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Abstract Quinoline derivatives represent the major class

of heterocycles, and a number of preparations have been

known since the late 1800s. The quinoline ring system

occurs in various natural products, especially in alkaloids.

The quinoline skeleton is often used for the design of many

synthetic compounds with diverse pharmacological prop-

erties. A new quinoline derivative was crystallized from the

reaction between acrylonitrile and 2-chloro-3-formyl quin-

oline derivatives which had themselves been prepared from

the Meth Cohn method. The reaction catalyzed by DABCO,

gives rise to five new 2-[2-Chloro-quinolin-3-yl)-hydroxy-

methyl]-acrylonitrile derivatives. The crystal structure of

the 7-Methyoxy-substituted one crystallizes in monoclinic

space group C2/c, a = 17.1090 (7) Å, b = 8.3119 (5) Å,

c = 19.7949 (6) Å, b = 101.922 (2)�, and its cohesion was

assured by O–H���N, O–H���O and C–H���O hydrogen bonds.

Keywords Quinoline derivatives � Baylis–Hillman

reaction � Crystal structure � Hydrogen bond � Graph set

Introduction

The quinoline ring system is a common structural compo-

nent of a wide variety of natural or synthetically prepared

products with highly desirable biological activity [1–3]. It is

a heterocyclic scaffold of paramount importance to human

race. Indeed, quinoline derivatives are some of the oldest

compounds which have been utilized for the treatment of a

variety of diseases.

The bark of Cinchona plant (also known as Jesuit’s or

Cardinal’s bark) containing quinine was utilized to treat

palpitations [4] fevers and tertians since more than

200 years ago. Quinidine, a diastereoisomer of quinine was

in the early 20th century acknowledged as the most potent

of the antiarrhythmic compounds isolated from the Cin-

chona plant [5].

Compounds containing quinoline motif are most widely

used as antimalarials [6–12], antibacterials [13–17], anti-

fungals [18–20], anti VIH [21, 22] and antitumor agents

[23–27]. They have antiseptic, antipyretic and antiperiodic

properties [28]. Substituted quinolines play also an

important role as receptor antagonists of endothelin [29],

5HT3 [30], NK-3 [31] and leucotriens [32, 33]. Those

compounds are used as inhibitors of tyrosine kinase

PDGFRTK [34], (H?/K?)-ATPase [35], dihydrorotate

deshydrogenase [36, 37] and 5-lipoxygenase [38].

Additionally, quinoline derivatives find use in the syn-

thesis of fungicides, virucides, biocides, alkaloids, rubber

chemicals and flavoring agents [39, 40]. They are also used

as polymers, catalysts, corrosion inhibitors, preservatives,

and as solvent for resins and terpenes [41]. Furthermore,

these compounds find applications in chemistry of transi-

tion-metal catalyst for uniform polymerization and lumi-

nescence chemistry [42, 43]. Quinoline derivatives also act

as antifoaming agent in refineries [44]. Owing to such

significance, the synthesis of substituted quinolines has

been a subject of great focus in organic chemistry.

Owing to the interesting biological properties of het-

erocyclic systems [45–48], this paper aims to describe the

F. Guenfoud � M. Laabassi
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synthesis and the structure of cyanoquinolines obtained

from the Baylis–Hillman derivatives [49]. Those adducts

are the result of the Baylis–Hillman reaction of an aldehyde

with a, b-unsaturated systems catalyzed by 1,4-diazabicy-

clo[2]octane (DABCO).

Experimental

Synthesis of Quinoline Derivatives

General Procedure

Baylis–Hillman adducts (2a–2e) were prepared from the

reaction of 2-chloro-3-formyl quinoline derivatives (1),

previously obtained from the Meth Cohn procedure [50],

and acrylonitrile catalyzed by DABCO (Fig. 1, Table 1).

These compounds were obtained according to the literature

methods published in the paper of Narender et al. [51].

Synthesis of 2-[2-Chloro-Quinolin-3-yl)-Hydroxy-Methyl]-

Acrylonitrile 2a

To a stirred solution of 2-chloro-3-Formyl-quinoline

(0.5 g; 2.61 mmol) in acrylonitrile (2 ml; 30.40 mmol)

was added DABCO (2.61 mmol; 0.292 g) at room tem-

perature and the reaction was allowed to continue for

15 min. The final product was purified via silica gel col-

umn chromatography with Petroleum Ether/ethyl acetate

(85:15, v/v) as eluent to furnish pure beige crystals in 80 %

yield (0.51 g; m.p = 116 �C). Rf = 0.37 (ethyl acetate/

Petroleum Ether (3/7)). I.R (KBr; m cm-1): 3,191(OH),

2,235 (CN), 1613 (C = C). 1H NMR (400 MHz, CDCl3):

d 8.50 (t, 1H, J = 1.0 Hz, H–C3), 8.00 (ddt, 1H, J = 8.5,

1.1, 0.7 Hz, H–C9), 7.86 (ddt, 1H, J = 8.1, 1.4, 0.5 Hz, H–

C6), 7.76 (ddd, 1H, J = 8.5, 7.0, 1.4 Hz, H–C8), 7.58 (ddd,

1H, J = 8.1, 7.0, 1.2 Hz, H–C7), 6.15 (d, 1H, J = 1.1 Hz,

C = CH2), 6.11 (d, 1H, J = 0.7 Hz, C = CH2), 5.85 (dq,

1H, J = 4.3, 0.9 Hz, CHOH), 4.13 (d, 1H, J = 4.3 Hz,

OH). 13C NMR (100 MHz, CDCl3): d 148.32 (Cquat, C1),

147.20 (Cquat, C5), 137.56 (CH, C3), 132.45 (C = CH2),

131.33 (CH, C8), 130.95 (Cquat, C2), 128.15 (CH, C6),

127.85 (CH, C9), 127.67 (CH, C7), 127.14 (Cquat, C4),

124.28 (Cquat, C = CH2), 116.39 (Cquat, CN), 70.43

(CHOH).

Synthesis of 2-[(2-Chloro-6-Methyl-Quinolin-3-yl)-

Hydroxy-Methyl]-Acrylonitrile 2b

White single crystals were grown from the mixture of

2-chloro-3-Formyl-6-methyl quinoline (0.5 g; 2.43 mmol),

DABCO (0.272 g; 2.43 mmol) and acrylonitrile (1.9 ml;

28.94 mmol). Purification of the resulting product was

performed via silica gel column chromatography with the

eluent Petroleum Ether/ethyl acetate (85:15, v/v) to obtain

finally 0.56 g of the compound 2b (89 % yield). Rf = 0.41

(ethyl acetate/Petroleum Ether (3/7)). m.p = 154 �C. I.R

(KBr; m cm-1): 3,494 (OH), 2,223 (CN), 1,582 (C = C).
1H NMR (400 MHz, CDCl3): d 8.39 (t, 1H, J = 1.0 Hz,

H–C3), 7.91 (dt, 1H, J = 8.6, 0.9 Hz, H–C9), 7.66–7.62

(m, 1H, H–C6), 7.59 (dd, 1H, J = 8.6, 1.9 Hz, H–C8), 6.16

(d, 1H, J = 1.1 Hz, C = CH2), 6.13 (d, 1H, J = 0.7 Hz,

C = CH2), 5.84 (d, 1H, J = 3.6 Hz, CHOH), 3.44 (d, 1H,

J = 4.2 Hz, OH), 2.54 (d, 3H, CH3). 13C NMR (100 MHz,

CDCl3): d 147.36 (Cquat, C1), 145.95 (Cquat, C5), 137.80

(Cquat, C7), 136.74 (CH, C3), 133.57 (CH, C8), 132.32

(C = CH2), 130.59 (Cquat, C2), 127.69 (CH, C9), 127.19

(Cquat, C4), 126.97 (CH, C6), 124.31 (Cquat, C = CH2),

116.34 (Cquat, CN), 70.65 (CHOH), 21.61 (CH3).

Synthesis of 2-[(2-Chloro-6-Methyoxy-Quinolin-3-yl)-

Hydroxy-Methyl]-Acrylonitrile 2c

The derivative 2c was prepared from the reaction of 2-chloro-

3-Formyl-6-methoxy quinoline (0.5 g; 2,25 mmol) and

acrylonitrile (3 ml; 54 mmol) catalyzed by DABCO (0.252 g;

2.25 mmol). We have obtained 0,44 g (m.p = 126 �C;

yield = 71 %) of beige single cristals after purification via

silica gel column chromatography with the eluent Petroleum

Ether/ethyl acetate (85:15, v/v). Rf = 0.61 (ethyl acetate). I.R

(KBr; m cm-1): 3162 (OH), 2144 (CN), 1,623 (C = C). 1H

NMR (400 MHz, CDCl3): d 8.37 (td, 1H, J = 0.8, 0.3 Hz, H–

C3), 7.89 (dt, 1H, J = 9.2, 0.5 Hz, H–C9), 7.40 (dd, 1H,

J = 9.2, 2.8 Hz, H–C8), 7.10 (d, 1H, J = 2.8 Hz, H–C6), 6.17

Fig. 1 Synthesis reaction of the compounds 2a–2e

Table 1 Synthesis of Baylis–Hillman (BH) adducts

Compound R1 R2 R3 Time (min) m.p

(�C)

Yielda

2a H H H 15 115 80

2b H H CH3 15 148 89

2c H H OCH3 45 109 71

2d H OCH3 H 360 96 74

2e CH3 H H 15 112 75

a Isolated yield of pure product
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(d, 1H, J = 1.1 Hz, C = CH2), 6.13 (d, 1H, J = 0.7 Hz,

C = CH2), 5.84 (d, 1H, CHOH), 3.92 (s, 3H, OCH3), 3.61 (d,

1H, J = 4.1 Hz, OH). 13C NMR (100 MHz, CDCl3): d
158.49 (Cquat, C7), 145.56 (Cquat, C1), 143.33 (Cquat, C5),

136.06 (CH, C3), 132.32 (C = CH2), 130.91 (Cquat, C2),

129.35 (CH, C9), 128.35 (Cquat, C4), 124.29 (Cquat, C = CH2),

124.14 (CH, C8), 116.35 (Cquat, CN), 105.40 (CH, C6), 70.61

(CHOH), 55.67 (OCH3).

Synthesis of 2-[(2-Chloro-7-Methyoxy-Quinolin-3-yl)-

Hydroxy-Methyl]-Acrylonitrile 2d

A mixture of 2-chloro-3-Formyl-7-methoxy quinoline

(0.5 g; 2.25 mmol), DABCO (0.252 g; 2.25 mmol) and

acrylonitrile (5 ml; 90 mmol) has yielded coulorless single

crystals of 2d (0.46 g; 74 %; m. p = 96 �C) which have

been recristallized from a dichloromethane, ethyle acetate

and petroleum ether mixture after being purified via silica

gel column chromatography with the eluent Petroleum

Ether/ethyl acetate (85:15, v/v). Rf = 0,44 (ethyl acetate/

Petroleum Ether (3/7)). I.R (KBr; m cm-1): 3,468 (OH),

2,255 (CN), 1,594 (C = C). 1H NMR (400 MHz, CDCl3): d
8.38 (s, 1H, H–C3), 7.74 (d, 1H, J = 9.0 Hz, H–C6), 7.32 (d,

1H, J = 2.5 Hz, H–C9), 7.23 (dd, 1H, J = 9.0, 2.5 Hz,

H–C76), 6.15 (d, 1H, J = 1.1 Hz, C = CH2), 6.13 (d, 1H,

J = 0.8 Hz, C = CH2), 5.85–5.80 (s, 1H, CHOH), 3.94 (s,

3H, OCH3), 3.63 (d, 1H, J = 2.8 Hz, OH). 13C NMR

(100 MHz, CDCl3): d 162.16 (Cquat, C8), 149.32 (Cquat, C1),

148.68 (Cquat, C5), 136.94 (CH, C3), 132.07 (C = CH2),

129.09 (CH, C6), 128.16 (Cquat, C2), 124.46 (Cquat,

C = CH2), 122.37 (Cquat, C4), 120.85 (CH, C7), 116.46

(Cquat, CN), 106.17 (CH, C9), 70.55 (CHOH), 55.71 (OCH3).

Synthesis of 2-[(2-Chloro-8-Methyl-Quinolin-3-yl)-

Hydroxy-Methyl]-Acrylonitrile 2e

To a 2-chloro-3-Formyl-8-methyl quinoline (0.5 g;

243 mmol) and acrylonitrile (1.9 ml; 28.94 mmol) solution

was added DABCO (0.252 g; 2.43 mmol). The resulting

compound was purified via silica gel column chromatog-

raphy with the eluent Petroleum Ether/ethyl acetate (85:15,

v/v) to give rise to 0.472 g of 2e white single crystals in

75 % yield (m.p = 112 �C). Rf = 0.43 (ethyl acetate/

petroleum ether (3/7)). I.R (KBr; m cm-1): 3,170 (OH),

2,226 (CN), 1,617 (C = C). 1H NMR (400 MHz, CDCl3):

d 8.40 (s, 1H, H–C3), 7.70 (ddt, 1H, J = 8.1, 1.2, 0.7 Hz,

H–C6), 7.60 (ddq, 1H, J = 7.1, 3.5, 1.0 Hz, H–C8), 7.47

(dd, 1H, J = 8.1, 7.1 Hz, H–C7), 6.15 (d, 1H, J = 1.1 Hz,

C = CH2), 6.14 (d, 1H, J = 0.8 Hz, C = CH2), 5.83 (d,

1H, J = 3.6 Hz, CHOH), 3.06 (d, 1H, J = 4.3 Hz, OH),

2.76 (t, 3H, J = 0.9 Hz, CH3); 13C NMR (100 MHz,

CDCl3): d 147.22 (Cquat, C1), 146.71 (Cquat, C5), 137.44

(CH, C3), 136.46 (Cquat, C9), 132.39 (C = CH2), 131.27

(CH, C8), 130.19 (Cquat, C2), 127.37 (CH, C7), 127.19

(Cquat, C4), 125.99 (CH, C6), 124.23 (Cquat, C = CH2),

116.36 (Cquat, CN), 70.72 (CHOH), 17.80 (CH3).

X-ray Structure Analysis

Diffraction Data Collection

The structure of 2d has been determined by single-crystal

X-ray diffraction analysis. X-ray diffraction intensities

were collected at 170 K using an Oxford Diffraction

Xcalibur CCD diffractometer with Mo Ka radiation

(k = 0.71073 Å), equipped with the required cooling,

using x–h scan strategy. The complete data collection

strategy is summarized in (Table 2).

Data Reduction

The unit cell determination and data reduction were per-

formed using the CrysAlis program suite [52] on the full

set of data.

Solution and Refinement

Calculations were carried out using the WinGX software

package [53]. The crystal structure was solved by direct

methods using SIR2004 [54] and refined by full-matrix

least-squares against F2 using all data (SHELXL97) [55].

All non-H atoms were modelled with anisotropic dis-

placement parameters. The H atoms attached to –CH3 and

–OH were located in difference Fourier maps refined as

riding atoms (isotropically with a restrained bond distance)

with distances constraints of methyle C–H = 0.96 Å and

O–H = 0.82 Å [Uiso(H) = 1.5 Ueq(C,O)]. Except the water

and the methylene hydrogen’s, which were located from a

difference Fourier syntheses and not refined. Aromatic H

atoms were positioned geometrically and were allowed to

ride on their parent C atoms with C–H = 0.93 Å and

Uiso(H) = 1.2 Ueq(C). Water H atoms (O–Hw = 0.86 Å)

were found with the program CALC-OH [56] and were

refined with fixed bond distances and angles.

Table 2 Experimental details of the data collection

Oxford diffraction Xcalibur

diffractometer

2,157 reflections with

I [ 2r(I)

Radiation source: fine-focus

sealed

Rint = 0.0412

Tube graphite hmax = 31.49�, hmin = 3.60�
x–h scans h = -22 ? 24

13,706 measured reflections k = -12 ? 11

4,325 independent reflections l = -27 ? 29
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Structure Analysis and Visualization Software

Crystal structure was visualized using ORTEP3 [57] and

MERCURY [58]. Analyses were carried out using the

program PLATON [59], as incorporated in the WinGX [53]

suite.

Spectroscopic Measurements

Infrared Analysis

The infrared spectrum has been carried out to analyse the

chemical bonding and molecular structure of the com-

pound. The FT-IR spectrum of the crystal was recorded in

the frequency region from 400 to 4,000 cm-1 with a FT-IR

NEXUS NICOLET Spectrometer.

1H NMR and 13C NMR Analysis

The 1H and 13CNMR spectra of 2d were recorded on a

Bruker 300 MHz instrument at 23 �C (300 MHz for
1HNMR and 75 MHz for 13CNMR) to confirm the

molecular structure.

Results and Discussion

Crystal Structure Analysis

The obtained compound 2d crystallizes in the centrosym-

metric space group C2/c. Its asymmetric unit contains one

2-[(2-Chloro-7-Methyoxy-quinolin-3-yl)-hydroxy-methyl]-

acrylonitrile molecule and one water molecule. The

molecular structure of the quinoline derivative 2d and the

atom-labeling scheme are shown in (Fig. 2). The crystal

and refinement data are given in (Table 3).

The quinoline ring (C1–C9/N1) is almost planar, with a

maximum deviation of 0.0495(18) Å for C6. The hydro-

xymethylacrylonitrile moiety lies in the mean plane of the

quinoline (C11/C2/C1/N1 = -178.39 (15)�). The methoxy

group is in the plane of the quinoline ring (C10/O1/C8/

C9 = 1.8 (2)�).

The bond distances within the quinoline portion of the

molecule show evidence for significant bond fixation; the

N1–C1 bond (1.3081 (19) Å) is thus significantly shorter

than N1–C5 (1.3709 (19) Å), while the C2–C3 (1.373

(2) Å), C6–C7 (1.353 (2) Å) and C8–C9 (1.370 (2) Å)

bonds are all significantly shorter than the other aromatic

C–C bonds. These distances compare well with the results

observed in similar 2-chloroquinoline derivatives [60, 61].

Selected bond lengths and angles of the structure are given

in Table 4.

The geometry within the 2-[(2-Chloro-7-Methyoxy-

quinolin-3-yl)-hydroxy-methyl]-acrylonitrile molecule is

usual, the bond lengths and angles are in good agree-

ment with those observed in similar compounds [62, 63].

(2-Chloro-8-methoxyquinolin-3-yl)methanol monohydrate

[64] and (2-Chloro-8-methylquinolin-3-yl)methanol [65]

have showed similar bond distances and angles.

Fig. 2 Ortep3 view of the asymmetric unit. Ellipsoids are drawn at

the 30 % probability level, hydrogen atoms are shown as spheres of

arbitrary radii

Table 3 Crystal data and structure refinement for 2d

Crystal data

C14H11ClN2O2�H2O F(000) = 1.216

Mr = 292.71 Dx = 1.412 Mg m-3

Monoclinic, C2/c Mo Ka radiation, k = 0.71073 Å

a = 17.1091 (7) Å Cell parameters from 11058 reflections

b = 8.3119 (5) Å h = 3.60–31.49�
c = 19.7949 (6) Å l = 0.286 mm-1

b = 101.922 (2)� T = 170 K

V = 2754.3 (2) Å3 Prism, colourless

Z = 8 0.25 9 0.18 9 0.05 mm

Refinement

Refinement on F2 H atoms treated by a mixture of inde-

pendent and constrained refinement

Least-squares matrix:

Full

w = 1/[r2(Fo
2) ? (0.0566P)2]

R[F2 [ 2r(F2)] = 0.0434 where p = (Fo
2 ? 2 Fc

2)/3

wR(F2) = 0.0979 (D/r)max = 0.001

S = 0.859 Dqmax = 0.367 e Å-3

4325 reflections Dqmin = -0.328 e Å-3

182 parameters

0 restraints

992 J Chem Crystallogr (2012) 42:989–996

123

Author's personal copy



The crystal structure can be described as parallel double

sheets in which the quinoline ring systems and water

molecules are parallel to the (010) plane (Fig. 3). The same

arrangement was observed in the structure of 2-Chloro-3-

hydroxymethyl-6-methoxyquinoline [66].

The crystal packing is stabilised by a variety of hydro-

gen bonding interactions (Fig. 4, Table 5). Each water

molecule accepts a hydrogen bond from another one and

bridges a quinoline system by forming donor interaction

with hydroxyl-O2 atom. The aromatic C3 and C10 atoms

participate in C–H���O and C–H���N contacts (Table 5).

The compound 2d present a moderate Ow-H���N bond

characteristic of quinoline derivatives, which has been

observed in (2-Chloro-8-methoxyquinolin-3-yl)methanol

monohydrate [64]. Although the hydroxyl O–H���O hydro-

gen bond was comparable to those reported in the structure

of (2-Chloro-6-methylquinolin-3-yl)methanol [67], (2-

Chlorobenzo[h]quinolin-3-yl)methanol [68] and 2-Chloro-

3-hydroxymethyl-7,8-dimethylquinoline [69].

The intermolecular connection between 2-[(2-Chloro-7-

Methyoxy-quinolin-3-yl)-hydroxy-methyl]-acrylonitrile

and water molecules [O2–H2���O3 and O3–H1w���N1]

gives rise to binary-level graph set motifs [70] con-

sisting of C2
2(8) infinite chains running through the

a-axis direction (Fig. 5).

Table 4 Selected geometric parameters (Å, �)

Bond distances

Cl1–C1 1.7417 (17) C9–C8 1.370 (2)

N1–C1 1.3081 (19) C8–C7 1.407 (2)

N1–C5 1.3709 (19) O2–C11 1.4067 (18)

C4–C6 1.416 (2) C14–C12 1.318 (2)

C5–C4 1.420 (2) C11–C2 1.510 (2)

C6–C7 1.353 (2) C11–C12 1.517 (2)

C4–C3 1.399 (2) C12–C13 1.438 (2)

C5–C9 1.402 (2) C13–N2 1.137 (2)

C2–C3 1.373 (2) O1–C8 1.355 (2)

C2–C1 1.410 (2) O1–C10 1.429 (2)

Bond angles

C6–C7–C8 121.32 (16) O2–C11–C2 108.64 (13)

C7–C6–C4 120.66 (15) O2–C11–C12 109.05 (12)

C3–C4–C5 117.88 (14) C2–C11–C12 111.04 (13)

C3–C4–C9 124.39 (16) C14–C12–C13 119.97 (16)

C4–C5–C9 120.75 (15) C14–C12–C11 124.94 (15)

C3–C2–C1 115.29 (15) C13–C12–C11 114.97 (14)

C3–C2–C11 122.39 (14) N2–C13–C12 177.6 (2)

C1–C2–C11 122.31 (14) C8–O1–C10 116.72 (13)

C8–C9–C5 119.64 (15) N1–C1–C2 126.28 (15)

C2–C3–C4 121.74 (14) N1–C1–Cl1 114.52 (13)

C9–C8–C7 119.96 (16) C2–C1–Cl1 119.20 (13)

C1–N1–C5 118.01 (13) O1–C8–C9 125.41 (15)

N1–C5–C9 118.46 (14) O1–C8–C7 114.63 (15)

N1–C5–C4 120.78 (14) C6–C4–C5 117.61 (15)

Torsion angles

O2–C11–C12–C14 118.11 (18) C5–C4–C6–C7 -2.0 (2)

C2–C11–C12–C14 -122.22 (17) C1–C2–C3–C4 -0.9 (2)

O2–C11–C12–C13 -58.03 (18) C11–C2–C3–C4 178.63 (15)

C2–C11–C12–C13 61.64 (18) C5–C4–C3–C2 -0.3 (2)

C14–C12–C13–N2 -135 (5) C6–C4–C3–C2 178.79 (15)

C11–C12–C13–N2 42 (5) C4–C5–C9–C8 -0.4 (2)

C1–N1–C5–C9 179.01 (14) C5–N1–C1–C2 -0.1 (2)

C1–N1–C5–C4 -1.3 (2) C5–N1–C1–Cl1 178.93 (11)

N1–C5–C9–C8 179.30 (14) C3–C2–C1–N1 1.1 (2)

C4–C6–C7–C8 0.3 (2) C11–C2–C1–N1 -178.39 (15)

N1–C5–C4–C3 1.5 (2) C3–C2–C1–Cl1 -177.80 (12)

C9–C5–C4–C3 -178.84 (14) C11–C2–C1–Cl1 2.7 (2)

N1–C5–C4–C6 -177.71 (14) C10–O1–C8–C9 1.8 (2)

C6–C5–C4–C9 2.0 (2) C10–O1–C8–C7 -178.40 (15)

O2–C11–C2–C3 15.2 (2) C5–C9–C8–O1 -178.49 (16)

C12–C11–C2–C3 -104.75 (16) C5–C9–C8–C7 -1.3 (2)

O2–C11–C2–C1 -165.34 (14) C6–C7–C8–O1 -178.43 (15)

C12–C11–C2–C1 74.74 (19) C9–C8–C7–C6 1.3 (2)

C3–C4–C6–C7 178.95 (16)

Fig. 3 Ortep 3 projection of the crystal structure on the (ac) plane
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Spectroscopic Interpretation

The mid-infrared spectrum of the cyanoquinoline deriva-

tive 2d recorded between 400 and 4,000 cm-1 is shown in

Fig. 6. The strong peak at 3,468 cm-1 at is assigned to the

OH stretching vibration. The IR spectrum shows a medium

band at 2,255 cm-1 assigned to mCN and another vibra-

tional band at 1,594 cm-1 attributed to m(C = C) [71, 72].

The resonance peaks at d = 8.38 ppm of 1HNMR spec-

trum is due to the H3–C3 proton while the large singlet peak

at d = 5.80 ppm is assigned to the CH–OH group. The

methoxy protons signal at 3.94 ppm is split into a proton

singlet and the signal at 6.15 ppm is split into a proton

doublet due to the coupling of the two olefinic protons (CH2).

The 13CNMR spectrum of 2-[(2-Chloro-7-Methyoxy-

quinolin-3-yl)-hydroxy-methyl]-acrylonitrile contains a

resonance signal at d = 116.46 ppm due to the nitrile

group. The quartet signal at d = 162.16 ppm is due to the

effect of the methoxy group on the C8 carbon. The reso-

nance peak observed as a quartet at d = 149.32 ppm is

assigned to the C1 carbon linked to the chlorine atom.

Fig. 4 Strong hydrogen bonding interactions assuring the crystal

structure cohesion

Table 5 Hydrogen bond geometry (A�, �) of the 2d quinoline

derivative

D–H���A D–H H���A D���A D–H���A

O2–H2���O3i 0.82 1.92 2.742 (2) 175

O3–H1w���N1 0.86 2.04 2.878 (2) 164

O3–H2w���O3ii 0.87 2.34 2.9001 (19) 123

C3–H3���O2 0.93 2.38 2.720 (2) 101

C10–H10C���N2iii 0.96 2.51 3.423 (3) 160

Symmetry codes: (i) -1/2 ? x, -1/2 ? y,z; (ii) 1-x,y,1/2-z; (iii)

1/2-x,3/2-y,-z

Fig. 5 The (010) projection visualising the infinite chains formed by

alternating O–H���O and O–H���N hydrogen bonds

Fig. 6 IR spectrum of the compound 2d
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Supplementary Material

CCDC 812946 contains the supplementary crystallographic

data for this paper. These data can beobtained free of

charge via http://www.ccdc.cam.ac.uk/conts/retrieving.

html (or from theCambridge Crystallographic Data Cen-

tre, 12, Union Road, Cambridge CB2 1EZ, UK; fax:

?441223 336033.
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organisés électroactifs’’ (UMR CNRS 6521-Université de Bretagne

Occidentale, Brest, France) for providing diffraction facilities and ‘’le

Centre Universitaire de Khenchela’’ for financial support. M.L thanks

Paul MORSET for rich discussions.

References

1. Michael JP (1997) Nat Prod Rep 14:605

2. Balasubramanian M, Keay JG (1996) In: Katritzky AR, Rees

CW, Scriven EFV (eds) Comprehensive heterocyclic chemistry

II, vol 5. Pergamon Press, Oxford, pp 245–300

3. Yates FS (1984) In: Katritzky AR, Rees CW (eds) Comprehen-

sive hetercyclic chemistry, vol 2. Pergamon Press, Oxford, p 511

4. Levy S, Azoulay SJ (1994) Cardiovas. Electrophysiol. 5:635–636

5. Wenckebach KF (1923) JAMA 81:472–474

6. Lutz RE, Bailey PS, Clark MT, Codington JF, Dinet AJ, Freek

JA, Harnest GH, Leak NH, Martin TA, Rowlett RJ, Salisbury JM,

Shearer NH, Smith JD, Wilson JW (1946) J Am Chem Soc 68:

1813

7. Surrey AE, Hammer HF (1950) J Am Chem Soc 72:1814

8. Burckhalter JH, Brinigar WS, Thompson PS (1961) J Org Chem

26:4070

9. Bilker O, Lindo V, Panico M, Etiene AE, Paxton T, Dell A,

Rogers M, Sinden RE, Morris HR (1998) Nature 392:289–292

10. Roma G, Braccio MD, Grossi G, Mattioli F, Ghia H (2000) Eur J

Med Chem 35:1021–1035

11. Chen Y-L, Fang K-C, Sheu J-Y, Hsu S-L, Tzeng C-C (2000)

J Med Chem 44:2374–2377

12. Winstanley PA (2000) Parasitol Today 16:146–153

13. Desai PK, Desai P, Machhi D, Desai CM, Patel D (1996) J Indian

Chem Sect B 35:871

14. Fang K-C, Chen Y-L, Sheu J-Y, Wang T-C, Tzeng C-C (2000)

J Med Chem 43:3809–3812

15. Chevalier J, Atifi S, Eyraud A, Mahamoud A, Barbe J, Pages J–M

(2001) J Med Chem 44:4023–4026

16. Phan LT, Jian T, Chen Z, Qiu Y-L, Wang Z, Beach T, Pol-

emeropoulos A, Or YS (2004) J Med Chem 47:2965–2968

17. Benkovic SJ, Baker SJ, Alley MRK, Woo Y-H, Zhang Y-K,

Akama T, Mao W, Baboval J, Rajagopalan PTR, Wall M, Kahng

LS, Tavassoli A, Shapiro L (2005) J Med Chem 48:7468–7476

18. Majerz-Maniecka K, Oleksyn B, Musiol R, Podeszwa B, Polanski

J (2005) Joint meeting on medicinal chemistry. Vienna, Austria,

June 20–23. Sci Pharm 73 (Suppl. 1):194

19. Vargas LY, Castelli MV, Kouznetsov VV, Urbina JM, Lopez SN,

Sortino M, Enriz RD, Ribas JC, Zacchino S (2003) Bioorg Med

Chem 11:1531–1550

20. Singh M, Singh MP, Ablordeppey SY (1996) Drug Dev Ind

Pharm 22:377–381

21. Wilson WD, Zhao M, Patterson SE, Wydra RL, Janda L,

Strekowski L (1992) Med Chem Res 2:102

22. Strekowski L, Mokrosz JL, Honkan VA, Czarny A, Cegla MT,

Wydra RL, Patterson SE, Schinazi RF (1991) J Med Chem

34:1739

23. Atwell GJ, Baguley BC, Denny WA (1989) J Med Chem 32:393

24. Dassonneville L, Lansiaux A, Wattelet A, Wattez N, Mahieu C,

Van Miert S, Pieters L, Bailly C (2000) Eur J Pharmacol 409:9–18

25. Dassonneville L, Bonjean K, De Pauw-Gillet M-C, Colson P,

Houssier C, Quetin-Leclercq J, Angenot L, Ablordeppey SY

(2002) Bioorg Med Chem 10:1337–1346

26. Bailly C (1999) Biochemistry 38:7719–7726

27. Bailly C, Laine W, Baldeyrou B, De Pauw-Gillet M-C, Colson P,

Houssier C, Cimanga K, Miert SV, Vlietinck AJ, Pieters L (2000)

Anti-Cancer Drug Des 15:191–201

28. Khan MTH (2007) Quinoline analogs as antiangiogenic agents

and telomerase inhibitors. In: Khan MTH, Gupta R (eds) Bio-

active heterocycles V. R. Springer-Verlag, Berlin. Top Hetero-

cycl Chem 11:213–229 and references cited therein

29. Cheng X-M, Lee C, Klutchko S, Winters T, Reynolds EE, Welch

KM, Flynn MA, Doherty AM (1996) Bioorg Med Chem 6:2999

30. Anzini M, Cappelli A, Vomero S, Giorgi G, Langer T, Hamon M,

Merahi N, Emerit BM, Cagnotto A, Skorupska M, Mennini T,

Pinto JC (1995) J Med Chem 38:2692

31. Giardina GAM, Sarau HM, Farina C, Medhurst AD, Grugni M,

Raveglia LF, Schmidt DB, Rigolio R, Luttmann M, Vecchietti V,

Hay DWP (1997) J Med Chem 50:1794

32. Van Inwegan RG, Khandwala A, Gordon R, Sonnino P, Coutts S,

Jolly S (1987) J Pharmacol Exp Ther 24:117

33. Gauthier JY, Jones T, Champion E, Charette L, Dehaven R, Ford-

Hutchinson AW, Hoogsteen K, Lord A, Masson P, Piechuta H,

Pong SS, Springer JP, Therien M, Zamboni R, Young RN (1990)

J Med Chem 33:2841

34. Maguire MP, Sheets KR, McVety K, Spada AP, Zilberstein A

(1994) J Med Chem 37:2129

35. Ife RJ, Brown TH, Keeling DJ, Leach CA, Meeson ML, Parsons

ME, Reavill DR, Theobald CJ, Wiggall K (1992) J Med Chem

35:3413

36. Chen S-F, Papp LM, Ardecky RJ, Rao GV, Hesson DP, Forbes

M, Desxter DL (1990) Biochem Pharmacol 40:709

37. Zeevi A, Yao G-Z, Venkataramanan R, Duqesnoy RJ, Todo S,

Fung JJ, Starzl TE (1993) Transpl Proc 25:781

38. Musser JH, Chakraborty UR, Sciortino S, Gordon RJ, Khan-

dawala A, Neiss ES, Pruss TP, Van Inwegen R, Weinryb I, Coutts

SM (1987) J Med Chem 30:96

39. Jones G (1996) In: Katritzky AR, Rees CW, Scriven EFV (eds)

Comprehensive heterocyclic chemistry II, vol 5. Pergamon Press,

Oxford, pp 167–243 and references cited therein

40. Holla BS, Mahalinga M, Karthikeyan MS, Akberalib PM, Shettyc

NS (2006) Bioorg Med Chem 14:2040–2047

41. Fishbein L (1979) Potential industrial carcinogens and mutagens.

Elsevier Scientific Publishing Company, Amsterdam, pp 417–419

42. Smirnov RF, Tikhomirov BI, Marinchenko GV, Yakubchik AI

(1973) Polym Sci U.S.S.R. 15:832–841

43. Całus S, Gondek E, Danel A, Jarosz B, Pokładko M, Kityk AV

(2007) Mater Lett 61:3292–3295

44. Caeiro G, Lopes JM, Magnoux P, Ayrault P, Ribeiro FR (2007)

J Catal 249:234–243

45. Drewes SE, Roos GHP (1988) Tetrahedron 44:4653

46. Basavaiah D, Dharma Rao P, Suguna Hy (1996) Tetrahedron

52:8001

47. Ciganek E (1997) Org React 51:201

48. Basavaiah D, Jaganmohan Rao A, Satyanarayana T (2003) Chem

Rev 103:811

49. Baylis AB, Hillman MED (1972) German patent, 21155113.

Chem Abstr 77:34174

50. Meth Cohn O, Narine B, Tarnowski B (1981) J Chem Soc Perkin

Trans 1:1520–1530

J Chem Crystallogr (2012) 42:989–996 995

123

Author's personal copy

http://www.ccdc.cam.ac.uk/conts/retrieving.html
http://www.ccdc.cam.ac.uk/conts/retrieving.html


51. Narender P, Srinivas U, Gangadasu B, Biswas S, Jayathirtha Rao

V (2005) Bioorganic Medicinal Chem Lett 15:5378–5381

52. Oxford Diffraction (2005) Xcalibur CCD system, CrysAlis Soft-

ware system, Version 1.171. Oxford Diffraction Ltd., Abington

53. Farrugia LJ (1999) J Appl Crystallogr 32:837–838

54. Burla MC, Caliandro R, Camalli M, Carrozzini B, Cascarano GL,

De Caro L, Giacovazzo C, Polidori G, Spagna R (2005) J Appl

Crystallogr 38:381–388

55. Sheldrick GM (1997) SHELXL97. University of Göttingen,

Germany

56. Nardellli M (1999) J Appl Crystallogr 32:563–571

57. Farrugia LJ (1997) J Appl Crystallogr 30:565

58. Bruno IJ, Cole JC, Edgington PR, Kessler M, Macrae CF,

McCabe P, Pearson J, Taylor R (2002) Acta Cryst. B58:389–397

59. Spek AL (2003) J Appl Crystallogr 36:7–13

60. Kalkhambkar RG, Kulkarni GM, Hwang W-S, Lee C-S (2008)

Acta Cryst E64:o258

61. Benzerka S, Bouraiou A, Bouacida S, Debache A, Belfaitah A

(2008) Acta Cryst E64:o2115–o2116

62. Insuasty B, Torres H, Cobo J, Lowd JN, Glidewell C (2006) Acta

Cryst C62:o39–o41

63. Jasinski JP, Butcher RJ, Mayekar AN, Yathirajan HS, Narayana

B, Sarojini BK (2010) J. Mol. Struc. 980:172–181

64. Roopan SM, Khan FN, Kumar AS, Hathwar VR, Akkurt M

(2010) Acta Cryst E66:o1542

65. Roopan SM, Khan FN, Kumar R, Hathwar VR, Akkurt M (2010)

Acta Cryst E66:o1543

66. Khan FN, Roopan SM, Hathwar VR, Ng SW (2010) Acta Cryst

E66:o201

67. Khan FN, Roopan SM, Kushwaha AK, Hathwar VR, Akkurt M

(2010) Acta Cryst E66:o1544

68. Khan FN, Roopan SM, Hathwar VR, Rajesh R, Rauf MK (2010)

Acta Cryst E66:o953

69. Khan FN, Roopan M, Hathwar VR, Ng SW (2010) Acta Cryst

E66:o200

70. Bernstein J, Davis RE, Shimoni L, Chang N-L (1995) Angew

Chem Int Ed Engl 34:1555–1573

71. Williams DH, Fleming I (1966) Spectroscopic methods in

organic chemistry. McGraw-Hill, New York

72. Silverstein RM, Bassler GC, Morrill TC (1991) Spectrometric

identification of organic compounds. Wiley, New York

996 J Chem Crystallogr (2012) 42:989–996

123

Author's personal copy


	Synthesis of New Cyano-Quinoline Derivatives by the Baylis--Hillman Reaction
	Abstract
	Introduction
	Experimental
	Synthesis of Quinoline Derivatives
	General Procedure
	Synthesis of 2-[2-Chloro-Quinolin-3-yl)-Hydroxy-Methyl]-Acrylonitrile 2a
	Synthesis of 2-[(2-Chloro-6-Methyl-Quinolin-3-yl)-Hydroxy-Methyl]-Acrylonitrile 2b
	Synthesis of 2-[(2-Chloro-6-Methyoxy-Quinolin-3-yl)-Hydroxy-Methyl]-Acrylonitrile 2c
	Synthesis of 2-[(2-Chloro-7-Methyoxy-Quinolin-3-yl)-Hydroxy-Methyl]-Acrylonitrile 2d
	Synthesis of 2-[(2-Chloro-8-Methyl-Quinolin-3-yl)-Hydroxy-Methyl]-Acrylonitrile 2e

	X-ray Structure Analysis
	Diffraction Data Collection
	Data Reduction
	Solution and Refinement
	Structure Analysis and Visualization Software

	Spectroscopic Measurements
	Infrared Analysis
	1H NMR and 13C NMR Analysis


	Results and Discussion
	Crystal Structure Analysis
	Spectroscopic Interpretation

	Supplementary Material
	Acknowledgments
	References


