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The reaction of enamine between 9-chloroacridines and 6-aminouracil derivatives gives the novel acridine
substituted uracils, the structure of which has been determined by X-ray crystallography.

J. Heterocyclic Chem., 23, 965 (1986).

One of the important phenomenon of DNA is that of
their reversible binding ability to accept planar molecules
which can be inserted between the base pairs of the double
helix [1-4]. Many of these intercalators are mutagens or
compounds that have other significant biological and phi-
sico-chemical properties [5-9]. It is thus of considerable in-
terest to find the new type intercalators and understand
the detailed manner in which the intercalator is found
within the confines of a double helical structure. The re-
cent synthesis and study of the 9-anilinoacridines 5 [10-19]
which have antibacterial, antimalarial, mutagenic and car-
cinogenic properties by intercalating to DNA encouraged
us to investigate the synthesis of the novel acridine deriva-
tives and their molecular geometry. During this work the
authors observed the reaction of enamine between 9-chlo-
roacridines la-e and 6-aminouracil derivative 2 to give the
novel acridine substituted uracil 3a-e instead of 9-amino-
uracilacridines 4a-e.

Preparation of the novel acridine substituted uracils
3a-e shown in Scheme 1 followed the general procedures
described below; Jourdan-Ullmann condensation of an ap-
propriate 2-chlorobenzoic acid and an aromatic amine
formed an N-arylanthranilic acid. The acridine ring for-
mation of N-arylanthranilic acid was carried out in many
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Scheme 1. Substitutents R and R’ of products 3a-e are described in
Table 1. X, Y and Z of 5 are alkyl, alkoxy, amino, nitro and methanesul-
fonamide etc [15].

Figure 1. ORTEP drawing [23] of compound 3a (including chloride ion
and two water molecules) with thermal ellipsoids drawn at 50% pro-
bability level. Hydrogen atoms are omited for clarity.

cases with phosphoryl chloride to provide 9-chloroacri-
dines la-e [20] directly, which were then coupled with the
appropriate 6-aminouracil derivatives. When the ring for-
mation with phosphoryl chloride was not desirable, this
reaction was effected with either sulfuric acid, PPA, or
PPE to give the 9(10H)-acridanones, which were then con-
verted to the desired 9-chloroacridines (la-e) with thionyl
chloride/DMF [21].

A mixture of 9-chloroacridine (la) (1.0 g, 0.0047 mole)
and 6-amino-1,3-dimethyluracil (2) (0.73 g, 0.0047 mole) in
50 ml of ethanol was stirred at room temperature for 20
hours. At the end of this period the resulting red solid was
filtered off and recrystallized from methanol-water (5:1 v/v)
to give yellow crystals (3a) (1.33 g, 85%). mp > 300°; tlc
(chloroform as an eluent) 0.09; ir (potassium bromide):
3500, 3170, 1690, 1640, 1580, 1500 cm™; pmr (200 MHz,
DMSO): 6 3.24 (s, 3H), 3.46 (s, 3H), 6.65 (s, NH,), 7.67-8.67
(m, 8H of acridine); ms: m/e (relative intensity): 332 (M*,
31), 174 (31), 141 (31), 97 (41), 81 (81), 70 (98), 57 (100).

The structure of 3a has also been confirmed by X-ray
crystailography (Figure 1). Suitable crystals for X-ray in-
vestigation were obtained from the slow evaporation of an
ethanol-water solution added a drop of concentrated hyd-
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Table 1

PMR (200 MHz, DMSO) [1] §

Hydrochlorides CH; on NH,
of Compounds 3 R R’ uracil
3a H H 3.24 6.65
3.46
b 2-CH,0 H 3.25 6.60
3.46
c 2-CH, H 3.25 6.65
3.47
d 4-CH, 6-Cl 3.20 6.30
3.41
e 3-Cl 6-Cl 3.20 6.52
3.45

Acridine

7.67-8.67

7.45-8.63

7.76-8.65

7.38-8.24

7.43-8.22

Vol. 23
IR (Potassium Bromide) [2] mp yield
Protons cm™ °C %
3500, 3170, 1690 > 300 85
1640, 1580, 1500
3500, 3150, 1700 > 300 80
1630, 1600, 1500
3400, 3170, 1690 > 300 85
1600, 1580, 1500
3400, 3170 1690 > 300 73
1600, 1590, 1500
3360, 3180, 1690 > 300 62

1600, 1580, 1500

[1] The pmr spectra were determined in DMSO-d, with TMS as the internal standard on a JEOL FX-200 spectrometer. [2] The ir spectra were deter-

mined on a JASCO A-3 spectrometer.

rochloric acid at room temperature. Crystal data:
C,.H,.N,0,-HCI-2H,0, space group P1, a = 8.763(3),b =
16.13009), c = 7.620(2) A, o = 117.51(4), 8 = 83.81(3), ¥
= 94.21(4)°, Z = 2,V = 949.3 A3 D¢ = 1.16 gem™, and
g = 5.3 cm™. Intensity data were collected at room tem-
perature on Rigaku AFC diffractometer using Ni-filtered
Cu Ko radiation (A = 1.5418 A) by the w— 260 scan mode.
A total of 3479 unique reflections were measured in the
range 20 <120°; 2810 reflections had intensities greater
than 3o(I). Lorentz and polarization corrections were ap-
plied, but no absorption corrections were made. The struc-
ture was solved by direct methods using MULTAN[22] to
calculate phases for the 300|E| values greater than 1.50.
The 2810 reflections were used for the block diagonal
least-squares refinement of the structure, in which the
function minimized was Zw(|F,|-|F.|)? where w = l/¢?
(F.). The chloride ion and two water molecules were found
on successive difference Fourier maps. All hydrogen atoms
including those of the water molecules were located on the
further difference Fourier maps. Refinement of non-hyd-
rogen atoms with anisotropic temperature factors and hyd-
rogen atoms with isotropic temperature factors was termi-
nated at a conventional R of 0.057 and a weighted Rw of
0.079 (Rw = (Ew(|F,|-|F.|)Zw|F,|»V2),

In a similar manner, the novel acridine substituted
uracils 3b-e were also prepared. For five compounds thus
obtained 3a-e, all the analytical and spectroscopic data
are in accordance with the given structures (Table 1). Par-
ticularly informative are the pmr spectra measured at 200
MHz in dimethyl sulfoxide which correspond quite closely
for each compounds 3a-e. The two singlet lines at 6 3.2
and 3.4 were assigned to the methyl groups on the uracil
ring, while the broad singlet signals of amino group were
shown at 6 6.3-6.6. Furthermore, the pmr spectra of com-
pounds 3a-e indicate the characteristic signals at  7.3-8.6,
all allocated to the acridine ring protons. The infrared

spectra indicated a broad absorption band at 3400 cm™

with a shoulder at 3170 ecm™, very weak peaks at 2340 and
2300 cm™, and strong carbonyl absorption at 1690, 1600
and 1500 cm™. The mass spectra of the products 3a-e ex-
hibited a strong molecular ion M* corresponding to mole-
cular weight.

The interesting physico-chemical and biological proper-
ties of these compounds are expected, such as antitumor
activity and their binding characteristics to DNA and to
synthetic polynucleotide. The application of this reaction
to other 6-aminouracil derivatives and nucleotide bases
makes us expect to find the potent biological active com-
pounds as intercalators.
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