
The use of the nitrile function for the C–C bond formation
reaction occupies an important position in organic chemistry.
2,3-Disubstituted acrylonitriles represent an interesting class of
biologically active compounds, which are capable of
undergoing many useful organic transformations.  Many have
been transformed into bioactive heterocycles.1 The title
compound was designed as an analog of Combretastatin A-4
(II),2 in which the 3-hydroxy-4-methoxy phenyl moiety was
replaced by the 4-methoxy phenyl moiety and an olefinic bond-
carrying nitrile group.  Recently, the crystal structures of some
bioactive heteroarylacrylonitriles, which reflect the olefinic
bond geometry, and other structural details of the molecules
have been reported.3 We found from the literature that the
olefinic bond had the Z-configuration irrespective of the size of
the substituents on the heterocyclic rings.  In order to confirm
the olefinic bond geometry connected to (4-
methoxyphenyl)acetonitrile and 3,4,5-trimethoxyphenyl rings
and to obtain the structural conformation details of the
molecule, its X-ray structure determination was carried out.

To a well-stirred suspension of 3,4,5-trimethoxybenzaldehyde
(1.33 g, 6.8 mmol) in a 5% NaOH (10 ml) solution, 4-
methoxyphenyl)acetonitrile (1 g, 6.8 mmol) was added along
with catalytic amount of tertiarybutylammonium bromide.  The
mixture was stirred at room temperature for 50 min, saturated
with a sodium chloride solution and extracted with diethyl ether
(3 × 15 ml).  The combined organic layer was dried over

anhydrous sodium sulfate and evaporated under a vacuum to
obtain a crude mass, which upon recrystallization  with
methanol gave a colorless crystalline solid.  Melting point,
103˚C.  Single crystals suitable for the structural analysis were
obtained by a slow evaporation technique using methanol as a
solvent.  A schematic diagram of the molecule is shown in Fig.
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Fig. 1 Schematic diagram.

Table 1 Crystal data and structure refinement table

Empirical formula C19H19NO4

Formula weight 325.35
Temperature 293(2)K
Wavelength 0.71073 Å
Crystal system monoclinic
Space group P21/c
Cell dimensions a = 7.2880(4)Å

b = 8.1030(9)Å
c = 28.460(3)Å

 = 94.018(5)˚
Volume 1676.6(3)Å3

Z 4
Dc 1.289 Mg/m3

Absorption coefficient 0.091 mm–1

F000 688
max 25.68˚

Reflections collected 4006
Independent reflections 2343 [R(int) = 0.0258]
Data/restraints/parameters 2343/0/222
Goodness-of-fit on F2 1.129
Final R indices [I > 2 (I)] R1 = 0.0744, wR2 = 0.2246
R indices (all data) R1 = 0.0853, wR2 = 0.2512
( / )max 0.000
(∆ )max 0.364 e.Å–3

(∆ )min –0.389 e.Å–3

Refinement method full-matrix least-squares on F2

Measurement DIPLabo
Program system Denzo
Structure determination SHELXS-97
Refinement full-matrix: SHELXL-97
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A single crystal of the title compound with dimensions of 0.3

× 0.27 × 0.25 mm was chosen for an X-ray diffraction study.
The data were collected on a DIPLabo Image Plate system
equipped with a normal-focus, 3 kW sealed X-ray source
(graphite monochromated Mo Kα).  The crystal-to-detector
distance was fixed at 120 mm with a detector area of 441 × 240
mm2.  Thirty six frames of data were collected at room
temperature by an oscillation method.  Each exposure of the
image plate was set to a period of 400 s.  Successive frames
were scanned in steps of 5˚ per min with an oscillation range of
5˚.  Image processing and data reduction were performed using
Denzo.4 All of the frames could be indexed using a primitive
monoclinic lattice.  The structure was solved by direct methods
using SHELXS-97.  All of the non-hydrogen atoms were
revealed in the first Fourier map, itself.  A least-squares
refinement using SHELXL-97 with isotropic temperature
factors for all the non-hydrogen atoms converged the residual
R1 to 0.1751.  Subsequent refinements were carried out with
anisotropic thermal parameters for non-hydrogen atoms.  After
eight cycles of refinement the residuals converged to 0.0744.
The hydrogen atoms were fixed at chemically acceptable
positions and were allowed to ride on their parent atoms.  The
details of the crystal data and refinement are given in Table 1.

The final atomic coordinates and equivalent thermal
parameters for all of the non-hydrogen atoms are given in Table
2.  The bond lengths and angles of all the non-hydrogen atoms
are given in Table 3, which are in good agreement with the
standard values.  Figure 2 represents an ORTEP diagram of the
molecule with thermal ellipsoids drawn at 50% probability.

The dihedral angle between the methoxyphenyl ring and the
trimethoxyphenyl ring is 18.16(16)˚.  The olefinic bond
connecting the 4-methoxyphenylacrylonitrile and 3,4,5-
trimethoxyphenyl groups has the Z gemoetry.  Significant
deviations from the ideal bond-angle geometry around the Csp2

atoms of the double bond were observed.  The bond angles
C9–C12–C13=130.5(3)˚, C12–C9–C5=125.7(3)˚ and C10–C9–C5

=114.3(2)˚ are distorted due to a steric hindrance of the double
bond linking the two ring systems.  The olefinic double bond
bearing the three conjugated substituents has a length of
1.343(4)Å, which is slightly less than the corresponding value
of 1.353(3)Å and greater than 1.304(4)Å reported for (Z)-2-(3-
thienyl)-3-(3,4,5-trimethoxyphenyl)acrylonitrile,5 and 2-
styrylbenzimidazole,6 indicating some delocalization in the
unsaturated bridging units.  The torsion angle of –160.60(33)˚
for C9–C12–C13–C18 indicates a deviation of the 3,4,5-
trimethoxyphenyl ring from the plane of the olefinic double
bond.  The torsion angle values of 2.34(52)˚, –10.73(47)˚ and
–5.18(46)˚ for C3–C2–O7–C8, C14–C15–O23–C24 and
C18–C17–O19–C20, respectively, indicate that the methoxy
groups are in the plane of their respective phenyl rings, while
the methoxy group at O21 deviates by 78.46(37)˚
[C15–C16–O21–C22] from the plane of its respective phenyl
plane.  The structure exhibits both inter and intramolecular
hydrogen bonds of the type C–H…O and C–H…N.  The
intermolecular hydrogen bonds are C6–H6·O21, which has a
length of 3.501(3)Å and an angle of 163˚, and C12–H12·O19,
which has a length of 3.343(4)Å and an angle of 143˚ with
symmetry code –x, –1/2+y, 1/2–z.  The molecules form
hydrogen-bonded dimers.
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Atom x y z Ueq

Ueq = (1/3)ΣiΣjUij(ai*aj*)(ai·aj).

Table 2 Atomic coordinates and equivalent thermal 
parameters of the non-hydrogen atoms

Fig. 2 ORTEP diagram of the molecule at 50% probability.


