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Syntheses of various classes of fused-imidazoles are reported. The key to their successful synthesis
depends on the reaction of N-vinyl-1H-imidazole with the π-deficient compounds under basic con-
ditions. Reaction of the target imidazole with 1,1,2,2-tetracyanoethylene and dimethyl acetylenedi-
carboxylate afforded pyrrolo[1,2-a]imidazoles. On the other site, reaction of the target imidazole
with 2-dicyanomethyleneindane-1,3-dione, 2,3-dicyano-1,4-naphthoquinone gave indanylimidazolo-
[1,2-a]azepine and imidazolo[2,1-a]phenanthridine derivatives, respectively. Under basic reaction
condition, various classes of imidazolo[2,1-a]isoquinolines were obtained by the reaction of N-
vinyl-1H-imidazole with 2,3,5,6-tetrachloro-1,4-benzoquinone, 2,3-dichloro-1,4-naphthoquinone,
2,3-dichloro-5,6-dicyano-1,4-benzoquinone and 3,4,5,6-tetrachloro-1,2-benzoquinone.
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1. Introduction

Vinyl substituted heterocyclic compounds have
been used as dienes in Diels-Alder reactions to synthe-
size compounds of medicinal interest [1]. Although N-
vinyl-1H-imidazole is a cheap purchase chemical, its
chemistry has been little investigated due the ease of
its polymerization [2 – 6]. Vinyl hetero-analogues (1-
vinyl-pyrroles, -indoles, -pyrazoles and -carbazoles)
require either the use of a highly reactive dienophile or
extreme conditions to undergo Diels-Alder across the
cis-diene of the ring system [1, 7]. It was reported on
the dipolarophilic character of N-vinyl-1H-imidazole
in 1,3-dipolar cycloadditions [8], whereas the target
molecule behaved as a dienophile in its reaction with
5,5’-bi-1,2,4-triazines [9]. Moreover, mineral and/or
Lewis acids catalyze the transformation of vinylimi-
dazoles to produce polymers across the double bond
via charge-transfer complexation [10]. However, base
catalyzed addition of N-vinyl-imidazoles is used to ini-
tiate the nucleophilic reactions of C-2 [11, 12]. It was
also shown that basic conditions enhancing pseudo-
Michael reactions of substituted imidazoles bearing
substituents in position-1 (aryl or alkyl) lead to the pro-
duction of isomeric enamines due to possibility of a
tautomeric shift of the C=N double bond [13, 14].

Some time ago, we reported on the synthe-
ses of various heterocyclic and polycyclic com-
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pounds via cycloaddition reactions of aromatic di-
imines [15], azomethine compounds having [2.2]para-
cyclophane [16], ethenyl-[2.2]paracyclophane [17],
and 4-arylidene-2-phenyl-5(4H)-1,3-oxazolones [18]
with some chosen dienophiles. Recently, we have suc-
ceeded to synthesize many classes of heterophanes de-
rived from [2.2]paracyclophane [19, 20], in addition to
the synthesis of heterocyclic compounds with pharma-
ceutical and biological interest [21, 22].

Fused imidazoles are described to have antibacte-
rial, current antiviral therapy for chronic hepatitis C,
antifungal and perspectives of drug design that targets
RNA [23]. Moreover, the structural features of these
compounds are found in nature and are incorporated as
key structural fragments in many biological and chemi-
cal systems [24]. Therefore, our aim is extended to the
synthesis of fused-imidazoles from the reactions be-
tween N-vinyl-1H-imidazole (1) and various selected
π-deficient compounds.

2. Results and Discussion

On reaction of 1 with 1,1,2,2-tetracyanoethylene
(TCNE, 2) in acetonitrile at room temperature, the re-
action failed to give any product. On refluxing the two
starting materials in toluene, the reaction worked and
gave the cycloadduct 3 in 65% yield (Scheme 1). The
structure of 3 was established on the basis of mass,
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Reagents and conditions: i) 2, toluene, re-
flux, 20 h; ii) 2, dioxane, Et3N, −15 ◦C;
1 h, r. t., 1 h, reflux, 4 h; iii) 5, EtOH, Et3N,
−15 ◦C, 1 h, r. t., 1 h, reflux, 24 h; iv)
7, 9, 11, 13, 15 or 17, CH3COOEt, Et3N,
−15 ◦C, 1 h, r. t., 1 h, reflux, 1 – 3 d.

Scheme 1: Reactions of 1 with π-deficient
compounds.

IR, 1H NMR, 13C NMR spectra as well as elemental
analysis. Elemental analysis and the mass spectrum of
3 established its molecular formula as C7H4N4. The
1H NMR spectrum of 3 revealed only four protons,
two doublets at δ = 7.40, 7.60 (JH,H = 1.3 Hz) and
others singlets at δ = 8.00 and 8.50. The 13C NMR
spectrum of 3 was in accordance with its 1H NMR
spectrum and showed two very close signals of nitrile
carbons at δ = 115.30 and 115.40. Five distinguished
carbon signals resonated in the 13C NMR spectrum of
3 at δ = 80.50, 129.40, 130.00, 136.30 and 142.00
(Fig. 1, see also Section 3). Compound 3 was un-
equivocally identified as 2-imidazolo-1-ylmethylene-
malononitrile. The mechanism of the formation of 3 is
probably based on a [2π + 2π]cycloaddition reaction
followed by elimination of 2-methylenemalononitrile
(Scheme 1).

Previously it was mentioned that the addition of a
base to vinylimidazoles catalyzes nucleophilic reac-
tions. Thus, we treated a solution of 1 in dioxane to-
gether with few drops of triethylamine at −15 ◦C. Sub-
sequently, compound 2 was added and the reaction was
completed at refluxing temperature (see Section 3). We

succeeded, within 4 h, to obtain compound 4 in 70%
yield (Scheme 1). Mass spectral and elemental analy-
sis of 4 confirmed its molecular formula as C11H8N6O.
The 1H NMR spectrum of 4 indicated the presence
of the vinylic double bond protons at δ = 5.50 (dd,
1 H, JH,H = 11.0, 1.4 Hz, vinyl-Htrans), 5.64 (dd, 1 H,
JH,H = 17.0, 1.4 Hz, vinyl-Hcis) and 6.70 (dd, 1 H,
JH,H = 17.5, 10.5 Hz, vinyl-Hgem). The 1H NMR spec-
trum of 4 also showed two broad singlets at δ = 7.10
and 7.30 corresponding to H-2 and H-3 protons of the
imidazole ring. Besides, the 1H NMR spectrum of 4 re-
vealed another two singlets resonated at δ = 4.50 and
3.60 assigned to the hydroxyl and amino protons, re-
spectively. The 13C NMR spectrum of 4 revealed the
two vinylic-carbons at δ = 106.20 and 128.40 (Fig. 1,
see Section 3). The two signals of imidazole-carbons
(C-3 and C-2) resonated in the 13C NMR spectrum of 4
at δ = 129.10 and 128.90, respectively. The signals of
C-5, C-7a and C-6 carbons appeared in the 13C NMR
spectrum of 4 at δ = 149.80, 90.50 and 110.30, respec-
tively (Fig. 1). COSY H-H spectrum of compound 4
showed long-range coupling between the vinylic-HC
proton and H-2 of the imidazole ring. From NMR spec-
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Fig. 1. Distinctive δ ′s values of com-
pounds 3, 4 and 6.

tra of 4, some δ ’s values were distinguished as given
in Fig. 1. According to semi-empirical calculations us-
ing the MM2 level of theory [25], the stereoview of
compound 4, in the case of minimization the steric en-
ergy value (∆E = 40.80 Kcal/mol), is as suggested in
Scheme 1.

Reaction of 1 with diemethyl acetylenedicarboxy-
late (5) in refluxing toluene failed to give any cy-
cloadduct. In ethanol solution, on the other hand,
the reaction of 1 with 5 under basic conditions af-
forded compound 6 in 75% yield (Scheme 1). The IR
spectrum of 6 showed distinguished absorption bands
at λmax 3490, 1720 and 1685 cm−1 arising from to
the absorption of the OH, carbonyl-ester and α,β -
unsaturated carbonyl. The 1H NMR spectrum of 6
revealed, in addition to the vinylic- and imidazole-
protons, two singlets at δ = 6.50 and 3.90 assigned
to H-6 and the Me-ester protons, respectively. The
13C NMR spectrum of 6 showed five peculiar signals
at δ = 162.00, 127.20, 148.00, 168.90 and 50.90 re-
lated to C-5, C-6, C-7, CO-ester and Me-ester car-
bons, respectively. The COSY H-H and C-H spectra
of 6 revealed some distinctive δ ’s values as given in
Fig. 1. According to semi-empirical calculations us-
ing the MM2 level of theory [25], the stereoview of 6,
in case of minimization the steric energy value (∆E =
24.80 Kcal/mol), is as suggested in Scheme 1.

The pKa of imidazole is 14.4, which means that in
most instances it binds through N-3, with the N-1 re-
maining protonated. Imidazole is a weak acid and, con-
sequently, deprotonation at C-2 occurs in small per-
centage. Interestingly, the action of base on 1 will di-
rectly increase the direction towards the anion forma-

Fig. 2. Base catalyzes anion formation at C-2 of 1.

tion at C-2 (1-II). Therefore, under basic condition, the
reaction of the intermediate 1-II with either 2 or 5 can
explain the formation of 4 or 6 (Fig. 2).

We decided to investigate the basic catalytic
reaction of 1 with 2-dicyanomethyleneindane-1,3-
dione (7) [26], 2,3-dicyano-1,4-naphthoquinone
(9) [27], 2,3,5,6-tetrachloro-1,4-benzoquinone (11),
2,3-dichloro-1,4-naphthoquinone (13), 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (15) and 3,4,5,6-tetra-
chloro-1,2-benzoquinone (17). Particularly interesting,
the reaction of 1 with either 7 or 9 proceeded to afford
products 8 and 10, respectively (Scheme 1). Elemental
analysis and mass spectrometry of either 8 or 10
confirmed the same molecular formula C16H9N3O.
The IR spectra of both 8 and 10 showed absorptions
of cyano groups at λmax 2215 – 2221 cm−1, whereas
the phenolic-hydroxy groups absorbed at λ max 3480 –
3500 cm−1. The phenolic- and the cyano-carbons
appeared in the 13C NMR spectra of both 8 and
10 at δ = 150.00 − 150.86 and 113.60 − 113.80,
respectively. The COSY H-H and C-H spectra helped
to distinguish some of the δ ’s values of both 8 and 10
as shown in Fig. 3.

In the same manner, 1 reacted with 11 and 13
to yield the imidazoloisoquinoline 12 and imida-
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Fig. 3. Distinctive δ ′s values of com-
pounds 8 and 10.

zolobenzo[g]isoquinoline 14, respectively (Scheme 1).
In continuation to this strategy we carried out the
reaction between 1 and 15 under the same reaction
conditions. The reaction afforded another derivative
of imidazoloisoquinoline 16 (Scheme 1). Elemental
analysis and mass spectrometry confirmed the molec-
ular formula of 16 as C12H5Cl2N3O. The IR spec-
troscopy of 16 did not show any absorption of a
carbonyl group, whereas a peak appeared at λ max
3500 cm−1 caused by a phenolic-hydroxy group. Ad-
ditionaly, a characteristic cyano absorption peak was
noted in the IR spectrum of 16 at λmax 2220 cm−1.
The phenolic- and the cyano-carbons appeared in the
13C NMR of 16 at δ = 150.98 and 113.70, respec-
tively (see Section 3). However, on reaction of 1 with
another π-acceptor namely, 3,4,5,6-tetrachloro-1,2-
benzoquinone (ooo-CHL, 17), the tetrachloroimidazolo-
isoquinoline 18 was obtained in 75% yield (Scheme 1).
Analogously, the behavior of the exocyclic-methylene
carbons, attached directly to the nitrogen hetero-atoms
[7, 28, 29] or those exocyclic-methylene carbons exist
in conjugation with these heteroatoms [30, 31], indi-
cated nucleophilic cycloaddition reactions under ther-
mal or basic conditions. It is also worth mentioning
that reactions of 1 with the aforementioned quinones
failed to give any cycloadducts under direct thermal
conditions.

In conclusion, our results demonstrate an extraordi-
nary reactivity of 1 toward π-deficient compounds.

3. Experimental Section

Melting points are uncorrected values. 1H NMR and
13C NMR spectra were carried out in CDCl3, or DMSO-d6.
The chemical shifts relative to the internal standard TMS,
Bruker AM 400 (400.134 MHz and 100.60 MHz). Coupling
constants are expressed in Hz. For preparative thin layer
chromatography (PLC), glass plates (20×48 cm) were cov-
ered with slurry of silica gel Merck PF254 and air-dried us-
ing the solvents listed for development. Zones are detected
by quenching of indicator fluorescence upon exposure to
254 nm UV light. Elemental analyses were carried in As-
suit Microanalysis center of Assuit University. Mass spec-

troscopy was performed by Finnigan MAT 8430 spectrome-
ter at 70 eV. IR spectra were run using KBr on Schimadzu
470 spectrometer.

3.1. Starting materials

N-Vinyl-1H-imidazole (1) and π-deficient compounds,
under investigation, were bought from Fluka and Aldrich.
1,1,1,2-Tetracyanoethylene (TCNE, 2, Merck) was purified
by crystallization from chlorobenzene and sublimed, m. p.
198 – 199 ◦C. 2-Dicyanomethyleneindane-1,3-dione (7), and
2,3-dicyano-1,4-naphthoquinone (9) were prepared follow-
ing the procedure mentioned in references [26] and [27], re-
spectively.

3.2. Reaction of 1 with 1,1,2,2-tetracyanoethylene (2)

3.2.1. 2 - I m i d a z o l o - 1 - y l m e t h y l e n e - m a l o n o-
n i t r i l e (3)

In 250 cm3 two-necked round bottom flask was flame-
dried under N2 atmosphere and then cooled to room tem-
perature. In this flask, toluene (100 cm3) contained a mix-
ture (0.20 g, 2 mmol) of 1 and (0.26 g, 2 mmol) of 2.
The mixture was refluxed with stirring for 20 h. The sol-
vent was evaporated under vacuum and the residue was
applied on PLC using toluene as eluent to afford prod-
uct 3. The title compound 3 (0.15 g, 65%) was obtained
as yellowish-green crystals (Rf 0.6, CH2Cl2), m. p. 140 ◦C
(acetone). – IR (KBr): ν̃ = 3010−2980 (Ar-CH), 2220 (CN),
1590 (C=N) cm−1. – UV(CH3CN) λmax (logε) 410 (4.05). –
1H NMR (400.134 MHz, CDCl3): δ = 7.40 (d, 1 H, JH,H =
1.3 Hz, H-5), 7.60 (d, 1 H, JH,H = 1.3 Hz, H-4), 8.00 (s,
1 H, H-2), 8.50 (s, 1 H, HC=C). – 13C NMR (100.6 MHz,
CDCl3): δ = 80.50 (C(CN)2), 115.30, 115.40 (CN), 129.40
(C-5), 130.00 (C-4), 136.30 (C-2), 142.00 [CH=C(CN)2]. –
MS (EI, 70 eV): m/z (%) 144 (100) [M+], 118 (40), 92 (24),
78 (22), 50 (14), 24 (18). – C7H4N4 (144.134): calcd.
C 58.33, H 2.80, N 38.87; found C 58.20, H 2.70, N 39.00.

3.2.2. 5 - A m i n o - 7 a - h y d r o x y - 1 - v i n y l - 1,5,6,7a -
t e t r a h y d r o - 1H - p y r r o l o [1,2-a] - i m i d a z o l e -
6,7,7- t r i c a r b o n i t r i l e (4)

A 250 cm3 two-necked round bottom flask was flame-
dried under N2 atmosphere and then cooled to room tem-
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perature. In this flask, dioxane (100 ml) contained 1 (0.20 g,
2 mmol) and few drops of triethylamine was placed and
stirred in an ice cold bath (−15 ◦C) under a stream of N2
atmosphere for 1 h. To the latter intense yellow, a solution
of 2 (0.26 g, 2 mmol) in dioxane (30 ml) was added drop-
wise. The reaction mixture was then stirred at room temper-
ature under N2 for another 1 h. The reaction mixture was
refluxed for 4 h. The solvent was evaporated in vacuum, and
the residue was dissolved in acetone (30 ml) and then sub-
jected to PLC using toluene as eluent to give 4. The title com-
pound 4 (0.24 g, 70%) was obtained as pale yellow crystals
(R f 0.4, CH2Cl2), m. p. 240 – 242 ◦C (acetone). – IR (KBr):
ν̃ = 3490 (OH), 3230 (NH2), 2985 – 2870 (Ali.-CH), 2222 –
2210 (CN), 1590 (C=N), 990, 970 cm−1. – UV(CH3CN)
λmax (logε) 398 (3.90). – 1H NMR (400.134 MHz, CDCl3):
δ = 3.60 (br s, 2 H, NH2), 4.50 (br s, 1 H, OH), 5.50
(dd, 1 H, JH,H = 11.0, 1.4 Hz, vinyl-Htrans), 5.64 (dd, 1 H,
JH,H = 17.0, 1.4 Hz, vinyl-Hcis), 6.70 (dd, 1 H, JH,H = 17.5,
10.5 Hz, vinyl-Hgem), 7.10 (s, 1 H, H-2), 7.30 (s, 1 H, H-
3). – 13C NMR (100.6 MHz, CDCl3): δ = 38.90 (C-7), 90.50
(C-7a), 106.20 (CH= CH2), 110.30 (C-6), 113.40, 113.60,
114.00 (CN), 128.40 (CH=CH2), 128.90 (C-2), 129.10 (C-
3), 159.80 (C-5). – MS (EI, 70 eV): m/z (%) 240 (100) [M+],
224 (40), 206 (22), 198 (18), 172 (16), 156 (24), 144 (20),
104 (22), 92 (34), 78 (16), 50 (12), 24 (14). – C11H8N6O
(240.221): calcd. C 55.00, H 3.36, N 34.96; found C 55.17,
H 3.30, N 35.00.

3.3. Reactions of 1 with dimethyl acetylenedicarboxylate (5)

M e t h y l 7a - h y d r o x y - 5 - o x o - 1 - v i n y l - 5,7a - d i-
h y d r o - 1H - p y r r o l o [1,2-a] i m i d a z o l e - 7 - c a r b-
o x y l a t e (6)

On applying the same procedure mentioned before, as a
mixture of 1 (0.19 g, 2 mmol) and 5 (0.29 g, 2 mmol) in
ethanol (200 ml) together with few drops of triethyl amine.
The mixture was refluxed for 24 h. The solvent was evap-
orated in vacuum, and the residue was dissolved in acetone
(40 ml) and then subjected to PLC using toluene: ethyl ac-
etate as (10:1) eluent to give 6. The title compound 6 (0.24 g,
75%) was obtained as pale yellow crystals (Rf 0.4, CH2Cl2),
m. p. 160 – 162 ◦C (ethanol). – IR (KBr): ν̃ = 3490 (OH),
2990 – 2860 (Ali.-CH), 1720 (CO-ester), 1685 (α,β -CO),
1585 (C=N), 992, 978 cm−1. – UV(CH3CN) λmax(logε)
398 (3.90). – 1H NMR (400.134 MHz, CDCl3): δ = 3.90
(s, 3 H, Me-ester), 4.80 (br s, 1 H, OH), 5.40 (dd, 1 H,
JH,H = 11.0, 1.4 Hz, vinyl-Htrans), 5.70 (dd, 1 H, JH,H =
17.0, 1.4 Hz, vinyl-Hcis), 6.50 (s, 1 H, H-6), 6.80 (dd, 1 H, dd,
JH,H = 17.5, 10.5 Hz, vinyl-Hgem), 7.00 (s, 1 H, H-2), 7.22
(s, 1 H, H-3). – 13C NMR (100.6 MHz, CDCl3): δ = 50.90
(Me-ester), 100.00 (C-7a), 105.90 (CH=CH2), 127.20 (C-
6), 128.60 (CH=CH2), 129.20 (C-2), 129.50 (C-3), 148.00

(C-7), 162.00 (C-5), 168.90 (CO-ester). – MS (EI, 70 eV):
m/z (%) 222 (100) [M+], 206 (28), 190 (20), 174 (14),
146 (16), 120 (30), 92 (34), 78 (16), 50 (12), 24 (14). –
C10H10N2O4 (222.197): calcd. C 54.05, H 4.54, N 12.61;
found C 54.12, H 4.50, N 12.54.

3.4. Reaction of 1 with 7, 9, 11, 13, 15 and 17: General pro-
cedure

To the intense yellow a solution (0.2 g, 2 mmol) of 1,
as shown before, either of 7, 9, 11, 13, 15 or 17 (2 mmol)
was added dropwise in ethyl acetate (200 ml). The reaction
mixture was further refluxed with stirring under N2 atmo-
sphere for 1 – 3 d (the reaction was followed up by TLC
analysis). The solvent was evaporated in vacuum, and the
residue was directly applied on column chromatography us-
ing dichloromethane as eluent to give the following com-
pounds.

3.4.1. 8 - H y d r o x y - i n d a n y l [c] i m i d a z o l o [1,2-a] -
a z e p i n e - 7 - c a r b o n i t r i l e (8)

Compound 8 (0.37 g, 70%) was obtained as purple
crystals (R f 0.2, CH2Cl2), m. p. 220 – 224 ◦C (acetone). –
IR (KBr): ν̃ = 3480 (OH), 3045 – 3008 (Ar-CH), 2215 (CN),
1590 (C=N) cm−1. – UV(CH3CN) λmax (logε) 410 (4.20). –
1H NMR (400.134 MHz, CDCl3): δ = 6.75 (s, 1 H, H-
3), 7.00 (s, 1 H, H-2), 7.12 (d, 1 H, JH,H = 8.2 Hz, H-
6), 7.20 – 7.48 (m, 5 H, H-5 and Ar-H), 9.00 (br s, 1 H,
OH). – 13C NMR (100.6 MHz, CDCl3): δ = 106.00 (C-
7), 113.60 (CN), 124.90, 127.90 (Ar-CH), 128.30 (C-3),
128.60 (C-2), 128.86, 129.30 (Ar-CH), 130.22, 130.80 (Ar-
C), 131.20 (C-6), 131.68 (C-5), 134.82 (Ar-C), 138.42
(azomethine-C), 150.00 (C-8), 154.00 (C-7a). – MS (EI,
70 eV): m/z (%) 260 (30) [M+1], 259 (100) [M+], 242 (30),
216 (22), 204 (24), 190 (18), 166 (22), 132 (34), 128 (24),
116 (14), 104 (18), 90 (24), 76 (20). – C16H9N3O (259.262):
calcd. C 74.12, H 3.50, N 16.21; found C 74.30, H 3.40,
N 16.30.

3.4.2. 8 - H y d r o x y - i m i d a z o l o [2,1-a] p h e n a n t h r i-
d i n e - 7 - c a r b o n i t r i l e (10)

Compound 10 (0.39 g, 72%) was obtained as buff crys-
tals (R f 0.3, CH2Cl2), m. p. 242 – 244 ◦C (ethanol). –
IR (KBr): ν̃ = 3500 (OH), 3060 – 3012 (Ar-CH), 2221 (CN),
1590 (C=N) cm−1. – UV(CH3CN) λmax (logε) 400 (3.90). –
1H NMR (400.134 MHz, DMSO-d6): δ = 6.62 (s, 1 H, H-
3), 6.86 (s, 1 H, H-2), 7.16 (d, 1 H, JH,H = 8.2 Hz, H-
6), 7.28 – 7.56 (m, 5 H, H-5 and Ar-H), 9.10 (br s, 1H,
OH). – 13C NMR (DMSO-d6, 100.6 MHz): δ = 105.90 (C-
7), 113.80 (CN), 126.40, 126.90, 127.80 (Ar-CH), 128.00 (C-
3), 128.40 (C-2), 128.90 (C-6), 129.00 (Ar-CH), 130.42 (Ar-
C), 131.80 (C-5), 132.00, 133.60, 136.20 (Ar-C), 138.70
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(azomethine-C), 150.86 (C-8). – MS (EI, 70 eV): m/z (%) 260
(28) [M+1], 259 (100) [M+], 242 (24), 218 (20), 206 (18),
190 (22), 166 (24), 128 (30), 116 (18), 104 (14), 90 (20),
76 (18). – C16H9N3O (259.262): calcd. 74.12, H 3.50,
N 16.21; found C 74.28, H 3.46, N 16.24.

3.4.3. 7,8,9 - T r i c h l o r o - i m i d a z o l o [2,1-a] i s o-
q u i n o l i n e - 10 - o l (12)

Compound 12 (0.38 g, 65%) as yellow crystals (Rf
0.2, CH2Cl2), m. p. 280 – 282 ◦C (acetone). IR (KBr):
ν̃ = 3480 (OH), 3048 – 3010 (Ar-CH), 1590 (C=N)
cm−1. – UV(CH3CN) λmax (logε) 380 (3.60). – 1H NMR
(400.134 MHz, DMSO-d6): δ = 6.46 (d, 1 H, d, JH,H =
8.2 Hz, H-6), 6.62 (d, 1 H, JH,H = 8.0 Hz, H-5), 6.74 (s, 1 H,
H-3), 6.80 (s, 1H, H-2), 9.10 (br s, 1 H, OH). – 13C NMR
(100.6 MHz, DMSO-d6): δ = 123.80 (C-6), 124.60 (C-
5), 125.20, 125.69 (C-Cl), 127.10 (C-3), 127.40 (C-2),
130.40 (C-Cl), 131.60, 132.10 (Ar-C), 138.40 (azomethine-
C), 150.60 (C-9). – MS (EI, 70 eV): m/z (%) 290 (12)
[M+3], 288 (60) [M+1], 287 (100) [M+], 272 (22),
270 (26), 252 (28), 236 (24), 234 (30), 200 (18), 198 (24),
172 (30), 168 (24), 166 (22), 128 (26), 114 (18), 106 (16),
90 (22), 76 (14). – C11H5Cl3N2O (287.528): calcd. C 45.95,
H 1.75, Cl 36.99, N 9.74; found C 45.80, H 1.72, Cl 36.80,
N 9.70.

3.4.4. 7 - C h l o r o - i m i d a z o l o [2,1-a] p h e n a n t h r i-
d i n e - 12 - o l (14)

Compound 14 (0.41 g, 76%) as orange crystals (Rf
0.35, CH2Cl2), m. p. > 300 ◦C (acetone). – IR (KBr): ν̃ =
3500 (OH), 3080 – 3030 (Ar-CH), 1680 (CO), 1590 (C=N)
cm−1. – UV (CH3CN) λmax (logε) 420 (4.10). – 1H NMR
(400.134 MHz, DMSO-d6): δ = 6.10 (d, 1 H, JH,H = 8.2 Hz,
H-6), 6.30 (d, 1 H, JH,H = 8.2 Hz, H-5), 6.52 (s, 1 H, H-
3), 6.68 (s, 1 H, H-2), 7.20 – 7.42 (3 H, m), 7.65 (dd, 1 H,
JH,H = 8.4, 1.3 Hz), 8.10 (m, 1 H). – 13C NMR (100.6 MHz,
DMSO-d6): δ = 125.00 (C-6), 125.60 (C-5), 125.90 (C-
7), 126.20 (C-3), 126.60 (C-2), 127.70, 128.80, 129.00,
130.00 (Ar-CH), 132.20, 133.00, 133.80, 134.80 (Ar-C),
136.20 (azomethine-C), 150.80 (C-12). – MS (EI, 70 eV):
m/z (%) 269 (24) [M+1], 268 (100) [M+], 266 (20),
252 (18), 222 (24), 220 (20), 180 (32), 156 (24), 128 (30),

104 (26), 92 (26), 76 (16). – C15H9ClN2O (268.698): calcd.
C 67.05, H 3.38, Cl 13.19, N 10.43; found C 67.18, H 3.30,
Cl 13.00, N 10.34.

3.4.5. 7,8 - D i c h l o r o - 9 - h y d r o x y - i m i d a z o l o -
[2,1-a] i s o q u i n o l i n e - 10 - c a r b o n i t r i l e (16)

Compound 16 (0.37 g, 65%) as orange crystals (Rf 0.50,
CH2Cl2), m. p. > 300 ◦C (ethyl acetate). – IR (KBr): ν̃ =
3500 (OH), 3060 – 3020 (Ar-CH), 2220 (CN), 1590 (C=N)
cm−1. – UV(CH3CN) λmax (logε) 440 (4.60). – 1H NMR
(400.134 MHz, DMSO-d6): δ = 6.00 (d, 1 H, JH,H = 8.2 Hz,
H-6), 6.20 (d, 1H, JH,H = 8.2 Hz, H-5), 6.40 (s, 1 H, H-
3), 6.60 (s, 1 H, H-2), 9.20 (br s, 1 H, OH). – 13C NMR
(100.6 MHz, DMSO-d6): δ = 100.10 (C-10), 113.70 (CN),
124.80 (C-6), 125.40 (C-5), 126.40 (C-3), 126.80 (C-
2), 127.40 (C-7), 128.90 (C-8), 130.40, 134.80, (Ar-C),
136.80 (azomethine-C), 150.98 (C-9). – MS (EI, 70 eV):
m/z (%) 280 (50) [M+2], 278 (100) [M+], 262 (22),
244 (18), 242 (20), 228 (24), 226 (30), 202 (32), 200 (34),
164 (40), 162 (42), 128 (22), 114 (18), 94 (22), 67 (16),
52 (14). – C12H5Cl2N3O (278.093): calcd. C 51.83, H 1.81,
Cl 25.50, N 15.11; found C 51.70, H 1.80, Cl 25.56,
N 15.10.

3.4.6. 7,8,9,10 - T e t r a c h l o r o - i m i d a z o l o [2,1-a] i s o-
q u i n o l i n e (18)

Compound 18 (0.48 g, 75%) was obtained as yel-
low crystals (R f 0.6, CH2Cl2), m. p. > 300 ◦C (ethyl ac-
etate). – IR (KBr): ν̃ = 3055−3010 (Ar-CH), 1595 (C=N),
1580 (CH=CH) cm−1. – UV(CH3CN) λmax (logε)
390 (4.00). – 1H NMR (400.134 MHz, DMSO-d6): δ =
5.98 (d, 1 H, JH,H = 8.2 Hz, H-6), 6.24 (d, 1 H, JH,H =
8.4, 1.5 Hz, H-5), 6.84 (s, 1 H, H-3), 7.00 (s, 1 H, H-
2). – 13C NMR (100.6 MHz, DMSO-d6): δ = 124.60 (C-6),
126.50 (C-5), 127.50 (C-3), 128.20 (C-2), 129.40, 130.00,
131.67, 132.24, 132.40, 134.00 (Ar-C), 136.20 (azomethine-
C). – MS (EI, 70 eV): m/z (%) 309 (20) [M+4], 307 (50)
[M+2], 305 (100) [M+], 303 (78), 250 (30), 270 (30),
268 (28), 234 (28), 232 (34), 202 (18), 200 (24), 166 (24),
164 (28), 128 (32), 104 (18), 90 (26), 76 (14). – C11H4Cl4N2
(305.974): calcd. C 43.18, H 1.32, Cl 46.35, N 9.16; found
C 43.00, H 1.26, Cl 46.20, N 9.12.
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