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ABSTRACT

Tribochemical reaction of L-lysine.HCI with M X, affordsfour new complexes
withthe general formula, R,[MCI,] (R=L-lysine.HCI). The complexes were
synthesized by grinding the reactants in the solid state in a mortar. The
isolated solid complexes derived fromCu?*,Ba?*, Cd?** and Pd* chloridesare
characterized by elemental analyses, conductivities, spectra (IR, UV-Vis,
Far-IR) and magnetic measurements. Molar conductance values of the iso-
lated solid complexessuggest their eectrolytic naturein DM SO butthe com-
plexes are easily decomposed in H,O. Spectral and magnetic measurements
suggest that the metal ions form tetrahedral geometry around the metal ion.
The [MCI,]* anion and its counter ions are connected through a hydrogen
bonds between Cl of the anion and OH (carboxylate)forming O-H---Cl inter-
action. The results of Far-IR spectra suggest the stretching and
bendingvibrations of M-Cl. Also, a comparative study between the com-
plexes isolated from L-lysine.HClandour previous studies derived fromL-
lysine.2HCI has been illustrated. Finally, the complexes were tested against
different types of cancer and some of the complexes give promising results.
© 2015 Trade Sciencelnc. - INDIA
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INTRODUCTION

In continuation of our earlier workof the synthe-
sis and characterization of some metal complexes
derived from L-lysine.2HCI™ as well as the com-
plexesderived from variousligands by tribochemical
reactions?®,we extend this work to include L-
lysine.HCIwith MX, (Cu*, Ba**, Cd** and Pd*).
Adamset a” reported the reactions of Pd?* and Pd?*
chloride complexeswith imidazole and pyrazole or

their hydrochloride in the solid state which produce
novel metal complexes andthe crystal structure of
the Cu?*was determined by singlecrystal X-ray crys-
tallography!®. The copper complex has a distorted-
tetrahedral geometry and the [CuCl ]* anion and its
counter ionsis connected through ahydrogen bonds
between Cl of the dianion and hetero aromatic rings
by Cl-n, -t and O-H - &, interactions. The main
goal of thiswork isto compare the results under in-
vestigation with our earlier work™ and to study the
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biologicd activity of theisolated complexes agai nst
different types of cancer.

EXPERIMENTAL

M aterialsand methods

Metal contents were determined at the Microana-
Iytical Unit, Cairo University, Egypt. Pd and Cd were
determined by complexometric titration using
Xylenol orange as indicator®. Cu and Ba contents
were performed byatomic absorption
spectrometermodel Perkin-Elmer intheMicroAna
Iytical Center, Faculty of Science at Cairo Univer-
sity. The conductance measurementsin DM SO were
carried out using a conductivity bridge TDS model
72 at Domiat University, Egypt. IR spectrawerere-
corded on an 800-PC FTIR Schimadzu spectropho-
tometer using KBr pellets (4000-400 cm?) at Cairo
University. Far-IRspectrawere recorded using spec-
trophotometer model 6300 FTIR in the Egyptian Pe-
troleum Research Institute. Magnetic momentswere
determined using a Sherwood balance at room tem-
perature (25 °C) with Hg[Co(NSC),] as a celebrant
at MansouraUniversity. Diamagnetic correctionsfor
L-lysine.HCl and the metal atoms were computed
using Pascal’s constants!*?l, Electronic spectraof the
complexes in Nujol mulls were recorded on a
Unicam UV 2 spectrophotometer at Mansoura Uni-
versity.

Synthesisof ligand and metal complexes
The synthesis of new metal complexeswith the

general formula,R,[MCI ] ,were obtained by grind-
ing 2 moles of L-lysine. HCl with M X, (1 mole; M =
Cu?, Ba&?*, Cd?* and Pd?*) in agate mortar at room
temperature till the reactants become in fine pow-
der. The isolated solid complexes were dried in an
oven at 60 °C and kept in desiccators over anhy-
drous CaCl,,.

Biological activity
Cytotoxicity Assay

Evaluation of the cytotoxicity of the synthesized
complexes against HCT-116 (colon) and MCF-7
(breast) cell lines was carried out in the Regional
Center for Mycology and Biotechnology (Al-Azhar
University) as reported earlier!l. The relationship
between the surviving fraction and drug concentra-
tion was plotted to get the survival curve of each
tumor cell line after specific compound was added.
Inhibition of cell proliferation (I1C,,) for test com-
pounds (A, B and D) (ug sample/L) were recorded.
The IC, is the concentration of treatment required
to induce 50% inhibition of cell growth™.

RESULTSAND DISCUSSION

Comparison of elemental analyses for the cal-
culated and found percentagesindicatesthat the com-
positions of the complexes coincide with the pro-
posed formulae asshown in TABLE 1. All thecom-
plexes are freely solublein DMF and DM SO. The
decomposition of complexesin H,O, derived from
L-lysine. HClislower than the complexes isolated

TABLE 1 : Elemental analyses and some physical data of the isolated metal complexes

Complex; M .p., A An (DM SO;0hm™  Ug;. C% H% N% M %
chemical formula °c "mx lem?mol™) (B.M) F(Calc.) F(Calc.) F(Calc.) F(Calc.)
314
[NH-HC-COOH-(CHy),NHl, [CUCL]; o 336 . oo 284 56 107 119
C1oHsoN4O,CUCI (M Wt =499.756) (1) 384 19 288 61 (@112 @127
440
[NH-HC-COOH-(CH.).NHZJ{BaCL; . 33‘2‘ Diameg, 249 44 102 239
C1oHsoN4O,BaCl (M. Wt = 573.543) (2) o 8 (251)  (52) (98) (24.4)
[NH,-HC-COOH-(CH,)+-NHz], 310
[CACI].2H,0; CoHaN,OsCACI(M. Wt 196 358 81 Diamag. éj"% (‘5"3) (190'8 (ig'g)
- 584.658) (3) 414 : : : :
[NH3-HC-COOH-(CH).NHS][PCL]; o, f&g . i, 262 53 97 200
C1oHsoN4OPACI (M. Wt = 542.636) (4) o 0 (266) (56) (103 (20.7)
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from L-lysine.2HCI. Thisismainly dueto the strong
hydrogen bond formed within theformer complexes
than the latter complexes derived from L-
lysine.2HCI. The values of molar conductance in
DMSO (TABLE 1)suggest that al thecomplexesare
electrolyticin nature™, exceptthe Bacomplex which
insoluble in DMSO. The values of molar conduc-
tance for the complexesisolated from L-lysine.HCI
are lower than the values of the complexes sepa-
rated from L-lysine.2HCI. The low values are ex-
plained on the strength of hydrogen bonding in the
complexes derived from L-lysine.HClaswell asthe
low speed of thelargeionsin the solvent. The melt-
ing points of the solid complexes (TABLE 1)liein
the 155-215°Crange. These valuessuggest that the
strength of the bond between L-lysine.HC| and the
metal ions on heating areless stable in comparison
to the complexesisolated from L-lysine.2HCI™,

IR spectra of the complexes derived from L-
lysine.HCI

ThelIR spectrum of thefreeligand (L-lysine.HCI)

R = -(CH2),-NH»
Figure 1 : Hydrogen bond in lysineHCI

——  Ful] Peper

shows the presence of new bands in the 3400-3100
cm* region. This suggests that one of the two NH,
groups of L-lysine.HClis changed to NH,* and the
other remains as NH,,. Also, the results suggestthe
absence of H,O molecules within the compound as
shown in Figure 1. Severa bands are observed at
3024, 2814, 1725, 1620 and 1571 cm™. The first
two strong bands are mainly due to the strong hy-
drogen bond between the OH andNH, (N....H—O)
vibration. The latter two bands at 1725, and 1620
cm* are attributed to the v_(COO) and v (COO) vi-
brationd*?17, Thelast band at 1571 cmis assigned
tothe NH," group.

Also, themost important assignmentsof themetal
complexes, [NH,-CH(COOH)-(CH,) ,-NH,][CuCl ]
(1), [NH,-CH(COOH)-(CH,),-NH_].[BaCl ] (2),
[NH,-CH(COOH)-(CH,) -NH_] [CdCI ].2H,O (3)
and [NH,-CH(COOH)-(CH,),-NH_] [PdCl ] (4), are
observed in the regions 3402-3461, 3286-3167,
2978-2929, 1600-1631 and 1505-1525 cm* assigned
to v_(NH,) attached to the CH group, v(NH,) at-
tachedto (CH,),, v(OH) hydrogen-bonded, v_(COO)
and v (COO) vibrations'**", respectively. Also, the
band observed at ~ 1585 cm is assigned to NH,*
group suggesting that the ligand (lysine.HCI) is
mainly existed in the form of Zwitterion. Also, the
data suggest that the ligand is bonded to the metal
ionsforming ionic bondin the complexesof thetype
[L]*[MX,]?. Thebondin these complexesisatype
of ionic interaction. Doubtless this type of interac-
tion causesthe shifts of both the carboxylate and the
NH, groups to lower wavenumbers. The IR spec-
trum of the L-lysinetetrachloropalladate
(11),R,[PdCl ],in KBr complex is recorded in Fig-
ure 2.

80 e s
70 i — 4l \ o Tl
N ~/ \ ferlJ\’flf | I{ E
N, s \ | .mn r\( ‘J |
60 : r i \
% T \\ Vs HHJ
\ |
50| l |
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Wavenumber [ecm-! ]
Figure 2 : IR spectrum of R,[PdCI Jin KBr
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The mostimportant bandsinthemetal complexes,
[NH_,-CH(COOH)-(CH,),-NH_][CuCl ] (1), [NH,-
CH(COOH)-(CH,) -NH_] [BaCl,] (2), [NH,-
CH(COOH)-(CH,),-NH_] [CdCI,] (3), [NH,-
CH(COOH)-(CH,) -NH,] [PdCl ] (4), are observed
in the regions 3493-3409, 3234-3002, 2927-2900,
1735-1681 and 1680-1587 cm™. The observation of
the bands in the 3493-3409 and3234-3002 regions
assigned to NH,, vibration indicating that one of the
NH.* group in the free ligand is changed to NH, on
complex formation. These bands are assigned to
v.(NH,) and v (NH,) vibrations, respectively. The
band observed in the 2927-2900 regions isv(CH)
vibration. The last two bands are assigned
tov_(COO) and v (COO) vibrationg'®?, respec-
tively. Also, the band observed at 1585 cm? is as-
signed to NH,* group suggests that the ligand is
mainly existed in the form of Zwitterion. Also, the
dataobtainedsuggest that theligand isbonded to the
metal ions forming a complex of the type
[L],Z[MX,]*. Finaly, the bands observed in all
complexes in the 1900-2000 and 2600-2500 cn?
region suggests the  presence  of
O—H....Clhydrogenbond?® and represented by the
Pd?* complex as shown in Figure 3.

In contrary to our previous work™ the IR spec-
tra of lysine.2HCI and its complexes showed the
absence of the NH, bands due to the formation of
two (NH,)* groups as shown in Figure 4. Also, the
results suggest that the bands at 1735-1681and 1680-
1587 cmr'are assigned tov_(COO) and v (COO)

vibrations, respectively.
Electronic spectraand magnetic measur ements

The electronic spectrum of the Cu?*complex is
showninFigure5. All the complexesshow twomain
bandsinthe272-418 and 374-516 nm regionswhich
aremainly assignedton — 7" (COOH) and n — «’
(COOH) transitionsg?¥, respectively. The Cu?* com-
plex exhibits three bands at 315, 390 and 735 nm.
Thefirst two bands are dueto charge-transfer while
thethird band is attributed to d-d transition. The ob-
servation of these bands suggests that the
Cu?*complex has a distorted-tetrahedral geometry
around the Cu?*ion®®. The value of magnetic mo-
ment for the Cu?*complex (2.19BM)suggeststhe ab-
sence of Cu-Cu interactiong?:27,

Far-IR spectra of the metal complexes

The Far-IR spectrum (600-50 cm?) of the
tetrahal opalladate(ll) complex of the general for-
mula, R[PdCI ], isrecorded in Figure 6. The spec-
train the complexesshow two bandsin the 265-295
and 54-84 cnrregions assigned to v(M-Cl) stretch-
ing!® and v(CI-M-Cl) bending, respectively.

Evaluation of cytotoxicactivity on human tumor
cell lines

Activity against breast cancer cell lines(MCF-7)

Thedataillustrate that the order of theactivity of
the complexes against breast cancer isin the order:
3>1>4>2withIC_ valuesof (0.47, 6, 34.3and 37

NH,
;2

Cl - o A
\ +H
N i M HH;
__Pd I

Figure 3 : The structure of the complexes with the general formula R,[PdCI ]
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Figure 4 : Complexstructurewith the formula RIMCI ]

pg/m). Doxorubicin (DOX) a drug with antineoplas-
tic activity was used in this study as standard drug,
sinceitiswiddy used inthetreatment of tumor cells.
L-lysinetetrachlorocadmate (3) is promising to in-
hibit the growth of breast cancer lines whileL-
lysinetetrachloropalladate complex(4) shows the
least antitumor activity duetoitslow solubility.

Activity against cervical cancer

All tested compoundsare effectiveagainst HELA
(Cervical cancer) illustrate that the order of their
activitiesis3> 1> 4> 2.L-lysinetetrachloocadmate
(3) andL-lysinechlorocuprate (1) are very success-
ful to inhibit the growth of the cervical cancer. The
results show that L-lysinetetrachlorobarimate (2)
hastheworst effect.

Activity against .colon cancer
Absorbance

——  Ful] Peper

The activity of tested compounds against HCT
(colon cancer) illustrates that the order of their ac-
tivities is in the order: 3 > 1> 2 > 4. L-
lysinetetrachlorocadmate (1) isvery potential agent
to inhibit the growth of the colon cancer followed
byL-lysinediiododichlorocadmate (I) and L-
lysinetetrachl oropall adate (4) has the lowest potent
activity. Cytotoxic activities of these complexesare
mainlyduetheir differential solubility.

Activity against larynx cancer

The activity of compounds under investigation
against HEP2 (Larynx cancer) showsthat the order
of their activitiesisasfollow: 3> 1> 2~ 4. Both of
L-lysinetetrachlorocadmate(3) andL-
lysinetetrachloropalladate (1) are the most potent
while L-lysinetetrachlorobarimate (2) andL-
lysinetetrachloro palladate (4) are the least effec-
tive 3. 4. 5. Activity against Heptacellular cancer.
The activities of compound against HEPG2
(Heptace lular cancer) illustratethat the order of their
activities is as follow: 3 > 1 >4 > 2. L-
lysinetetrachlorocadmate (3), and L-
lysinetetrachlorocuprate (1) are very successful to
inhibit the growth of the heptacellular cancer. Both
the L- lysinetetrachloropalladate (4) andL-
lysinetetrachlorobarimate (2) show less activity. All
thedataarerecorded in TABLE 2. in activity against
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Figure 5 : The electronic spectrum of the Cu* complex, R[CuCl ]
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Figure 6 : Far-IR spectrum ofL [PdCI ]

TABLE 2 : Inhibition of cell proliferation (IC,, pg sample/L) for complexes

Breast cancer Cervical cancer Colon cancer Larynx cancer Hepatocellular cancer

Complex
L-lysinetetrachlorocuprate(ll) (1) 6.0 9.3
L-lysinetetrachl orobarimate(I1)(2) 37.0 37.6
L-lysinetetrachl orocadmate(11)
dihydrate(3) 0.47 0.47
L-lysinetetrachl oropalladate(11)(4) 34.3 16.5

6.9 9.7 10.9
36.6 40.0 321
0.73 0.51 0.69
47.8 40.0 21.8

HEP2 (Larynx carcinoma).
Activity against Heptacellular cancer

The activities of compound against HEPG2
(Heptacd lular cancer) illustrate that the order of their
activities is as follow:3 > 1 > 4 > 2. L-
lysinetetrachlorocadmate (3), and L-
lysinetetrachlorocuprate (1) are very successful to
inhibit the growth of the heptacellular cancer. Both
the L-lysinetetrachloropalladate (4) andL-
lysinetetrachlorobarimate (2) show less activity.

All the data are recorded in TABLE 2.

Cadmium and copper complexes(3 and 1) are
the most active compounds against all tumor cell
lines. Theresults suggest that the positively charged
polar head of the complexes provides the basis for
its anticancer specificity, whereas the amino acid
tall may aid in its insertion into the plasma mem-
brane alteringitsmosaic structurein responseto the
negative trans-membrane potential . It should bea so
noted that effectsof these complexesarefound to be
dependent on the typeof the tested tumor cell line.
Resultsillustrated that cadmium complex shows ex-
cellent cytotoxic activity, which can be attributed to
the abilityof cadmium complex to produce non-co-
valently interact with DNA double helix rather than
forming coordinated covaent adducts with DNA.
The non-covalent DNA interactions included

intercalative, electrostatic and groove binding of
metal complexes aong the major or minor DNA
groove. In most cases, the metal acted as an inor-
ganic modifier of the organic backbone of the
bi oactive molecule and ligands granted DNA affin-
ity and specificity!®.
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