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Abstract. The reaction of N-carboxymethylpyrido[1,2-a]- and pyridazino[1,6-a]benzimidazolium
salts with thionyl chloride resulted in an N-C bond fission, yielding the corresponding pyrido[1,2-a]-
and pyridazino[1,6-a]benzimidazoles. A similar dealkylation process was observed when analogous
N-propargylic derivatives were treated with Cu (II) acetate.

©® 1998 Elsevier Science Ltd. All rights reserved.

During a research project focused on the synthesis of new DNA bis-intercalators 1 from pyrido[1,2-a]-

and pyridazino[1,6-a]benzimidazolium salts' by dimerization of the corresponding quaternary heterocycles (Fig.
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CONH-(CH,),,,-HNCO-
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(2 : X = CCO4Et, N ; G = CO,H)™ and the N-propargylic salt 2 : X =N; G = -C=CH) were used to build up
the linker units (Scheme 1 and Scheme 3).
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(X =N, G = CO,H), was attempted using thionyl chloride. However on doing this, an unexpected C-N bond

fission took place, and pyrido[1,2-a]- or pyridazino[l,6-albenzimidazole derivatives 4 and Sa were isolated
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respectively (Scheme 1).

2b X=N

Crhama 1 4 X =CCO,Et (51 %)
sLiieine 2=
Ba X =N (76 %)

This reaction is closely related to a previously reported” process whereby phenylacetic acids, when treated
with thionyl chloride produced sulfenyl chlorides. The observed fission probably occurs through the mechanism
indicated in Scheme 2. The enol form of the initially generated acyl chloride reacts with thionyl chlonde to
produce the sulfenyl derivative 6 which reacts with another molecule of thi
chloride and sulphur dioxide the sufonium ion produces the sulphur ylide 7. A chloride ion finally attacks the

activated S=C bond and a neutral heterocyclic fragment, which acts as a leaving group, is eliminated, this last

step being the driving force of the reaction. Likewise when 1-(2-methylbenzimidoly!)acetic acid was submitted
to a similar transformation 2-methylbenzimidazole (80%) was obtained.
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In order to test the influence on DNA activity of less flexible linkers, the synthesis of diyne dimers was

also explored. The oxidative coupling of the appropriate starting propargylic salt 2¢'® (Scheme 3, R-R =
acenaphthene-1.2-diyl) with Cu(OAc).” was carried out, but instead of obtaining the expected dimer,
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acenaphtho[1°,2"-3,4]pyridazino[ 1,6-albenzimidazole Sa was obtained in a yield of 76% (higher yields of the

product were obtained by performing a one pot synthesis from 3¢ in which the isolation of the N-propargyi sait
2¢ was avoided, see experimental section). The absence of a cleavage process during the formation of these

monomers, when sodium acetate was used as base, led us to infer the influence of the Cu

avage was thought to occur on the initially formed diyne dimer which should
be transiently formed. In order to verify this, the synthesis of dimer 10 was carried out by an alternative route as

shown in Scheme 4. The bis-benzimidazolium salt 9, obtained by amination of the corresponding benzimidazole
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°C to yield dimer i, which on
refluxing in ethanol in the presence of sodium acetate produced the already obtained neutral polycyclic
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heterocycle Sa. Although the propargylic monomer 2c¢ is stable in weak basic conditions, when an ethanolic

Although the process is still being investigated, the mechanism involved should be similar to the one
described by Murakami et al. for debenzylation of N-benzylindoles.* As indicated in Scheme 5, the N-vlide
structure 11 should be produced in the presence of the base (depending on the nature of the heterocyclic

cationic species, weaker bases could b

[¢]
[=
172,
(¢
=
~—
b
=
G
o=
—
=
g)
o
=
c
[¢7]
=
<]
o
T
1
o
3
=
[+5)
o=
o)
=
—
@]
=
<
[¢]
-
fooni
o
[¢]
S
cr
S
&
W
<
[}
s ]
(4]
(7]
ok
[ ]

and the heterocycle 5, the former undergoing in situ polymerization.” Other substituted pyridazino[1.6-

a]benzimidazoles Sb-e have similarly been obtained (Sb : R = H, 60% ; Sc : R = Me, 45% . 5d : R = 2-furyl.
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In the foregoing processes the ethoxycarbonylmethyl and propargyl groups can be considered as synthetic
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benzimidazole ring. Final acid hydrolysis of the ester group and carboxymethyi elimination, or basic treatment in

the case of propargyl derivatives, produces the corresponding azino-fused benzimidazoles 4 and 5 (Scheme 6).
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This unexpected transformation provided us with a new synthetic route to pyrido[1,2-a]- and
pyridazino[ 1, 6-albenzimidazoles derivatives. Although the syntheses of these compounds have been previously
described by several authors, there has only been one reported strategy employing a cyclocondensation namely

[3 + 3], although different bond formation sequences had to be employed for each system (Fig 2) (N-C1 and
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C3-C4 in the pyrido derivatives 1. N1-C2 and C4-C4' in the pyridazino ring system 117). However, our

synthesis of the two distinct heterocycles, (III in Fig. 2) involves a [4 + 2] cyclocondensation in which the bond
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Experimental Section

Melting points were determined on a Biichi SMP-20 and are

discs using a Perkin-Elmer 700 or 1310 spectrophotometer. 'H-NMR spectra were obtained on a Varian Unity

300 (300 MHz) spectrometer in DMSO-ds, using tetramethylsilane as an internal reference. All chemical shifts

—~~

8) and coupling constant (J) values are expressed in units of ppm and Hz respectively. The starting 13-
disubstituted 2-methylbenzimidazolium saits 3a-c were obtained as described’® by quaternization of the

corresponding 1-ethoxycarbonylmethyl or 1-propargyl-2-methyl-1H-benzimidazoles with ethyl bromoacetate,

propargyl bromide or O—mesitylenesulfonylhydroxylamine (MSH) respectively. Pyrido and pyridazino-
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benzimidazolium salts 2a-g were prepared by basic condensation (sodium acetate in refluxing acetone) of the

corresponding precursors 3a-c with suitable 1,2-dicarbonyl derivatives“’
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mL) for 1 h. The reaction mixture was then poured into a water solution (100 mL) of ammonium hydroxide
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acetone as eluent to yield the expected compound. Yield: 60%. mp 70 °C (decomposition) 'H NMR (DMSO-
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mL). the above bis-benzimidazole (170 mg, 0.51 mmol) in the same solvent (2 mL) was added dropwise.

The mixture was stirred at room temp ure for 1 h. The pre tate formed was filtered and recryst

from methanol to yield a white powder. Yield: 95%. mp 230-231 °C. '"H NMR (DMSO-d,) & 8.00-7.95 (m,
H), 7.80-7.85 (m, 2 H), 7.65-7.60 (m, 4 H), 6.70 (s, 4 H), 6.67 (s, 4 H), 5.66 (s, 4 H), 2.83 (s. 6 H), 2.46 (s, 12

t2

H), 2.14 (s, 6 H). Anal. Calc for C4,0H44NgOsS: C, 62.48; H, 5.77: N 10.93. S. 8.34. Found: C, 62.72: H, 5.92;
N. 10.79. S, 8.49.
13,13°-(Hex-2,4-diyl-1,6-diyl)-bis-(acenaphtho|1°,2"-3,4]pyridazino|1,6-a]benzimidazolium bis-
mesitylenesulfonate 10. A stirred suspension of the above bis-aminobenzimidazolium salt 9 (100 mg, 0.13
mmol), 1,2-acenaphthenequinone (50 mg, 0.26 mmol) and sodium acetate (20 mg, 0.26 mmol) in ethanol (20
mL) was stirred at 0 °C for 64 h. The reaction mixture was filtered and the precipitate was washed with acetone
(2 x 10) and water (3 x10 ml) yielding a yellow powder. Yield: 77%. mp 200-202 °C (decomposition). 'H
NMR (DMSO-dq) 8 9.52 (s, 2 H), 8.35-8.25 (m, 6 H), 8.2-8.1 (m, 6 H), 7.9-7.8 (m. 4 H), 7.8-7.7 (m, 4 H),

6.7

PR P o

0 (s, 4 H), 6.08 (s, 4 H), 2.46 (s, 12 H), 2.14 (s, 6 H). Anal. Calc for CssHasNsOsS,.4 H,O C, 67.83, H,
74,N 7.42, S, 5.66. Found: C, 67.74; H, 4.60; N, 7.50; S, 5.87.

Synthesis of Benzimidazoie fused heterocycies 4 and 5
. . . . . . . . . 1b
A. Thionyl Chloride fission. General Procedure. A suspension of the corresponding acetic acid derivative

(1 mmol) in freshly distilled thionyl chioride (10 mL) was refluxed for 4 h. The reaction mixture was

€
solid was filtered and suspended in ethanol (10 mL) then stirred (1 h) with triethylamine to liberate the free

heterocycle which was recrystallized from methanol.
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Acenaphtho[1',2'-3,4]pyridazino[1,6-a]benzimidazole Sa Starting with 2b and the procedure described, a
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Hz); 8.3 95-7.85 (m, 3 H); 7.6-7.5 (m, 2 H). Anal. Calcd. for

i 7.
, H3.80,N 14.07.

mesitylenesulfonate 2¢,"” (385 mg, 1 mmol), sodium acetate (82 mg, 1mmol) and the corresponding 1,2-

dicarbonyl compound (1 mmol) in acetone (20 mL) was refluxed for 3 h. and then the solvent was eliminated.
1 )
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reaction mixture was refluxed for 1 h and then concentrated in vacuo to yield a residue which was purified by
column chromatography (silica) using the suitable eluent mixture
Pyridazino{1,6-a]benzimidazole Sb. This compound was obtained from 3¢ using 1.4-dioxane-2,3-diol as
anhydrous glyoxal equivalent, and triethylamine as base in refluxing EtOH (3 h). The residue was then treated
as described before (ethyl acetate as eluent) 1o yield 102 mg of a white powder. Yield 60 %, mp 132-133 °C.'H
RMN (200 MHz, CDCl;) 8 8.35(d, J=4.2 Hz, 1H),8.16 (d,./= 8.3 Hz, 1H).8.01 (d, /= 9.5 Hz, 1H),7.94 (d.
=78 Hz, 1H),7.55 (ap t, J = 8.2 Hz, 1H),7.44 (ap t, / = 7.8 Hz, 1H), 7.22 (dd, /= 9.5 and 4 2 Hz, 1H).
Anal. Caled. for C,sHsNx: C, 70.99; H, 4.17; N, 24.84. Found C, 70.87, H, 4 32; N, 24.75.
2,3-Dimethylpyridazino[1,6-a]benzimidazole Sc. From 2,3-butanedione and by the procedure just described,
white powder was obtained after CC purification using EtOAc / hexane (1:1) as eluent (mp 194-195 °C, 89
mg, 45 %)."H RMN (200 MHz, CDCls) 5 8.03 (d, /= 7.8 Hz, 1H), 7.85 (d, /= 7.7 Hz, 1H),7.57 (s, 1H), 7.45
(apt,J=69 Hz IH), 7.34 (ap t, J = 7.5 Hz, 1H), 2.45 (s, 3H), 2.27 (s, 3H). Anal. Calcd. for C;;HiN:: C,
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,5.62; N, 0. Found C, 73.30; H, 5.72; b
2,3-(Difuran-2-yl)pridazino[1,6-ajbenzimidazole 5d. From 1,2-di-furan-2-yl-ethane-1,2-dione and by the

procedure described above a white powder was obtained after CC purification using EtOAc / hexane (1:1) as

a .._ ___ ’1‘( O QL e MO O/ ITT DAANT /NN RALT. MM Y X O "0 7. ITIN Q 177 74 J— "7 ©Q LY. 1LY
eluent (mp 215-216 °C, 85 mg, 28 %). H RMN (200 M CDCl;) 0 8.28 (s, 1H), 8.17 (d, /= 7.8 Hz, 1H),
795(d,J=82Hz 1H),7 5 Hz, 1H), 6.69 (d, 3.2 Hz, 1H), 6.60 (dd, J=

T NN 71 781 2 AQ N
CARLRIINI2N, S X 1D 3.006

2,3-Diphenylpyridazino[1,6-ajbenzimidazole Se. From 1,2-diphenyl-ethane-1,2-dione and by the procedure

just described a white powder was obtained after CC purification using EtOAc / hexane (1.1) as eluent (mp

o A 2 CNCIYAR20(A T=RAWH> 1N €NV /c 1THY 708 (A4 4
, 177 mg, 55 %)."H RMN (200 MHz, CDCl;) 5 8.20 (d, J = 8.3 Hz, 1H), 8.03 (s, 1H), 7.98 (d, J
=82Hz 1H), 7.58 (ap t, J= 7.6 Hz, 1H), 7.44 (ap t, J = 7.8 Hz, 1H), 7.18-7.40 (m, 10H). Anal. Calcd. For
CooHisN::C, 82.22; H, 4.70; N, 13.08.Found C, 82.10; H, 4.72; N, 13.46.

1,2-acenaphthenequinone, this product was obtained as a yellow powder, which was identical to the one
obtained from the thionyl chloride approach (224 mg. Yield 76 %).
Method B. The same i i i

sodium acetate in ethanol (1 h).
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