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Abstract: (2E)-1-(Anthracen-9-yl)-3-(3,4-dichlorophenyl)prop-2-en-1-one. C23H14OCl2, crystallizes in the 

monoclinic space group P 21/c  with   unit  cell  parameters, a=  13.7669(9)Å,  b= 11.8400(10)Å, c= 11.3285(8) 

Å, β = 103.525(6)° and  number  of  molecules  per  unit  cell  (Z)= 4. The crystal structure was solved by direct 

methods and refined by full matrix least square procedure to a final R-value of 0.067 for 2233  observed 

reflections. The dihedral angle between the benzene and anthracene moiety of the molecule is 89.43(1)°.The 

structure is stabilized by two C–H⋅⋅⋅O intermolecular interaction. Aromatic π-π stacking interaction has also 

been observed in the structure. 
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I. Introduction 
Chalcones are an important class of natural compounds and have been widely applied as synthons in 

synthetic organic chemistry. Naturally occurring chalcones as well as their synthetic analogues have 

demonstrated interesting biological activities such as, anticancer[1]
,
, anti-invasive[2], anti-tuberculosis[3], 

antimicrobial[4], anti-malarial[5], antitumor[6], antiproliferative[7] and antioxidant activity[8]. The nonlinear 

optical [NLO] properties of the different chalcone derivatives have also been reported[9-12]. These α, β-

unsaturated ketones are biosynthetic precursors of various functionalized derivatives[13], pyrazolines[14]
 
and 

triaryl pyridines[15].In view of the importance of chalcones derivatives and our past published work[16-18].The 

synthesis and crystallographic analysis of (2E)-1-(Anthracen-9-yl)-3-(3,4-dichlorophenyl)prop-2-en-1-one is 

reported in this paper.  
   

 

II. Experimental 
2.1 Synthesis of (2E)-1-(Anthracen-9-yl)-3-(3,4-dichlorophenyl)prop-2-en-1-one.  

In 9-acetylanthracene (0.01 mol) and 3,4-dichlorobenzaldehyde  (0.01 mol) in ethanol (50 mL), 15 mL 

of 10 % sodium hydroxide solution was added and stirred at 0–5 °C for 3 h. The precipitate formed was 

collected by filtration and purified by recrystallization from ethanol. Single crystal was grown from DMF by 

slow evaporation method (M.P.: 449-451 K). The synthetic route of the compound is shown in Fig. 1. 

 

2.2 X-ray data collection and structure refinement. 

A well defined crystal of dimensions 0.30x0.20x0.10 mm
3 

was used for data collection on X‘calibur  

CCD area-detector diffractometer equipped  with graphite monochromated MoKα radiation (λ=0.71073 Å). X-

ray intensity data of 7121 reflections were collected at 293(2) K and out of these reflections 3509 were found 

unique. The intensities were measured by ω scan mode for θ ranges 3.61° to 26.00°. 2233 reflections were 

treated as observed using (I>2σ (I)) as criterion. Data were corrected for Lorentz-polarization and absorption 

factors. The structure was solved by direct methods using SHELXS97[19] software. All non-hydrogen atoms of 

the molecule were located from the best E-map and  the hydrogen atoms were geometrically fixed and allowed 

to ride on the corresponding non-H atoms with C-H= 0.93Å and Uiso= 1.2 Ueq(C). The final refinement cycles 

converged to an R- index of 0.0674 (wR(F2) = 0.1831) for the 2233 observed reflections. Residual electron 

densities ranges from -0.446 to 0.875eÅ
-3

. Atomic scattering factors were taken from International Tables for X-

ray Crystallography. Allied structural  calculations of the molecule  were done using the WinGX [20], PARST 

[21] and PLATON [22] softwares. 
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Crystallographic information has been deposited to Cambridge Crystallographic Data Centre with CCDC 

number 1508193. This data can be obtained free of charge at Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

 

III. Results And Discussion 
The molecular structure containing atomic labeling is shown in Fig. 2 (ORTEP)[23]

 
and the packing 

diagram  is shown in Fig. 3 (PLATION)[22]. The molecule consists of a benzene and anthracene moiety. The 

structural parameters, including bond distances and angles of the molecule lie within the normal range [24] and 

are in good agreement with some related structures [25]. The anthracene and benzene rings are essentially planar 

with maximum deviation (0.0576) Å observed for C8 [anthracene ring] atom and (-0.0049) Å corresponding to 

C18 [benzene ring] atom. The double bonds C16=C17 and C15=O are confirmed by their respective distances 

of 1.321(5) Å and 1.218(4) Å, respectively. These values are also consistent with corresponding ones observed 

in some related structures[25-27]. The anthracene ring system (C1–C14) is twisted at the C11–C15 bond from 

the (2E)-1-(Anthracen-9-yl)-3-(3,4-dichlorophenyl)acrylaldehyde moiety with the torsion angle [C12—C11—

C15—C16] of 93.4(4)°. The benzene and anthracene moiety (C18-C23 and C1-C14 respectively) forms a 

dihedral angle of 89.43(1)° which makes them inclined at right angles to each other. The oxygen (O) atom 

attached to carbon atom (C15)  adopts the + anti-clinical and – syn-clinical conformation with torsion angles 

(O-C15-C11-C10) 91.0(4)˚ and  (O-C15-C11-C12) -86.4(4)˚ respectively. Molecular packing in the unit cell 

viewed down the b-axis is shown in Fig. 3. The structure is stabilized by the two C–H⋅⋅⋅O intermolecular 

interactions, where ‗O‘ act as a bifurcated acceptor to C17(via H17) and C23(via H23) atoms (Fig 4.). In the 

molecular packing, the adjacent molecules are interconnected through C17–H17⋅⋅⋅O and C23–H23⋅⋅⋅O hydrogen 

bond and π-π interactions. Details of intermolecular hydrogen bonding and π–π interactions are given in Table 3 

and  4,  respectively. 

 

IV. Figures And Tables 
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Figure 1. Synthesis of (2E)-1-(Anthracen-9-yl)-3-(3,4-dichlorophenyl)prop-2-en-1-one. 

 

 
Figure 2.  ORTEP view of molecules with displacement ellipsoids drawn at 40% probability level. H atoms are 

shown as small spheres of arbitrary radii. 



Synthesis and Crystal Structure  of (2E)-1-(Anthracen-9-yl)-3-(3,4-dichlorophenyl)prop-2-en-1-one 

DOI: 10.9790/5736-1009015357                                 www.iosrjournals.org                                              55 |Page 

 
Figure 3.  Packing viewed down the b-axis. 

 
Figure 4.  View of bifurcated (acceptor) hydrogen bond and 𝑅2

1(6) ring motif . 

 

Table 1. Crystal data and other experimental details. 
     CCDC Number  1508193 

   Crystal size 0.30x0.20x0.10mm 

Empirical formula C23H14Cl2O 

Formula weight 377.24 

Radiation, wavelength MoKα, 0.71073 

Unit cell dimensions a= 13.7669(9)Å, 

b= 11.8400(10)Å, 

c= 11.3285(8)Å. 

Crystal system Monoclinic 

Space group  P 21/c 

Unit cell volume 1795.3(2)Å3 

No. of molecule per unit   cell, Z   4 

Absorption coefficient  0.370mm-1 

F(000) 776 
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Θ range for entire data collection 3.61< θ <26.00 

Range of indices  -12≤ h≤ 16 

-12≤ k≤14 

-13≤ l ≤12 

Reflection collected/ unique 7121/3509 

Reflection observed (I > 2(I)) 2233 

R int 0.0313 

R sigma 0.0567 

No. of parameter refined 235 

Final R 0.0674 

wR(F2) 0.1831 

Goodness-of-fit 1.042 

Final residual electron density -0.446 to 0.875 eÅ-3 

 

Table 2. Selected bond lengths (Å), bond angles (º) and torsion angles (º) for non hydrogen atoms   (e.s.d.‘s are 

given in parentheses) 

 

Table 3. Hydrogen bonding geometry ( e.s.d.‘s in parentheses). 
    D–H…A D–H(Å) H…A(Å)       D…A(Å) D–H…A(o) 

C17-H17…Oi 

C23-H23…Oi 

0.93 

0.93 

2.55 

2.54          

 3.410(4) 

      3.397(5)      

155 

153 

     Symmetry code: (i)  x,1/2-y.1/2+z. 

    

Table 4. Geometry of  π-π  interactions* 
       CgI…CgJ CgI…CgJ (Å) CgI…P(Å) (o) (o) Δ(Å) 

      Cg1…Cg3i 

      Cg2…Cg2i     
      Cg3…Cg1i              

      Cg4…Cg4ii               

3.8620(27) 

3.8108(22) 
3.8620(27) 

3.7446(23) 

3.498 

3.460 
3.531 

3.487 

2.73 

0.03 
2.73 

0.02 

23.89 

24.77 
25.09 

21.39 

1.636 

1.597 
1.564 

1.364 

Symmetry code: (i) 1-x, -y, 1-z   (ii) -x, 1-y,1-z 

* Cg1,Cg2, Cg3 and Cg4 represents the centre of gravity of the ring A,B,C and D. 

 

V. Conclusions 

Synthesis of (2E)-1-(Anthracen-9-yl)-3-(3,4-dichlorophenyl)prop-2-en-1-one led to the single crystal 

grown from DMF by slow evaporation technique (M.P.: 449-451 K) and the molecular and crystal structure was 

determined using single crystal X-ray diffraction techniques. The structure was refined to final R-factor of 

0.067. The dihedral angle [89.43(1)°] between the benzene and anthracene moiety   makes them  held at right 

angles to each other. The structure is stabilized by few C–H⋅⋅⋅O  and π–π intermolecular interactions.    

 

Acknowledgements 

RK acknowledges the financial support received under DST Project No. EMR/2014/000467  

                  

References 
[1] C.W. Mai, M. Yaeghoobi, N.  Abd-Rahman, Y.B. Kang, and  M.R. Pichika, Chalcones with electron-withdrawing and       

electron- donating substituents: anticancer activity against trail resistant cancer cells, structure-activity relationship analysis and 

regulation of apoptotic proteins, Eur. J. Med. Chem., 77,  2014, 378-387. 
[2] S. Mukherjee,V.  Kumar, A.K.  Prasad ,H.G.  Raj, M.E.  Bracke, C.E.  Olsen, S.C. Jain and V.S. Parmar, Synthetic and      

biological activity evaluation studies on novel 1,3-diarylpropenones, Bioorg. Med. Chem., 9, 2001, 337–345. 

[3] Y.M. Lin, Y.  Zhou, M.T.  Flavin, L.M.  Zhou, W.  Nie and  F.C. Chen, Chalcones and flavonoids as anti-tuberculosis agents,    
Bioorg. Med. Chem., 10, 2002, 2795–2802. 

[4] S.N. Lopez, M.V. Castelli, S.A. Zacchino, J.N. Dominguez, G. Lobo, C.C Jaime, J.C.G. Cortes, J.C. Ribas, C. Devia, M.R. Ana                                

and D.E. Ricardo, In vitro antifungal evaluation and structure-activity  relationships of a new series of  chalcone   derivatives      
and    synthetic analogues, with inhibitory properties against polymers of the fungal cell wall, Bioorg.  Med. Chem., 9, 2001,         

1999–2013. 

[5] A. Agarwal, K.  Srivastava, S.K.  Puri and P.M.S. Chauhan, synthesis of 2,4,6-trisubstituted pyrimidines as antimalarial     agents, 
Bioorg. Med. Chem., 13, 2005, 4645–4650. 

           Bond lengths          Bond angles          Torsion angles 

O-C15 1.218(4) C12-C11-C15 119.1(3) O-C15-C11-C12 -86.4(4) 

C11-C15 1.514(5) C15-C10-C11 119.4(3) C11-C15-C16-C17 -6.1(6) 

C17-C18 1.460(5) C11-C12-C13 123.4(4) C16-C17-C18-C19 6.2(6) 

C15-C16 1.447(6) O-C15-C16 121.7(4) C16-C17-C18-C23 -174.6(3) 

C16-C17 1.321(5) O-C15-C11 118.3(4) C18-C23-C22-CL2 179.9(3) 

C11-C10 1.402(5) C22-C21-CL1 120.6(4) C23-C22-C21-CL1 178.7(3) 

C21-CL1 1.726(4) C23-C22-CL2 118.8(3) O-C15-C11-C10 91.0(4) 

C22-CL2 1.700(4) C20-C21-CL1 119.8(3) C16-C15-C11-C10 -89.2(4) 

C18-C23 1.394(5) C21-C22-CL2 121.4(3) CL1-C21-C20-C19 -179.1(3) 



Synthesis and Crystal Structure  of (2E)-1-(Anthracen-9-yl)-3-(3,4-dichlorophenyl)prop-2-en-1-one 

DOI: 10.9790/5736-1009015357                                 www.iosrjournals.org                                              57 |Page 

[6] R. Abonia, D, Insausty, J. Castillo, B. Insausty, J. Quiroga, M. Nogueras and J. Cobo,  Synthesis of  novel quinoline-2-one based 

chalcones of potential anti-tumor activity,Eur. J. Med. Chem., 57,   2012, 29-40. 

[7] V.Sharma, A.  Chaudhary, S. Arora, A.K.  Saxena and M.P.S Ishar, β-Ion one  drived chalcones as potent antiproliferative agents, 
Eur. J. Med. Chem., 69, 2013, 310-315. 

[8] S. Shenvi, K. Kumar,  K.S.  Hatti, K. Rijesh and  L. Diwakar,  Synthesis, anticancer and antioxidant activities of 2, 4, 5-trimethoxy 

chalcones and analogues from asaronaldehyde: Structure– activity relationship, Eur. J. Med. Chem., 62,  2013, 435-442. 

[9] B.K. Sarojini, B. Nrayana, B.V.  Ashalatha, J.  Indira and K.G.  Lobo, Synthesis, crystal growth and studies on non-linear optical 

property of new chalcones, J. Cryst. Growth.  295, 2006,  54-59. 
[10] S. Shettigar, G. Umesh, K.  Chadrasekharan, B.K.  Sarojini and  B. Narayana, Studies on third-order nonlinear optical properties of 

chalcone derivatives in polymer host, Optical Materials. 30, 2008, 1297-1303.                                                                             

[11] P. Poornesh, S.  Shettigar, G.  Umesh, K.B. Manjunatha, K.P.  Kamath, B.K.  Sarojini and  B. Narayana, Nonlinear optical studies 
on 1, 3-disubstituent chalcones doped polymer films, Optical Materials. 31, 2009, 854–859. 

[12] J. Indira, P.P.  Karat and  B.K.  Sarojini,  Growth, characterization and nonlinear optical property of chalcone derivative,  J. Cryst. 

Growth, 242,  2002, 209-214. 
[13] S. Samshuddin, B. Narayana, B.K.  Sarojini, H.S.  Yathirajan and R. Raghavendra, Synthesis, Characterization and Biological 

Evaluation of Functionalized Derivatives of Versatile Synthon 4,4‘-Difluoro Chalcone,  Der Pharma Chemica ., 4,  2012a, 1445-

1457. 
[14] S. Samshuddin, B.  Narayana, B.K.  Sarojini, M.T.H.  Khan, H.S.  Yathirajan, C.G. Darshanraj and R.Raghavendra,   Antimicrobial, 

analgesic, DPPH scavenging activities and molecular docking study of some 1,3,5-triaryl-2-pyrazolines,  Med. Chem. Res., 21, 

2012b, 2012-2022. 
[15] S. Samshuddin, B. Narayana, D.N. Shetty and  R. Raghavendra, An efficient synthesis of 2, 4, 6-triaryl  pyridines and their 

biological evaluation, Der Pharma Chemica. 3, 2011a, 232-240. 

[16] S. Kumar, A. Jayashree, B. Narayana, B.K. Sarojini, L.  Kotai, S. Anthal and R.  Kant, Synthesis and crystal structure of (E)-3- (4-    
butoxyphenyl)-1-(naphthalen-1-yl)-prop-2-en-1-one, Eur. Chem.. Bull., 5, 2016, 501-504. 

[17] R. Kant, R.  Sharma, V.V.  Salian, B.K.  Sarojini and B.  Narayana, Structure of (2E,2'E)-3,3'-(1,3-phenylene)bis(1- (anthracen-

9-yl)prop-2-en-1-one): a chalcone derivative,   Eur. Chem. Bull., 4, 2015, 327-330.  
[18] S. Kumar, V.V Salian, B.  Narayana, B.K.  Sarojini, S.  Anthal and R.  Kant, Synthesis and crystallography of a dimerized chalcone 

derivative, Rasayan J. Chem., 10  2017, 522-527.   
[19] G.M. Sheldrick, A short history of SHELX, Acta Cryst., A64, 2008, 112. 
[20] L.J. Farrugia, WinGX suite for small-molecule single-crystal crystallography, Appl. Crystallogr., 32, 1999, 837. 

[21] M. Nardelli, PARST95 - an update to PARST: a system of Fortran routines for calculating molecular structure parameters      

from the results of crystal structure analyses, J. Appl. Cryst., 28, 1995, 659. 
[22] A.L. Spek, Structure validation in chemical crystallography, Acta Cryst., D65, 2009, 148-155. 

[23] L.J. Farrugia, ORTEP-3 for Windows - a version of ORTEP-III with a Graphical User Interface (GUI),   J. Appl. Cryst., 30, 1997, 

565. 
[24] F.H. Allen, O. Kennard, D.G. Watson, L. Brammer, A.G. Orpen and R. Taylor, Tables of Bond Lengths determined by X-Ray and 

Neutron  Diffraction. Part I .Bond Lengths in Organic Compounds.,   J. Chem.Soc.,  Perkin Trans-II., S1, 1987. 

[25] A.A. Amzar,  N.H.H. Nur, A. Suhana, C.K.  Nuridayanti and A.R. Ibrahim, (E)-1-(Anthracen-9-yl)-3- (2-chloro-6-fluorophenyl)- 

prop-2-en-1-one: Crystal structure and Hirshfeld surface analysis,  Acta Cryst., E72,  2016, 648-651. 

[26] I.A. Razak, H.K. Fun, Z. Ngaini, N.I.A. Rahman and H. Hussain, (E)-3-[4-(Hexyloxy)phenyl]-1-(4-hydroxyphenyl)prop-2-en- 1-
one,  Acta Cryst., E65, 2009,  o1439–o1440.  

[27] B. Narayana, V.V. Salian, B.K. Sarojini and J.P. Jasinski, (2E)-1-(4-Chlorophenyl)-3-[4-(propan-2-yl)phenyl]prop-2-en-  1-one , 

Acta Cryst., E70, 2014, o855. 

 
 

Vikram D. Singh. ―Synthesis and Crystal Structure of (2E)-1-(Anthracen-9-Yl)-3-(3,4-

Dichlorophenyl)Prop-2-En-1-One.‖ IOSR Journal of Applied Chemistry (IOSR-JAC), vol. 10, 

no. 9, 2017, pp. 53–57. 

 

IOSR Journal of Applied Chemistry (IOSR-JAC) is UGC approved Journal with Sl. No. 4031, 

Journal no. 44190. 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sS41upUAAAAJ&citation_for_view=sS41upUAAAAJ:IWHjjKOFINEC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sS41upUAAAAJ&citation_for_view=sS41upUAAAAJ:IWHjjKOFINEC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Vrrq_lQAAAAJ&citation_for_view=Vrrq_lQAAAAJ:Y0pCki6q_DkC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=wjS3j84AAAAJ&citation_for_view=wjS3j84AAAAJ:u5HHmVD_uO8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=wjS3j84AAAAJ&citation_for_view=wjS3j84AAAAJ:u5HHmVD_uO8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=tmk7nY8AAAAJ&citation_for_view=tmk7nY8AAAAJ:UebtZRa9Y70C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=tmk7nY8AAAAJ&citation_for_view=tmk7nY8AAAAJ:UebtZRa9Y70C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=tmk7nY8AAAAJ&citation_for_view=tmk7nY8AAAAJ:UebtZRa9Y70C
http://www.sciencedirect.com/science/article/pii/S0022024802013064
http://derpharmachemica.com/vol3-iss3/DPC-2011-3-3-232-240.pdf
http://derpharmachemica.com/vol3-iss3/DPC-2011-3-3-232-240.pdf
http://journals.iucr.org/j/issues/1999/04/00/gl0608/index.html
http://journals.iucr.org/j/issues/1995/05/00/gl0425/gl0425.pdf
http://journals.iucr.org/j/issues/1995/05/00/gl0425/gl0425.pdf
http://journals.iucr.org/j/issues/1995/05/00/gl0425/gl0425.pdf
http://journals.iucr.org/j/issues/1997/05/01/gl0507/gl0507.pdf

