
INTRODUCTION

As an important organic intermediate,phthalocyanines
have been extensively studied over the past century because
of their potential applications in dyes and pigments, optical
data storage, catalysis, non-linear optics (NLO), photodynamic
therapy agents, corrosion inhibitors1-4. Also, a large number
of phthalocyanine derivatives have been extensively used to
construct molecular-based electronic and optical devices and
liquid-crystalline materials, such as electronic wires, switches,
electroluminescence devices, field-effect transistors and photo-
voltaic devices5-8. Recently, phthalocyanine derivatives with
chiral substituents have emerged increasing interest due to their
potential use for biological and optoelectronic applications9,10.
For this purpose, a large number of chiral phthalocyanine comp-
ounds have been synthesized. Herein, we report the synthesis
and crystal structure of the title compound i.e., [4-(2-isopropyl-
5-methylcyclohexyloxy)phthalonitrile] which is a typical
phthalonitrile compound containing chiral unit (Scheme-I).
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A chiral phthalonitrile compound has been prepared by the reaction of chiral menthol (2-isopropyl-5-methylcyclohexanol) and 4-
nitrophthalonitrile with potassium carbonate and DMF at 40 ºC. Its crystal structure was determined by single-crystal X-ray diffraction.
The crystal belongs to the orthorhombic system, space group P 21 21 21 with a = 6.9073(16) Å, b = 8.0803(19) Å, c = 30.558(8) Å, α =
90°, β = 90º, γ = 90º, Mr = 282.38, V = 11705.5(7) Å3, Z = 4, Dc = 1.100 g/cm3, F(000) = 608, µ = 0.069 mm-1, R = 0.0690 and wR = 0.1642
for 1535 observed reflections(I > 2σ(I)). In the structure, π…π stacking interactions among phthalonitrile rings make the molecule more
stable and the cyclohexane ring adopts a chair conformation.
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EXPERIMENTAL

All the reagents and solvents from commercial sources
were used without further purification.

Potassium carbonate (960 mg, 6.96 mmol), 4-nitro-
phthalonitrile (500 mg, 2.89 mmol) and 2-isopropyl-5-
methylcyclohexanol (903 mg, 5.78 mmol) were added into
DMF (15 mL) and stirred at 40 ºC for 4 days under a nitrogen
atmosphere. Then the reaction mixture was poured into ice
water (100 mL) and the aqueous layer was extracted with ethyl
acetate. After being dried over anhydrous MgSO4, the organic
layer was evaporated and the residue was purified by silica
gel chromatography with 1:6 (v/v) ethyl acetate/petroleum
ether (60-90 ºC) as eluent and yielded a yellowish solid (65 %,
yield).

Data collection and structure determination: A single
crystal of the title compound with dimensions of 0.13 mm ×
0.11 mm × 0.19 mm was selected for X-ray diffraction. The
diffraction data were collected with a SMART CCD diffracto-
meter equipped with a graphite-monochromatic MoKα (λ =
0.071073 nm) radiation using an ω scan mode at 293(2) K. In
the range of 2.67 < θ < 24.84º, a total of 8211 reflections were
collected and 2934 were independent (Rint = 0.0626), of which
1535 were observed.

The structure of the title compound was solved by direct
methods and refined by full-matrix least-squares techniques
on F2 using SHELXS-97 and SHELXL-97 programs11. All non-
hydrogen atoms were refined by full-matrix least-squares

Asian Journal of Chemistry;   Vol. 25, No. 4 (2013), 2067-2069

http://dx.doi.org/10.14233/ajchem.2013.13311



method, while all hydrogen atoms were placed in the geomet-
rically calculated positions. The contributions of hydrogen
atoms were included in the structure-factor calculations. The
atomic scattering factors and anomalous dispersion corrections
were taken from International table for X-ray crystallography12.
The final cycle of refinement gave R = 0.0690, wR = 0.1642
(w = 1/[σ2(Fo2) + (0.0956P)2 + 0.000P], where P = (Fo2 +
2Fc2)/3), S = 1.009, (∆/σ)max = 0.000, (∆ρ)min = -0.172 and
(∆ρ)max = 0.178 e/Å3. The crystal and experimental data are
given in Table-1.

TABLE-1 
CRYSTAL DATA AND STRUCTURE 

REFINEMENT FOR THE TITLE COMPOUND 
Empirical formula C18 H22 N2 O 
Formula weight 282.38 
Temperature (K) 293(2) 
Wavelength (Å) 0.71073 
Crystal system Orthorhombic 
Space group P 21 21 21 
Unit cell dimensions a = 6.9073(16) Å α = 90º 

b = 8.0803(19) Å β = 90º 
c = 30.558(8) Å γ = 90º 

Volume (Å3), Z 1705.5(7) ,4 
Calculated density (g/cm3) 1.100 
Absorption coefficient (mm-1) 0.069 
F(000) 552 
Crystal size (mm) 0.13 mm × 0.11 mm × 0.09 mm 
Theta range for data collection (º) 2.67-24.84 
Limiting indices -8 ⇐ h ⇐ 7, -9 ⇐ k ⇐9, -36 

⇐ l ⇐ 33 
Reflections collected/unique 8211/2934 [R(int) = 0.0626] 
Completeness to theta = 24.84 99.5 % 
Refinement method Full-matrix least-squares on F2 
Data/restraints/parameters 2934/0/193 
Goodness-of-fit on F2 1.009 
Final R indices [I > 2σ(I)] R 
indices (all data) 

R1 = 0.0690, wR2 = 0.1642 
R1 = 0.1367, wR2 = 0.1965 

Largest diff. peak and hole 
(Einstein Å-3) 

0.178 and -0.172 

 
RESULTS AND DISCUSSION

The selected bond distances and bond angles are given in
Table-2. A displacement ellipsoid plot of with atomic num-
bering scheme and a perspective view of the crystal in a unit
cell are shown in Figs. 1 and 2, respectively.

Fig. 1. Molecular structure for the title compound with atomic numbering
scheme

In the title compound, the bond lengths and angles in the
phenyl ring are generally normal. As can be seen from the

Fig. 2. View of crystal packing down the b axis for the title compound

TABLE-2 
SELECTED BOND LENGTHS (Å) AND BOND ANGLES (º) 

Bond Dist. Bond Dist. 
O(1)–C(7) 1.349(4) C(9)–C(14) 1.494(5) 
O(1)–C(9) 1.464(5) C(9)–C(10) 1.522(6) 
N(1)–C(1) 1.145(5) C(4)–C(5) 1.380(6) 
N(2)–C(2) 1.138(6) C(10)–C(11) 1.522(7) 
C(1)–C(3) 1.437(6) C(10)–C(16) 1.536(7) 
C(2)–C(4) 1.440(7) C(11)–C(12) 1.520(7) 
C(3)–C(8) 1.372(5) C(12)–C(13) 1.528(7) 
C(3)–C(4) 1.388(5) C(13)–C(14) 1.506(6) 
C(4)–C(5) 1.380(6) C(13)–C(15) 1.519(7) 
C(5)–C(6) 1.367(5) C(16)–C(17) 1.388(8) 
C(6)–C(7) 1.372(5) C(16)–C(18) 1.502(7) 

Angle (º) Angle (º) 
C(7)–O(1)–C(9) 119.8(3) C(3)–C(8)–C(7) 119.9(3) 
N(1)–C(1)–C(3) 177.4(6) O(1)–C(9)–C(14) 110.7(4) 
N(2)–C(2)–C(4) 178.8(5) O(1)–C(9)–C(10) 106.2(3) 
C(8)–C(3)–C(4) 120.5(4) C(14)–C(9)–C(10) 112.8(3) 
C(8)–C(3)–C(1) 119.1(3) C(9)–C(10)–C(11) 106.8(4) 
C(4)–C(3)–C(1) 120.4(4) C(9)–C(10)–C(16) 112.0(4) 
C(5)–C(4)–C(3) 118.9(4) C(11)–C(10)–C(16) 115.9(5) 
C(5)–C(4)–C(2) 120.6(4) C(12)–C(11)–C(10) 112.2(4) 
C(3)–C(4)–C(2) 120.4(4) C(11)–C(12)–C(13) 111.8(4) 
C(6)–C(5)–C(4) 120.7(4) C(14)–C(13)–C(15) 111.8(4) 
C(5)–C(6)–C(7) 120.7(4) C(14)–C(13)–C(12) 108.8(4) 
O(1)–C(7)–C(6) 125.2(4) C(15)–C(13)–C(12) 112.5(4) 
O(1)–C(7)–C(8) 115.6(3) C(9)–C(14)–C(13) 112.2(4) 
C(6)–C(7)–C(8) 119.2(4) C(17)–C(16)–C(18) 115.9(5) 
C(17)–C(16)–C(10) 115.9(5) C(18)–C(16)–C(10) 115.7(4) 

 
crystal structure (Fig. 1), the central O(1) atom is bridged by a
phthalonitrile ring via a C-O double bond (O(1)-C(7) 1.349(4)
Å) and cyclohexane ring via the single O(1)-C(9) bond
(1.464(5) Å), forming the C(7)-O(1)-C(9) bond angle of
119.8(3)º. In phthalonitrile ring, the triple bond lengths of
C1≡N1 (1.145(5), Å) and the C2≡N2 1.138(6) Å) are agree-
ment with those of the similar structures [C≡N, 1.140(2) Å
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and 1.142(2) Å]13. The bond angles of N1-C1-C3 (177.4(6)°)
and N2-C2-C4 (178.8(5)°) are also consistent with values
found for the similar compounds [172.2(2) and 178.6(2)º]13.
It is noteworthy that the cyclohexane ring exhibits a chair-like
configuration, with puckering parameters14 for Q = 0.577(5)
Å, q2 = 0.023(5) Å, q3 = -0.576(5) Å, J = 177.6(5)º, J = 235(13)º.
The four atoms of C(9) atom, C(10) and C(11) in cyclohexane
ring with conjunction oxygen atom O(1) are fairly planar (plane
equation: 0.7674x – 0.133y + 0.627z = 16.04) and the largest
deviation is 0.006 Å. The phthalonitrile ring with the conjunc-
tion oxygen atom O(1) is also quite planar (plane equation:
0.9980x – 0.0459y + 0.0440z = 0.74) and the largest deviation
is 0.043 Å. The dihedral angle between those two planes is
36.9(3)º.

In addition, there are classical C(16)-H(16)…O(1)
intramolecular hydrogen bonds (Table-3). In the mean time,
there are two types of π…π stacking interactions in the packing
diagram, with a centroid-centroid separation of 5.375 Å (Table-
4). In solid state, all above extensive hydrogen bond stabilize
the crystal structure. However, there exists no intermolecular
hydrogen bonds in the lattice (Fig. 2).

TABLE-3 
INTERMOLECULAR INTERACTION DISTANCES (Å) 

D-H…A Symmetry D-H H…A D…A D-H…A (º) 

C(16)–H(16)…O(1)  0.98 2.33 2.806(7) 109.18 

 
TABLE-4 

π··· π STACKING INTERACTIONS 

Ring Symmetry Centroid-to centroid 
distance (Å) 

Perpendicular distance of 
Cg(I) on ring J (Å) 

Perpendicular distance 
of Cg(J) on ring I (Å) 

Dihedral angle between 
planes I and J (º) 

Cg(1)···Cg(1) –1/2 + x, 3/2 –y, 2–z 5.375 3.351 3.536 8.92 
Cg(1)···Cg(1) ½ + X, 3/2–Y, 2–Z 5.375 3.536 3.350 8.92 
Cg(1): C(3) > C(4) > C(5) > C(6) > C(7) > C(8). 
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