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A B S T R A C T

          Two new hydrated monocationic Cu(II) complexes with 1,3-propylenediamine and 1,2-ethylenediamine of
  general formula [CuBr(N-N)2 ·H 2            O]Br were prepared. The complexes were identi ed by means of several spec-fi

             troscopic tools (Uv-visible, IR and MS), thermally (TG/DTA) and CHN-elemental analysis. The three dimensional
                      structure for complex and was provide by X-ray di raction studies and showed the Cu(II) ion as 4 + 1 + 1A B ff

             coordinated, four nitrogen atoms of the diamine ligands, one bromide ion and one H 2    O semi-coordinated to the
                 Cu(II) center, a typical e ect is clearly observed in the two complexes. The molecular crystal structures aretrans ff

              linked several H-bonds like N_H Br and N_H O. Additionally, intra-molecular H-bonds of kind C_H Br isvia … … …

            observed; these interactions lead to crystal structure three dimensional architecture packing. Hirshfeld surfaces
             (HSA) analysis was served to gure out the inter-contacts and ngerprints atoms percentage. DNA-binding,fi fi

         antitumor and antibacterial e ectiveness of the desired complexes were evaluated.ff

 1. Introduction

       Propylenediamine is an excellent primary diamine complexing re-
          agent acts as an N,N-bidentate ligand, which is capable of coordinating

         with most of transition metal ions, including Cu(II) . Diamine-Cu[1,2]
          (II) complexes were found to serve as catalysts under mild conditions

       [3,4]. In addition, copper(II) complexes containing polydiamine ligands
           have shown high anti-cancer activity which may be due to their ability

         to inhibit DNA synthesis . Recently, we have investigated the[5 13]–

      spectroscopic and the biological activity of [Cu(dipn)(N-N)]Br 2 with
      [dipn = dipropylene-triamine, propylene-diamine (pn) and N-

    N = ethylene-diamine (en)] .[13]
       Although copper complexes have important biological and che-

       motherapeutic activities, little is known about monocation Cu(II)-

          diamine complexes X-ray single crystal analysis . In the scene of[8 13]–

           the wide attention in this type of Cu(II)/Cu(I) complexes, and due to
         their medical signi cance, we describe in this work the preparation,fi

         identi cation, X-ray analysis, and surface studies of new water solublefi

 mono-cationic [CuBr(N-N) 2 ] + Br−     complexes where N-N = 1,3-propy-
      lene-diamine or 1,2-ethylene-diamine. In addition, the antibacterial,

         DNA and antitumor activities of the desired complexes versus various
    cancer-cell lines has been investigated.

 2. Experimental

 2.1. Chemicals

        Reagents throughout this work were used as received from
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 Sigma Aldrich Company.–

     2.2. Preparation of the desired complexes

          Complexes and were prepared, in 80 90% yields. The diamineA B –

          (2 mmoL) was dissolved in 10 mL distilled-water then inserted drop-
   wise to the CuBr2 ·2H2          O salt (1 mmoL in 10 mL ethanol) under ultra-

             sonic vibration in interval of 10 min. The mixture was left for 10 min∼

           until deep blue color solution is xed and the reaction cools down.fi

         Under reduced pressure the solvent was evaporated and the blue
        powder product was washed well with iso-propanol and di-

    chloromethane then deserted to dry.

  2.2.1. Complex A

       Yield 90%, m.p. = 185 °C. MS ( /m z) [M +   ] = [CuBr
(NN)2 ] +         = 292.2 / (291.8 theoretical). Elemental analysis Calc. form z,

[CuBr(NN)2 ·H2      O]Br- which is equivalent to (C6 H22 Br2 CuN4   O): C, 18.50;
             N, 14.38 and H, 5.69. Found: C, 18.35; N, 14.22 and H, 5.71%. (IR,

νcm−1     ): 3380 3265 and 3160– (v H-N   ), 2890 (v C-H   ), 1565 (v N-H  ), 1170
(vN-C   ), 508 (v Cu-N   ). UV Vis./water:– λ max  with (εmax   ): 255 nm

  (1.20 × 103       1/ML) and 568 nm (2.90 × 102 1/ML).

  2.2.2. Complex B

        Yield 88%, m. p. = 165 °C. MS ( /m z) [ M +   ] = [CuBr
(NN)2 ] +        = 262.2 (263.65 theoretical). Elemental analysis Calc. for
[CuBr(NN)2 ·H2     O]Br-which is equivalent to C 4 H18 Br2 CuN4   O: C, 13.29;

             H, 5.02; N, 15.50 . Found: C, 13.24; H, 5.05; N, 15.31%, (IR, cmν
−1 ):

 3375 3142– (v H-N   ), 2925 (v C-H   ), 1555 (v N-H   ), 1175 (vN-C   ), 515 (v Cu-N ).
 UV Vis./water:– λ  max (εmax      ): 250 nm (1.27 × 103    1/ML) and 580 nm

  (3.11 × 102 1/ML).

 2.3. Instruments

        A TU-1901 DB UV VIS spectrophotometer served to record the–

           UV visible analysis of complexes and , whereas IR was employed to– A B

        record on a 1000 FT-IR Spectrophotometer PerkinElmer. EI-MS data
           were collected with the aid of a Finnigan 711A (8 kV) (PerkinElmer

      Inc., Waltham, MA, USA) instrument. Thermogravimetric analysis
        (TGA/DTA) was accomplished by using a TGA-7 PerkinElmer thermo-

       gravimetric analyzer. CHN-analysis was performed out with EuroVector
        EA3000. HSA analysis computed by CRYSTAL EXPLORER 3.1 software

[14].

  2.4. X-ray di ractionff

         Slow evaporation of complexes and ethanolic solution gaveA B

          suitable crystals for XRD measurements. X-ray data of complex wereA

             collected at a temperature of 293 K with the aid of a CCD di ractometerff

         Bruker Proteum 2 equipped with an X-ray generator operating .[15]
      Crystal structure by means of the F2    SHELXS SHELXLand programs

       [16] [17]. Geometrical calculations performed using programPLATON ,
          whereas the packing and molecular diagrams were carried out with the

          aid of the softwareMERCURY [18]. D i ffraction Data set of complex B

         was collected on Xcalibur/Oxford Di ractometer using Mo tube as X-ff

            ray source ( = 0.71073 Å). CrysAlis Pro software was served for ab-λ

         sorption correction; the collected data was reduced to produce SHELX
         hkl-format les . Both structures were re ned and solved usingfi [19] fi

        SHELXTL program . Data re nement and crystal structure details[20] fi

    are illustrated in .Table 1

  2.5. DNA binding

         Experimental Abs. titration spectral was performed at pH 7.2 bu erff

            solution of a Tris HCl [5 mM Tris HCl mixed with 50 mM NaCl] and– –

        with a Cu(II) complex concentration of 5.0 × 10−5   M. [CT-DNA] varied
      in between 0 and 1.0 × 10 −4      M by keeping the volume constant

         (10.0 mL). Cu(II) complexes and CT-DNA mixture was allowed for
         10 min to equilibrate at room temperature for all trial.

  2.6. Biological assays

    2.6.1. Preparation of stock solutions

              A solution was made by resolving 20 mg of the complex in 20 mL of
        media (RPMI) supplemented with 1% penicillin streptomycin, 1% l-

         glutamine, 1% amphotericin B and 1% non-essential amino acid. This
            solution has a concentration of 0.5 mg/mL and was stored at 4 °C.

  2.6.2. Cell lines

        ATCC, HCT116 number: CCL-247, from human the epithelial tissue
          of the colon, PC3, ATCC number: CRL-1435, from human prostate and

          HepG2, ATCC number: HB-8065, from the human epithelial cells of the
         liver were grown in Dulbecco s modi ed Eagle s DMEM medium sup-’ fi ’

          plemented with 10% fetal calf serum, 1% penicillin streptomycin 1% l-
         glutamine, 1% non-essential amino acid and 1% amphotericin B. All

             cell lines were incubated at 37 °C in a humidi ed atmosphere of 5% COfi 2

  and 95% air.

    2.6.3. Determination of cell viability

           Cell viability was assayed by using the MTT method, the cells were
          seeded into 96-well plates at a density of 1 × 10 4   cells/well and al-

           lowed to incubate for 24 h. Cells were then incubated with increasing
            concentrations of test compounds for another 24 h. At the end of each

             treatment period, 10 L of MTT (5 mg/mL in PBS) was added to eachμ

             well and the microplate was incubated at 37 °C for 4 h. The medium
              with MTT was removed and 100 L of DMSO was added to each well toμ

        dissolve the insoluble formazan crystals. Plates were incubated for
              20 min at 37 °C and optical densities were measured at 570 nm with a

          reference wavelength of 630 nm as a background using a spectro-
  photometer plate reader.

  2.6.4. MTT assay

         Cells were seeded in 96-well plates at a concentration of
1 × 10 4            cells/well in 100 L of complete media and incubated for 24 atμ

     37 °C in a 5% CO 2        atmosphere to allow for cell adhesion. Stock solu-
             tions (1 mg/mL) of complexes and and then were diluted to achieveA B

        the following concentration: 1, 0.5, 0.250, 0.125, 0.065, and
            0.03125 mg/mL. A 100 L solution of each complex was added to aμ

            100 L solution of fresh medium in wells to give nal concentrations ofμ fi

         1 0.03125 mg/mL. All assays were performed in triplicates. A control–

           group containing no drug was run in each assay. Cytotoxicity was as-
           sessed using MTT solutions (5 mg/mL) and 100 L of fresh, completeμ

          media which added to each well. Following four hour incubation, the
         medium was removed and the purple formazan precipitated in each

          well was sterilized in 100 L DMSO. Absorbance was measured byμ

            means of a microplate reader at 570 nm and results are expressed as
IC 50         values directly calculated from % viability. Percentage (%) viabi-

       lity was calculated according to the following equation:

=

× =

       % viability (OD in sample well/OD in control well)

  100%(OD optical density).

  2.6.5. Antimicrobial assay

         The antimicrobial activity of the two newly prepared complexes (A&
         B) were tested against the following microbial strains: Escherichia coli

      (ATCC 25922), Staphylococcus aureus (ATCC 25213), Klebsiella
        pneumoniae (ATCC 13883), Bacillus subtilis (ATCC 6633), and bac-

           terial strains were stocked onto a nutrient agar slant. All slants were
   stored at 4 °C.

         A disc di usion method served to evaluate the antimicrobial activityff

            of the prepared and complexes. Stock complexes and wereA B A B

          initially dissolved in ethanol and sterilized by ltration using 0.45 lmfi
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 membrane lters.fi

          Sterile 6 mm diameter lter-paper discs was soaked with 0.2 mg/fi

            disc of the sterile complexes and , and were placed in triplicatesA B

        onto Muller Hinton agar (Oxoid, England) plates for bacterial strains.–

         These plates were previously inoculated separately with 100 µL (1.0
10 8  -CFU mL−1          ) of fresh culture of bacteria suspension. The plates were

            incubated for 24 h at 37 °C. After incubation, the inhibition zone around
          each disc was measured and recorded. Recorded inhibition zones are an

          average of three replicates. Discs soaked with sterile water were used
        for negative control, while standard antibacterial tetracycline (30 µL/

           disc, Oxoid, Basingstoke, UK) was used as positive controls in the assay.

   3. Results and discussion

     3.1. Complexes and synthesisA B

            As depicted in , pure Cu(II) complexes and , with [CuBrScheme 1 A B

(N-N) 2 ·H2          O]Br as general formula, were prepared by reaction of 1,3-
      propylenediamine or 1,2-ethylenediamine with a copper(II) bromide

         salt in an ethanol water mixture with 1:2 metal-to-ligand ratio under–

       ultrasonic mode of vibration. As water-soluble bromide mono-cationic
          salts the desired complexes have been prepared in very good yields.

          Furthermore, these complexes were blue in color and the reactions that

         led to their formation were highly exothermic. These newly synthesized
         complexes were identi ed with the aid of the CHN-elemental andfi

        various spectral analyses. The complexes structures were con rmed byfi

  XRD single analysis.

        3.2. Determination of and complexes crystal structureA B

           The asymmetric unit of the complexes and a mononuclear ca-A B

    tionic molecular copper(II) complex [Cu(N-N) 2 )] +    , the electrical charge
       is balanced by separate two bromide anion (Br −      ) as depicted in .Fig. 1

       Also, the asymmetric includes mono-water molecule. Selected bond
        distances and angle values are illustrated in .Table 2

          The central Cu(II) surrounds with four nitrogen atoms (N2, N6, N8,
             and N12) Cu(II) cations, then it completes its 4 + 1 + 1 coordination

         by forming semi-coordinated bonds with the water molecule and the
         separate bromide anion ( ). Since the water molecule coordinatedFig. 1

         the copper centre anti to the bromide ion with [H2  O Cu Br] angle… …

           ∼170 (°) this making the best geometry around the metal in between
    square pyramid and octahedral structure.

          The Cu Br1 distance are quite long to be considered as coordinate…

              bond, the Br Cu bond length is 2.7089(7) Å and 2.948 Å for A and B–

            ( ). The Cu Br bond distance in coordinate bond is around 2.4 ÅTable 2 –

         and is around 2.8 Å in Cu Br semi-coordinated bond .– [21]
           Similarly, The Cu O distance is long in the both complexes, 3.53 Å…

               and 2.71 Å in and , thus, the two complexes are better to be de-A B

          scribed as hydrates. However, trans e ect is clearly obsereved in theff

            two complexes, as the Cu O distance is shorter in complex , and Cu-… A

       Br is shorter in complex ( ).B Table 2
      Hydrogen bonding interactions (N_H O, O_H Br, and N_H Br)… … …

           connect the cationic and anionic units to form layer structures in both
          complexes ( ); the layer structure lie parallel the bc crystal-Fig. 2

            lographic plane in complex and ac in complex . Summarized data ofA B

         these interactions are recorded in . Then, subsequently theseTable 3
          layers are linked weaker non classical C_H O and C_H Br H-via … …

        bonding interactions to form the nal three dimensional structures.fi

         3.3. 3D-Hirshfeld surfaces analysis comparison between complexes andA B

            Displayed in are the Hirshfeld surfaces of complex and .Fig. 3 A B

        Hydrogen bonds and other su cient intercontacts were indicated byffi

         red spots over whole molecules surface . Several dark-red spots[22 26]–

  on the d norm        of both complexes re ect the short interatomic contacts,fl

 Table 1

       Crystallographic data and structure re nement parameters for complexes.fi

   Complex ComplexA B

  CCDC 1422015 1551373
  Empirical formula C 6 H20 N4 CuBr 2O C 4H18 Br2 CuN 4O

   Formula weight 387.61 361.58
    Temperature 293(2) K 293(2) K

    Wavelength 1.54178 Å 0.71073 Å
     Crystal system, space group Monoclinic, P2 1      /c P 1 21/n 1Monoclinic,

      Unit cell dimensions = 8.6858(5) Åa

   b = 15.0169(8) Å
   c = 11.0250(6) Å

  β = 112.668(2)°

   a = 6.4422(4) Å
   b = 15.4116(9) Å

   c = 12.0398(9) Å
  β = 98.048(6)°

  Volume 1326.95(13) Å 3  1183.59(13) Å3

     Z, Calculated density 4, 1.940 Mg/m 3  42.029 Mg/m3

   Absorption coe cient 9.230 mmffi
−1  8.567 mm−1

F   (0 0 0)  764 708
             Crystal size 0.26 × 0.27 × 0.28 mm 0.3 × 0.2 × 0.2 mm3

      Theta range for data collection 5.3 64.5° 3.15 26.30°– –

                               Limiting indices 7 10, 17 15, 12 9 8 7, 19 17, 12 15− ≤ ≤h − ≤ ≤k − ≤ ≤l − ≤ ≤h − ≤ ≤k − ≤ ≤l

         Re ections collected/unique 5668/2107 [R(int) = 0.039] 5508/2385 [R(int) = 0.0394]fl

                 Final R indices [I > 2sigma(I)] R1 = 0.0447, wR2 = 0.0634 R1 = 0.0422, wR2 = 0.0595
  Data/restraints/parameters 2021/0/128 2385/1/115

Goodness-of-fit o n F 2  1.11 0.989
         Largest di . peak and hole 1.22 and 0.90 e Åff −

−3     0.683 and 0.649 e Å−
−3

    Scheme 1. Desired complexes synthesis.
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           whereas long interactions rise as light-red spots. At the same level of
          calculation complex revealed more short contacts, 7 red spots wereB

            collected on the Hirshfeld surface of , while 5 spots only collected inB

             complex surface. In both complexes the spots are close to the polar H-A

           N, H-O and Br-Cu functional groups creating source of ports to the
 neighbour molecules.

        Two strong types of H-bond (N_H Br and N_H O) interactions… …

           were computed as deep-red spots on complex surface. On the complexA

         B surface, the same interactions together with new N__H . Br H-bond… …

          were recorded. This result is in agreement with the hydrogen bonding
     interactions collected by X-ray structure analysis.

         The 2D-Finger-print lots on the HSA surfaces in both complexes
       showed the H-inter-contacts percentage in the subsequent: H .… …

           H > H...Br > H...O, where no H C, H N and H Cu interactions… … …

   were detected ( ).Fig. 4
           In complex the H H major contribution was found to be higherA …

          that complex B, H… …Br was also higher in complex , while HA O

       Fig. 1. A BORTEP of complexes and .

 Table 2

           Chosen angles (°) and bond distance (Å) for complexes and .A B

   Complex ComplexA B

   Cu(1) N(2) 2.011(4) Cu(1) N(1) 2.002(3)– –

   Cu(1) N(6) 2.053(4) Cu(1) N(2) 2.023(3)– –

   Cu(1) N(8) 2.051(4) Cu(1) N(3) 2.017(3)– –

   Cu(1) N(12) 2.020(4) Cu(1) N(4) 1.996(3)– –

   Cu(1) Br(7) 2.7089(7) Cu(1) Br1 2.948– –

   Cu(1) O(14) 3.530 Cu(1) O1 2.719– –

   N(2) Cu(1) N(12) 179.01(13) N(4) Cu(1) N(1) 179.43(15)– – – –

   N(2) Cu(1) N(8) 89.50(15) N(1) Cu(1) N(3) 94.92(15)– – – –

   N(12) Cu(1) N(8) 90.18(15) N(4) Cu(1) N(3) 84.51(15)– – – –

   N(2) Cu(1) N(6) 90.30(15) N(1) Cu(1) N(2) 84.69(15)– – – –

   N(12) Cu(1) N(6) 90.52(15) N(4) Cu(1) N(2) 95.87(15)– – – –

   N(8) Cu(1) N(6) 143.54(17) N(3) Cu(1) N(2) 173.64(15)– – – –

   N(2) Cu(1) Br(7) 87.27(9) N(1) Cu(1) Br(1) 87.31– – – –

N(12) Cu(1)– –   Br(7) 91.89(10) N(2) Cu(1) Br(1)– – 97.20
   N(8) Cu(1) Br(7) 101.87(11) N(3) Cu(1) Br(1) 89.87– – – –

   N(6) Cu(1) Br(7) 114.54(13) N(4) Cu(1) Br(1) 92.73– – – –

   Br(7) Cu(1) O(14) 170.23 Br(1) Cu(1) O(1) 173.32– – – –

            Fig. 2. A BLayer structures of complex and . Hydrogen bonding interactions are
   shown by dotted lines.

 Table 3

       Hydrogen bonding interactions angles (°) and distances (Å).

   Complex ComplexA B

   H6A O14 2.165 H2 Br1 2.536… …

   N6- O14 2.990 O1 Br1 3.289… …

   N6 H16A O14 151.9 O1 H2 Br1 165.1– … – …

   H6B Br7 2.750 H1 Br2 2.319… …

   N6 Br7 3.399 O1 Br2 3.250… …

   N6 H6B Br7 130.0 O1 H1 Br2 172.4– … – …

 H1D Br1 2.542…

 N1 Br1 3.417…

 N1 H1D Br1 164.1– …

 H1A O1 2.363…

 N1 O1 3.170…

 N1 H1A O1 149.0– …

 H4D Br1 2.563…

 N1 Br1 3.459…

 N1 H4D Br1 173.5– …
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               contribution is more in complex than and H X (X = N, C and Cu)B A …

             contributions in both complexes were found to be zero, as seen in .Fig. 5

        3.4. Mass spectrum, elemental analyses, conductivity and water solubility

        The mass spectra, elemental analysis, conductivity and water solu-
         bility of the desired complexes are consistent with their mono-cationic

[CuBr(NN)2 ·H2       O]Br proposed formula (see experimental part), which
         was already con rmed by X-ray single crystals measurements for bothfi

        complexes. For example, complex elemental analysis Calc. forA

C6 H22 Br2CuN 4           O: C, 18.50N; 14.38 and H, 5.69. Found: C, 18.35; H,
           5.71; N, 14.22%. This result is consistent with the existence of one

          water molecule in lattice of the desired complexes re ecting the ex-fl

   pected general formula [CuBr(NN)2 ·H2       O]Br. TOF-MS of complex is inA

  agreement with [CuBr(NN)2 ]+   formula showing [M+    ] = 292.2 /m z,

     (291.8 theoretical) as in .Fig. 6
             The water solubility of complex was found to be 0.045 mg/L at RTA

       and the conductivity of aqueous (1 × 10 −3     M) at RT equal to
 205 Ω−1 cm 2 mol −1        , complex showed slightly higher water solubilityB

           0.065 mg/L at RT and the conductivity of aqueous 1 × 10 −3   M found to
  be 225 Ω−1 cm 2 mol −1  at RT.

 3.5. Ft-Ir

             FT-IR of complexes and are given in . IR revealed ab-A B Fig. 7
      sorption bands in 3300 3200 and 1650 1520 cm– –

−1   assigned to νs /νas

  (N H) and– νb        (N H), respectively; such sets are slightly transmitted to–

          less wavenumbers, and are sharper than those of the free primary
      diamine, indicating the coordination of the NH– 2   groups with Cu(II)

      center . The strong bands 2950 2845 cm[27] –
−1     are related to the C H–

   stretching vibrations of CH2 sp3      groups in the diamine ligand [28] . I n
     addition, the peak at 610 500 cm–

−1    is sited to ν(Cu-N)  vibration .[29]

   3.6. UV Vis. Spectral analysis

         Complexes and UV Vis. spectra were performed in distilledA B –

        water at RT. The complexes exhibited absorption bands at
λ max               = 250 nm (complex ) and 245 nm (complex ), as seen in ,A B Fig. 8

   corresponding to to *     transition. Additionally, the absorption bands
 at max              = 568 nm (complex ) and 577 nm (complex ) and in the blueA B

         color region are due to the d-d electronic transition .[30 33]–

    3.7. Solvatochromism of complex A

          The low solubility of the complexes limited the solvents to polar
         solvents which can be used to evaluate solvatochromism phenomena in

          these compounds, for this reason, only water; EtOH, DMF, and DMSO
          were investigated. Absorption spectra of in the chosen solvents areA

            seen in . The visible spectra of this complex in di erent solventsFig. 9 ff

        reveal absorption bands in the region 450 800 nm. Solvatochromic–

         probes in selected solvents are ascribed to strong expected Jahn Teller–

  distortion of (d 9    ) copper(II) ion .[30 34]–

         Bathochromic color changes shift was observed and is attributed to
     water-polar solvent displacement causing semi-octahedral coordination

          with the Cu(II) center, which is in consistent with the solvatochromism
        mechanism of such complexes . Accordingly, the visible bands[30]

        chemical shift increases linearly with increase in Gutmann s (DN)’

          donor-number of solvents. In the linear mode ofFig. 10 λ max (complex
    A) DN with Rvis. 2        = 0.9846 re ected the degree of the electronicfl

          poverty as well as Lewis acidity natural of such complexes .[32]

     3.8. Thermogravimetric analyses of complex A

        In the current investigation, we have performed TG/DTG analyses
          to collect input upon the thermal-stability of complex . To performA

           these measurements, the temperature was increased from 0 to 900 °C at
           10 °C/min. heating rate. Displayed in are the resulting TGAFig. 11

   curves for complex .A

       Results from thermogravimetric analysis of the complex revealed
        the occurrence of three consecutive mass losses; dehydration, organic

        ligand pyrolysis, inorganic ligand de-structure to metal oxide residue
         formation . The rst step which involved loss of uncoordinated[13] fi

           water molecule was at 100 °C. In the second decomposition stage, the∼

            diamine ligand was lost in the temperature range of 200 280 °C to form–

CuBr2.        At higher temperatures, the complex undergoes further decom-
         position steps that lead nally to produce copper(II)-oxide (CuO); thisfi

          stage happen in 580 620 °C temperature range. The formation of CuO–

          was con rmed by FT-IR solid state measurement; the broad band offi

νCu=O    at 500 cm∼
−1   was detected .[35]

     3.9. CT-DNA binding a nity of complexesffi

  3.9.1. Absorption titration

        UV visible absorption titration spectroscopy is one versatile method
        to estimate DNA-binding a nity . The complexes a nity towardffi [36] ffi

         CT-DNA binding was followed by UV-titrations in Tris HCl bu er so-– ff

          lution. Typically, changes are expected in UV spectra of the desired
         compound by drug-DNA binding . showing the UV -[37 42]– Fig. 12 –

        Visible spectra titration of complex upon CT-DNA addition.A

5x10−5         M of Cu(II)-complexes were treated with several DNA con-
      centrations from 0 to 1 × 10 −4        M in order to monitor the decrease in

  absorption at λ max           = 250 nm, as seen in . To estimate theFig. 12
        binding ability of investigated complexes by calculation of K b  for both

 complexes. K b         values were evaluated by observing the variations in Abs.
       vs. CT-DNA concentrations by employing the following equation:

  − = − + −[       DNA]/( ) [DNA]/( ) 1/K [DNA]/( )   a f b f b b f

     [DNA] is the DNA concentrations, ε f  , εb  and εa     , are the free-, metal-
      bound-complex and apparent extinction coe cients, respectively. Kffi b is

  Fig. 3. d norm     Hirshfeld surface of both complexes.
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    the intrinsic binding constant. K b       was calculated from the slope to in-
  tercept when [DNA]/(εa–εf      ) [DNA] was plotted. Kvs b for

    A = 1.30 × 10 4 M−1      ( ) and 1.5 × 10Fig. 12 4 M−1    for . These resultsB

          are comparable to those collected by other researchers for similar Cu(II)

 complexes .[35 38]–

  3.9.2. Viscosity test

         To estimate the Cu-DNA binding ability, viscosities of DNA solution

     Fig. 4. Fingerprint of both complexes.
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        before and after complexes were evaluated. The intercalative binding
          mode proposes that the DNA-helix will be elongated owing to Cu(II)-

            binding leading to arise in the M. Wt. which expected to enhance the
          viscosity . The complexes insertion e ect on the DNA viscosity was[38] ff

   illustrated in .Fig. 13

           Fig. 5. AH . Atoms contributions percentages of a complex… … and b complex
B.

     Fig. 6. ATOF-MS of complex .

           Fig. 7. A BThe FT-IR of (a) complex and (b) complex .

       Fig. 8. UV Vis spectra of 1 × 10–
−4          M: a) complex , and b) complex in HA B 2O

   and at room temperature.

        Fig. 9. AAbs. spectra of in selected solvents.

    Fig. 10. Dependence of λ max        of complex on the solvent's Gutmann donorA

 number values.
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       Increasing Cu(II) concentrations of both complexes revealed en-
          hancement in the DNA relative viscosity with non-linear ratio ( ).Fig. 13

          Such increasing re ected relatively a high degree of DNA binding thefl

          Cu(II) complexes. Results propose bind the DNA better thanB A, in
         addition, such complexes bind the DNA through the intercalation mode

[36 40]– .

  3.10. Proliferation assay

          The MTT cell assay is reasonable technique to evaluate the cell
 proliferation-rate .[13]

           Data collected from the this study by the MTT assay indicated that
          both complexes are with high inhibitory e ects on the accession offf

         HCT116 colon, HepG2 liver, and PC-3 prostate cancer cells [36 38]– . I n
          addition, the cytotoxicity of these complexes reduces in a time depen-

    dent fashion. Furthermore, the IC 50      values for complexes were found to
             be 31.25 g/mL (complex ) and (complex ) 30.55 g/mL at 24 h ofμ B A μ

         treatment. However, more studies are required to establish the e cacyffi

          and safety of these compounds and to have a structure-activity pro lefi

           for these complexes. Similarly, it is equally important to have an idea
       about their biological stability. Furthermore, we performed survival

          studies where cells were incubated, separately with complexes and ,A B

            and then washed to get rid of Cu(II) complexes. The cell survival was
         determined at complex concentrations ranging from 1 to 0.03215 mg/

             mL). At these concentrations, complex was able to kill 78, 82, 84, 83,A

            86, and 87% of the HCT116 cells, respectively, as depicted in .Fig. 14 
           Moreover, complex at the same concentrations was able to kill 78,B

             81, 82, 82, 83, and 84% of the HCT116 cells, respectively, as shown in
 Fig. 14.

              Fig. 11. ATG-DTG thermal curve of complex (TG is the thick solid line, other
  line represents DTG).

     Fig. 12. (a) 5.0 × 10 −5         M o f A UV Vis. spectra interacted with 0, 1.0 × 10–
−6 ,

  5.0 × 10 −6    , 1.0 × 10 5    and 1.0 × 10 −4       M (a e) [DNA] at RT. (b) Draw of
  [DNA] against [DNA]/(εa –εf ) a t λmax       = 250 nm to calculate the K b intrinsic

binding-constant.

          Fig. 13. E ect of rising copper(II) complexes concentrations on the relativeff

        DNA viscosity at RT, [DNA] = 4.0 × 10 −4 M.

              Fig. 14. A B(a) Inhibitory e ects of complexff and (b) complex on the pro-
         liferation of HepG2 liver cancer cells, PC3 and HCT 116.
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  3.11. Antimicrobial studies

         The antimicrobial activity and inhibition e ciencies of the two newffi

          designed complexes and were tested against two Gram-positive (S.A B

         aureus and B. subtilis) and two Gram-negative bacteria (K. pneumonia
    and E. coli) ( ).Fig. 15

            The highest activity of the complex was against S. aureus with anA

           inhibition zone of 21.3 mm; complex also exhibited a strong activityA

          against K. pneumonia, E. coli and B. subtilis, showing inhibition zones
           of 17.1, 15.2 and 17.2 mm, respectively. Complex exhibited a strongA

           promising activity against S. aureus and B. subtilis, even better than the
      Tetracycline antibiotic, as seen in .Fig. 15

           The highest activity of complex was against S. aureus with anB

          inhibition zone of 17.2 mm; complex exhibited strong activity againstB

            E. coli, K. pneumonia and B. subtilis, with inhibition zones of 15.9, 15.6
   and 14.1 mm, respectively.

        In general, complex revealed a higher antibacterial activityA

           compared to complex ., may be due to structure shape activities sinceB

           complex is with two six hetero-membered rings while complex isA B

       with two ve hetero-membered rings. Nevertheless, both complexesfi

      showed very good results as antibacterial agents.

 4. Conclusions

   We synthesized mono-cationic [CuBr(N-N) 2·H2  O]Br complexes
         using 1.2- and 1,3-diamines ligands under ultrasonic mode of vibration.

            The structures of the and complexes were solved by XRD crystal-A B

        lography then identi ed by FT-IR, MS, UV visible, elemental andfi –

         thermal test. In X-ray solved structures complexes one water molecule
      formed semi-coordinated bond to Cu centre [H 2   O Cu Br] making the… …

       geometry in between square pyramid and octahedral structure.
        Hirshfeld surfaces analysis of both complexes re ected an excellentfl

    agreement with XRD intercontacts data.
       Complex established positive solvatochromism using several polarA

         solvents with di erent DN number due to water-polar solvents co-ff

           ordination replacement at the axial site of the Cu(II) centre. The CT-
          DNA binding interaction mode with the and compounds wasA B

          evaluated by UV VIS. and viscosity analysis, the results revealed a high–

         CD-DNA binding consisting with the antitumor behaviour of the mo-
        lecules against several types of cancer cells. Promising anti-microbial

         activities of both and complexes against several Gram-positive/A B

   negative bacteria were observed.

  A. Supplementary material

          Crystallographic data for complex and have been deposited withA B

       the Cambridge Crystallographic Data Centre as supplementary pub-
        lication number CCDC 1422015 and 1551373, respectively. Copies of

         this information may be obtained free of charge via www.ccdc.cam.ac.
       uk/conts/retrieving.html (or from the CCDC, 12 Union Road,

       Cambridge CB2 1EZ, UK; Fax: +44-1223-336033; e-mail deposit@
ccdc.cam.ac.uk).
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