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Abstract: A series of 7,9-disubstituted acridine dimers and tetra-
mers have been synthesized from nucleophilic attack of 2-bromo-
methyl-9-chloro-7-methoxy acridine 5 by different alkyl diamines.
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Acridine derivatives have a wide range of biological ap-
plications, especially as antitumor agents.1 Because of its
planar structure, the acridine chromophore has excellent
DNA binding properties.2 Since bis-intercalation would
theoretically increase DNA binding, the synthesis of poly-
acridinic compounds as potential bis-intercalating agents
has been extensively studied.3 Some mono- and bi-
bridged acridine dimers have recently been prepared in
our laboratory.4

Hence we synthesized new polyintercalands containing
two or four acridine moieties linked at position 2. The key
intermediate for these preparations was 2-bromomethyl-
9-chloro-7-methoxyacridine 5. Nucleophilic attack of 5
by  different  alkyl  diamines  gave  two  series  of  new
7,9-disubstituted polyacridinic compounds: dimers 6-8
and tetramers 9-11.

2-Bromomethyl-9-chloro-7-methoxyacridine 5 was pre-
pared in three steps (Scheme 1): an Ullmann condensation
between 2-bromo-5-methoxy benzoic acid 1 and p-tolui-
dine 2 yielded 5-methoxy-4’-methyl-N-phenylanthranilic
acid 3,5 which was then cyclized with phosphorus oxide
chloride to give 9-chloro-7-methoxy-2-methylacridine 4.6

Finally, benzylic photobromination of 4, using 1,3-dibro-

mo-5,5’-dimethylimidazolidine-2,4-dione (DBDMI) in
cyclohexane and under nitrogen atmosphere, led to 5.7 Al-
ready used as bromination agent at benzylic position,8

DBDMI  gave higher yield (73%, Scheme 1) than the
commonly employed N-bromosuccinimide.9 Note that
DBDMI must be added at two times to avoid the forma-
tion of the dibromomethyl compound. Moreover because
of its lower toxicity, cyclohexane was chosen rather than
the usual carbon tetrachloride.

The main step of the synthesis of both dimers 6a-c and tet-
ramers 9a-d was the nucleophilic attack of 5 by an alkyl
diamine containing a variable number of (CH2)
groups.10,11 The reaction was performed in CH2Cl2 under
reflux (Schemes 2 and 3) and yielded compounds 6 and 9.

Scheme 2 a) 2HN-(CH2)n-NH2 (1.2 equiv. mol.), CH2Cl2, 5 h,
reflux; b) (NH4)2CO3, phenol, 5 h, 60 °C; c) HBr 48%, 3 days.Scheme 1 a) K2CO3, Cu, DME, 3 h, reflux; b) POCl3, 15 min,

80 °C and 30 min, 120 °C; c) DBDMI, C6H12, hn, 12 h.
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To neutralize HBr formed during the reaction, the alkyl
diamine was used in excess. As shown in Scheme 4, 1.0
equiv. mol of diamine chain would theoretically be em-
ployed for the synthesis of dimers 6 and 0.75 equiv. mol
of diamine for tetramers 9. However, the best yields were
obtained with 1.2 equiv. mol of diamine for the prepara-
tion of dimers 6 (39-46%) and 0.5 equiv. mol of diamine
for tetramers 9 (47-50%). Some attempts with potassium
carbonate or pyridine as base were also performed but
they did not give better yields.

Next, dimers 6a-c and tetramers 9a-d were aminated at
position 9 with ammonium carbonate in phenol, with over
than 90% yield.12 In the last step, the demethylation of the
OCH3 groups by HBr under reflux during three days led
to the corresponding 9-amino-7-hydroxy dimers 8a-c and
tetramers 11a-d.13 Demethylation with aluminium chlo-
ride in toluene was also performed but all our attempts at
purification failed.

All these compounds were characterized by 1H and 13C
NMR spectroscopy. Moreover unambiguous differentia-
tion  between  dimer or tetramer compounds was easily
obtained from the area of significant protons (e.g. H-12
and H-3).

At least, 9-amino acridine derivatives (compounds 7, 8,
10 and 11) exist in two tautomeric forms A and B, as
shown  in  Scheme 5.  For all these compounds the C-4,
C-4a, C-5 and C-5a resonances are shielded with respect
to the corresponding 9-chloro acridine derivatives. Thus

as previously reported,14 these results suggested that the
amino-imino equilibrium is completely shifted towards
the imino tautomer B.

In conclusion, a series of new acridine dimers and tetram-
ers linked by different alkyl diamine were synthesized and
characterized. All these compounds are undergoing bio-
logical tests.
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Scheme 3 a) 2HN-(CH2)n-NH2 (0.5 equiv. mol.), CH2Cl2, 12 h,
reflux; b) (NH4)2CO3, phenol, 5 h, 60 °C; c) HBr 48%, 3 days.

Scheme 4

Scheme 5
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73%). mp 186 °C.
1H NMR (300 MHz, CDCl3) d: 4.00 (s, 3H, OCH3), 4.70 (s, 
2H, H-11), 7.43 (d, 1H, J = 2.5 Hz, H-8), 7.46 (dd, 1H, J = 2.7 
and 9.3 Hz, H-6), 7.74 (dd, 1H, J = 2.0 and 9.0 Hz, H-3), 8.15 
(d, 1H, J = 9.3 Hz, H-5), 8.19 (d, 1H, J = 8.9 Hz, H-4), 8.30 
(d, 1H, J = 2.0 Hz, H-1). 13C NMR (300 MHz, CDCl3) d: 
33.45 (C-11), 55.87 (OCH3), 99.98 (C-8), 123.83 (C-1), 
124.06 (C-9a), 125.68 (C-8a), 126.70 (C-6), 130.26 (C-4), 
130.88 (C-3), 130.99 (C-5), 136.72 (C-2), 138.95 (C-9), 
145.76 (C-5a), 146.07 (C-4a), 158.63 (C-7).
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General procedure for the synthesis of dimers 6a-c: 
2-(Bromomethyl)-9-chloro-7-methoxyacridine 5 (1 g, 2.97 
mmol) and 1,4-butanediamine (0.31 g, 3.51 mmol) were 
refluxed under stirring for 5 h in CH2Cl2 (35 mL). The hot 
mixture was filtered and the resulting precipitate was warmed 
under stirring in CHCl3 (100 mL) for 1 h. The hot solution was 
filtered and the organic layer was dried and evaporated to give 
6a (0.38 g, 0.63 mmol, 43%) as a beige powder, mp 206 °C. 
Dimers 6b-c were obtained by the same procedure.

(10) Spectroscopy data of selected compound 6a: 1H NMR (300 
MHz, CDCl3) d: 1.66 (t, 4H, J = 6.0 Hz, H-13), 2.75 (t, 4H, 
J = 6.0 Hz, H-12), 4.00 (s, 6H, OCH3), 4.02 (s, 4H, H-11), 
7.42 (dd, 2H, J = 2.7 and 9.2 Hz, H-6), 7.45 (d, 2H, J = 2.7 Hz, 
H-8), 7.70 (dd, 2H, J = 1.5 and 8.9 Hz, H-3), 8.04 (d, 2H, 
J = 9.2 Hz, H-5), 8.09 (d, 2H, J = 8.9 Hz, H-4), 8.21 (s, 2H, H-
1).13C NMR (300 MHz, CDCl3) d:  27.95 (C-13), 49.42 (C-
12), 54.00 (C-11), 55.77 (OCH3), 99.92 (C-8), 122.04 (C-1), 
124.28 (C9a), 125.41 (C-8a), 125.69 (C-6), 130.07 (C-4), 
130.36 (C-3), 131.54 (C-5), 137.79 (C-2), 139.15 (C-9), 
145.91 (C-5a), 146.85 (C-4a), 158.27 (C-7).

(11) General procedure for the synthesis of tetramers 9a-d: A 
mixture of 2-(bromomethyl)-9-chloro-7-methoxyacridine 5 
(1.24 g, 3.68 mmol) and 1,5-pentanediamine (0.20 g, 1.93 
mmol) in CH2Cl2 (80 mL) was refluxed under stirring for 24 
h. The hot mixture was filtered. The organic phase was dried 
and evaporated, and the resulting solid was chromatographed 
on silica gel (CHCl3/EtOH : 99/1) to yield 9a (0.49 g, 0.43 
mmol, 47%) as a yellow powder, mp 212 °C. Tetramers 9b-d 
were obtained by the same procedure.
Spectroscopy data of selected compound 9a: 1H NMR (300 
MHz, CDCl3) d: 1.53 (m, 2H, C-14), 1.81 (m, 4H, H-13), 2.55 
(t, 4H, J = 6.7 Hz, H-12), 3.67 (s, 8H, H-11), 3.92 (s, 12H, 
OCH3), 7.32 (d, 4H, J = 1.2 Hz, H-8), 7.32 (dd, 4H, J = 2.8 
and 10.3 Hz, H-6), 7.72 (dd, 4H, J = 1.8 and 8.9 Hz, H-3), 7.97 
(d, 4H, J = 10.1 Hz, H-5), 8.03 (d, 4H, J = 8.8 Hz, H-4), 8.16 
(s br, 4H, H-1). 13C NMR (300 MHz, CDCl3) d: 26.60 (C-14 

and C-13), 53.55 (C-12), 55.60 (OCH3), 58.64 (C-11), 99.92 
(C-8), 122.84 (C-1), 123.99 (C-9a), 125.19 (C-8a), 125.50 (C-
6), 129.61 (C-4), 130.89 (C-3), 131.21 (C-5), 137.63 (C-2), 
139.15 (C-9), 145.59 (C-5a), 146.65 (C-4a), 158.04 (C-7).

(12) General amination method for the preparation of compounds 
7a-c and 10a-d: 9b (0.22 g, 0.37 mmol) was dissolved in 
phenol (3 g) at 60 °C. Ammonium carbonate (0.60 g, 6.25 
mmol) was added and the mixture was stirred for 6 h at 60 °C. 
Then, cold acetone (50 mL) was added to the mixture to obtain 
a green precipitate. This precipitate was filtered off and stirred 
2 h in an alcaline solution (NaOH, 3N, 50 mL). The solution 
was then filtered and the precipitate was washed with water to 
obtain 10b (0.20 g, 0.36 mmol, 92%) as a green powder, mp 
227 °C. Dimers 7a-c and tetramers 10a,c,d were obtained by 
the same procedure.
Spectroscopy data of selected compound 10b: 1H NMR (300 
MHz, DMSO-d6 / TFA) d: 1.40 (s br, 2H, H-14), 1.99 (s br, 
4H, H-13), 3.30 (s br, 4H, H-12), 3.89 (s, 6H, OCH3), 4.62 (s, 
4H, H-11), 7.57 (dd, 2H, J = 2.4 and 8.8 Hz, H-6), 7.64 (d, 2H, 
J = 9.0 Hz, H-5), 7.70 (d, 2H, J = 8.9 Hz, H-4), 7.77 (d, 2H, 
J = 1.8 Hz, H-8), 7.95 (d br, 2H, J = 9.1 Hz, H-3), 8.53 (s br, 
2H, H-1), 9.73 (s, 2H, NH). 13C NMR (300 MHz, DMSO-d6 / 
TFA) d: 23.27 (C-14), 23.27 (C-13), 46.59 (C-12), 57.06 (C-
11), 56.29 (OCH3), 102.87 (C-8), 110.63 (C-9a), 112.48 (C-
8a), 119.31 (C-4), 120.72 (C-5), 126.08 (C-1), 127.86 (C-2), 
128.41 (C-6), 134.75 (C-5a), 136.31 (C-3), 138.30 (C-4a), 
156.72 (C-7), 157.08 (C-9).

(13) General demethylation method for the synthesis of 
compounds 8a-c and 11a-d: 0.20 g (0.36 mmol) of 7a was 
refluxed 3 days in 10 mL of HBr (48%). Then the mixture was 
poured into cold water (50 mL). The solution was basified 
with NH3 (10%) until pH = 9 and the red precipitate was 
filtered to give 8a (0.074 g, 0.14 mmol, 39%) as a red solid, 
mp 316 °C. Dimers 8b-c and tetramers 11b-d were obtained 
by the same procedure.
Spectroscopy data of selected compound 8a: 1H NMR (300 
MHz, DMSO-d6 / TFA) d: 1.77 (s br, 4H, H-13), 3.04 (s br, 
4H, H-12), 4.28 (s, 4H, H-11), 7.62 (dd, 2H, J = 1.9 and 9.0 
Hz, H-6), 7.79 (d, 2H, J = 9.1 Hz, H-5), 7.84 (s br, 2H, H-8), 
7.86 (d, 2H, J = 8.7 Hz, H-4), 8.02 (d br, 2H, J = 8.8 Hz, H-3), 
8.80 (s br, 2H, H-1). 13C NMR (300 MHz, DMSO-d6 / TFA) 
d: 23.73 (C-13), 46.97 (C-12), 51.00 (C-11), 106.72 (C-8), 
111.35 (C-9a), 120.20 (C-8a), 121.02 (C-4), 121.23 (C-5), 
127.47 (C-1), 128.73 (C-6), 128.98 (C-2), 134.78 (C-5a), 
136.64 (C-3), 139.35 (C-4a), 155.32 (C-7), 157.32 (C-9).
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