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Abstract. The pentafluorophenyl  group is an important constituent not only in 

biological chemistry, but also in analytical, material and polymer chemistry, catalysis, 

dynamic combinatorial chemistry, and reaction development. We reported here 

 the structures of new Schiff base 1-((5´-bromo-[2,2´-bithiophen]-5-yl)methylene)-2-

(pentafluorophenyl) hydrazine (I), C15H6BrF5N2S2, which crystallizes as racemate in 

the space group P-1. The C— S, C— F and the N—H bonds are presented. 

The dihedral angle between the thiophene rings is 3.33 ( 0.19 )° and the side ring (C1 

to C6) is 9.29 (18) and 10.73 (18)°, respectively. The crystal structure is slightly 

stabilized by the intramolecular N—H···F and  intermolecular N—H···F, C—H···F 

hydrogen bonds as H-atoms donor, link the molecules into dimers along the b axis. 

Calculations of the NBO analyses (DFT/B3LYP/cc-pVDZ, single point geometry) 

were performed.    
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1 Comments 

The pentafluorophenyl  group is an important constituent not only in biological chemistry, but 

also in analytical, material and polymer chemistry, catalysis, dynamic combinatorial 

chemistry, and reaction development. Despite this widespread interest, as part of our studies 

on the substituent effects on the structures countaining pentafluorophenyl  group and 5´-

bromo-[2,2´-bithiophen]-5-yl)methylene fragment we investigated the hitherto not prepared 

Schiff base 1-((5´-bromo-[2,2´-bithiophen]-5-yl)methylene)-2-(pentafluorophenyl)hydrazine 

(I) is known to exhibit a wide variety of activities. We report here the crystal, molecular

structure and electronic properties of the title compound (Fig. 1).
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Fig. 1.  Synthesis of (E)-1-((5´-bromo-[2,2´-bithiophen]-5-yl)methylene)-2-

(pentafluorophenyl)hydrazine. 

2 Experimental 

The reaction of pentafluorophenylhydrazine with 5´-bromo-(2,2´-bithiophene)-5-

carbaldehyde  in ethanol gave the desired Schiff base 1-((5´-bromo-[2,2´-bithiophen]-5-

yl)methylene)-2-(pentafluorophenyl)hydrazine with high yield and purity were characterized 

by elemental analyses, spectroscopic methods and X-ray diffraction analyses [1, 2, 3]. 

According to the reaction scheme (Fig. 1), the corresponding aldehyde (0.01 mol) was 

dissolved in 60 ml ethanol which contained solution of 0.011 mol 

pentafluorophenylhydrazine. The reaction mixture was refluxed for 12 h with the addition of 

2 drops of concentrated HCl. The solvent was evaporated and the obtained crude product was 

purified by column chromatography to give the pure product in 68% yield. M.p. 149-151 0C. 
1H NMR (300 MHz, dmso) δ 10.37 (s, 1H), 8.22 (s, 1H), 7.20 (m, 4H). 
13C NMR (75 MHz, dmso) δ 139.11, 138.06, 137.62(m) 137.21(m), 136.71, 135.48, 

133.71(m), 131.67, 129.16, 125.02, 124.73, 120.87 (m,), 110.67. 
19F NMR (282 MHz, dmso) δ -155.69 (2F, d, J = 24.0 Hz), -164.35 (2F, td, J = 21.6, 2.7 Hz), 

-169.87 (1F, tt, J = 23.3, 5.7 Hz).

2.1 Refinement 

Hydrogen atoms were placed in calculated positions with C—H distances of 0.93 Å and 

constrained to ride on their parent atoms. The amide H atom was visible in a difference map 

and refined with the N—H distance restrained to 0.86 (2) Å. The Uiso(H) values were set at 

1.2Ueq. Friedel pairs were merged. Refinement on F2, least-squares matrix: full, R[F2 > 

2σ(F2)] = 0.039, wR(F2) = 0.090, S = 1.03, 3921 reflections, 226 parameters, 0 restraint, 

primary atom site location: structure-invariant direct methods, secondary atom site location: 

difference Fourier map, Hydrogen site location: inferred from neighbouring sites, H atoms 

treated by a mixture of independent and constrained refinement, Δρmax = 0.28 eÅ−3, Δρmin = 

−0.32 eÅ−3, Triclinic, P-1, a = 6.2562 (3), b = 9.0987 (8), c = 14.7830 (12) (Å),  = 102.555

(8), β =  93.116 (6),  =  101.968 (7) (°).

2.1.1 Computing details 

Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell refinement: CrysAlis CCD; 

data reduction: CrysAlis RED (Oxford Diffraction, 2009); program(s) used to solve structure: 

SHELXS [9], Sir2014 ([5]; program(s) used to refine structure: SHELXL [9]; molecular 
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graphics: DIAMOND [4]; software used to prepare material for publication: SHELXL [9], 

ShelXle [8], PLATON [10], OLEX2 [6], Gaussian 09 [7]. 

3  Results 

We present here the crystal, molecular and electronic structure of one novel (E)-1-((5´-bromo-

[2,2´-bithiophen]-5-yl)methylene)-2-(pentafluorophenyl)hydrazine (I). Compound (I) 

crystallizes in triclinic system, centrosymmetric space group P-1. The dihedral angle between 

the thiophene rings is 3.33 ( 0.19 )° and the side ring (C1 to C6, pentafluorophenyl) is 9.29 

(18) and 10.73 (18)°, respectively. Crystallographic data for the structure reported in this

paper will be available from the Cambridge Crystallographic Data Centre.The hydrogen atom

of the NH is involved in intramolecular hydrogen bonding and intermolecular hydrogen

bonding . The crystal structure is stabilized by the intramolecular N2—H2···F1 bond and two

intermolecular N2—H2···F1i, F1···H2—N2i hydrogen interactions as H-atoms donor, link

the molecules into dimers along the b axis, we also see intermolecular C13—H13···F3ii and

C13—H13···F4ii hydrogen interactions (Figs. 2, 3 and Tab. 1). Table 3 shows us the distance

between ring centroids (Å) of Cg(1) (S1-C8-C11-C10-C9, Cg(2) (S2-C12-C13-C14-C15,

Cg(3) (C1-C2-C3-C4-C5-C6). The bond lengths of the hydrazine group N1=C7 is 1.274 (4) Å

somewhat shorter than typical bond [1]. This may be due to the fact that C7H7 is not

participate in intra- and intermolecular hydrogen bonds. Atom N2 is sp2-hybridized, as

evidenced by the sum of the valence angles around it (359.99°). These data are consistent

with conjugation of the lone-pair electrons on N2, similar to what is observed for amides.

The electronic structure of the molecule of the title compound (I) was calculated by the Ab

Initio method [7], DFT/B3LYP/cc-pVDZ basis set was involved into calculation. Calculation

of the electronic structure of a compound provides several indices which characterize

the distribution of electron density in the molecule and the multiplicity of atomic bonds.

The selected net charges give a Tab. 2 of the distribution of electron density in the molecule

and the values of the Wiberg bond indices enable one to estimate the multiplicity of individual

atomic bonds. The net charge distribution in the molecule indicates that the positive charges

are localized at the atoms N2 (0.049), S1 and S2 (0.159 and 0.183), whereas the negative net

charges are located on the N1  (–0.100), F1 (–0.163), F2 (–0.143), F3 (–0.146), F4 (–0.143)

and F5 (–0.135) . This charge distribution and the spatial arrangement (geometry) of

the molecule govern its  activity and are important for the overall stabilization of the crystal

structure. It follows from the Wiberg index value for the bond N1—C7 (Iw = 1.695)  is not

a pure double bond but indicate the character of conjugated bond. The other bonds of

the molecule have the character of single bonds (Tab. 2). That -electrons are delocalized in

the region of the C1 to C6  atoms and atoms S1, S2, Br1. The results of these calculations are

in good agreement with the experimental values of the bond lengths found by the X-ray

structure analyses. It was found by evaluating experimental interactions of the structure (I) in

the solid phase in this work that the intra- and  intermolecular interactions are nevertheless

important in the parts of the molecule (I), (Tab. 1, Tab. 2).
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Fig. 2. Molecular structure of the title compound (I) with the atomic numbering scheme. 

Displacement ellipsoids are drawn at the 50 % probability level. H atoms are represented as 

small spheres of arbitrary radii. 

Fig. 3. Molecular packing view of the title compound (I). Molecular links along c-axis are 

generated by N—H・・・F, F・・・H—N hydrogen bonds which are shown by dashed 

lines. The rest of H atoms have been omitted for clarity. 
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D—H···A D—H H···A D···A D—H···A 

N2—H2···F1 0.86 2.28 2.645(3) 106 

N2—H2···F1 i 0.86 2.32 3.119(2) 155 

F1···H2—N2 i 0.86 2.32 3.119(2) 155 

C13—H13···F3 i i 0.93 2.59 3.246(3) 128 

C13—H13···F4 i i 0.93 2.87 3.746(3) 173 

Symmetry code: (i) 2-x, 1-y, 2-z; (ii) -x, -y, 2-z 

Tab. 1. Hydrogen-bond geometry (Å, º) for (I). 

Atoms 
Charge, 

q 
Bond Iw Atoms 

Charge, 

q 

N1 -0.100 N1-C7 1.695 F4 -0.143

N2 0.049 N1-N2 1.107 F5 -0.135

H2 -0.019 N2-C1 1.103 C1 0.019 

Br1 0.002 Br1-C15 1.061 C7 0.255 

S1 0.159 S1-C9 1.166 C8 -0.205

S2 0.183 S2-C12 1.148 C9 -0.112

F1 -0.163 F1-C2 0.876 C12 -0.122

F2 -0.143 F3-C4 0.896 C15 -0.279

F3 -0.146 F5-C6 0.902 

Tab. 2. Selected values of the net charges (NBO) at individual atoms and Wiberg bonding 

indices Iw. 

Cg(1) - Cg(2)iii 3.714(2) 

Cg(1) - Cg(3)iv 4.046(2) 

Cg(2) - Cg(1)v 3.714(2) 

Cg(2) - Cg(2)vi 3.975(2) 

Cg(3) - Cg(1)iv 4.046(2) 

Cg(3) - Cg(3)vii 4.314(2) 

Symmetry code: (iii) 1+x, y, z; (iv) 1-x, 1-y, 2-z; (v) -1+x, y, z; 

(vi) -1-x, -y, 1-z; (vii) 1-x, -y, 2-z

Tab. 3. Distance between ring centroids (Å). 

Acknowledgement 

This work was financially supported by from the EU structural funds as part of the Security 

Research Centre of Excellency ITMS 26240120034, grant from the Research Center for 

394



Industrial Synthesis of Drugs, ITMS 26240220061, supported by the Research 

& Development Operational Programme funded by the ERDF. This work was also supported 

by the Grant Agency of the Slovak Republic (KEGA, Grant No. 035STU-4/2017 and VEGA 

Project 1/0871/16 and Research and Development Agency of the Slovak Republic under 

the contracts No APVV-15-0079). We are grateful to the HPC centre at the Slovak University 

of Technology in Bratislava, which is a part of the Slovak Infrastructure of High Performance 

Computing (SIVVP project, ITMS code 26230120002, funded by the European region 

development funds, ERDF), for the computational time and the resources. This article was 

created with the support of the Ministry of Education, Science, Research and Sport of 

the Slovak Republic within the Research and Development Operational Programme for 

the project “University Science Park of STU Bratislava”, ITMS 26240220084, co-funded by 

the European Regional Development Fund.   

References 

[1] LUKEŠ, V., MICHALÍK, M., POLIAK, P., CAGARDOVÁ, D., VÉGH, D., BORTŇÁK,

D.,  FRONC, M., KOŽÍŠEK, J., Theoretical and experimental study of model

oligothiophenes containing 1-methylene-2-(perfluorophenyl)hydrazine terminal unit. In

Synthetic Metals 219, 2016, pp. 83–92.

[2] NOSHIRANZADEH, N., BIKAS, R., ŚLEPOKURA, K., SHAABANI, M., LIS, T.,

Synthesis and characterization of cobalt complexes with pentafluorophenylhydrazine:

Nucleophilic attack of phenolic oxygen to pentafluorophenyl ring during condensation of

two Schiff base ligands. In Journal of Fluorine Chemistry 160, 2014, pp. 34–40.

[3] JIANLI HUA, J., ZHANG, W., LI, Z., QIN, J., SHEN, Y., ZHANG, Y., LUY, Z.,

Arylaldehydes-pentafluorophenyl Hydrazones as Second-order Nonlinear Optical

Chromophores: A Novel Approach for Remarkably Defeating the Nonlinearity- 

transparency Trade-off. In Chemistry Letters, 2002, 2, pp. 232–233.

[4] BRANDENBURG, K., 1999, Diamond. Version 2.1c. Crystal Impact GbR Bonn,

Germany.

[5] BURLA, M. C., CALIANDRO, R., CARROZZINI, B., CASCARANO, G. L.,

GIACOVAZZO, C., MALLAMO, M., MAZZONE, A., POLIDORI, G., 2016, Sir2014,

ver. 14.10. In J. Appl. Cryst. (2015). 48, pp. 306–309.

[6] DOLOMANOV, O. V., BOURHIS, L. J., GILDEA, R. J., HOWARD, J. A. K.,

PUSCHMANN, H., 2009, OLEX2. In Journal of Applied Crystallography 42, pp. 339-

341.

[7] FRISCH, M. J., TRUCKS, G. W., SCHLEGEL, H. B., SCUSERIA, G. E., ROBB, M. A.,

CHEESEMAN, J. R., SCALMANI, G., BARONE, V., MENNUCCI, B., PETERSSON,

G.A., NAKATSUJI, H., CARICATO, M., LI, X., HRATCHIAN, H.P., IZMAYLOV, A.

F., BLOINO, J., ZHENG, G., SONNENBERG, J. L., HADA, M., EHARA, M.,

TOYOTA, K., FUKUDA, R.,  HASEGAWA, J., ISHIDA, M., NAKAJIMA, T., HONDA,

Y., KITAO, O., NAKAI, H.,  VREVEN, T., MONTGOMERY, JR. J. A., PERALTA, J.

E., OGLIARO, F., BEARPARK, M.,  HEYD, J. J., BROTHERS, E., KUDIN, K. N.,

STAROVEROV, V. N., KEITH, T., KOBAYASHI, R., NORMAND, J.,

RAGHAVACHARI, K., RENDELL, A., BURANT, J.C., IYENGAR, S. S., TOMASI, J.,

COSSI, M., REGA, N., MILLAM, J. M., KLENE, M., KNOX, J. E., CROSS, J. B.,

BAKKEN, V., ADAMO, C., JARAMILLO, J., GOMPERTS, R., STRATMANN, R. E.,

YAZYEV, O., AUSTIN, A. J., CAMMI, R., POMELLI, C.,  OCHTERSKI, J. W.,

MARTIN, R. L., MOROKUMA, K., ZAKRZEWSKI, V. G., VOTH, G. A., SALVADOR,

P., DANNENBERG, J. J., DAPPRICH, S., DANIELS, A. D., FARKAS, O.,

395



     FORESMAN, J. B., ORTIZ, J. V., CIOSLOWSKI, J., FOX, D. J., 2013, Gaussian09. 

     Gaussian. INC., Wallingford CT. 

[8] HÜBSCHLE, Ch. B., SHELDRICK, G. M., DITTRICH, B., 2011, In J. App. Cryst., 44,

pp. 1281–1284.

[9] SHELDRICK, G. M. 2015, In Acta Cryst. C71, pp. 3-8.

[10] SPEK, A. L. 2009, In Acta Cryst. D65, pp. 148–155.

Current address

Fronc Marek, Ing., PhD. 

Institute of Physical Chemistry and Chemical Physics

Faculty of Chemical and Food Technology, Slovak University of Technology 

Radlinského 9, SK-812 37 Bratislava, Slovak Republic 

E-mail: marek.fronc@stuba.sk

Sivý Július, doc. RNDr., PhD. 

Institute of Mathematics and Physics, 

Faculty of Mechanical Engineering, Slovak University of Technology

Nám. slobody 17, SK-812 31 Bratislava, Slovak Republic  

E-mail: julius.sivy@stuba.sk

Bortňák Dušan, Ing., PhD. 

Institute of Organic Chemistry, Catalysis and Petrochemy 

Faculty of Chemical and Food Technology, Slovak University of Technology 
Radlinského 9, SK-812 37 Bratislava, Slovak Republic 

E-mail: dusan.bortnak@stuba.sk

Végh Daniel, Ing., DSc. 

Institute of Organic Chemistry, Catalysis and Petrochemy

Faculty of Chemical and Food Technology, Slovak University of Technology 
Radlinského 9, SK-812 37 Bratislava, Slovak Republic 

E-mail: daniel.vegh@stuba.sk

Králik Marián, doc. Ing., PhD. 

Institute of Manufacturing Systems, Environmental Technology and Quality Management 

Faculty of Mechanical Engineering, Slovak University of Technology 

Nám. slobody 17, SK-812 31 Bratislava, Slovak Republic  

E-mail: marian.kralik@stuba.sk

396

mailto:marek.fronc@stuba.sk
mailto:julius.sivy@stuba.sk
mailto:dusan.bortnak@stuba.sk
mailto:daniel.vegh@stuba.sk
mailto:marian.kralik@stuba.sk



