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ABSTRACT

Electrochemical reduction of 4-(substituted) acéimpone salicylyl hydrazones has been carried ouBritton-
Robinson buffers in the pH range of 1.1 to 10.ltaioimg 50% V/V dimethylformamide. The compoundsbéxa
well-defined wave at DME and well-defined cathodakpat HMDE. A plausible mechanism has been suggest
the basis of number of protons and electrons iresin the reduction process.
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INTRODUCTION

Some hydrazones have been found to play an imgadbnin the medicinal chemistry. Because of rtipetentially
high physiological activities[1], halogen contaigirorganic compounds are associated with antimiatfdj

antitumor[3], antibacterial[4,5], and anticancerf@}ivities. The activity of all hydrazones depgrm the toxicity.
The toxicity is related to substituents like halegsulfur and phosphorus. Nowadays number of hieldscand
insecticides [7-10&re @ommercially available that proves the above fact.

In view of this, the electrochemical behavior oé&phenone salicylyl hydrazones and its methyl havet, chloro
and bromo substituted derivatives were studiedtaadesults are presented in this paper.

EXPERIMENTAL SECTION

Acetophenone salicylyl hydrazone (A) and its metfB), methoxy (C), chloro (D) and bromo substituted
derivatives (E) have been synthesized by the titeeamethod, purified by repeated recrystallisatioom
dimethlformamide-water mixture (1:1) and charactedi by spectral studies. Stock solutions (I%M) of the 4-
(substituted) acetophenone salicylyl hydrazonespaepared in dimethylformamide (AnalaR grade). Detaf
experimental setup for polorographic, cyclic voltaeiric and coulometric measurements have been ibedcr
elsewhere [11,12] . All peak potentials angh #alues are referred with respect to SCE. The nurbetectrons
involved in the reduction process was calculatedhjcoulometry [13] using CdSgas the reference solution.
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RESULTS AND DISCUSSION

(A) Polarography:

All compounds exhibit a single well-defined foureeiron reduction wave in the pH range 1.1-7.1. The
polarographic data are given in Table 1. The olskfinear dependence of the limiting current 8 (square root
of mercury column height) and the concentratiothef depolarizer suggests that the wave is diffusmntrolled. It

is further supported by the low percentage of temipee coefficient [14] (0.85-1.45%Kbetween 303 and 333K).
The wave is irreversible in the pH range of stuiis may be due to the bulky ring attached at titbaf the >C=N
linkage [15]. The irreversible nature of the wagtablished by semi log plots of &EVs log [i/(ig-1)] and the shift
of Eyptowards more negative potentials [16] indicated gheticipation of protons in the reduction proceBse
fractional value of P (number of protons) obserirethe present studies show that heterogeneousrptansfer is
taking place [17]. At pH 8.1-10.1, ill-defined wavare observed. The position of the wave on therpial axis
together with the reports made in the literaturettie@ reduction of azo [18hydrazono linkage [19] indicate that the
wave is attributed to the reduction of azo groupydrazone form [20]. The results are presentékhivies 1 and 2.

Table-1: Effect of pH on Half-wave potential and vave height
Concentration : 1x1G M
Medium : Aqueous dimethlformamide (50%V/V)
Temperature : Room Temperature (RT)

pH Half-wave Potential V vs SC Wave height (uA

A B C D E A B C D E
1.1] 054 057] 063 04 049 75 19 5 Pp7 69
21]1064f06E])07:[05¢] 0€ |71]7€| 8 [6.1]86.E
31]07¢]|08] 0€ |071]072[6E] 7 |72[5Z3] 6
41| 0.85| 0.89] 09§ 0.7p oO. 4 62 67 42 p8
51| 094| 098 104 o8y 088 49 p §2 B4 B9
6.1] 106 1.1 ] 1.1 | 0.9¢ 1 [2¢]32)34]|21]|2¢
71 115( 12] 124 109 108 14 U6 22 J1 Q.7

Table-2: Polarographic characteristics and kinetigpparameters of A-E at pH 4.1
Concentration : 1x1G M
Medium : Aqueous dimethlformamide (50%
Temperature : Room Temperature (RT)

Compound No.| -B (V) | AE¥/ApH | o, | Number of Protond DXf@n?fS* | 1*X10° | K%, cmS! | AG® kcal/mol
A 0.8t 0.1 0.57 0.9: 1.8¢ 3.3¢ 1.23X10° 8.3t
B 0.89 0.104 0.5 0.99 2.01 3.44 2.24X1 8.4
C 0.95 0.109 0.5 0.99 2.35 3.7] 7.25%1 8.49
D 0.79 0.106 0.57 1.08 0.92 2.33 3.31X1 8.09
E 0.¢ 0.09i 0.57 0.9¢ 1.2 2.61 1.05X1C° 7.7¢
I* = i glomfte

(B) Cyclic Voltammetry:

Cyclic voltammetry at hanging mercury drop elecaediMDE) shows that the compounds exhitsito cathodic
peaks at high scan rates (100-500rty8nd one cathodic peak at low scan rates (10-50Hir&he pH range 2.1-
6.1. On the other hand, no peak is observed atcah rates under the experimental conditions irpHheange 8.1-
10.1. But in contrast to this only a single reductivave is observed in the DC polarographic stuidi¢se pH range
1.1-7.1 and this was attributed to the 4-electexntuctive cleavage. The two cathodic peaks obsernvadidic pHs
at high scan rates therefore suggest that the tiedus taking place in two steps. Further, the preaks observed in
cyclic voltammetry at high scan rates only indicdiat these steps are quite fast. This is probidgyeason for the
presence of a single wave instead of two wavesG@nPDlarography. In alkaline solutions (pH 8.1-1ht)peak is
observed either in DC Polarography or Cyclic volteetric studies under the experimental conditionsis Tis
attributed to the chemical cleavage of azomethitierdc form(ll) [21]. bc vs. vM?is a linear plot passing through
the origin anddd v values are nearly unaltered. This suggests tleatetiuction is diffusion controlled one. The
diffusion controlled nature of the electrode pracés confirmed by the increase of the peak currevits the
increase in concentration of the polarizer. Thet pib (isc /"% vs v indicated that the reduction process is an
irreversible charge transfer process [22]. Thifuither substantiated by the absence of anodic pettke reverse
scan. The cathodic peak potential shifts to mogatiee values with the rise in the pH of the santiThe results
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are similar to those obtained in DC Polarographsné¢ the reduction mechanism at HMDE is assumée tame
as at DME. The cyclic voltammetric data of the comnpds (A-E) are presented in Table 3.

Table-3: Cyclic voltammetric data of compounds A-Eat pH 4.1
Concentration : 1x16 M
Medium : Aqueoudimethlformamide (50% V/
Temperature : Room Temperature (RT)

Compound No. Scan rate VS -Epc |V -Epc iV lpc lpcu
0.01 1.0t - 2 -
0.0z 1.0¢ - 3 -
0.05 1.11 - 5 -

A 0.1 1.14 1.3 7.2 8.1
0.2 1.1¢ 1.3¢ 105 | 11.%
0.2 1.22 1.3¢ 13 | 14t
0.5 1.26 1.42 17 18.
0.01 1.01 - 2.8
0.0z 1.04 - 4.2 -
0.05 1.07 - 7 -

B 0.1 1.1 1.27 10§ 10.1
0.2 1.14 1.2 16 16
0.2 1.1¢ 1.3¢ 18.¢ | 18.¢
0.5 1.22 1.36 244 244
0.01 1.05 - 2.3 -
0.0z 1.0¢ - 3.5 -
0.0f 1.11 - 5 -

C 0.1 1.14 1.32 6.9 6
0.2 1.18 1.32 9.8 9.2
0.2 1.22 1.3¢ 12.4 | 10.¢
0.5 1.2¢€ 1.41 16.5 | 14.2
0.01 0.98 - 2.7 -
0.02 1.01 - 4.1 -
0.0¢ 1.04 - 6.€ -

D 0.1 1.07 1.22 9.8 9.9
0.2 1.11 1.25 15 14.
0.2 1.1°F 1.2¢ 17.€ | 17.1
0.5 1.1¢ 1.31 23.4 | 22.F
0.01 1.01 - 2.5 -
0.02 1.04 - 3.3 -
0.0f 1.07 - 7.2 -

E 0.1 1.1 1.2¢ 8.¢ 8.4
0.2 1.14 1.28 151 14.p
0.3 1.18 1.31 174 17.4
0.5 1.22 134 23.6 | 21.¢

(C) Structural Effect:

The parameters,, AEYYApH and | (diffusion current coefficient) lie prazily in the same range for all the
members of the reaction series (A-E). Hummet'®dinfree energy relations area applied to investighe
influence of the substituents on the cathodic pgeatlentials. Plots are drawn between the cathodak petential
and Hammett substituent constant[23] and the dpewéction constants] plot is linear. It is observed from the
plot that the electron withdrawing substituenti$ positive), viz., -Cl, -Br shift the Jz towards more positive
values. This suggests that the substituents daffedtt the mechanism of the reaction but only mhleereduction
easy. The value of reaction constgnt(0.3 volts) obtained presently is in good agre®meéth the values reported
earlier in the literature [24].

(D) Millicoulometry:

The number of electrons involved in the reductibA-gsubstituted) acetophenone salicylylhydrazenfund to be
four in Britton-Robinson buffers of pH containin@% V/V. The millicoulometer of Devries and Kroon3]lwith
mercury pool cathode was employed for determinfregvialue of n. The results are presented in Table 4
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Table-4: Millicoulometric data of acetophenone satiylyl hydrazone (1x10° M) at pH 4.1
Medium: Aqueous dimethylformamide (50%V/V)

pH Current (LA) Time (Sec) n value (Sec)
6 0 -

41 5.3 7200 3.6
5 10800 3.7

(E) Effect of temperature:

The polarograms of 4-(substituted) acetophenorieybdlhydrazone at pH 4.1 are recorded at 303, 323, 333 K
to study the effect of temperature on the limitougrent and the half-wave potential and the resukspresented in
Table 5. The compounds exhibit well-defined singd¢hodic waves at all temperatures in the pH rafgetudy.
The linear plots of iversus f? suggest that the limiting current is diffusion totled at all temperatures. The
diffusion current increases with increase in thragerature and the temperature coefficient of tifieslon current
lies between 1.0 to 1.6% per degree. These vaheds good agreement with the values reportederitarature for
other similar compounds by Meites [25]. Half-wawagntial shifts to more negative value with risdéeémperature
and an, value with increase in temperature may be ascribetie decrease ia value. A decrease in thevalue
indicates that the transfer of electrons is madesimsingly difficult as the temperature is elevatedecrease ian,
values [26-29] suggests that the system is tentirfgecome more irreversible. Literature survey aév¢30, 31]

that similar observations were made for other drgaampounds.

Table-5; Effect of temperature on the polarographiccharacteristics of A-E at pH 4.1
Concentration : 1x10-3 M
Medium : Aqueous dimethlformamide (50% V/V)

Compound No | Temperature | -Ep V vs SCE cul;lrgrzttlrzﬁ ) coeL?cr};F:\?r(aoku:jigl) a, | DX1Cf cm’S?t

303 0.85 6 - 0.61 1.88

A 318 0.91 6.8 1.2t 0.57 2.4z
322 0.97 7.8 1.37 0.5¢ 3.17
333 1.03 9 1.43 0.5] 4.24
303 0.89 6.2 - 0.49 2.01

B 313 0.9€ 7 1.21 0.47 2.5€
328 1.0z 8 1.32 0.4t 3.3t
333 1.07 9.2 1.39 0.48 4.43
303 0.95 6.7 - 0.47% 2.35

C 318 1.01 7.2 0.8¢ 0.4t 2.7¢
323 1.08 8.1 1.04 0.48 3.42
333 1.13 9.1 1.16 0.41 4.32
303 0.8 4.8 - 0.64 1.2

D 313 0.8t 5.4 1.1€ 0.61 1.5:
323 0.91 6.1 1.22 0.5Y 2.02
333 0.98 7.1 1.36 0.54 2.72
303 0.7¢ 4.2 - 0.52 0.92

E 318 0.84 4.7 1.1z 0.4¢ 1.21
323 0.9 5.3 1.2 0.4} 1.64
333 0.97 6 1.24 0.4 2.28

Mechanism:

Based on the results obtained, the following mersmans suggested for the electro-reduction of 4gsituted)
acetophenone salicylyl hydrazone. The mechanisrmorssistent with the earlier mechanism suggestedtHer
reduction of azomethine group [32].

The compounds under study are reduced at droppiagury electrode (DME) through a mechanism which
involves the azomethine group. The azomethine madiet4-(substituted) acetophenone salicylyl hydrezas
protonated to yield protonated hydrazone form.

Biological Screening:

Anti microbial activity:

The synthesized compounds were screened for tidirfangal and anti bacterial activities. The-vitro anti
microbial activities of the synthesized compoundsassessed against fungi and bacteria. The fgedi were C.
albicans and A. fumigates. The bacteria used weagi®us and E. coli.
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Amphotericin B and Vancomycin were used as starsdfmdcomparison for anti fungal and anti bactesictivities
respectively. The activities were determined by sneag the diameter of the inhibition zone in mm.

None of the compounds is suit able candidate ftirffangal and anti bacterial indication as showithia Table 6.

Table-6: Anti microbial activity of compounds (A-E) — Zone of inhibition in mm

Anti fungal Test Anti bacterial Test
Compound | Concentration (ug/mL) | C. albicans | A.fumigates | S.aureus E. coli Remark
ATCC 14503 | ATCC 16424 209P ATCC 25922
A 100 - - - - 1
1000 - 14 hr 15 hr - 2
B 100 - - - - 1
1000 - 13 hr 17 hr - 2
C 100 - - 9 hr - 1
1000 - 10 hr 16 hr - 2
D 100 - - 51 hr - 3
1000 - 12 hr 78 hr - 3
E 100 - - 48 hr - 3
1000 - 12 hr 16 hr - 3

1. Inactive
2. Activity in both indication
3. Poor antibacterial spectru

Anti-viral activity:

The antiviral activity of the compounds (A-E) wastekrmined against Herpes Simplex Virus-2 by CPHbitibn
assay, vero cells -African green monkey kidney tek-ATCC CCL-81) were cultivated as mono layems5%
carbon dioxide at 3T, in Dulbecco’s modified Eagle medium (MEM) witBtSetal bovine serum (FBS).

The diluted extracts (100g/mL) were transferredht® aspirated vero cell mono layers. Cultures virzebated at
37°C for 60 minutes. 100pL of virus (100TGH) was added to each well. The tray was transfetoce@n
environmental chamber (32).

Cultures were inspected periodically for virus-indd cytopathic effect (viral CPE). Absence of CRéicated
complete inactivation of the virus. Partial inhibit was considered to be a negative result. Sontieec$ynthesized
compounds were found to b e active as shown ifT Hike 7.

Table-7: Antiviral activity of the compounds A-E

Standard Famiclovir (10pug/m
Compound % CPE Inhibition

0-25%

0-25%

0-25%

0-25%

0-25%

m|o|O|wm|>

Antioxidant activity:

The antioxidant activity if some of the synthesizednpounds were determined by DPPH method usingpX es a
reference standard. Amongst the compounds scrdenaatioxidant activity, some of the synthesizednpounds
were found to be active as shown in Tables 8 and 9.

Table-8: Antioxidant activity of the compounds A-E

(Primary screening data of DPPH assay with testaesrration 250p.9/mL)

Compount % AO activity
93.2¢
92.48
93.65
92.6¢
91.88

m|o|O|w|>
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Table-9: Evaluation of primary positives to dose dgendent DPPH assay

Test concentration (ug/mL)
compound 55> 5T 3105 15625 7.8125
A 92.46 | 91.28| 90.17 65.23 32.88
B 91.02| 89.86] 88.99 52.33 26.2p
C 91.8¢ | 90.6¢ | 89.0C | 44.1] 28.2¢
D 90.98 | 89.88| 87.9§ 62.22 31.88
E 90.88| 88.99] 85.47 55.82 32.2P

CONCLUSION

Electrochemical behavior
4-(substituted) acetophenone salicylyl hydrazonedergo irreversible, diffusion controlled, substitti position
dependent polarographic reduction at the droppiaccory electrode.

The effect of pH, concentration of the depolarizeright of the mercury column, temperature on thlanegraphic
behavior was presented.

The number of electrons involved in each step efrttechanism was evaluated and presented.

Microbial Screening

Some of the synthesized compounds showed poor iamioial activity. In primary screening of antiviractivity,
the compounds were found to be active. Hence thesevgelected for the dose dependent study but geey
precipitated at higher concentration. The compoumele also tested for antioxidant activity. In pairy screening,
the compounds were found to be active and werédutiested for dose dependent study and were faatiek in
dose dependent study.
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