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ABSTRACT

The aim of this work was to synthesise a seriethrefe ferrocene derivatives bearing either aminmide or

hydrazine groups and to evaluate their in vitroiexidant activities. Spectrophotometrical and elechemical

techniques were used to quantify the total antixicactivities, the former was carried out usidgl-diphenyl-2-
picrylhydrazyl and phosphomolybdenum reagents|dtter was based on measuring the oxidation peakeot of

superoxide anion radical electrochemically genedalty reduction of commercial molecular oxygen in &M The
ferrocenic derivative N’-ferrocenylmethyl-N'-phebghzohydrazide shows the highest DPPH a@ntradicals

scavenging activities (0.1 +0.00245) and (0.92.@Dmg/ml) respectively which was sigicantly closer to that of
standard antioxidant ascorbic acid. The resultdoth spectrophotometrical and electrochemical tesigcate that
the activity depends strongly upon the presena@rifrogen atom in the molecule but is improvedhsyinfuence
of the hydrazine function. In addition spectropmoétrical tests of N-(Ferrocenylmethyl)-2-nitrobemamine does
not give any activity due to its deep purple coJduswever the antioxidant activity of this derivatiwas easily
measured using electrochemical tests.

Key words: ferrocene derivatives, cyclic voltammetry, DPPHyesoxide anion radical.

INTRODUCTION

The medicinal applications of ferrocene and itsivddives continuous to attract the attention of Hwentific
community, in the last decades many reports hagesstihat some ferrocene derivatives have highagtini vivo

and in vitroagainst many maladies such as canc8j Hndaids [4]. In addition, some ferrocene datixes are
known to be associated with a wide range of biaagiactivities such as analgesic, antitumor, amndianxt,

anticonvulsant and anti-HIV properties [5-14]. leeene derivatives containing nitrogen atoms arevkntmhavein
vitro free-radical scavenging capacity and antiarid activity [15, 16].The antioxidant activity okrfocene
derivatives was first studied in the late 1950s wheton and Silverstein report the synthesis andozigant

evaluation of a number of N-substituted ferrocersmayamides and ferrocenylamine derivatives [174udy and
Liu [18] also investigated the antioxidant activif/ferrocenylhydrazones and found that they exkahiinteresting
antioxidant activity. Since then, a large numberfesfocenic compounds have been synthesized arldag®d in
terms of antioxidantactivities.

After our contribution to the field of corrosioning ferrocene derivatives as inhibitors [19], aondthe field of

electrochemical study [20, 21]. Now we turn oureation to the field of antioxidant activities ana view of

contributing to develop a potential antioxidageats, in the present study we hereby report théhegis of some
ferrocenyl substituted amine, amides and hydrazitesvatives and evaluation of their in vitro amiaant

activities.
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MATERIALS AND METHODS

Chemicals and reagents

Dimethylsulfoxide (DMSO) of analytical grade purskd from Sigma-Aldrich was used as solvent witHatther
purification, 1,1-diphenyl-2-picrylhydrazyl (DPPHas procured from Sigma-Aldrich, tetrabutylammonigxa-
fluorophosphate (TBFP) of electrochemical grade?gP9rom Fluka Company, ammonium molybdate, sodium
phosphate, sulphuric acid were purchased from Sigjlaiach. All other reagents used were of analytpade.

Instrument

UV-Visible spectrophotometer (PRIM Advanced SCHOIRBtruments Gmbh), PGP301 potentiostat/galvanostat
with voltamaster 4 version 7.08 software (radiometealytical SAS), rotary evaporator (IKA EvaporaRV 06-
ML).

Synthesis
N-(Ferrocenylmethyl)-2-nitrobenzenamine(1),N’-faremylmethyl-N’-phenylbenzohydrazide (2), and N-6eeny
methyl-N-phenylpropionamide (3)ere synthesized as described previo{&hs24].
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Scheme 1. Structures of ferrocene derivatives 1-3

Free radical scavenging activity

Free 2,2-diphenyl-1- picrylhydrazyl (DPPH) radicalscavenging ability

Free radical scavenging activity of ferrocene daiixes were measured using a stable 2,2-diphepytiithydrazyl
radical (DPPH) [25]. Ferrocenic derivative with eotial antioxidant activity scavenge the initiablet colour of
free DPPH radicals and turn it into yellow cololihis change in colour is proportional to the rablE@avenging
activity. Briefly, the assay contained 1 ml of 0.2/ DPPH in ethanol and 0.1 ml of various concditres of
ferrocene derivatives solution and standards instiee solvent. The contents were mixed well imnieljisand
then incubated for 30 min at room temperature (28°€). The degree of reduction of absorbance wesrded in
UV-Vis spectrophotometer at 517 nm. All data waralgsed and expressed as means * standard de\(iatibmee
replications, n = 3).

The ability of the test sample to quench 2,2-dighénpicrylhydrazyl radicals (DPPH) (% Inhibitiorf ®PPH) was
calculated using the following equation (1),

c AS

% DPPH radical scavenging activity = x 100 (D

c

whered, is the absorbance of control (without ferrocerécivhtive) and4, is the absorbance of sample.

Free superoxide anion radical Q;") radical-scavenging ability

Experimentations were carried out using voltalaB8¥ 301 potentiostat/galvanostat (radiometer arwaly$AS) in

a double walled electrochemical cell of 25 mL amthventional three electrode system was employedssgl
Carbon (GC) working electrode (radiometer analyti®AS), having area 0.013 éma Platinum wire counter
electrode, and an Hg/HQI reference electrode (3.0 M KCI). Data acquisiiavere accomplished with a Pentium
IV (CPU 3.0 GHz and RAM 1 Gb) microcomputer usingltdMaster4 software version 7.08 (radiometer aically
SAS).
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The superoxide anion radical was generated by tewren reduction of the commercial molecular oxyde,)
dissolved in DMSO containing 0.1 M TBFP at room pemature (28+1°C). The scan rate was kept at 106 rakd
potential window was from -1.4 to -0.0 V. The sedliferrocene derivatives were added toithsitu generated
superoxide anion radical and the cyclic voltammotgravere recorded. The ability of the test samplguench
superoxide anion radica{¥;) (% Inhibition of0;") was calculated using the following equation (2),

% Oy radical scavenging activity = loi s x 100 2)
0

wherei, andi; are the anodic peak current densities of the sur anion radical in the absence and in the
presence of ferrocenic derivative.

Total antioxidant capacity

Molybdate ion reduction

The antioxidant activity of different ferrocene datives was evaluated by the phosphomolybdenunhadeof
Prieto et al. [26]. The experiment is based onréuriction of Mo (VI) to Mo (V) by the sample atihgpH. A 0.1
ml of sample solution (0.1 mg/ml and 0.5 mg/ml) wasnbined with 1 ml of reagent solution (600 mMpwlric
acid, 28 mM sodium phosphate and 4 mM ammonium bualte. The tubes containing the reaction solutienew
capped and incubated in a boiling water bath aC96f 90 min. After the samples had cooled to rdemperature,
the absorbance of the solution was measured anfBagainst a blank. The antioxidant capacity ohesample
was expressed as ascorbic acid (A.A) equivalemgussie following linear equation established usisgorbic acid
as standard: (y = 4.0573x +0.1548)r 0.983) where y is the absorbance at 695 nmxat concentration as
ascorbic acid equivalent (mg/ml). The values aes@nted as the means of triplicate analysis.

Decrease in oxidation peak current of oxygen
The antioxidant activity of the three studied feene derivatives was estimated by the method oéz.amd Rebiai
[27]. Briefly the decrease in the anodic peak aur@gensity of cyclic voltammograms of oxygen i thresence
and in the absence of a ferrocene derivative wassured, the total antioxidant capacity was thenuetad using
the following mathematical equation (3).

PP 100 @3)

LPo — Pres

where, (p, — ip) is the change in the anodic peak current demsityxygen caused by the addition of the sample,
(ipy — ipres) is the difference between thelimiting anodic peakent density of oxygen without the a sampléhin
solution and the residual current density of thegex.

RESULTS AND DISCUSSION

Free radical scavenging activities study

In the present study, four antioxidant evaluatioatimds such as free 2,2-diphenyl-1- picrylhydra@PPH)
radical scavenging activity, superoxide anion rald{©;") radical scavenging activity, phosphomolybdenumd a
decrease in oxidation peak current of oxygen nustheere used to measure the antioxidant activitghode
ferrocene derivatives. In order to obtain kineticves and to calculate the gGralues, radicalscavenging activity
(DDPH and03") was plotted againstffiérent compounds concentration (0.1, 0.2, 0.3, afhdn@/mL).

The antioxidant capacity of the ferrocene derivegiwas expressed ass§CThe 1G, value was defined as the
concentration (mg/mL) of samples that inhibits themation of DPPH and; radicals by 50%. All the tests were
performed in triplicate and the graph was plottathvhe average of three observations. The equatitrtained
from the linear calibration graph in the studiech@entration range for ferrocene derivatives and dtaadard
ascorbic acid are summarized in table 1 (wherepyesents the value of absorbance (DPPH) or tbdiapeak
current density@; )and x, the value of samples concentration, expreas mg/mL.
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Table 1: IC50 (mg/mL) values of three ferrocene dévatives obtained using DPPHand 03 radical scavenging activity

Compound Methods Equation Zvalues G values (mg/ml)
1 DPPH - - -
05 y = 0.246x + 0.002 0.96 2.02 £0.035
2 DPPH y = 6.87x —0.180 0.97 0.1 +0.00245
05 y = 0.588x - 0.0423 0.95 0.92 +0.04
3 DPPH y = 0.029x + 0.0913 0.99 14.22 £ 0.354
03 y =0.113x + 0.0015 0.88 4.54 £ 0.966
Ascorbic acid DPPH y = 43.50x - 0.0453 0.99 0.012 + 0.00017
05 y =1.434 + 0.1519 0.91 0.24 + 0.006

Values are mean + standard deviation of three safgadeterminations (n=3)ll results are significantly gn<0.05.

The ferrocenic derivative 2 shows the highest DRIRHO: radicals scavenging activities (0.1 + 0.00245) ¢hé2
+ 0.04 mg/ml) respectively which was significantlpser to that of standard antioxidant ascorbic .a€iis has
indicated that attachment of hydrazine functionhi ferrocenic compound can improve the antioxidatitvity of

the resulting derivative.

Theparentferrocenic derivative 1 gave no DPPH fesical scavenging activity, this may due to itemeurple
colour, howeveD; radical scavenging activity of this derivative g&/682 + 0.035 mg/ml. finally compound 3 has a
significantly lower DPPH (14.22 + 0.354) a@¢ (4.54 + 0.966 mg/ml) radicals scavenging actisitie

Total antioxidant capacity

The following procedure was followed for the measnent of the antioxidant capacity: 1 ml of asolutif the
corresponding ferrocene derivativein DMSO was itgdcinto the electrochemical cell containing a #otu of
(DMSO + 0.1 TBFP) saturated with commercial molacwxygen in a way to obtain a total concentratbnhe
ferrocene derivativein the electrochemical celléqoa0.4 mg/ml. Then, the cyclic voltammogram ofreene
derivative was recorded in the potential window-b# V to 0.0 V, the obtained voltammograms arewshin

figurel.
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Fig. 1: Cyclic voltammograms of a solution of (DMSO + 0.1 BFP) recorded at a scan rate of 100 mV/s on GC a82C (A) saturated with
commercial oxygen, (B) saturated with nitrogen
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Fig. 2: Cyclic voltammograms of the0, /03 redox couple in oxygen-saturated DMSO/0.1 TBFP coaining 0.4 mg/ml of ferrocene

derivative
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In generally total antioxidant capacities obtaifrean decrease in anodic peak current of oxygemdatgr than that
obtained from Molybdate ion reduction, table 2. abiidition both methods show that compound 2 hasitjeest
antioxidant capacity followed by compound 1 and 3.

Table 2: Total antioxidant capacities obtained fromdecrease in anodic peak current of oxygen and Mdbglate ion reduction for studied
ferrocene derivatives

TAC mg /mg equivalent

Compound Do =i Po = Iy TAC Decrease in anodic peak current gf O(Molybdate ion reduction)

uA/cm?  pA/cm?

1 3.35 30.4 11.02 +0.147 0.532 + 0.00094

2 6.38 30.4 20.98 + 0.629 1.54 £ 0.00072

3 1.45 30.4 4,77 £0.927 0.418 £+ 0.00058
Ascorbic acid 19.8 30.4 65.13 +0.779 -

The total antioxidant capacity of studied ferrocefegivatives was determined by the decrease inianoehk
current of oxygen and Molybdate ion reduction mdthoThe total antioxidant capacity of ferroceneivdgives
ranged from20.98 + 0.629) to (4.77 + 0.927) usitige decrease in anodic peak current of oxygen rdedhd from
(1.54 £ 0.00072) to (0.418 + 0.00058) usiMglybdate ion reduction method. As it can be seemftable 2 both
methods gave the same orders in terms of totadadéint capacity.

CONCLUSION

In conclusion, antioxidant activities of three farene derivatives bearing amine, amide or hydragineps were
estimated using electrochemical asmkctrophotometricassaysour results clearly indicate that the three studied
ferrocene derivativepossess high ability to scavenge the 1,1-diphespit8/lhydrazyl and superoxide anion
radicals. We can conclude that the ethanolic smutif ferrocene derivatives showed the best artand activities
with electrochemical assay. Among all tested compldU-ferrocenylmethyl-N’-phenylbenzohydrazide (2chthe
highest antioxidant activity.

Acknowledgment
The authors wish to thank Mr Ali Tliba from Labovae de Valorisationet et Technologie des Resssurce
Sahariennes, University of El Oued (VTRS) staffticy assistance.

REFERENCES

[1] P. Kopf-Maier, H. Kopf and E.W. Neuséngew Chem.Int.Ed.Endl984 23, 456.

[2] C. OrnelasNew J. Chem?2011, 35, 1973.

[3] G. Tabbi, C. Cassino, G. Lavigiolio, D. Colangeld . Ghiglia, I. Viano and D. Osella]. Med.
Chem, 2002 45, 5786.

[4] A. K. Kondapi,N. SatyanarayanandA. D. SaikrishnaArch. Biochem. Biophys2006 450, 123.

[5]L. Santos, L. A. Lima, V. C. Filho, R. Correa, FBLizzi and R. Nuned/ied. Chem 2008 16, 8526.

[6] B. K. Sharma, S. K. Sharma, P. Singh, S A ShamdalaEnzyminhib Med. Chem 2008 23, 168.

[7]1 T. K. Venkatachalam, C. Mao and F. M. Uckided. Chem 2004 12, 4275.

[8] M. Struga, J. Kossakowski, E. Kedzierska, S. Fideamkd J Stefansk&hem. Pharmaceutical Bulletin2007,
55, 796.

[9] A. K. Gadad, C. S. Mahajanshetti, S. Nimbalkar An&aichurkarEur. J. Med. Chen200Q 35, 853.

[10]F. Zani and P .ViciniArchiv Der Pharmazig 1998 331, 6, 219.

[11]Z. Brzozowski, J. Slawinski, F. Saczewski, A. Ineott and C. T. Supurarsur. J. Med. Chem201Q 45,
2396.

[12]G. Renzi, A. Scozzafava and C. T. Supuiioorg. Med. Chem. Let200Q 10, 673.

[13]F. Saczewski, A. Innocenti, J. Staski, A. Kornicka, Z. Brzozowski, E. Pomarnacka, 8cozzafava, C.
Temperini and C. T. SupuraBjoorganic & Med. Chem2008 16, 3933.

[14]V. Garaj, L. Puccetti, G. Fasolis, J.Y. Winum, JMontero, A. Scozzafava, D. Vullo, A. Innocentida@. T.
SupuranBioorganic &Med. Chem. Le2005 15, 12, 3102.

[15]E. R. Milaeva, S. I. Filimonova, N. N. Meleshonkota G. Dubova, E. F. Shevtsova, S. O. Bachurin ldn&.
Zefirov, Bioinorg Chem. App|201Q 1.

[16]X. Wu, E. R. T Tiekink, I. Kostetski, N. Kochergig A. L. C. Tan, S. B. Khoo and W. Mei-Lin GoPBur. J.
Pharm. Sci 2006 27, 175.

[17]1E. M. Acton and R. M. Silversteid, Org.Chem 1959 24, 10, 1487.

[18]J. Zhangand, R. Liy.Chem.Soc.Pak2011, 33, 34.

[19]T. Zaiz and T. Lanez]. Fund. App. Sci2012 4, 38.

[20]N. S. Negmouche, A. Khelef and T. LandzFund. App. Sci2009 1, 23.

322
www.scholarsresearchlibrary.com



Abdelhamid Khelef and Touhami Lanez Der Pharma Chemica, 2015, 7 (6):318-323

[21]A. Khelef, N. S. Neghmouche and T. Lan&zFund. App. Sci2011, 3, 75.

[22] 0. Rahim, A. Khelef, B. Terki, M. S. Mahboub andlBnez ,ActaCryst, 2012 E68, m1318.
[23]B. Terki, T. Lanez, S. Belaidi, H. Gornitzka, and@urari,Asian J. Chem2006 18, 2074.
[24]A. Khelef, B. Terki, M. S. Mahboub and T. LanégtaCryst, 2012 E68, m647.

[25]Q. Shen, B. Zhang, R. Xu, Y. Wang, X. Ding and R Anaerobe, 201Q 16, 4, 380.

[26]P. Prieto, M. Pineda, and M. Aguil&8iochem, 1999 269, 337.

[27]T. Lanez and A Rebiai, International Letters of @isry, Physics and Astronomy013 1, 46.

323
www.scholarsresearchlibrary.com



