If we calculate now the chemical shift differences
between a typical amino tautomer, e.g. 3a, and an imino
tautomer, 5b (averaged values), the following AS values
in ppm are found:

As it can be seen, the larger the differences, the
broader the corresponding signals in the spectrum of
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Table 4.~-Chemical shifts of the N-substituents
(solvent, D,0)

Compound
10, R=C,Hs 44.2(CHy), 15.0(CH3)
11, R'=CyHs 43.6(CHy), 13.0(CHq)
12, R=n-C3H7 50.6(CH2"0), 23-4(CH2—8), 11.0(CH3)
13, R'=n-C3Hy 49.6(CHy-02), 21.1(CH9-B), 10.3(CHy)

4. We conclude that the origin of the broadening of
the signals corresponding to carbons C-3(6), C-4(5),
C-4a(5a), and C-8a(9a) in compound 4 is due to a slow
prototropic exchange between tautomers 4&a and 4b.
However, the observed chemical shifts being closer to
3a than to 5b, the equilibrium must be shifted towards
the amino tautomer., The fact that addition of a drop of
TFAA to the DMSO solution of 4 produces a narrowing of
the broad signals without modification of the chemical
shifts (less than 0.2 ppm) is simply a consequence of
the increase of the tautomeric rate due to acid
catalysis.6

Concerning tautomerism, it is worth noticing that
this is the first example known® of the effect of alkyl
substituents on the amino == imino tautomerism. 1In
general alkyl substituents have little effect on the
equilibrium constant .b Acridine, due to its somewhat
less aromatic character (compared with pyridine) shows
a remarkable sensitivity to the nature of R, When
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R = H, CH3, or n-C,Hg, the amino tautomer, la, 2a, 3a,,
is the only one present in DMSO solution. When
R = CHyCgHg the equilibrium 1is completely shifted
towards the imino tautomer, 5b. When R = n-Cg¢Hy3, both
tautomers are present, but the amino one, 4a, clearly
predominates.

Cations

When the spectra of 9-aminoacridine 1 and 9-
methylaminoacridine 2 were recorded in TFAA nothing
abnormal was observed! and the structures 8 and 9 were
aggigned to the corresponding cations (Table 3). The
hydrochlorides 10-13 have the substituent on the
exocyclic amino group (10, 12) or on the endocyclic
N-10 (11, 13). The chemical shifts gathered in Table 3
prove that both cations have the same structure c or d.

H\N/R H\"/R

N
AN _H_J'* SN
N7 rlif
a F{ c
H\N/H N/H
NN N

R' a4 R ®
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This 1s an expected result since the protonation
on the other nitrogen would not result in a cyanine-
like stabilization. What 1s surprising is that some
signals C-1(8), C-4a(5a), and C-8a(9a) are slightly
broad in compounds 10c¢ and 12¢ but not in isomeric
structures 11d and 13d. The most reasonable explanation
is a slow rotation about the C-9/N bond, which is only
apparent in ¢ structures owing to the fact that both
substituents on the amino group are different (H and
R). The fact that slow rotation is not observed in
neutral molecules, tautomer a, is a consequence of the
difference in double bond character of the C-9/N bond
between structures a and c¢. The considerable increase
in activation energy produced by protonation in
dimethylaminoazines is well documented.’
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