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ABSTRACT

A three series of p-substituted aromatic hydrazones have been synthesized
by condensation of benzhydrazide/p-substituted benzhydrazides (-CH,, —
OCH,, —CI and —OH) with benzaldehyde/p-substituted benzaldehydes (-
OCH, and -NO,). Initialy, p-substituted esterswere prepared from benzoic
acid, p-substituted benzoic acid and methanol. In the second step, p-sub-
stituted hydrazides were prepared from the previously synthesized esters
and hydrazine hydrate. Finally, p-substituted aromatic hydrazones were
obtained from hydrazides and benzaldehyde or p-substituted benzalde-
hyde. The identity of the synthesized hydrazones was confirmed by the
following techniques: *H NMR, C NMR, IR and UV spectroscopy and
element analysis (CNH). The proposed method of synthesis resulted in
excellent yield and purity of the prepared hydrazones. Using three conven-
tional LFER models based on mono and the dual substituent parameters,
guantitative assessment of the substituent effects on the substituent chemi-
cal shifts (SCS) was made. In order to obtain the correlation models for
investigated seriesthe IR (v, v, and v,.._), *H,,, 'H_,,, ®*C_, and
BC._, peaks were used. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Hydrazonesand itsderivativesrepresent oneof the
most active classes of compounds possessing awide
spectrum of biological activity™™. Thechangesinthis
activity depend on its substituents. The use of the
hydrazonesin medicineisdueto their anticonvul sant,
antidepressant, and gesic, antiinflammetory, antiplatelet,
antimicrobid, antitumoral, anti schistosomias sand anti-
viral activity!?1l, On the other hand, hydrazones pos-
sessing an azometine proton (-NHN=CH-) congtitute

animportant class of compoundsfor new drug devel-
opment.

Thewide palette of the useful medica properties
hasattracted cons derablescientificinterest for their syn-
thesi§%4, Therearealarge number of methodsknown
fromtheliteraturethat havebeen developedfor thesyn-
thesisof hydrazoneg™> . Aromatic hydrazonesared so
important for anumber of synthetically useful transfor-
mations of carbonyl compoundsand characterization
of aldehydesand ketones*.

Some of the hydrazones are used as chelating
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agents, and their complexeswith transition metals
areused invariousfields, including anaytical, clini-
cal and biological*®. Additionally, hydrazones are
group of the most useful spectrophotometric re-
agentg*®, Combining appropriate starting materials
such ascarbonyl compounds and hydrazine, the sen-
Sitivity asanalytical reagents could beimproved and
they could be used as analytical reagentsfor transi-
tion metal analysisand as catalyst for epoxidation of
olefins. Hydrazones and their metal complexes ex-
hibit awide spectrum of physiological and pharma-
cological activities??. Duetotheir physiological ac-
tivity, they are used as herbicides, insecticides, and
plant growth stimulants?l, Some aromatic
hydrazones are potent inhibitors of DNA synthesis
and therefore their metal complexes are useful as
therapeutic agents?. Furthermore, the hydrazones
areused inindustry asplasticizers, polymer stabiliz-
ers, antioxidants, polymerizationinitiators?3.

Considering these applicationswe have synthe-
sized and characterized some p-substituted aromatic
hydrazoneswith theinterest towardstheir biological
activity. In thiswork an efficient method for the
preparation of hydrazides starting from esters and
followed hydrazine hydrate reaction was devel oped.
Then, the hydrazones were prepared by condensa-
tion of the hydrazides either with benzaldehyde or p-
substituted benzaldehyde. The proposed method re-
sulted in excellent yield and purity of hydrazones.
Presentation of the mechanism for synthesis of the
obtained p-substituted aromatic hydrazonesis as
follows

0 0
SN I pyridine =
R ,-C-C1 + CH30H —> R4 )-C-OCH3 + NH)NHH0
N /f Lf/

W H

(la-¢) (2a-¢

CoH50H SN\ I VeVl
5 R-Q:\ /}f-C-NH-NHg + R<\ /)-C-H

/4
v

(3a-e)

0 H
R{ NC-NH-N=C-{ },R‘
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R =H: CH3; OCH3; C1; OF
CoH50H
\_/ \ R'=H: OCHz: NOy

L sl L g

(4a-e)
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Additiondly, using the spectra data, an attempt to
investigate the substituent effect of the synthesized
hydrazoneswas made. According totheliteraturedata,
structure parameter correl ationshave recently become
popular to follow transition state study of reaction
mechanisms, biologicd activitiesand norma coordinate
anaysig? %1, Dhami and Stotherd?® have extensively
studied the *H NMR spectra of a large number of
acetophenones and styreneswith an aim to establish
thevdidity of theadditivity of substituent effectsinaro-
matic shieldings, first observed by Lauterber?”. Nowar
days scientistspay moreinterest to correlatethe group
frequenciesof spectra datawith Hammett substituent
constantsto explain the substituent effect of organic
compounds.

Thesingleand multi substituent effectsby spectra
dataof biphenyl and 9H-fluorenyl chalconeswereaso
investigated®. Within theaboveview therewasnoin-
formation availableintheliteraturereferring to substi-
tuted styryl 4-methoxy-1-naphthyl ketones. Hence, the
authorshave synthesi zed thirteen cha cones of theabove
typeusing microwaveirradiation technique. The sub-
stituent effects of these compoundswereinvestigated
from IR and NMR spectra. A substituent effect of the
substituted styryl 4-methoxy-1-naphthyl ketoneswas
investigated by Nadar et .

Inthiswork, the substituent effects of the synthe-
Sized seriesof hydrazoneshave beenstudied using IR
and NMR substituent chemical shifts(SCS). Thein-
tention of the present investigation wasto monitor the
effectsof subgtituentsat theA-benzenering onthechar-
acterigicIRsignas(v,_., v andv,,. ) and*Hand
3C NMR chemical shifts. The SCSwere correlated
using afew different linear free energy relationship
(LFER) models, based on themono and the dual sub-
stituent parameter (M SPand DSP, respectively) treat-
ments.

EXPERIMENTAL

All chemicalsfor the synthesi swith reagent grade
supplied from Merck and Alkal oid were used without
further purification. Melting points of synthesized
hydrazonesweredetermined in Biichi B-540. UV-vis
spectrawere obtained on aVarian Cary 50 spectro-
photometer. IR spectrawere collected on PerkinElmer
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Interferometer 2000 system (K Br pellet method). NMR
(*H and C) were collected on a BRUKER AD-
VANCE DRX500 NMR spectrometer in DMSO-d..
Element analyseswere performed on anAnayzer €-
emental Carlo Erbamodel CHNS EA 1108.

General procedure of synthesis of p-substituted
aromatic hydrazones

Synthesis of methyl esters of substituted
arylchlorides(2a-€)

Theesterswere synthes zed by reaction of esterifi-
cation from benzoyl chloride, p-methyl, p-methoxy, p-
chloro and p-hydroxybenzoyl chloride and excess
methanol inthe presenceof pyriding®.

Synthesis of hydrazides and p-substituted hy-
drazides(3a-¢)

The hydrazides were synthesi zed by reactions of

the corresponding methyl estersof benzoic acid (2a-€)
with hydrazine hydratefollowing the literature meth-
ods®.

Synthesis of p-substituted aromatic hydrazones
(4a-€)

By condensation of the p-subgtituted hydrazidesand
benzal dehyde, p-methyl benza dehyde and p-metoxy
benzaldehyde, the hydrazones were prepared.® The
structure of the hydrazoneswas confirmed by element
analysis, UV, IR, '"H NMR, *C NMR spectraand € -
ement analyss. Theelement anaysisdata, molecular
formulas'/mol ecular weights, melting pointsand yields
of thesynthesized hydrazonesaregivenin TABLE 1.

Theresultsof e ement analysisarein good agree-
ment with the proposed formulas (SeeTABLE 1). The
synthesized hydrazones are white or yellow colored
crystallinesolids, insolubleinwater, but solublein or-

TABLE 1: Physical and analytical dataof hydrazones(4a-€)

Mol. formula

Comp. R R’

Melting point/°C  Yield/%

Element analysis (calculated/found)

mol. wt C(%) H(%) N(%)
W H e - -
4 cHy H SN0 246.5-249 goo1 1% oo Toa
e OCH, H SrruON: 204.5-207 (RIS s oo
N R I
de OH W Ol 2129 WB gy Y
4 H o ooH, O 16316 970w ges 1000
49  CH; OCH, géngﬁozNz 217-219 95.52 ;ig‘?‘ 2:8; 15_ g?
4 OCH, OCH, %ZHNO?‘NZ 176-1785 95.77 g;:ig g:gf 2;22
4o ood GWONE o me G 15 g
4 OH OCH, SisfhiOf 230-233 67.70 o2 >3 P
% H o NO, O 2629 B8 G o4 a7
4 CH; NO, §§§H13O3N3 246-248.5 96.81 gigg igg 1;‘;?;‘
noOCH NO, gt amaiss T2 g 45 13
wmooa o No, gt e es B% 30 Lk
o on No, AgWOT wessw  we o 3p g7
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TABLE 2: IR,*H NMR and C NM R spectral data of hydrazones(4a-€)

'H NMR BC NMR
N 400 MHz, DM SO-ds, & ppm (400 MHz, DM SO-,
Comp. IR spectra (in cm™) (I-|20: 3.33 ppm, DM so:pg.sg 8 ppm)
ppm DM SO: 39.52+0.06 ppm
3181-3207 [v(N_H)], 3025-3061 [v(aromatic &= 7.95 (1H, -NH), 8.48 (IH, 6= 148.30 (CH-), 163.64
4a  CH)], 1643 [v(C=0)], 1604 [w(C=N)], 1552  =CH-), 7.52-8.03 (10H, CH (>C=0) 127.56-134.82 (C and—
[v(NH-C=0)] (AD) CH (An)
3172-3200 [v(N-H)], 3026-3066 [v(aromatic &= 2.39 (3H, —CHj), 7.85 (1H, &= 21.5 (-CHs), 148.00 (=CH-
4b  CH)], 1639 [W(C=0)], 1610 [v(C=N)], 1552  —NH), 8.47 (1H, =CH-), 7.33- ), 163.43 (>C=0) 127.51-142.27
[v(NH-C=0)] 7.85 (9H, —CH (Ar)) (C and—CH (An))
3194 [v(N-H)], 3029-3068 [v(aromatic CH)], &= 3.83(3H,—OCHs), 7.95 &= 55.90 (-OCHs), 147.65
4c 1630 [v(C=0)], 1600 [¥(C=N)], 1542 [(NH-  (1H, -NH), 8.48 (1H, =CH-), (=CH-), 163.03 (>C=0) 125.93-
c=0)] 7.17-7.92 (9H, —CH (Ar)) 134.94 (C and —CH (Ar))
3182-3204 [v(N-H)], 3022-3058 [v(aromatic 5= 7.97 (1H, -NH), 8.47 (1H, &= 148.62 (=CH-), 162.55
4d  CH)], 1636 [v(C=0)], 1607 [v(C=N)], 1552  =CH-), 7.46-7.97 (9H, CH (>C=0) 127.61-137.07 (C and —
[v(NH-C=0)] (AD) CH (AD)
‘3_'24'3254 [(N-H)], 3025-3065 [v(aromalic ;¢ ag (114 _OH), 7.84 (1H, &= 147.32 (CH-), 16326
)I, 1617 [W(C=0)], 1591 [v(C=N)], 1552 H
48 [NI-C=0)]. 1508 [( ) Prenalid], 444 ~NH), 844 (1H, =CH-), 7.42- (>C=0) 124.36-135.00 (C and -
o ’ 7.84 (9H, —CH (Ar)) CH (A1)
3201 [v(N-H)], 2935-3068 [v(aromatic CH)], &= 3.83(3H,—OCHs), 7.92 &= 55.77 (-OCHs), 148.19
4 1639 [v(C=0)], 1604 [v(C=N)], 1548 [v(NH-  (1H, -NH), 8.48 (1H, =CH-), (=CH-), 163.44 (>C=0) 127.37-
C=0)], 3419 [v(OCHs)] 7.06-8.03 (9H, —CH (Ar)) 134.07 (C and -CH (Ar))
3165-3201 [v(N-H)], 2997-3029 [v(aromatic ~ © c‘)CZI-j’? (g";é*(i:'s);,\?gz g*i 5= 21.3 (-CH,), 55.8 (-OCHs),
49 CH)J, 1636 [(C=O)} 1601 [v(C=N)], 1548 "B "2 0 e ™ 146,80 (=CH-), 16320 (-C=0)
[v(NH-C=0)] e Ay '~ 114.40-130.20 (C and —CH (Ar))
3178-3211 [v(N-H)], 3039 [v(aromatic CH)], 5= 3.83 (6H, 22OCH,), 7.90 &= 55.75 (2-CHy), 147.57
4h 1643 [W(C=0)], 1608 [v(C=N)], 1548 [((NH-  (1H, -NH), 841 (1H, =CH-), (=CH-), 161.21 (>C=0) 114.15-
c=0)] 7.06-7.92 (8H, —CH (Ar)) 129.92 (C and -CH (Ar))
3289 [v(N-H)], 3026-3074 [v(aromatic CH)],  &=3.83(3H,~OCHs), 7.95 &= 55.78 (LOCHj), 148.53
4i 1659 [v(C=0)], 1604 [v(C=N)], 1542 [v(NH-  (1H, -NH), 8.40 (IH, =CH-), (=CH-), 162.36 (~C=0) 127.27-
c=0)] 6.99-7.95 (8H, —CH (Ar)) 136.92 (C and —CH (Ar))
3162 [v(N—H)], 3025-3065 [v(aromatic CH)], (51;| 3;%%3';' &?gﬂff)jﬁf 5= 55,80 (LOCHs), 146.80
4 1637 [v(C=0)], 1501 [W(C=N)], 1552 [(NH-— i 0 PP ECR Tk (=CHH), 163,20 (-C=0) 114.40-
C=0)], 1506 [+(C-O) Phenolic], 3444 [v(OH)]  *#% (g =C0L% BT 130.20 (C and —CH (Ar))
3175 [v(N-H)], 3003-3026 [v(aromatic CH)], &= 7.99 (1H, -NH), 8.56 (1H, &= 146.80 (=CH-), 163.20
4k 1649 [v(C=0)], 1604 [y(C=N)], 1552 [((NH-  =CH-), 7.53-8.31 (8H, CH (>C=0) 124.54-129.00 (C and —
C=0)], 1509 [v(NOy)] (AD) CH (AN)
3191 [v(N-H)], 3029 [v(aromatic CH)], 1639 &= 2.34 (3H, —CHj), 8.00 (1H, &= 21.3 (-CHs), 146.80 (=CH-
4 [¥(C=0)], 1602 [¥(C=N)], 1542 [v(NH-C=0)], —NH), 8.48 (1H, =CH-), 7.41- ), 163.20 (>C=0) 124.00-150.20
1513 [1(NOy)] 8.33 (8H, —CH (Ar)) (C and—CH (An))
3185-3221 [v(N-H)], 3029 [v(aromatic CH)], &= 3.84(3H,—OCHs), 7.98 &= 55.92 (-OCHs), 148.21
Am 1649 [v(C=0)], 1607 [v(C=N)], 1552 [w(NH-  (1H, -NH), 854 (1H, =CH-), (=CH-), 163.25 (>C=0) 114.24-
C=0)], 1509 [v(NO,)], 1012 [v(N-N)] 7.17-8.33 (8H, —CH (Ar)) 145.04 (C and —CH (Ar))
3185-3221 [v(N-H)], 3032 [v(aromatic CH)], 5= 8.00 (1H, -NH), 8.48 (1H, &= 146.80 (=CH-), 163.20
4n 1649 [W(C=0)], 1597 [W(C=N)], 1568 [((NH-  =CH-), 7.67-8.33 (8H, .CH (>C=0) 124.00-150.20 (C and —
C=0)], 1513 [v(NOy)] (AD) CH (AN)
%gg {:E'(\'::gﬁ iggi [g’v(zzci[,:)(]""r (1’?58;' fvg\'l'z]_ 5=535(1H, —OH), 8.00 (1H, &= 146.80 (=CH-), 163.20
40 : ' ~NH), 8.48 (1H, =CH-), 6.88- (>C=0) 116.00-150.20 (C and —

C=0)], 1509 [v(NO,)], 1509 [v(C-O)
Phenolic], 3340 [v(OH)]

8.33 (8H, —CH (Ar)) CH (Ar))
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ganic solvents. The obtained solutions are stablefor
severd months. Thepostion of the characteristic bands
in the electronic absorption spectrain water (or etha:
nol) isdiscussed (See chapter Resultsand discussion),
whereasthemost important IRand NMR (*H and C)
spectral bandsare presentedin TABLE 2.

The prepared hydrazoneswererecrystalized using
elther ethanol or diluted ethanol. The abovedescribed
method of synthesisresulted in excellent yield of the
corresponding hydrazones (See TABLE 1) and high
purity whichwas confirmed by constancy of the melt-
ingpoints.

I nvestigation of substituentseffects

Given the need to follow the quantitative assess-
ment of the substituent effectson the substituent chemi-
cd shifts(SCS) in4a-o, three conventiona LFER mod-
€ls, based on mono and thedua substituent parameter
(MSPand DSP, respectively) trestment wereused. All
the substituent constantsweretaken fromthelitera-
ture®: 32, The first LFER model is MSP equation,
named, Smple Hammett equation” which was used in
thefollowingform:

SCS(X) =po,+ h (@)

Where SCS(X) isthe changein chemica shift (IR
or NMR) induced by the substituent X, and apisthe
substituent parameter reflecting the el ectronic effects.
Parametersh (theintercept onthe ordinate) and p (mea:
sure of the sensitivity of the chemical shifttotheelec-
tronic effectsof the subgtituents), were obtained by the
regressonandysis.

The second one is the DSP equation, so called,
extended Hammett equation” which was used in the
followingform:

SCS(X) =p o, +po, +h @)

Where, 6, and 6, are substituent parametersre-
flecting the polar and resonance el ectronic effects, re-
spectively. Parametersp, and p,, (measureof thesensi-
tivity of the chemical shift to the polar and resonance
electronic effectsof the subgtituents, respectively), were
obtained by theregressonanaysis.

Thethird oneisthe DSP equation, so called, Svain-
Lupton equation” (3), which was used in the following
form:

SCS(X)=fF+rR+h (3)

WhereF and Rare substituent parametersreflect-

@Wu'c CHEMISTRY —

ing thefield and resonance el ectronic effects, respec-
tively. Parametersfandr (measuresof thesenstivity of
thechemical shift to thefield and resonanceeectronic
effects of the substituents, respectively), wereobtained
by theregression analysis. Substituent parameters: 0,
o, 0,, Fand Rused inthisinvestigation are presented
iINTABLE 3.

TABLE 3: Substituent parameters: 6,00, F andR

Substitutents op OR o F R
-H 0.00 0.00 0.00 0.000 0.000
-CH3 -0.17 -0.11 -0.05 -0.052 -0.141
-OCH3; -0.27 -051 0.7 0413 -0.500
-Cl 0.23 -0.24 047 0690 -0.161
-OH -0.37 -0.60 0.25 0.487 -0.643

RESULTSAND DISCUSSION

Synthesisand char acterisation of p-substituted
aromatic hydrazones

Asmentioned before, here, an efficient method for
synthesis of the hydrazones starting from esterswas
developed. First, the hydrazides were prepared and
finaly the hydrazoneswere prepared by condensation
of theestersand hydrazides. Three seriesof p-substi-
tuted aromatic hydrazoneswere synthesized inthree
steps.

Step |: Initially esters were prepared from
acylchlorides of benzoic acid, p-methylbenzoic acid,
p-metoxybenzoic acid, p-chlorobenzoic acid, p-
hydrohybenzoic acid and methanol. Therefluxion of
these acyl chlorides with absol ute methanol and pyri-
dine formed corresponding methyl substituted ben-
zoates. Thepyridinewasused in order to achieve higher
yield. These compoundswere characterized by their
similarity of physical constantswith thosereportedin
theliteraturd™!, The prepared esterswererecrystaized
usingdiluted ethanal.

Step I1: p-substituted hydrazides were prepared
from the previoudly synthesized estersand hydrazine
hydratein excess(1:5). Themethyl estersonrefluxing
inwater bath (about 2.5 hours) with hydrazine hydrate
dissolved in ethanol, formed corresponding
benzhydrazides. Thesehydrazideswererecrystalized
using diluted ethanol and characterized by their smilar-
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ity of physical constantg®,

Step 111: p-substituted aromatic hydrazoneswere
prepared by condensation of hydrazides and benzal -
dehyde, p-metoxybenzaldehyde and p-
nitrobenzal dehyde. Thisreaction was performed on
water bath about 3 hours. Some of the hydrazonespre-
sented in this paper (4a, 4d, 4e, 4i, 4j and 4f) are al-
ready synthesized by Rgjput et a®¥. They used genera
processof synthesis, involving estersor amidesby re-
actionwith hydrazinefor the preparation of hydrazides.
Furthermore, they performed the synthesisat different
conditions and there are no spectroscopic data that
confirmed the structure of the synthes zed hydrazones.
Themethod used here, resulted in excellent yield and
purity of the synthesized hydrazoneswith satisfactory
duration of thesynthesis.

Thedgtructureof hydrazones (4a-€) was established
using UV, IR, 'H NMR and C NMR spectra. UV
spectrawere recorded in water (4a-j) and in diluted
ethanol (4k-0). Two bandswere noticed inthe spectra,
first one positioned at 195 nm asaresult of n>n" el ec-
tron transitions and second one placed in the wave-
length region from 295 to 340 nm dueto n>n” eectron
transitiong™. All absorption bandswere characterized
with highva ues of themol ar absorption coefficients.

ThelR absorptionsdueto stretching C=0, C=N
and N-H groups appeared at 1660-1620, 1610-1590
and 3250-3160 cm?, respectively. The absorption
bands associated with other functional groups (NH-
C=0, N-N, C-H aromatic, O-H and C-O phenoalic)
appeared inthe expected regions. The absorption band
asaresult of N-N bending vibration appeared at 1012
cm* for al synthesized hydrazones. The positions of
the IR absorption bandsarein accordancewith litera-
ture datal*®.

The *H NMR spectra of compounds (4a-0) (in
DMS0-d,) exhibited amultipletinthearomaticregion
accounting for aromatic protons at 6.88-8.33 ppm due
to strong deshidding effect of thearomatic ring system.
Thesingletswere observed at the 7.85-8.00, 8.50 ppm
region accounting for protonsof N-H and =CH- group,
respectively. Thepositionsof thesignal sobtained from
H,O and DM SO were in accordance with literature
data®. The *H NMR spectra of hydrazones 4b, 4g
and 4| dso exhibited signalsat 2.40 ppm asaresult of
—CH, group intheir molecule, the hydrazones 4c, 4f-j

—= Pyl Peper

and 4mhavesignalsat 3.80 ppm for -OCH, protons,
and finally the signal s positioned between 5.35-6.88
ppm due to the presence of —OH group in the 4€, 4j
and 40 hydrazonemolecule.

The¥C NMR spectraof (4a-0) exhibited (=CH,
C=0, Cand—CH aromatic) signals at around 148.00,
163.00 and 114.15-150.20 ppm, respectively. The
hydrazones 4b, 4g and 41 hadesigndsinthe ®*CNMR
spectrawith position at 21.3 ppm asaresult of pres-
enceof ~CH, groupintheir molecule, whilethesignals
at around 55.8 ppm appeared dueto-OCH, group of
the hydrazones4c, 4h and 4m.

In addition, aprediction of the NMR (*H and *C)
spectrausing the computer program ChemBioDraw
Ultral2 wascarried out and the obtained resultswere
inexcellent agreement with theexperimental counter-
parts. Next step, asacontinuation of thisstudy will be
investigation of biological activity of synthesized
hydrazones such astheir zone of inhibition against se-
lected strainsof microorganisms.

I nvestigation of substituent effects
M SP analysis

IR signas: For M SP analysiswere used the C=0,
C=N and NH=CO gretching frequencies(cm®) of com-
pounds4a-4o, givenin TABLE 2. Thefrequencieswere
separately anadyzed through classicd Hammett sgma

constants(csp). Thedatigticaly rlevant resultsfromthat
correlation are presented inthefollowing Figure.

1680

____________ k4
.- s o *
1620 -
A—A & A 3 3
8 1360
% - | CCLETTLR [~ [ RPRRERR, B s et .

* ‘(czo) series 2 = 31.09x+ 1646 R*=0.607

B v(NHC=N) series 2y =-13.78x+ 1546 R*=0.832
AV(C=N) series 3 ¥=-1237x+1601 R*=0626

1500 -

04 03 0.2 0.1 0 0.1 02 03
Figure: Satigtically relevant correlation between Hammett
sgmaconstantsand v(C=0), v(C=N) and v(NHC=0)

The statistical analysis showed that therewasno
sgnificant correation obtained with Hammett S gmacon-
stantsand v(C=0) for series 1 and 3 (R*=0.046 and

0.206); v(C=N) for series1 and 2 (R*=0,013and 0.218)
and v(NHC=0) for series 1 and 3 (R>= 0.499 and
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TABLE5: Resultsof thecorréationsof SCS(IR) and SCS(NM R) with Eq. (3)
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b

R F h R sp¢ Fe
SCS(R)
W(C=0) -0.0226 0.0198 1639.7
Series 1 (0.01) (20.01) (2.53) 0.9071 0.814 9.7678
v(C=N) 0.0061 0.0264 1605.50
Series 2 (:0.0048) (:0.0046) (1.23) 0.9507 0.9014 192787
v(NHC=0) -0.0361 0.04451 1556.47
Series 1 (+0.0119) (:0.0112) (+3.0142) 0.9647 0.9294 273451
SCS(NMR)
TH (NH) 0132 0172 7.921
Series 1 0.111) (0.132) (£0.045) 0.7138 0.061 1.037
13C (CH=)
. 0.924 2215 148.333
Series1 (£0.092) 110 o0 0.9975 0.051 201.835
. 1.968 0.983 147.778
Series 2 3757 E1170) (0 399) 0.8742 0.541 3.242
(©=0)
. 11372 0524 163.452
Series1 G0 a0n Co78) 0169 0.9273 0.221 6.138
. 0.906 0.783 163.277
Series 3 (0147 0176 (£0.060) 09758 00815 19.9127

0.471). Asit can be seenfrom Figure, therewas sig-
nificant correlation obtained (R? = 0.995) between o,
constantsand v(C=0) for series 2, v(C=N) for series
3and v(NHC=0) for series 2.

TABLE 4 : Results of the correlations of SCS(IR) and
SCSINMR)with Eg. (2)
b

pRa pla h RC SDd Fe
SCS(IR)

17.206 -42.834 164142
(:10.14) (112.48) (1342 09271 0.854 12720

19.069 48.483 1640.22
(19.223) (+11.36) (¢3.17) o011 0802 9.113

8220 -31.642 1606.92
(8.74) (£10.76) (+185) 08848 0769 7.682

-11.247 -16.020
(+5.48) (+6.75) 1602.21 0.7724 0.545 3.3%4

(i‘g-zﬁgg) (ig-ofg) 1557.54 0.6772 0.3544 2.098

1092 -12.645 1548.04
(:546) (6730 (Le43 07130 04264 2487

14.456 48.589 1549.26
(7.38) (9.05) (£2.48) 0.9358 0.8713 14.591

scs(B*c NMR)

2176 1699 14832
(£030) (:0.37) (£0.10) 0.9643 0.928 27.078

2377 1699 147.76
(142) (t175) (0.48) 0.6656 0.331 1.990

-0.333 -2.355 16344
(+0.59) (£0.73) (+0.20) 0.8508 0.701 5.704

(25 23) (iggi) 163.27 0.9447 0.889 17.086

Series 1

v(C=0)

Series 2

Series 1

v(C=N)

Series 3

Series 1

Series 2

v(NHC=0)

Series 3

Series 1

c(CH=)

Series 2

O

Series 1

Bc(c=

Series 3

'H and *C NMR Spectra: The!H NMR spectra
signalsof NH and =CH protonsin al investigated p-
substituted aromatic hydrazoneswere assigned (See
TABLE 2). Thechemical shiftsof =CH protonsareat
higher fidld (8.40-8.56) than those of NH protons (7.84-
8.00) for theinvestigated hydrazones. All attempted
correlationsinvolving substituent parameters (ap) and
NMR sgndsgaveddidicdly unrdiableresults(R<0.5).
Theobserved “C chemicd shiftsof C_,, andtheC_,
carbons from the *C NMR spectra are presented in
TABLE 2. These chemical shiftswerecorrelated with
the classical Hammett substituent constants (o ). The
resultsof satistical anaysisof thesubstituent effectson
C —ch) and C(C:O) carbons are presented in Egs. (4)
and (5). Theattempted correlationsinvolving classica
Hammett substituent parametersgave positivep vaues
indicating that norma substituent effectsisoperatesfor
al thehydrazones.
Series 1
SCS(*C_,,) = 2.1216 +(0.26) + 148.22( 0.06) 4
R=0.9774 SD =0.125
Series 3
SCS(*C.._,) = 0.891(0.38)c, + 163.43( 0.09) (5)
R=0.8005 SD =0.182

The chemical shiftsobservedfor *C__ andthe

=CH-

BC_, Inthe present investigation were satisfactory
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correlated with Hammett sigmaconstants. In some
casescorrel aion of 2*C with o valueswas dightly bet-
ter EQ. (4).

DSP analysis

Inview of theinability of some o constantsto pro-
duceindividudly satisfactory corrdations, it wasthought
worthwhileto seek multiple correlationsinvolving o,
and ¢, and Swain-Lupton’s F and R parameters (F
and Raresubstituent parametersreflecting thefield and
resonance el ectronic effects).

Much better correlation for SCS(IR) and
SCS(NMR) was obtained with DSP Egs. (2) and (3),
presented in the Experimentd section. Therdationships
that areshownin TABLEs4 and 5 were statistically
satisfactory. The pattern of theweighting factors (p,, p,,
and F, R) indicated generaly adominant inductive ef-
fect for both SCS(IR) and SCS(NMR).

It isknown that Svain-Luptons substituent param-
eters(F and R) havethequadlitative characteristic of o,
and o,, respectively. They havethe added virtues, how-
ever, of being independent of positioninthearomatic
ring, reaction, solvent, and temperature®®. Our results
confirmed thosefindingsin most of the casesand coef-
ficient F hasthelarger values.

CONCLUSION

Thesmplemethod for synthesis of some p-substi-
tuted aromatic hydrazonesfrom aromatic a dehydesand
hydrazideswasdeve oped. Ther Sructurewasconfirmed
by e ement anays sand three spectroscopic techniques:
UV, IRandNMR (*H and *C). The proposed method of
synthesisresulted inexcelent yield and purity of thepre-
pared hydrazones. Theprocedureisasosmpleand dean.

UsingthelR stretching frequenciesfor C=0, C=N
and NH=CO bands, statisticaly significant MSP cor-
relation were obtained only for series 2 (vC=0 and
vNHC=N) andfor series3 (vC=N). Statistically unre-
liableresultswere obtained from M SP correl ation us-
ing characteristica *H proton signas. Correlationsin-
volving class ca Hammett substituent parametersand
BC oy ad PC ., signals for series 1 and 3 gave
positivep vaues.

Much better correlation for SCS(IR) and
SCS(NMR) wasobtained with DSPandysisusingo,,,

—= Pyl Peper

o,, F and Rparametersconfirming that in most of the
cases coefficientsp, and f hasthelarger vaues.
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