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ABSTRACT 

The title compound C26H20O5, consists of two crystallographically independent molecules (A and B) with 
similar conformations. Each molecule comprises a fused tricyclic system containing two five-membered rings. 
In both molecules, the five-membered rings exhibit an envelope conformation and the six-membered ring 
adopts a boat conformation. The crystal structure is stabilized by C–H···O and C–H···π interactions. 
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Fig 1 Chemical Diagram 

Introduction 
Naphthalene derivatives are useful compounds 
because, they are partial structures of bioactive 
molecules (Xie &Kozlowski, 2001)and liquid 
crystals(Svobodaet al., 2003). Recently rhenium 
complex catalyzed synthesis of naphthalene 
derivatives is reported by the reactions of aromatic 

ketimines with benzaldehyde and maleimide. 
Diels–Alder adducts formed was exposed to acidic 
conditions, causing dehydrative aromatization. 
Anthracene is one of the earliest luminescent 
materials reported and emits violet both in the 
solid state and in solution. Derivatives of 
Anthracene have been used successfully as blue 
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emitters in commercial OLED products (Shi & 
Tang, 2002).  On the basis of the efficiency 
reported and stability of anthracene derivatives, 
recently a new class of blue emitters  [7,16 – 
dihydro - 6,8,15,17 - tetraphenylheptacene , 7,16-
dihydro-6,15 - bis(p-tert-butylphenyl)-8,17-
diphenylheptacene and 7,16 – dihydro-6,8,15,17-
tetrakis(p-tert-butylphenyl)heptacene] has been 
synthesized and studied (Rajib et al., 2006).They 
are dihydroheptacene derivatives in which two 
anthracene moieties are attached to one another via 
two methylene bridges. These derivatives are 
prepared by the reaction of in-situ generated furan 
derivatives with p-benzoquinone which upon 
dehydration/oxidation yielded heptacene 
derivatives. 
The promise of organic electronics to enable 
creation of inexpensive, flexible, and 
multifunctional devices (Anthony, 2008) is 
presently limited by access to stable high-
performance materials. One strategy to develop 
such materials is to create extended rigid aromatic 
systems that promote delocalization and minimize 
energetic disorder in the electronic states. Among 
the polycyclicaromatic hydrocarbons (PAHs), 
acenes, defined as linearly annelated arenes with 
the fewest number of rings containing Clar sextets 
(Ruiz-Morales, 2002) are considered one of the 
most important candidates for high-performance 
organic semiconductors. Recently the synthesis of 
POAs is achieved (Rebecca & Timothy, 2012) 
through a series of synthetic transformations using 
Diels-Alder adduct as the key intermediate. 
Tamiflu, a neuraminidase inhibitor, is an antiviral 
medication used to treat influenza virus in patients 
who have had symptoms for less than 2 days. The 
current key starting material for the production of 
Tamiflu is (-)-shikimic acid(Kim et al., 1997). 
Besides its industrial uses, (-)-shikimic acid is a 
pivotal intermediate in the biogenetic synthesis 
pathway of a variety of aromatic natural products 
in microorganisms and plants known as the 
shikimate pathway (Sikorski, 1997). Recently 
asymmetric synthesis of (-)-shikimic acid from a 
chiral Diels-Alder adduct between furan and 
acrylate is reported (Sung et al., 2011). 
Macromolecular networks incorporating crosslinks 
formed by Diels-Alder cycloaddition have been 
reported in the scientific literature (Rohloff, et al., 
1998) the thermally reversible Diels-Alder 
cycloaddition of a monomer with four furan 
moieties on each molecule and a monomer with 
three maleimide moieties on each molecule  form a 
highly-crosslinked network. After casting of a 
dichloromethane solution of the monomers (with 
stoichiometric furan-maleimide ratio), the solvent 
was vacuum evaporated at room temperature and 
the material was then heated. Cross-linking of 
furan side chain polymers with bis-maleimide-
containing small molecules has also been reported 
(Sanyal, 2010). Recently novel thermo reversible 

network of scaffolds are prepared using Diels-
Alder oxo adduct as the key intermediates. In view 
of these significant applications, the crystal 
structures of the Oxatricyclo undeca-polyene 
derivatives have been carried out. 
Intensity  Data Collection 
 Accurate unit cell parameters and 
orientation matrix was obtained by least squares fit 
of several high range reflections in the range 2.3 <  
θ < 26.0° for this compound,  using Mo Ka 
λ=0.7107Åradiation on Bruker Axs Kappa 
APEXII CCD diffractometer (Bruker, 2004 ; 
Bruker, 2008) equipped with a graphite 
monochromator using ω scan mode. The unit cell 
parameters were determined from 36 frames 
measured (0.5°and phi scan) from three different 
crystallographic zones and using the method of 
difference vectors. The data reduction and cell 
refinement were carried out with the help of 
SAINT (Bruker, 2004) software for this 
compound. The intensity data were collected with 
an average four – fold redundancy per reflection 
and optimum resolution of 0.75Å.  A total of 
40251 reflections was collected resulting in 8336 
independent reflections of which 4142  had I > 2s 
(1) for this compound and these were considered 
as observed. The intensity data collection, frames 
integration, Lorentz and polarization correction 
and decay correction were done using SAINT 
(Bruker,2004 ; 2008) software. Empirical 
absorption correction (multi-scan) is performed 
using SADABS (Bruker, 2004) program. 
Structure Solution And Refinement 
The structure of the title compound C 26 H 20 O 5 
was solved by direct methods procedure using 
SIR-92 (Altomare et al.,  1993). The normalized 
structure factors (F) were used for finding the 
phases.  A total of  40251  reflections with E > 1.2 
were used for phase refinement procedures.  A 
total of  256  phase sets have been refined of which 
the set with lowest Combined Figure of Merit 
(CFOM) was taken as the best set. The values of 
CFOM was 0.0659 . The E – map estimated for the 
best phase set generated by the program revealed 
the positions of all the non-hydrogen atoms of this 
compound. The residual factors (RE) calculated 
based on the point atom model was 0.226 for this 
compound. The trial structure thus obtained were 
refined by full matrix least – squares technique on 
F² using SHELXL-97 (Sheldrick, 2008) for this 
compound. In the initial stages of refinement, 
thermal parameters were assigned a values of 0.05 
(U’s) for each atom and the refinement was carried 
out. The scale factor was assigned as 1.0 and 
isotropic refinement was carried out for all the 
non-hydrogen atoms until convergence was 
reached and this was subsequently followed by 
anisotropic refinement. After a few cycles of 
anisotropic refinement, the positions of all the 
hydrogen atoms were taken to be 1.5 Ueq  or 1.2 
Ueq of the non hydrogen atoms to which they are 
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attached.  The refinement converged to a final R-
factor of 0.049 and  for this compound.  The 
residual electron density was 0. 0.52 & -0.23  e 
Å³־ . 
Ressults And Discussioins  
Fig 1 shows the chemical diagram of the 
compound studied. Table1 summarizes the crystal 
data, intensity data collection and refinement 
details for this compound. The atomic coordinates 
of the non – hydrogen atoms with their equivalent 
temperature factors are presented in Table2. The 
anisotropic displacement parameters are given in 
Table3. The corresponding bond lengths and bond 
angles are given in Table 4 . The torsion angles for 
non-hydrogen atoms are listed in Table 5. The 
atomic coordinates and isotropic temperature 
factors of the hydrogen atoms are listed in Table 6. 
The least – squares plane calculated using the 
program PARST (Nardelli, 1983) are tabulated in 
Table7. The intermolecular and intramolecular 
hydrogen bonds are listed in Table 8. 
Fig 2 shows the ORTEP plot of the molecule 
drawn at 30% probability displacement ellipsoid 
with atom numbering scheme. The asymmetric 
unit of the title compound consists of two 
crystallographically independent molecules (A and 
B). Each molecule consists of fused tricyclic 
systems and two phenyl rings attached to this 
system. The tricyclic systems consists of two five 
membered rings and one aromatic ring. In 
addition, two carboxylate units are attached to the 
tricyclic systems. Geometrical parameters agree 
well with reported structures (Bailey et al.,1995 ; 
Ohwadaet al., 2001). 
In molecule A, the five membered rings 
C1\C2\C7\C8\O1 and C1\C21\C24\C8\O1 rings 
adopt envelope conformations with atom O1 
displaced by 0.773Å and 0.778Å from the mean 
plane of the other ring atoms. In molecule B, the 
five membered rings C1A\C2A\C7A\C8A\O1A 
and C1A\C21A\C24A\C8A\O1A rings also adopt 
envelope conformations with atom O1A displaced 
by 0.782Å and 0.776Å from the mean plane of the 
other ring. The six membered rings 
C1/C2/C7/C8/C24/C21 and 
C1A/C2A/C7A/C8A/C24A/C21A adopt boat 
conformations in molecule (A & B). In both 
molecules the phenyl rings (C9 - C14) and (C15A- 
C20A) are disordered over two sets of sites with an 
occupancy ratios of 0.641(2) : 0.359(2) and 
0.775(9) : 0.225(9). The dihedral angles between 
the two five membered rings (C1\C2\C7\C8\O1) __ 

(C1\C21\C24\C8\O1) in molecule A and 
(C1A\C2A\C7A\C8A\O1A)-

__(C1A\C21A\C24A\C8A\O1A) in molecule B are 
69.6(1)° and 70.1(1)°, respectively. In molecule A 
and B the phenyl ring system (C15-C20) and 
(C9A- C14A) make dihedral angles of 80.5(1)° 
and 78.9(1)° with the mean plane of the tricyclic 
ring system. In molecule A, the mean plane of the 
tricyclic ring system make dihedral angles of 

33.7(2)° and 39.5(8)° with the major and minor 
components of the disordered phenyl ring, whereas 
the corresponding angles are 34.1(3)° and 59.8(1)° 
in molecule B. In molecule A, the carboxylate 
ligands at the C21 and C24 carbon atoms are 
turned out the plane of the five membered ring 
C21/C1/O1/C8/C24 (the torsion angle being 
C24—C21— C22—O2= -92.2(4)° and C21— 
C24— C25—O4 = -28.1(6)°. In molecule B, the 
carboxylate ligands at the C21A and C24A carbon 
atoms are turned out the plane of the five 
membered ring C21A/C1A/O1A/C8A/C24A (the 
torsion angle being C24A—C21A— C22A—O2A 
= -28.5(6)° and C21A— C24A— C25A — O4A = 
92.4(4)°). 
    

 
 Fig 2: Molecular structure of the title 
compound, showing 30% probability 
displacement ellipsoids 
Inter And Intra Molecular Features  
The pattern of hydrogen bonding and packing in 
the crystals are shown in Fig 3 and  Fig 4. The 
packing of the molecule is stabilized by 
intermolecular C--H...O and C--H...π hydrogen 
bonds. In addition, the intra molecular interactions 
are observed through C20--H20…O2. Geometric 
details of hydrogen bondings are listed in Table 8. 
                                        

 
Fig 3 The crystal structure of the Compound 
with C--H…O hydrogen bonding scheme shown 
as dashed lines 
Ring Puckering Parameters 
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In molecule A, The total puckering amplitudes 
(Cremer & Pople, 1975) of the rings 
(C1\C2\C7\C8\O1), (C1\C1\C21\C24\C8\O1) and 
(C1/C2/C7/C8/C24/C21) give a quantitative 
evaluation of puckering and asymmetry parameters 
(Nardelli, 1983). The five membered rings 
(C1\C2\C7\C8\O1) and (C1\C21\C24\C8\O1) rings 
adopt envelope conformations with atom O1 
displaced by 0.780Å and 0.785Å from the mean 
plane of the other ring atoms. In molecule B, the 
five membered rings (C1A\C2A\C7A\C8A\O1A) 
and (C1A\C21A\C24A\C8A\O1A) rings also adopt 
envelope conformations with atom O1A displaced 
by 0.778Å and 0.773Å from the mean plane of the 
other ring. The six membered rings 
(C1/C2/C7/C8/C24/C21) and 
(C1A/C2A/C7A/C8A/C24A/C21A) adopt boat 
conformations in molecule (A & B). The total 
puckering and asymmetry parameters are given the 
Table9. 

 
Fig 4 Packing of the Compound viewed down b-
axis 

 
Table1: Summary of crystal data, intensity data 
collection and refinement details for  compound 
Table 2 

 
         Atomic coordinates (x 104) and equivalent 
isotropic displacement parameters (Å2 x 103) for    
         the non-H atoms of Compound  with esd’s in 
parentheses 
Table 2 Contd… 
Atomic coordinates (x 104) and equivalent 
isotropic displacement parameters (Å2 x 103) for 
the non-H atoms of Compound  with esd’s in 
parentheses. 

 
Table 2 Contd…   Atomic coordinates (x 104) and 
equivalent isotropic displacement parameters (Å2 x 
103) for the non-H atoms of Compound with esd’s 
in parentheses 
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Table 3 
       Anisotropic displacement parameters (Å2x 
103) for the  non-H atoms of Compound       
      with esd’s in parentheses. The anisotropic 
displacement factor takes the form: 
      exp{-2p2[h2a*2U11 + ... + 2hk a* b* U12]} 

 

 
        Table 3 
Contd… 
Anisotropic displacement parameters (Å2x 103) for 
the non-H atoms of Compound   with esd’s in 
parentheses. The anisotropic displacement factor 
takes the form:exp{-2p2[h2a*2U11 + ... + 2hk a* b* 
U12]} 
Table 3 Contd… 
     Anisotropic displacement parameters (Å2x 103) 
for the non-H atoms of Compound     
   with esd’s in parentheses. The anisotropic 
displacement factor takes the form: 
   exp{-2p2[h2a*2U11 + ... + 2hk a* b* U12]} 
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Table 4 
     Bond lengths (Å) for non-H atoms of 
Compound  with esd’s in parentheses 
Table 4 Contd… 
      Bond lengths (Å) for non-H atoms of 
Compound with esd’s in parentheses 

 

 
Table 4 Contd…  Bond angles (°) for non-H 
atoms of  Compound  with esd’s in parentheses 
Table 4 Contd… 
     Bond angles (°) for non-H atoms of  Compound  
with esd’s in parentheses 
                                                           Table 5 
      Torsion angles (°) for the non-H  atoms of  
Compound with esd’s in parantheses 
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Table 5 Contd… 
 Torsion angles (°) for the non-H  atoms of  
Compound with esd’s in parantheses 
Table 5 Contd… 
 Torsion angles (°) for the non-H atoms of  
Compound  with esd’s in parantheses 

 
                                  Table 
5 Contd… 
Torsion angles (°) for the non-H atoms of  
Compound  with esd’s in parantheses 

 
                                                            Table 6 
   Atomic coordinates (x 104) and their isotropic 
displacement parameters (Å2 x 103)    
   involving H atoms of Compound  
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Table 6 
Atomic coordinates (x 104) and their isotropic 
displacement parameters (Å2 x 103)   
 involving H atoms of Compound 

 
Table 7 (For Molecule A) 
      Mean planes through various groups of atoms 
in the structure of  Compound  and deviations     
      from the plane. The equation of the plane is of 
the form: m1x + m2y + m3z - D = 0.  where   
      m1, m2, m3 and D are constants. Starred atoms 
are included in the plane calculations 

 
     Dihedral angles (º) formed by LSQ-planes 
with esd’s in parantheses 

Plane Plane Angle 

1 2 69.6(1) 

3 5 80.5(1) 

Table 7 (For Molecule B) 
Mean planes through various groups of atoms in 
the structure of Compound  and  
            deviations from the plane. The equation of 
the plane is of the form: m1x + m2y + m3z - D =     
0. where m1, m2, m3 and D are constants. 
Starred atoms are included in the plane    
calculations 

 
       Dihedral angles (º) formed by LSQ-planes 
with esd’s in parantheses 

 
Table 8 
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   Hydrogen bondings and non - bonded 
interactions [Å and °] for Compound  

 
   Symmetry codes: 
   (i)   -1/2+x, 1/2-y, -z 
   (ii)    1/2+x, -1/2-y, -z 
   (iii)   -1+x, y, z 
(iv)    −x+1, y−1/2, −z+1/2 
9(a) 
Ring Puckering amplitudes and asymmetry 
parameters for compound  (Molecule A) 

 
Table 9(ba) 
Ring Puckering amplitudes and asymmetry 
parameters for compound  (Molecule A) 

 
References: 
Altomare, A., Cascarano, G., Giacovazzo, C. & 
Guagliardi, A. (1993). J. Appl. 
Cryst. 26, 343–350. 
Anthony, J. E. (2008). Angew. Chem. Int. Ed. 47, 
452. 
Bailey, J. H., Coulter, C. V., Pratt, A. J. & 
Robinson,W. T. (1995). J. Chem. Soc. 
Perkin Trans. 1, pp. 589–592. 
Bruker (2004). APEX2, SAINT and SADABS. 
Bruker AXS Inc., Madison, 
Wisconsin, USA. 
Bruker (2008). APEX2 and SAINT. Bruker AXS 
Inc., Madison. Wisconsin,USA. 
Cremer, D. & Pople, J. A. (1975). J. Am. Chem. 
Soc. 97, 1354–1358. 
Kim, C. U., Lew, W., Williams, M. A., Liu, H., 
Zhang, L., Swaminathan, S., Bischofberger, N., 
Chen, M. S., Mendel, D. B., Tai, C. Y., Laver, W. 
G. & Stevens, R. C. (1997). J. Am. Chem. Soc. 
119, 681. 
Nardelli, M. (1983). Acta Cryst. C39, 1141–1142. 
Ohwada, T., Miura, M., Tanaka, H., Sakamoto, S., 
Yamaguchi, K., Ikeda, H. & 
Inagaki, S. (2001). J. Am. Chem. Soc. 123, 10164–
10172. 
Rajib. M., Bipin. K. S. &  Douglas C. N. (2006). J. 
Org. Chem. 71, 4085-4091. 

Rebecca. R. P. & Timothy, M. S. (2012).  J. Am. 
Chem. Soc. 134, 15351−15356. 
Rohloff, J. C., Kent, K. M., Postich, M. J., Becker, 
M. W., Chapman, H. H., Kelly, D. E., Lew, W., 
Louie, M. S., McGee, L. R., Prisbe, E. J., Schultze, 
L. M., Yu, R. H. & Zhang, L. (1998).  J. Org. 
Chem. 63, 4545. 
Ruiz-Morales, Y. (2002). J. Phys. Chem. 106, 
11283. 
Sanyal, (2010). Macromol. Chem. Phys. 211,1417-
1425. 
Sheldrick, G. M. (2008). Acta Cryst. A64, 112–
122. 
Shi, J. & Tang, C. W. (2002).  Appl. Phys. Lett. 
80, 3201. 


