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Abstract—New substituted 3-amino-5,7,8-trihalo-6-hydroxycinnoline-4-carbonitriles 7 and 8 and the 3-amino-5-chloro-6-hydroxy-
benzo[h ]cinnoline-4-carbonitrile 9 were synthesized in two-steps starting from tetrahalo-1,4-benzoquinones or dichloro-1,4-naph-
thoquinones, malononitrile and hydrazine. © 2003 Elsevier Science Ltd. All rights reserved.

Cinnolines and their derivatives are widely used in
pharmaceuticals and agrochemicals. Recently cinnoline
derivatives have been patented as agrochemical and
pharmaceutical drugs. In agrochemistry they act as
microbicides,1 pollen suppressants,2–4 fungicides5 and
herbicides.6,7 In the pharmaceutical field they are
mainly patented as bactericides.8–11 Hence the chemistry
of cinnolines has received much attention and many
methods for their synthesis have been developed.

Cinnolines can be prepared by cyclization of monosub-
stituted or 1,2-disubstituted benzenes. The second type
of synthesis is the more general and is exemplified by
the preparation of 3,4-disubstituted cinnolines (R1=
aryl or alkyl) from diazotized 2-vinylaniline derivatives
(Scheme 1).12

The other type of synthesis is exemplified by acid
catalyzed cyclization of benzil monophenylhydrazone
(Scheme 2).12

In 1997, Yoshida and co-workers reported a novel
one-step synthesis of 3-aryl-4-cyanocinnolines from p-
substituted acetophenone methylphenylhydrazones and
tetracyanoethylene (TCNE). The reaction was per-
formed in MeCN at 25°C for 5 days; the rationale of
this novel reaction was not clarified.13

This work describes the synthesis of polysubstituted
cinnolines and benzo[h ]cinnoline in two steps starting
from di- or tetrahalogenated p-quinones.

Quinones 1–3 were added to 2–3 mmol equiv. of malo-
nonitrile in boiling ethanol in the presence of traces of
triethylamine to give the corresponding substitution
products, the ylidenemalononitriles 4–6 in good yield
61–89% (Scheme 3) which were purified by recrystal-
lization or by preparative thin-layer chromatography.

The structures of products 4–6 were assigned on the
basis of their spectral data.14 IR spectra showed sharp

Scheme 1.
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Scheme 2.

5 min, the cinnoline derivatives 7–9 were formed
(Scheme 4). The products were purified by recrystalliza-
tion or by preparative thin-layer chromatography. It
was thus possible to prepare multigram quantities of
the crystalline products 7–9 in a short time and in good
yields 60–88%.

The structures of cinnolines 7–9 were assigned on the
basis of their spectral data.15 IR spectra showed
absorptions at �=3450 cm−1 for the hydroxyl groups,
absorptions at �=3134–3380 cm−1 for the amino
groups, and absorptions at �=2200–2210 cm−1 for the
cyano groups. The 13C NMR spectra showed signals at
�=75.18–73.00 ppm for the carbon atoms bearing
cyano groups (C-4), and signals at �=158.62–153.40
ppm for the quaternary carbon atoms bearing hydroxyl
groups (C-6) and signals at �=170.29–165.33 ppm for
C-3. The 13C DEPT spectra showed only nine quater-
nary carbon atoms for compounds 7 and 8 and 13
quaternary carbon atoms for 9. Thus, the number of
signals attributable to quaternary carbon atoms
excludes open structures and supports the cyclic struc-
tures 7–9 (Scheme 4).

bands at �=3450–3400 cm−1 assigned to the OH
groups, absorptions at �=2222–2205 cm−1 due to the
CN groups and absorptions at �=1685–1680 cm−1 for
the C�O groups. 1H NMR spectra showed exchange-
able broad signals at �=10.21–9.91 ppm which were
attributed to the hydroxyl groups. The 13C NMR
showed signals at �=65.34–62.79 ppm which were
attributed to the sp2 ylidenic carbon atom [C(CN)2], at
�=156.48–151.52 ppm for the quaternary carbon
atoms bearing hydroxyl groups (C-3 of 4,5 and C-4 of
6), and �=172.23–171.27 ppm for the carbonyl groups
(C-6 of 4,5 and C-1 of 6).

When equivalent amounts of ylidenes 4–6 and hydra-
zine hydrate were mixed in ethanol and warmed for just

Scheme 3.

Scheme 4.
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In conclusion, a versatile two-step synthesis of polysub-
stituted cinnolines and benzo[h ]cinnoline from readily
available starting materials is disclosed. Since the chem-
istry of cinnolines has hitherto remained almost unex-
plored because of the lack of versatile synthetic
methods, this finding will contribute to the study of
cinnolines, especially of biologically active ones which
are of current interest as immunomodulators and
anxiolytics.13
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14. To a solution of quinone 1–3 (1.0 mmol) in 10 ml of
ethanol, a malononitrile solution (3.0 mmol, 0.198 g) in
5.0 ml of ethanol and three drops of triethylamine were
added and heated under reflux for 3–6 h with stirring.
After this period the solution was cooled, and the precip-
itates containing the ylidenemalononitriles 4–6, removed
by filtration and purified by recrystallization from ethyl
acetate. The filtrates contained the rest of the ylidenes
and unreacted quinones. Thus, the filtrate was subjected

to plc using toluene/ethyl acetate (2:1). The faster zones
contained unreacted quinones while the slower contained
compounds 4–6 which were recrystallized from ethyl
acetate.
(2,4,5-Trichloro-3-hydroxy-6-oxocyclohexa-2,4-dien-1-yli-
dene)malononitrile 4, deep yellow crystals (0.24 g, 70%)
mp 245°C (EtOAc). 1H NMR (DMSO-d6): �=10.21 (br,
1H, OH). 13C NMR (DMSO-d6): �=64.35 [C(CN)2],
104.21 (C-2), 112.94 (C�N), 133.10 (C-4), 138.70 (C-5),
151.52 (C-3), 169.02 (C-1), 171.62 (C-6). IR (KBr): �=
3400 (OH), 2222 (C�N), 1685 (C�O) cm−1. MS: m/z
(%)=280 (M+4, 22), 278 (M+2, 94), 276 (M+, 100), 251
(42), 249 (41), 186 (53), 158 (23). Anal. calcd for
C9HCl3N2O2 (275.6): C, 39.22; H, 0.37; N, 10.17. Found:
C, 39.15; H, 0.33; N, 10.15.
(2,4,5-Tribromo-3-hydroxy-6-oxocyclohexa-2,4-dien-1-
ylidene)malononitrile 5, orange crystals (0.27 g, 61%) mp
236°C (EtOAc). 1H NMR (DMSO-d6): �=10.18 (br, 1H,
OH). 13C NMR (DMSO-d6): �=65.34 [C(CN)2], 95.35
(C-2), 112.56 (C�N), 130.07 (C-4), 134.33 (C-5), 156.48
(C-3), 168.68 (C-1), 171.27 (C-6). IR (KBr): �=3420
(OH), 2205 (C�N), 1679 (C�O) cm−1. MS: m/z (%)=413
(M+6, 15), 411 (M+4, 35), 409 (M+2, 34), 407 (M+, 10), 349
(50), 347 (100), 345 (51), 82 (24). Anal. calcd for
C9HBr3N2O2 (408.8): C, 26.44; H, 0.25; N, 6.85. Found:
C, 26.32; H, 0.23; N, 6.83.
(3-Chloro-4-hydroxy-1-oxonaphthalen-2(1H) -ylidene)-
malononitrile 6, yellow crystals (0.23 g, 89%) mp 203–
205°C (EtOAc). 1H NMR (DMSO-d6): �=7.52 (d, 3J=
8.52 Hz, 1H, Ar-H), 7.57–7.65 (m, 2H, Ar-H), 7.91 (d,
3J=8.77 Hz, 1H, Ar-H), 9.91 (s, 1H, OH). 13C NMR
(DMSO-d6): �=62.79 [C(CN)2], 106.13 (C-3), 113.64
(C�N), 123.83, 127.10, 130.10, 131.51 (all aryl CH),
130.61 (C-8a), 134.30 (C-4a), 154.82 (C-4), 172.24 (C-2),
175.89 (C-1). IR (KBr): �=3450 (OH), 2210 (C�N), 1680
(C�O) cm−1. MS: m/z (%)=259 (M+2, 17), 257 (M+, 39),
43 (76), 36 (100). Anal. calcd for C13H5ClN2O2 (256.7):
C, 60.83; H, 1.96; N, 10.92. Found: C, 60.71; H, 1.85; N,
10.89.

15. Reaction of ylidenes 4–6 with hydrazine hydrate: An etha-
nol solution of the ylidenemalononitrile 4–6 (0.1 g) and
hydrazine hydrate (0.05 g, 1 mmol) was warmed for 5
min. The color turned from yellow to brown and a brown
precipitate was readily formed. The precipitate was
cooled, filtered and recrystallized from aqueous DMF to
give products 7–10.
3-Amino-5,7,8-trichloro-6-hydroxycinnoline-4-carboni-
trile 7, brown solid (0.92 g, 88%) mp >360°C. 1H NMR
(DMSO-d6): �=7.68 (s, 1H, OH), 7.82 (s, 2H, NH2).13C
NMR (DMSO-d6): �=74.50 (C-4), 108.85 (C-5), 115.20
(C�N), 115.91 (C-4a), 128.08 (C-7), 133.78 (C-8), 135.55
(C-8a), 153.40 (C-6), 165.99 (C-3). IR(KBr): �=3450
(OH), 3281, 3143 (NH2), 2210 (C�N) cm−1. MS: m/z
(%)=292 (M+4, 6), 290 (M+2, 19), 288 (M+, 20), 254 (10),
36 (100). Anal. calcd for C9H3Cl3N4O (289.7): C, 37.32;
H, 1.04; N, 19.35. Found: C, 37.28; H, 1.01; N, 19.20.
3-Amino-5,7,8-tribromo-6-hydroxycinnoline-4-carboni-
trile 8, brown solid (0.62, 60%) mp >360°C. 1H NMR
(DMSO-d6): �=6.84 (s, 3H, OH, and NH2). 13C NMR
(DMSO-d6): �=75.18 (C-4), 98.51 (C-5), 117.53 (C�N),
128.55 (C-7), 129.36 (C-8), 130.49 (C-4a), 136.97 (C-8a),
158.62 (C-6), 165.33 (C-3). IR(KBr): �=3430 (OH), 3290,
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3200 (NH2), 2200 (C�N) cm−1. MS: m/z (%)=426 (M+6,
31), 424 (M+4, 96), 422 (M+2, 100), 420 (M+, 32), 344 (53),
208 (14), 82 (94), 80 (100). Anal. calcd for C9H3Br3N4O
(422.9): C, 25.56; H, 0.72; N, 13.25. Found: C, 25.43; H,
0.69; N, 13.20.
3-Amino-5-chloro-6-hydroxybenzo[h ]cinnoline-4-carboni-
trile 9, brown solid (0.7 g, 66%), mp >360°C. 1H NMR
(DMSO-d6): �=6.77 (br, 2H, NH2), 7.56–7.66 (m, 2H,
Ar-H), 8.19 (d, 3J=9.33 Hz, 1H, Ar-H), 8.65 (d, 3J=9.03

Hz, 1H, Ar-H). 13C NMR (DMSO-d6): �=73.00 (C-4),
104.82 (C-5), 118.00 (C�N), 122.66, 124.66, 128.49,
129.44 (all aryl CH), 129.66 (C-4a), 131.39 (C-6a), 131.81
(C-10a), 137.30 (C-10b), 156.91 (C-6), 170.29 (C-3).
IR(KBr): �=3460 (OH), 3380, (NH2), 2200 (C�N) cm−1.
MS: m/z (%)=272 (M+2, 36), 270 (M+, 100), 242 (28), 179
(19), 151 (23), 44 (26). Anal. calcd for C13H7ClN4O
(270.7): C, 57.67; H, 2.61; N, 20.69. Found: C, 57.45; H,
2.50; N, 20.55.
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