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Spectrophotometric and Polarographic Studies on the Kinetics of
Hy droly sis of N-(6-methyl-5-nitropyridin-2-yl methylidene)-N"-(substituted
thiazol-2-yl)hydrazines

Abobakr M. El-Nady
ChemistryDepart ment, Faculty of Sci ence, Assiut Uni ver sity, Assiut, Egypt

Theki neticsof thehy droly sisof hydrazone derived from nitropyridine 2-carboxa dehyde and 2-hydrazino-
4-substituted thiazolesla-ein 10% (v/v) DM F-buffer mix turehasbeenin vesti gated by ap plyingtwoindependent
and dif fer ent tech niquesviz UV -spectrophotometry and dif fer ential pulse, polarography (DPP). Thehy droly sis
hasbeenfoundtofol low general acid-basecatal y sis. Mechanismfor thehy droly sisinacidic me dium hasbeen pos
tulated. Theobservedrateconstants, acti vationandther mody namicparametersforthehy droly sishavebeencal cu
lated. Theef fectsof pH, molecular structure, tem per atureand changein per cent age of wa ter in the DM F-buffer

mix tureontherateof hy droly sishavebeendiscussed.

INTRODUCTION

Hydrazinocompoundsandhy drazones™? have been ex-
tensively studiedfortheir potenti al ity asther apeuticagents
for thetreat ment of hy per ten sionand CNSdepression. Sev-
eral researchprojectsweredi rectedtostudy thehy droly sisof
hydrazonederived from aliphatic and ar o matic amines.***
Theprep aration of heterocyclic hydrazinesand hydrazides
hasreceivedconsider ableat tentionsinceiproniazidedemon
stratedinvi troactivity.’>* How ever, aliter aturesur vey re-
vealed theab senceof hy droly sisof hydrazonederived from
bi ologi cally activenitropyridine*”*® and 4-substituted amino-
thiazole. Theresulting hy drazoneshave morepo tent mono-
amineoxidaseinhibitory activity. *°

Thepresentinvesti gationisconcernedwiththehy dro-
lysis kinetics of (6-methyl-5-nitropyridine-2-yl methyl i-
dene)- 4-(sub sti tuted thiazol -2-yl)hydrazinesinacidic buffer
solutions. Suchtypeof investi gation hasbeenfol lowed by
spectrophotometric(UV-spectra) and dif fer entia pulsepo-
lar ographic (DPP) tech niques. Thus, theeval uation of reac-
tionrate, acti vationenergy andther mody namicparameters
(AG*, AH* and 4S*) for thehy droly sispro cesswiththetwo
in de pend ent tech niques, i.e. UV-spectraand DPP, can give
addi tional infor mationontheef fect of polar sub stituentson
therateof hy droly sis. Moreover our aimisto ex plorethepo-
tenti al i tiesof UV -spectrophotometry for studieson the hy-
droly sisprocessof thecom poundsinvesti gatedincompar i-
son with DPP.

EXPERIMENTAL

Materials

(6-Methyl-5-nitropyridine-2-yl methylidene)-4-(sub-
sti tuted thiazol -2-yl)hydrazines(l ) werepre pared and puri
fied by the con ventional method.* The pu rity of the com-
poundswascheckedby el emental anal y sisand m.p. deter mi-
nation.

Thestructuresof thecom poundsunder investi gation
arerepresentedasfol lows:

O5N
2 /R

HaC J\\N/\ CH=N- NH—//\ \/

S

(8) R = CeHa-OCHa(p) (b) R = CsHa-CHa(p) (c) R=
-CsHs (d) R = CsH4-ClI (p) (e) R= C5H4-N02(p)

Stock 10 M so lutions of the hydrazone com pounds
werepreparedin DMF. Themodi fied uni ver sal buffer series
of Britton and Robinson? has a dual func tion: one as a sup-
porting electrolytein polarographic measurementsandthe
other asahy droly sismedium. Themeasured val uesof pH’s
wereobtainedusingadigital Radi ometer pH (M 64). The
pH-meter ac curacy lieswithin+ 0.005 units.
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I nstrumentation

ElectronicspectrawerescannedonaCECIL CE599re-
cord ing spectrophotometer equi pped with atem per aturecor+
trolled cell holder and matched 1 cm quartz cell. Thetem per-
atureinthe cell holder was con trolled by means of a Julabo
FP 40 ther mo stat withan ac curacy of + 0.01 °C where tem-
per atureof thesam plewasmeasured di rectly inthecell with-
inthewavelength range 250-550 nm.

Dif fer ential pulsepolarogramswere obtainedwitha
PAR 174 A polarographic analyzer equippedwithaPAR 1.72
drop time and electrode assem bly. Polarograms werere-
corded with an ad vanced X-Y recorded (HP 7045 A). A ther-
mo stated Metrohm cell with athree elec trode system was
used.

Spectrophotometric Rate M easurements

Theki neticrunsof theinvesti gated com poundswere
per formedin 10% (v/v) DM F-buffer mix turesat 30 °C. Af ter
being prop erly thermostated at there quired tem per ature,
aliquots (9 mL) of buffer weretransferredto a test tube con-
taining (1 mL) of 5x 10*M | ae. Themix turewasthen shaken
vigor ously andtransferredto 1 cmquartz cell, and the change
inUV ab sorption at the selected wavelength wasre corded.
Thedisap pear anceof |, wasfol lowed to ~65-85% com ple-
tion.

Polar ogr aphic RateM easurements

TheUni ver sal buffer solution(20mL) containingDMF
10% (v/v) was placed in the polarographic cell and deaerated
withnitrogen. Af ter 30min. of temper atureequil i brationthe
required vol umeof theinvesti gated com poundswasadded
rapidly, andthedecay of thedif fer ential pulsepolarographic
beak wasrecordedat dif fer enttimeintervals. Thehy droly sis
prod uctsdo not ex hibit any reductioncur rentinthepotential
rangeinwhichthereduction of theinvesti gated com pounds
occurs.

Thereactionismonitoredspectrophotometricallyor
polarographically un der pseudo first-order con di tion by fol-
low ingthedisap pear ance of ... The rate constantswere
com puted from the vari ation of absorbance (A) and/or beak
height (LA) withtime. Thedataweregraphi cally represented
aslog A orlog |, vs. time. Straight lineswere ob tained with a
correlationcoef fi cient closetounity, whichindi catesthatthe
hy droly sisstrictly fol lowsfirst-order ki netics. For every run
the rate con stant was ob tained from the slope of the least
squaresrefinedlinear plot. Thereported rate con stant isthe
mean of at |east four repli cateruns. Acti vationparameters
were ob tained from Arrhenius plotsand the ap pro pri ate ki-
neticequations.

El-Nady

RESULTS AND DISCUSSION

Thehydrolysisof | .. deriv ativesin 10% (v/v) DMF-
buffer mix tureshasbeenstudied spectrophotometri cally. UV
absorptionof theinvesti gated com poundsex hibitabsorption
bandslo cated at (283-410 nm), aphenom enawhichcanbein
ter preted as charge trans fer (CT) bands for the hydrazone
compoundsinvestigated. ? It was found that in acidic buffer
solutionstheab sorption of the CT band de creaseswhilea
new band ap pearsat lon ger wavelength. Thisnew bandisdue
totheab sorption of oneof thehy drolysed prod ucts(Figs. 1A
and 1B).

0.60

0.50

0-40
'g 0.30
<
0.20
O.10
250 360 35IO 4CI)0 4é0 5<‘)O 550
Wavelength (nm)
Fig. 1A. Timedependenceof absorptionspectraof 5
%10° M I derivativeat 30°C. (pH 2.25). 1)
10; 2) 15; 3) 20; 4) 25; 5) 32; 6) 40; and 7)
50 min.
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Fig. 1B. Timedependenceof absorptionspectraof 5
% 10°M lcderivativeat 30°C. (pH 2.25). 1)
10; 2) 18; 3) 25; 4) 33; 5) 42; 6) 50; and 7)
60 min.



Ki neticsof Hy droly sisof Hydrazone

Thedif fer ential pulsecur rentsof adif fer ent substi tute
| sehasalsobeenrecorded asafunctionof potential inuni ver-
sal buffer solutionscontaining 10% (v/v) DMF. I, and | . de-
rivativesareshownin (Figs. 2A and 2B). Thedif fer ential
pulsepeak isrelated tothereduction of thehydrazonemoi ety
(-CH=N-NH-)whichinacidicmediaunder goesatotallyirre-
versibleelectrodereactionwithatotal up takeof 4-electrons
and 4-protonsper mol ecule.??* |n this con text it was found
that, inacidic buffer solutions, thereduction peak, which cor-
re spondsto the re duc tion of the C=N bond, de creaseswith
time (Fig. 2A and 2B) whileasec ond dif fer ential peak ap-
pearsat morenegativepotentials. Closer in spection of the
sec ond peak showsthecoin ci denceof E; of this peak with
that cor respondingtothereduction of theal dehyde. Thisin
di catesthat the sec ond peak must be at trib uted to there duc-
tionof al dehydeformed by hy droly sisof theinvesti gated
compoundsintotheir mainconstituents. Hy droly sisisdueto
thelo cal ization of elec tronson the “N” atom of the azo-
methinecenter accordingtothefol lowinggeneral reaction:

O

ifjk e Y ,:/x
+

H3 \N O—i:N-NH{} H+>H3 S cHo HZN-NHI \

A com par ativeki netic study of theinvesti gated com-
poundswas car ried out with UV spec troscopy and DDP. The
disap pear ance of the absorbance of the CT band or of the
DDPpeak wasrecorded at dif fer enttimeinter vals. Thedecay
of I se deriv ativesinacidic medium (pH 2.25-5.05) isof first
or der (Figs. 3and 4).

Theob servedfirst or der rate con stantsareplot ted asa
function of pH for all com poundsun der investi gation. The
pH-rate con stant pro file shows that the rate con stant de-
creasesgrad u ally within creasing the pH. At pH < 2.25 the
rateof hy droly sisbecomesindependent onthepH (Fig. 5).

How ever,inneutral media(pH >5.05) thehy droly sis
pro cesswasnot ob served and hasno measur ableval ues. Such
behaviour canbeob servedunder condi tionsinwhichthesub-
strateex istsasafree base and can undergo at tack by protons,
sothat ageneral acid-basecatal y sismechanismispostulated
inSchemel forthehy droly sisof compoundsunderinvesti ga-
tioninuni ver sal buffer acidic mediawhichissimi lar tothe
mechanism proposed by many work ersfor simi lar systems.?**
Suchmechanisminvolvesthe conver sion of thehydrazone
com poundtoitsconjugateacid (-CH=NH-NH-) in arapid
pre-equilibrium step fol lowed by theslow at tack of H,O mol-
ecule(Schemel).

Therateof thehy droly sisreactionfol lowstheequa
tions,
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Timedepend enceof dif fer ential pulsepo-
lar ograms of 5 10° M | .deriv ativeat 30
°C. (pH 2.25). 1) 10; 2) 16; 3) 22; 4) 30; 5)
38; 6) 45; and 7) 55 min.
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Timedepend enceof dif fer ential pulsepo-
larograms of 5 10° M | deriv ativeat 30
°C. (pH 2.25). 1) 10; 2) 18; 3) 27; 4) 35; 5)
43; 6) 52; and 7) 65 min.
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Fig. 3. First-order plotsof log A vst (min) at dif fer-
ent tem per aturesfor thehy droly sisof I de-
riv ativeat pH 2.25. a) 20 °C, b) 25 °C, c) 30
°C,d)35°Cande) 40°C.
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Fig. 4. First-order plotsof logipvst (min) at dif fer-
enttemper aturesfor thehy droly sisof I de-
rivativeat pH 2.25. a) 20 °C, b) 25 °C, c¢) 30
°C,d)35°Cande) 40 °C.
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Fig. 5. Ef fect of pH onthefirst-order rate con stant
valueof hy droly sisof 5:: 105 M of I -l.at 30
°C.
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Uponincreasingtheper cent ageof water contentduring
thehydroly sisprocessof thecompoundsunderinvesti gation,
onecan ob serveanin creaseintherate con stant val ueswhere
theacti vationenergy val uesshow aremark abledecrease(Ta
blel).

Fur ther more, it was found that the ob served rate con
stantincreaseswithincreasing electrondonating power (Ta
ble2) inthethiazole moi ety confirmingthat theat tack of wa
ter onthe protonated hydrazonerep re sentstherate deter min
ing step. On the other hand elec tron with draw ing group (I«
and | ¢ decreasek ssandincreasetheenergy of acti vation.

Acti vation param eterswereobtained fromthepl ot of
logarithmof theob servedrateconstant ver susthereciprocal
of absolutetemper ature. Ther mody namicparametersof acti
vation (4G*, AH* and AS*) werecal cu lated from theap pro-



Ki neticsof Hydrolysis of Hydrazone

Table 1. Effect of Percentagesof Water in the DMF-buffer
Sol ution Mixtures on the Vd ues of the Observed Rate
Congants for the Hydrolysis of I & pH = 2.25 and
30 °C Calcul ated from UV -spectraand DDP
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Table 2. Specific Rate Constants for the Hydrolysis of |, a pH
2.25, 10% (v/v) DMF-buffer Solutions Calculated from
UV -spectraand DPP M easurements a 30 °C

UV -spectra DPP
No R

% water UV -spectra DPP 10° Kk, min 10° k, min't

10°k, min* 10°k, min'* la  CgH,OCH(p) 21.6%12 221%14
90 12.9+£0.6 13.6+0.7 Ib CeH,CH3(p) 17.1+0.9 182+11
80 11.1+0.7 10.4+0.8 Ic CeHs 12.9+0.6 13.6+0.7
70 76x04 83+0.6 Id CsH4Cl(p) 87*04 9.3+0.6
60 42*02 3.7%03 le CeHsNO4(p) 53+0.2 4.7%0.3

Table 3. Activation Energies and Thermodynami c Activation Parameters for the Hydrolysisof la-e at
pH 2.25, 10% (v/v) DM F-buffer Solutions Calcul ated from UV -spectraDDP at 30 °C

UV-gectra DPP
E.* AGH AH* -AS* E.* AG* AH* -ASK
Compounds Kcd Kcd Kcd ca Kcd Kcd Kcd cd
mol™* mol™ mol*  moltk'  mol? mol™ molt  mol*k?
la 11.1 21.0 10.5 34.7 105 20.8 99 36.1
Ib 12.4 21.4 11.8 31.8 12.8 21.7 12.2 315
Ic 13.7 21.7 13.1 28.4 14.2 22.0 13.6 27.8
Id 16.1 22.9 15.5 24.4 158 22.2 15.2 23.0
le 19.5 25.0 18.9 20.1 204 25.3 19.8 18.2
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