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ABSTRACT: The K-band�max values of the UV spectra of five types ofp-Y-benzaldehyde derivatives, namely
phenylhydrazones (1-Ys), 2,4-dinitrophenylhydrazones (2-Ys), 4-nitrophenylhydrazones (3-Ys), semicarbazones (4-
Ys) andN-phenylsemicarbazones (5-Ys), were measured and the corresponding wavenumbers (�max) calculated.
Correlation analyses of the�maxvalues by the dual-parameter equation show that the�maxvalues of these compounds
are affected, albeit to different degrees, by both spin-delocalization effects (s.) and polar effects (sx) of the
substituents. The spin-delocalization effects of substituents always facilitate bathochromic shifts of the�max values
(r. negative). However, polar effects of the substituents on these�max data depend on the mode of polarization of
these hydrazone or semicarbazone molecules, i.e. electron-pair acceptor substituents (Ys) facilitate bathochromic
shifts for1-Ys (rx negative), but hypsochromic shifts for2-Ys and3-Ys (rx positive), and induce very small shifts for
4-Ys and5-Ys. As expected, donor Ys facilitate hypsochromic shifts for1-Ys and bathochromic shifts for2-Ys and3-
Ys and induce very small shifts for4-Ys and5-Ys. Possibly, a higher degree of polarization of the substrate molecule
would demand a higher degree of polar assistance from the substituents at the transition states. 1998 John Wiley &
Sons, Ltd.

KEYWORDS: UV spectra; dual-parameter equation; correlation analysis; polar effect; spin-delocalization effect;p-
Y-substituted benzaldehyde phenylhydrazones;p-Y-substituted benzaldehyde 2,4-dinitrophenylhydrazones;p-Y-
substituted benzaldehyde 4-nitrophenylhydrazones;p-Y-substituted benzaldehydeN-phenylsemicarbazones;p-Y-
substituted benzaldehyde semicarbazones.

INTRODUCTION

The importance of benzaldehyde phenylhydrazone and
semicarbazone derivatives in analytical organic chem-
istry had led to many investigations of their ultraviolet
spectra.1–7 Notably, an interesting phenomenon of the
substituent effect on the UV spectral data of benzalde-
hyde derivatives has been reported,1 i.e. a para-
positioned methoxy group at the benzene ring causes a
bathochromic shift for 2,4-dinitrophenylhydrazones,2 but
induces a small hypsochromic shift forN,N-dimethylhy-
drazones. Furthermore, it leads to neither a bathochromic
nor a hypsochromic shift forN-methylhydrazones.
Correlation of the UV data of the above-mentioned
studies by the dual-parameter equation (1), whererxsx

andr.s. represent polar and spin-delocalization effects,
respectively, had not been tried, although the single-

parameter relationship [cf. Eqn (2)] had been applied to
the correlation of UV data of nitro-, dinitro- and trinitro-
phenylhydrazones by plotting�max values againstsp or
�2. However, no correlation coefficient (r) was re-
ported,8–10 hence reversion of the sign ofrx values for
the aforesaid three types of phenylhydrazones could not
have been rigorously demonstrated.

variable� �x�x � �_�_� C �1�
variable� �x�x � C �2�
variable� �_�_� C �3�

Our recent studies on the correlation analyses of UV
data for styrenes,a-methylstyrenes,a,b,b-trifluorostyr-
enes,11a phenylacetylenes and acetophenones, all with a
double or triple bond in conjugation with thep-Y-
substituted benzene ring,11b by the single-parameter
equation (3) with the spin-delocalization constant (s.),
have shown that the excited states of styrene-type
aromatic compounds have radicaloid properties and the
p–p* transitions are mainly affected by the spin-
delocalization effects of the substituents. Even though
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applicationof the dual-parameterequation(1) did not
improvethecorrelationresultsof theUV spectraldataof
the above-mentionedstyrene-typearomaticcompounds,
we still proposedthat spectralandkinetic propertiesof
radicaloid transition states(TSs) are always affected,
albeit to different degrees,by both polar and spin-
delocalization effects.11b,12–15 In other words,in the
correlationanalysisof theseproperties,theapplicability
of the dual-parameterequation (1) should always be
tested.13 Thejrx/r.j ratio,e.g.with rx = rmb andr. = rJJ

.,
mayserveasa roughmeasureof therelativeimportance
of the polar and the spin-delocalizationeffects of
substituents.16

On the basisof the aforesaidcorrelationanalysisof
kinetic andspectraldata,we cameto realizethat, in the
absenceof measurablesteric effects, for correlation
analysesin radicalchemistryandsomespectraldata(e.g.
UV, fluorescence,EPR and redox), four categoriesof
possiblecircumstancesmightbevisualized.13,15(I) When
both polar and spin effectsare important,the jrmb/rJJ

.j
valuesmight fall in therange(very) roughly0.2–0.8,e.g.
in electrophilic radical additions to, and fluorescence
spectraof, styrenes.14a,b,gUnderthesecircumstances,the
necessityof usingthedual-parameterequation(1) canbe
easilyestablishedbecauseit yields muchbettercorrela-
tion resultsthanthoseof single-parameterequations.(II)
Whenpolar effectsdominate,this ratio might bearound
or greaterthanunity, e.g.in H-atomabstractionreactions
by electrophilic radicals,14c,d electrophilic radical addi-
tion reactionsto phenylacetylenes15a,b and EPRdataof
somephenylnitroxides.14e,f Under thesecircumstances,
usingEqn(1) insteadof Eqn(2) maynot muchimprove
the correlationresult,andthe necessityof applyingEqn
(1) cannot be established in a definitive manner.
However, the existenceof the spin effect can still be
revealed by careful examination of the individual
deviationsof the datafrom the regressionlines of Eqns
(1) and (2). (III) When the spin-delocalizationeffect
dominates,thenEqn(3) easilyapplies,andtheuseof Eqn
(1) may not much improve the correlation result.
Application of Eqn (1) might yield a jrmb/rJJ

.j ratio of
lessthan0.2. Recentlydiscoveredexamplesarethe UV
spectraof the aforesaidstyrene-typecompounds.11 (IV)

Whenthereareothercomplicatingandinteractingfactors
or effects, then none of the three equationscan be
successfullyapplied.8–11,15e

To our knowledge, the UV data for benzaldehyde
hydrazonederivativeshave not beencorrelatedby the
dual-parameterequation(1), andthereforetherehasbeen
insufficient understandingabout how these spectral
propertiesare affectedby polar and spin-delocalization
effects of the substituents.This paperis an attemptto
correlate the UV absorptionfrequenciesby the dual-
parameterequation(1) with thewavenumber�max asthe
variable,andto showhowthesignof rx mightberelated
to themodeof polarizationof thesubstrate.

It hasbeenwell establishedthatspindelocalizationis a
resonanceeffect which operatesindependentlyof the
polareffects(includingresonancepolareffects)(seeRef.
13andpertinentreferencescitedtherein).It hasalsobeen
establishedthat the spin-delocalizationeffect of meta-
substituentsis negligibleor very small.12b Sinceoneof
the main objectivesof our study was to evaluatethe
relative importanceof the polar andspin-delocalization
effects of the substituents,meta-substitutedsubstrates
werenotincludedin all ourpreviousstudies.13Therefore,
all thesubstrateschosenfor ourcorrelationanalysiswere
para-substituted compounds, namely p-Y-substituted
benzaldehydephenylhydrazones(1-Ys), p-Y-substituted
benzaldehyde2,4-dinitrophenylhydrazones (2-Ys), p-Y-
substitutedbenzaldehyde4-nitrophenylhydrazones (3-
Ys), p-Y-substitutedbenzaldehydesemicarbazones(4-
Ys) andp-Y-substitutedbenzaldehydeN-phenylsemicar-
bazones(5-Ys).

RESULTS AND DISCUSSION

Measured�max valuesof 1-Ys, 2-Ys, 3-Ys, 4-Ys and
5-Ys, togetherwith their correspondingwavenumbers
(�max) andmolarabsorptioncoefficients(e), aresummar-
ized in Tables 1 and 2. Values of representative
Hammett-type unresolvedpolar substituent constants
(sx), i.e. sp, s

� andsmb, were takenfrom Refs 17, 17
and 12a, respectively.Values of representativespin-
delocalizationconstants(s.), i.e. sJJ

., sC
. andsa

., were
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takenfrom Refs12a,18aand18b, respectively.Results
of correlationanalysesin termsof rx, r., s,ror R, andF
values(cf. Ref. 11) by Eqns(1)–(3) aresummarizedin
Table3 (for 1-Ys), 4 (for 2-Ys), 5 (for 3-Ys), 6 (for 4-Ys)
and7 (for 5-Ys). The identity of thesubstituentsusedin
eachentryis givenin thefootnotesto thetables.It should
be notedthat relativesmall differencesin the r or R,  
and F valuesof the different entriesin the sametable
should not be taken too seriously becausevarious
complicatingfactors could affect the exact position of
theUV absorptionpeaks.8,9,10,11Thenitro groupalways
seemsto deviatefrom the regressionlines much more
thanothersubstituentsdo,2 possiblybecauseit takesupa
distinctively different geometric orientation in the
excited state;19 therefore, the nitro group was not
included in our correlation. Also, as mentionedpre-
viously, a confidencelevel (CL) above99.9%(basedon
F0.001valuesgivenin thethefootnotesof thetables11) is
consideredgood,eventhoughther (or R) valueis smaller

than0.95,becausethe r valuedoesnot takeinto account
thenumberof substituents(n).

Resultsof single-parametercorrelationof the wave-
numbers(�max) of 1-Ys by Eqn(2) or (3), summarizedin
Table 3, show that neithersx nor s. yields meaningful
results,i.e. r < 0.70, > 0.80,F< 8.2 (n = 11 or 9). In
contrast,unlike the UV spectraof styrene-typecom-
pounds,11 correlationsby thedual-parameterequation(1)
clearlyyield muchimprovedresults(cf. Figs1 and2). It
should be noted that the smb scale is used in Fig. 1

Table 1. Wavenumber (�max, cmÿ1), �max (nm)a and emax (l molÿ1 cmÿ1) values for 1-Ys, 2-Ys and 3-Ys

1-Y 2-Y 3-Y

Y �max �max (� 104) emax (� 104) �max �max (� 104) emax (� 104) �max �max (� 104) emax (� 104)

H 354.4 2.822 2.24 376.8 2.654 2.97 400.7 2.496 4.88
CF3 360.1 2.777 3.12 374.1 2.673 2.58 398.2 2.511 2.84
F 344.3 2.904 2.41 377.6 2.648 2.48 398.9 2.507 2.31
Br 354.3 2.822 1.04 379.0 2.639 2.88 400.7 2.496 2.98
Cl 352.8 2.834 3.28 378.9 2.639 3.43 400.4 2.498 3.26
Me 345.2 2.897 2.18 383.0 2.611 3.11 404.9 2.470 2.88
CO2Me 371.7 2.690 3.02 380.6 2.627 2.91
SiMe3 377.9 2.646 3.69
MeO 346.5 2.886 5.73 390.5 2.561 3.00 412.8 2.422 3.98
CN 379.4 2.636 2.91 377.8 2.647 3.01 408.9 2.446 3.08
NO2 423.1 2.364 2.53 391.2 2.556 3.20 423.2 2.363 2.55
MeS 357.2 2.800 2.71 390.2 2.563 3.24 410.2 2.438 4.14
Me2N 358.0 2.793 3.50 422.5 2.367 3.16 432.6 2.312 3.89

a Uncertainty:�0.3 nm.

Table 2. Wavenumber (�max, cmÿ1), �max (nm)a and emax

(l molÿ1 cmÿ1) values for 4-Ys and 5-Ys

4-Y 5-Y

Y �max

�max
(� 104)

emax
(� 104) �max

�max
(� 104)

emax
(� 104)

H 281.9 3.547 2.48 293.7 3.405 3.97
CF3 290.4 3.444 2.22 301.8 3.314 4.81
F 279.0 3.584 4.40 286.9 3.486 3.72
Br 287.4 3.479 4.97 300.7 3.326 4.81
Cl 286.6 3.489 2.68 298.6 3.349 3.72
Me 284.6 3.514 3.11 295.7 3.382 4.52
MeO 288.0 3.472 2.69 293.1 3.412 4.97
CN 303.2 3.298 2.06 315.4 3.171 3.72
NO2 327.2 3.056 1.29 341.3 2.930 3.05
MeS 313.6 3.189 3.47 320.1 3.124 5.91
Me2N 331.9 3.013 3.20 340.9 2.933 6.28

a Uncertainty:�0.3 nm.
Figure 1. Plot of �max (cmÿ1) vs smb (*) or sJJ

.
(~) for 1-Ys
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becauseit yields thebestcorrelationamongthe threesx

scales(cf. Table3), while the (smb, sJJ
.) combinationis

usedin Fig. 2 becauseit givesthe jrmb/rJJ
.j valuewhich

is usedasa roughmeasureof the relativeimportanceof
polar and spin-delocalizationeffectsof substituents,as
mentioned in the Introduction.13 All the (sx, s.)
combinations,with the(sp, sJJ

.) combinationastheonly
exception, yield very good correlations (all CLs
>99.9%), e.g. for (s�, sJJ

.); R = 0.929,  = 0.434,

F = 25.23,n = 11; for (smb, sJJ
.), R = 0.937, = 0.409,

F = 28.82, n = 11. Correlationresultsfor other (sx, s.)
combinationsareclearly summarizedin Table3 andare
not discussedbecauseof limited space. Therefore,
judging by the jrmb/rJJ

.j value of 0.79 and by the fact
thatthedual-parametercorrelationis clearlymuchbetter
thanthesingle-parametercorrelation,thebehaviorof the
UV spectraldataof 1-Ys maybeclassifiedascategoryI,
i.e. thewavenumbersof 1-Ys areaffectedto comparable
extentsby bothpolarandspin-delocalizationeffects.All
. values derived from the (sx, s.) combinationsare
negative; this result demonstratesthat all substituents
inducebathochromicshifts by their spin-delocalization
effectsandis fully is harmonywith the observationson
styrenes,phenylacetylenes and acetophenones.On the
other hand,all the rx valuesderived from the (sx, s.)
combinationsare negative; this result shows that an
electron-pairacceptorsubstituentwill facilitate a bath-
ochromic shift, whereas a donor will facilitate a
hypsochromicshift.

We maynow askthequestion,‘Can thesignof rx be
reversedwhenthemodeof polarizationof thesubstrateis
changedor reversed?’A changein the polarity of 1-Ys
might be achievedby putting two nitro groupson the
benzenering attachedto thenitrogenatom,i.e. by taking
2-Ys assubstrates.Thecorrelationresultssummarizedin
Table 4 show that correlationswith CLs greaterthan
99.9%canbeachievedwith eitherEqn(2) or (3) with s�,
sJJ

. or sC
., i.e. for s�, r = 0.908, = 0.459,F = 46.90,

n = 12; for sJJ
., r = 0.852, = 0.572,F = 26.53,n = 12;

for sC
., r = 0.836, = 0.601,F = 23.27,n = 12. Notably,

correlationsby the dual-parameterequation (1) yield
much improvedresults(cf. R or r and values;Figs 3
and4). Thes� scaleis usedin Fig.3 becauseit yieldsthe
bestcorrelationfor 2-Ys amongthe threesx scales.All
the (sx, s.) combinationsyield very good correlations

Table 3. Values of rx and r.
of Eqns (1), (2) and (3) and corresponding values of the correlation coef®cient r or R,  , s and F-test

for correlation of �max values of 1-Ys with sx and s.

sx or s. or (sx, s.) rx (� 104) r. (� 104) r or R s (� 104)  Fa nb

sp ÿ0.11� 0.08 0.546 0.073 0.926 3.82 11
s� ÿ0.052� 0.052 0.438 0.079 0.994 2.14 11
smb ÿ0.11� 0.08 0.689 0.063 0.801 8.14 11
sJJ

. ÿ0.091� 0.088 0.334 0.083 1.042 1.13 11
10sa

. ÿ0.19� 0.11 0.521 0.084 0.968 2.61 9
sC

. ÿ0.14� 0.09 0.469 0.077 0.977 2.53 11
sp, sJJ

. ÿ0.19� 0.05 ÿ0.23� 0.04 0.898 0.041 0.516 16.64 11
sp, 10sa

. ÿ0.23� 0.05 ÿ0.16� 0.04 0.953 0.033 0.373 29.40 9
sp, sC

. ÿ0.18� 0.03 ÿ0.26� 0.03 0.952 0.028 0.360 38.50 11
s�, sJJ

. ÿ0.14� 0.02 ÿ0.29� 0.04 0.929 0.034 0.434 25.23 11
s�, 10sa

. ÿ0.15� 0.04 ÿ0.23� 0.04 0.961 0.030 0.339 36.19 9
s�, sC

. ÿ0.12� 0.01 ÿ0.32� 0.03 0.975 0.021 0.263 75.54 11
smb, sJJ

. ÿ0.15� 0.03 ÿ0.19� 0.03 0.937 0.032 0.409 28.82 11
smb, 10sa

. ÿ0.15� 0.03 ÿ0.14� 0.04 0.960 0.030 0.344 34.98 9
smb, sC

. ÿ0.13� 0.02 ÿ0.22� 0.03 0.973 0.021 0.269 72.13 11

a Critical F values:20 F0.10 (1,9)= 3.36;F0.01 (2,8)= 8.65;F0.001 (2,8)= 18.49;F0.001 (2,6)= 27.00;F0.25 (1,9)= 1.51;F0.25 (1,7)= 1.57.
b n = 11, Y = H, CF3, F, Br, Cl, CN, Me, CO2Me, MeO, MeSandMe2N; n = 9, Y = H, CF3, F, Cl, CN, Me, CO2Me, MeO andMeS.

Figure 2. Plot of �max (cmÿ1) vs ÿ1.5smb ÿ1.9sJJ
.

for 1-Ys
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(CLs> 99.9%),e.g. for (sp, sJJ
.), R = 0.958, = 0.332,

F = 50.09, n = 12; for (s�, sJJ
.), R = 0.951, = 0.275,

F = 74.60,n = 12; for (smb, sJJ
.), R = 0.972, = 0.273,

F = 75.98,n = 12.Judgingby the jrmb/rJJ
.j valueof 0.42

andthefact that thedual-parametercorrelationis clearly
betterthanthesingle-parametercorrelation,thebehavior

of the UV spectraldata of 2-Ys may be classifiedas
categoryI. Furthermore,similarly to theresultsfor 1-Ys,
all the r. valuesderivedfrom the (sx, s.) combinations
are negative. Of particular interest, however, is the
observationthat,in contrastto theresultsfor 1-Ys, therx

values now all becomepositive. In other words, the

Table 4. Values of rx and r.
of Eqns (1),(2) and (3) and corresponding values of the correlation coef®cient r or R,  , s and F-test

for correlation of �max values of 2-Ys with sx and s.

sx or s. or (sx, s.) rx (� 104) r. (� 104) r or R s (� 104)  Fa nb

sp 0.17� 0.06 0.811 0.051 0.641 19.22 12
s� 0.11� 0.02 0.908 0.036 0.459 46.90 12
smb 0.12� 0.05 0.747 0.058 0.728 12.62 12
sJJ

. ÿ0.24� 0.05 0.852 0.046 0.572 26.53 12
10sa

. ÿ0.095� 0.042 0.597 0.032 0.897 4.42 10
sC

. ÿ0.26� 0.06 0.836 0.048 0.601 23.27 12
sp, sJJ

. 0.10� 0.03 ÿ0.17� 0.03 0.958 0.026 0.332 50.09 12
sp, 10sa

. 0.078� 0.030 ÿ0.11� 0.03 0.878 0.021 0.573 11.73 10
sp, sC

. 0.12� 0.02 ÿ0.19� 0.02 0.978 0.019 0.240 100.1 12
s�, sJJ

. 0.076� 0.014 ÿ0.13� 0.02 0.951 0.022 0.275 74.60 12
s�, 10sa

. 0.059� 0.015 ÿ0.078� 0.017 0.956 0.013 0.352 36.86 10
s�, sC

. 0.080� 0.009 ÿ0.15� 0.02 0.988 0.014 0.181 179.7 12
smb, sJJ

. 0.080� 0.021 ÿ0.19� 0.02 0.972 0.022 0.273 75.98 12
smb, 10sa

. 0.063� 0.012 ÿ0.12� 0.01 0.973 0.010 0.276 62.32 10
smb, sC

. 0.089� 0.011 ÿ0.21� 0.01 0.991 0.012 0.154 250.1 12

aCritical F values:20F0.001(1,10)= 21.04;F0.01(1,10)= 10.04;F0.001(1,8)= 25.42;F0.01(1,8)= 11.26;F0.001(2,9)= 16.36;F0.001(2,7)= 21.69;F0.01
(2,7)= 9.55.
b n = 12,Y = H, CF3, F, Br, Cl, CN, Me, CO2Me, SiMe3, MeO,MeSandMe2N; n = 10,Y = H, CF3, F, Cl, CN, Me, CO2Me, SiMe3, MeOandMeS.

Figure 3. Plot of �max (cmÿ1) vs s� (*) or sJJ
.

(~) for 2-Ys Figure 4. Plot of �max (cmÿ1) vs 0.80smb ÿ1.90sJJ
.
for 2-Ys
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presenceof two very strong acceptors(NO2 groups)
might have changed the degree and direction of
polarizationof the hydrazonemolecules.Consequently,
for 2-Ys, acceptor Y-substituentswill facilitate blue
shiftsanddonorY-substituentsredshifts.

On thebasisof theabove-mentionedobservations,we
might expectthat the modeof polarizationof substrates
with one NO2 group, i.e. 3-Ys, will be somewhere
betweenthoseof 1-Ys and2-Ys. In otherwords,therx

values derived from Eqn (1) for 3-Ys might lie in
betweenthecorrespondingrx valuesfor 1-Ys and2-Ys.
This expectationhas been realized, as shown by the
correlationresultpresentedin thenextparagragh.

Single-parametercorrelation results for 3-Ys, sum-
marized in Table 5, show that both sJJ

. and sC
. yield

fairly good correlations whereas all the sx’s yield
meaningless(sp andsmb) or not so good (s�) correla-
tions. On the other hand, correlations by the dual-
parameterequation(1) yield improved resultswith all
CLsgreaterthan99.9%(cf. R or r and values),e.g.for
(sp, sJJ

.), R = 0.949,  = 0.377, F = 31.71, n = 10; for
(s�, sJJ

.), R = 0.947, = 0.383, F = 30.64, n = 10; for
(smb, sJJ

.), R = 0.946, = 0.389, F = 29.55, n = 10. As
expected,the r. valuesare all negative.Of particular
interestis the fact that all therx valuesarebetweenthe
correspondingvaluesfor 1-Ys and2-Ys (seeabove),e.g.
rmb derived from the (smb, sJJ

.) pairing is 0.34� 103,
which is larger thanÿ1.5� 103 (for 1-Ys) and smaller
than 0.80� 103 (for 2-Ys). Judging by the jrmb/rJJ

.j
value of 0.23 and the fact that the dual-parameter
correlationis betterthanthesingle-parametercorrelation,
thebehaviorof theUV spectraldataof 3-Ys mayalsobe
classifiedascategoryI, althoughthe contributionof the
polar effect of substituentsto the UV spectraof 3-Ys is
muchsmallerthanthoseof 1-Ys or 2-Ys.

As experimentalists,we are hard put to interpret or
rationalizeour observationson thedifferentbehaviorsof
1-Ys, 2-Ys and3-Ys, sowe hopethatsometheoreticians
might beinterestedin offering anexplanation.However,
we arestill temptedto venturethe following crudeand
simplistic speculation.

On thebasisof their studieson theUV spectraof p-Y-
substitutedphenyl compounds,Katritzky et al.21 had
proposedthat the long-distanceinteraction betweena
substituentandaheteroatomis qualitativelysimilarbut is
quantitativelymuchgreaterin theexcitedstatethanin the
groundstate.If this propositionweretrue,we couldthen
envisagethe following possiblestateof affairs. Reso-
nancestructuresI, II and III are of pertinenceto our
discussion,and Katrizky et al.’s proposal might be
transformedinto thestatementthatpolarstructuresII and
III becomemoreimportantin theexcitedstatesthanthey
are in the ground states of 1-Ys, 2-Ys and 3-Ys.
Therefore, if R is an effective electron-pairreleasing
group,e.g.asin 1-Ys, thenII becomesmoreimportantin
the excitedstate.Consequently,acceptorsubstituentYs
will lower the excited-stateenergy(cf. structureII ) and
facilitatebathochromicshifts.Ontheotherhand,if R is a
strongelectron-pairwithdrawinggroup,suchasin 2-Ys,
then III becomesmore important.Under thesecircum-
stances,donorYs will lower theexcited-stateenergy(cf.
structure III ) and facilitate red shifts. Naturally, the
behaviorof 3-Ys shouldlie betweenthoseof 1-Ys and2-
Ys. In otherwords,structureII for 3-Ys is lessimportant
than structure II for 1-Ys, and structure III for 3-Ys
carries less weight than structure III for 2-Ys. The
aforesaidspeculationseemsto be in harmonywith the
relativemagnitudesof thejrmb/rJJ

.j values,namelyfor 3-
Ys it is 0.23,whichis smallerthaneitherthevalueof 0.79
for 1-Ys or thevalueof 0.42for 2-Ys.

Table 5. Values of rx and r.
of Eqns (1), (2) and (3) and corresponding values of the correlation coef®cient r or R,  , s and F-test

for correlation of �max values of 3-Ys with sx and s.

sx or s. or (sx, s.) rx (� 104) r. (� 104) r or R s (� 104)  Fa nb

sp 0.11� 0.05 0.737 0.043 0.755 9.53 10
s� 0.072� 0.023 0.834 0.035 0.617 18.28 10
smb 0.070� 0.048 0.621 0.050 0.877 5.01 10
sJJ

. ÿ0.17� 0.03 0.904 0.027 0.478 35.79 10
10sa

. ÿ0.11� 0.03 0.784 0.023 0.718 9.536 8
sC

. ÿ0.20� 0.03 0.933 0.023 0.403 53.62 10
sp, sJJ

. 0.049� 0.026 ÿ0.13� 0.02 0.949 0.022 0.377 31.71 10
sp, 10sa

. 0.032� 0.034 ÿ0.11� 0.03 0.838 0.022 0.690 5.91 8
sp, sC

. 0.053� 0.013 ÿ0.16� 0.01 0.986 0.011 0.196 126.3 10
s�, sJJ

. 0.034� 0.014 ÿ0.12� 0.02 0.947 0.022 0.383 30.64 10
s�, 10sa

. 0.022� 0.027 ÿ0.094� 0.030 0.846 0.022 0.674 6.31 8
s�, sC

. 0.035� 0.008 ÿ0.14� 0.01 0.984 0.012 0.214 105.4 10
smb, sJJ

. 0.034� 0.021 ÿ0.15� 0.02 0.946 0.022 0.389 29.55 10
smb, 10sa

. 0.024� 0.025 ÿ0.11� 0.03 0.855 0.021 0.656 6.80 8
smb, sC

. 0.039� 0.011 ÿ0.17� 0.01 0.988 0.011 0.183 146.6 10

a Critical F values:20 F0.001(1,8)= 25.42;F0.01(1,8)= 11.26;F0.10(1,8)= 3.46;F0.001(2,7)= 21.69;F0.05(2,5)= 5.79.
b n = 10, Y = H, CF3, F, Br, Cl, Me, CN, MeO, MeSandMe2N; n = 8, Y = H, CF3, F, Cl, Me, CN, MeO andMeS.
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At this juncture,we may aska secondquestion,‘Are
theresomehydrazone-typecompoundswhosespectraare
mainly affectedby the spin-delocalizationeffectsof the
substituents?’In the behaviorof 4-Ys and 5-Ys, where
the carbonylgroup interactsstronglywith the lone-pair
electronson thenitrogenof theNH group,ananswerof
pertinenceto the aforesaidquestion might be found.
Therefore,we took the UV spectraof 4-Ys and 5-Ys.
Correlationanalysisof theseUV data, summarizedin
Tables6 and7, showsthefollowing results.(i) The�max

data for 4-Ys and 5-Ys are not related to the polar
substituentconstantssx by Eqn(2). (ii) Goodcorrelations
with CLsgreaterthan99.9%canbeachievedby applying
Eqn (3), i.e. for 4-Ys for sJJ

., r = 0.958,  = 0.321,
F = 89.21,n = 10;for sa

., r = 0.902, = 0.498,F = 26.31,
n = 8; for sC

., r = 0.965, = 0.292,F = 109.6,n = 10;and
for 5-Ys for sJJ

., r = 0.937, = 0.392,F = 57.14,n = 10;
for sa

., r = 0.847, = 0.614, F = 15.24, n = 8; for sC
.,

r = 0.950, = 0.351,F = 73.28,n = 10. (iii) By usingthe

dual-parameterequation (1), all the nine parings of
(sx, s.) yield good correlations with CL >99.9%.
Naturally, no meaningfulimprovementcan be claimed
for theuseof thedual-parametercorrelationover thatof
the single-parametercorrelationbecauseapplicationof
the single-parameterequation(3) already yields good
resultswith CL >99.9%.(iv) The jrxj valuesaremuch
smaller than jr.j, so the signsof rx for 4-Ys and 5-Ys
shouldnot be takentoo seriously.(v) Interestingly,the
jr.j valuesaremuchlargerthanthoseof 1-Ys, 2-Ys and
3-Ys; in otherwords,the contributionsof spin-delocali-
zation effects of Y-substituentsin 4-Ys and 5-Ys are
much larger than those in 1-Ys, 2-Ys and 3-Ys. This
interestingphenomenonmaybea reflectionof theeffect
of Z groupin the structureof p-YC6H4CH=NNHZ. Our
speculativerationalizationfor the observedr. valuesis
thatperhapsa largerspineffectandasmallerpolareffect
from Z might inducea smallerspin delocalizationfrom
theY-substituents.Therefore,we might beableto assess
very roughlytherelativeimportanceof thesetwo effects
by looking at their s. and sx values.For instance,for
Z = Ph (1-Ys), sJJ

. = 0.47,12 sp =ÿ0.01,17 whereasfor
Z = CONH2 (4-Ys), sJJ

. = 0.38,12 sp = 0.36.17 In other
words,therelativeimportanceof thespineffectof Z in 1-
Ys (phenylhydrazone)is larger than that in 4-Ys
(semicarbazone).This might inducea smallerspineffect
from theY-substituentsin 1-Ys thanthespineffect from
Y-substituentin 4-Ys. Judgingby the jrmb/rJJ

.j valueof
0.09for 4-Ys, andthatof 0.15for 5-Ys, andthefact that
dual-parametercorrelationdoesnot improvethecorrela-
tion over the single-parametercorrelation,the behavior
of theUV spectraldataof 4-Ys and5-Ys canbeclassified
ascategoryIII, i.e. the wavenumbersof 4-Ys and5-Ys
aremainly affectedby the spin-delocalizationeffectsof
thesubstituents.

Scheme 1

Table 6. Values of rx and r.
of Eqns (1), (2) and (3) and corresponding values of the correlation coef®cient r or R,  , s and F-test

for correlation of �max values of 4-Ys with sx and s.

sx or s. or (sx, s.) rx(�1010) r.(�104) r or R s(�104)  Fa nb

sp 0.18� 0.20 0.418 0.170 1.016 1.69 10
s� 0.15� 0.11 0.584 0.160 0.908 4.14 10
smb 0.088� 0.170 0.265 0.180 1.078 0.61 10
sJJ

. ÿ0.54� 0.06 0.958 0.055 0.321 89.21 10
10sa

. ÿ0.48� 0.08 0.902 0.062 0.498 26.31 8
sC

. ÿ0.61� 0.06 0.965 0.050 0.292 109.6 10
sp, sJJ

. ÿ0.066� 0.062 ÿ0.59� 0.06 0.967 0.053 0.306 49.86 10
sp, 10sa

. ÿ0.13� 0.07 ÿ0.48� 0.06 0.958 0.045 0.631 28.14 8
sp, sC

. ÿ0.032� 0.061 ÿ0.63� 0.06 0.968 0.052 0.302 51.29 10
s�, sJJ

. ÿ0.043� 0.036 ÿ0.60� 0.06 0.965 0.054 0.312 47.83 10
s�, 10sa

. ÿ0.073� 0.065 ÿ0.52� 0.07 0.942 0.053 0.424 19.72 8
s�, sC

. ÿ0.013� 0.035 ÿ0.63� 0.06 0.966 0.053 0.309 49.04 10
smb, sJJ

. ÿ0.050� 0.050 ÿ0.57� 0.05 0.968 0.052 0.302 51.29 10
smb, 10sa

. ÿ0.073� 0.063 ÿ0.47� 0.07 0.943 0.052 0.420 20.18 8
smb, sC

. ÿ0.022� 0.050 ÿ0.62� 0.06 0.967 0.052 0.303 51.06 10

a Critical F values:20 F0.001 (1,8)= 25.42;F0.10 (1,8)= 3.46;F0.25(1,8)= 1.54;F0.001 (2,7)= 21.69;F0.001 (2,5)= 37.12;F0.01(2,5)= 13.27
b n = 10, Y = H, CF3, F, Br, Cl, Me, CN, MeO, MeSandMe2N; n = 8, Y = H, CF3, F, Cl, Me, CN, MeO andMeS.
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CONCLUSION

The UV spectraof 1-Ys, 2-Ys and 3-Ys are clearly
affectedby both the polar and the spin-delocalization
effects,whereasthoseof 4-Ys and 5-Ys are predomi-
nantly affectedby the spin-delocalizationeffectsof the
substituents.In other words, in the former threecases,
categoryI behaviorhasbeenobserved,whereasin the
latter two cases,categoryIII bahaviorhasbeenfound.In
all cases,spin-delocalizationeffectsof the substituents
Ys will facilitate bathochromicshifts (all r. valuesare
negative).Most interestingly,it has now beendemon-
stratedthatthepolareffectof thesubstituents(Ys) onthe
�max valuesdependson the modeof polarizationof the
substrates.Electron-pair acceptor Ys tend to induce
bathochromicshiftsfor 1-Ys,buthypsochromicshiftsfor
2-Ys and3-Ys andvery small shifts for 4-Ys and5-Ys,
becauserx valuesderivedfrom the(sx, s.) combinations
arenegativefor 1-Ys butpositivefor 2-Ys and3-Ys, and
the jrxj valuesaremuchsmallerthanjr.j valuesfor 4-Ys
and 5-Ys. The fact that the sign of rx valuescan be
reversedsuggeststhat the relative importanceof the
contributionof polar effectsto the excited-stateenergy
dependsonthemodeof polarizationof thewholeorganic
molecule.Possibly,ahigherdegreeof polarizationof the
substratemolecule would demanda higher degreeof
polar assistancefrom the substituentsat the transition
states.

EXPERIMENTAL

All UV spectraweretakenat room temperaturein 95%
EtOH on a Perkin-ElmerLambda2 instrumentwith a
wavelengthaccuracyof�0.3nmandareproducibilityof

�0.1nm. IR spectrawererecordedon ShimadzuIR-440
and Bio-Rad FTS-185spectrometers.1H NMR spectra
wererecordedat60MHz onaVarianEM-360Aandat90
MHZ on an FX-90Q spectrometerwith TMS as the
externalstandard.19F NMR spectrawere measuredat
60MHz on a VarianEM-360spectrometerwith trifluor-
oaceticacidastheexternalstandard.Massspectrometry
(MS) were carried out using an HP 5989A MS
instrument.

All 1-Ys areknown compounds.They wereprepared
by a known method22 andwerefurther identifiedby 1H
NMR (or 19F NMR), MS andIR spectroscopy.Melting-
pointsof 1-Ys preparedin our laboratoryareasfollows:
1-MeS, 136–137°C (lit.22 137–138°C); 1-Me, 112–
113°C (lit.23 112–113°C); 1-Cl, 130–131°C (lit.23

132°C); 1-NO2, 153–154°C (lit.23 154–155°C); 1-
Me2N, 146–147°C (lit.24 148°C); 1-CN, 145–146°C
(lit.24 144°C); 1-MeO, 119–120°C (lit.24 121°C); 1-
CO2Me, 140–142°C (lit.25 142–144°C); 1-B, 113–
114°C (lit.25 112–113°C); 1-F, 138–140°C (lit.26

147°C); 1-H, 154–155°C (lit.26 154–155°C); 1-CF3,
128–130°C (lit.27 128–130°C).

All 2-Ys, except 2-MeS and 2-CO2Me, are known
compounds.They were preparedby a known method6

and were further identified by 1H NMR (or 19F NMR),
MS and IR spectroscopy.Melting-points of 2-Ys
preparedin our laboratory are as follows: 2-H, 238–
239°C (lit.6 238–239°C); 2-NO2, 317–318°C (lit.6 319–
320°C); 2-Cl, 263–264°C (lit.6 264–265°C); 2-MeO,
250–251°C (lit.6 251–252°C); 2-Me2N, 233–234°C (lit.6

233–234°C); 2-CF3, 258–259°C (lit.28 257°C); 2-Me3Si,
221–222°C (lit.29 220°C); 2-Me, 233–234°C (lit.30

232.5–234.5°C); 2-Br, 260–261°C (lit.30 260–261°C);
2-CN, 297–298°C (lit.30 295–298°C); 2-F, 279–280°C
(lit.31 278°C); The physical data for 2-MeS and 2-

Table 7. Values of rx and r.
of Eqns (1), (2) and (3) and corresponding values of the correlation coef®cient r or R,  , s and F-test

for correlation of �max values of 5-Ys with sx and s.

sx, or s. or (sx, s.) rx(�104) r.(�104) r or R s(�104)  Fa nb

sp 0.13� 0.19 0.341 0.166 1.051 1.05 10
s� 0.12� 0.10 0.492 0.154 0.973 2.56 10
smb ÿ0.048� 0.168 0.155 0.174 1.105 0.20 10
sJJ

. ÿ0.48� 0.07 0.937 0.062 0.392 57.14 10
10sa

. ÿ0.42� 0.10 0.847 0.071 0.614 15.24 8
sC

. ÿ0.55� 0.07 0.950 0.055 0.351 73.28 10
sp, sJJ

. ÿ0.098� 0.062 ÿ0.56� 0.06 0.959 0.053 0.338 40.34 10
sp, 10sa

. ÿ0.18� 0.06 ÿ0.42� 0.05 0.970 0.036 0.309 39.50 8
sp, sC

. ÿ0.065� 0.062 ÿ0.59� 0.06 0.960 0.053 0.333 41.56 10
s�, sJJ

. ÿ0.075� 0.034 ÿ0.60� 0.05 0.964 0.051 0.320 45.34 10
s�, 10sa

. ÿ0.11� 0.05 ÿ0.49� 0.06 0.962 0.040 0.346 30.98 8
s�, sC

. ÿ0.044� 0.035 ÿ0.62� 0.06 0.960 0.053 0.333 41.52 10
smb, sJJ

. ÿ0.083� 0.045 ÿ0.54� 0.05 0.969 0.047 0.298 52.90 10
smb, 10sa

. ÿ0.12� 0.05 ÿ0.41� 0.05 0.966 0.038 0.327 34.81 8
smb, sC

. ÿ0.057� 0.047 ÿ0.58� 0.06 0.965 0.049 0.312 47.75 10

a Critical F values:20 F0.001 (1,8)= 25.42;F0.01 (1,6)= 13.75;F0.25 (1,8)= 1.54;F0.001(2,7)= 21.69;F0.001 (2,5)= 37.12;F0.01 (2,5)= 13.27.
b n = 10, Y = H, CF3, F, Br, Cl, Me, CN, MeO, MeSandMe2N; n = 8, Y = H, CF3, F, Cl, Me, CN, MeO andMeS.

 1998JohnWiley & Sons,Ltd. JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 809–818(1998)

816 W. F.-X. DING AND X.-K. JIANG



CO2Me areasfollows: 2-MeS,m.p.253–254°C (Found:
C, 50.75; H, 3.34; N, 17.05.C14H12N4O4S requiresC,
50.60;H, 3.61; N, 16.87%);1H NMR, � 7.30–9.00(m,
7H, Ar), 11.70 (s, 1H, ArCH=), 2.50 (s, 3H, MeSAr);
�/cmÿ1 (KBr pellet), 3250, 1610, 1580, 1495, 1410,
1325,1305,1125; m/z (EI), 332 (M�); 2-CO2Me, m.p.
272–274°C (Found: C, 52.15; H, 3.41; N, 16.60.
C15H12N4O6 requiresC, 52.33; H, 3.49; N, 16.28%);
1H NMR, � 7.90–8.90 (m, 7H, Ar), 11.80 (s, 1H,
ArCH=), 3.90 (s, 3H, MeSAr); � /cmÿ1 (KBr pellet),
3270,1710,1610,1580,1495,1410,1325,1270,1130,
1085;m/z (EI), 344 (M�).

All 3-Y substrates,except3-CF3 and3-CN, areknown
compounds.They were preparedby a known method6

and were further identified by 1H NMR (or 19F NMR),
MS and IR spectroscopy.Melting-points of 3-Ys
preparedin our laboratory are as follows: 3-H, 190–
191°C (lit.23 189–191°C); 3-Cl, 219–220°C (lit.32 218–
219°C); 3-F, 212–213°C (lit.26 212°C); 3-MeS, 182–
183°C (lit.22 183°C); 3-MeO,161–162°C (lit.33 161°C);
3-Me2N, 182–183°C (lit.33 182°); 3-Br, 207–208°C
(lit.33 207–208°C); 3-NO2, 248–250°C (lit.33 249°C); 3-
Me, mp 196–197°C (lit.33 196.5°C); 3-CF3, 196–197°C
(Found: C, 54.27; H, 3.25; N, 13.42. C14H10F3N3O2

requiresC,54.37;H, 3.24;N, 13.59%);1H NMR, � 7.15–
8.19 (m, 8H, Ar), 11.45 (s, 1H, ArCH=); 19F NMR, �
ÿ16.5 (s, ArCF3); � /cmÿ1 (KBr pellet) 3260, 1590,
1480,1410,1300,1100,840;m/z (EI), 309(M�); 3-CN,
m.p. 216–217°C (Found:C, 62.96; H, 3.77; N, 21.53.
C14H10N4O2 requiresC, 63.16;H, 3.76;N, 21.05%);1H
NMR, � 7.16–8.18(m, 8H, Ar), 11.53(s, 1H, ArCH=),
� /cmÿ1 (KBr), 3250,1580,1470,1310,1271,1100,840;
m/z (EI), 266 (M�).

All 4-Ys,except4-F and4-CN,areknowncompounds.
They were preparedby a known method34 and were
further identifiedby 1H NMR (or 19F NMR), MS andIR
spectroscopy.Melting-points of 4-Ys preparedin our
laboratoryareasfollows: 4-H, 221–222°C (lit.34 222°C);
4-Cl, 228–229°C (lit.34 230°C); 4-Br, 226–227°C (lit.34

228°C); 4-Me, 221–222°C (lit.34 221°C); 4-MeO, 209–
210°C (lit.34 210–211°C); 4-MeS, 218–219°C (lit.35

213°C); 4-CF3, 195–196°C (lit.36 193.5–194.5°C); 4-
Me2N, 220°C (lit.37 219°C); 4-NO2, 208–209°C (lit.37

211°C). The physical data for 4-F and 4-CN are as
follows: for 4-F, m.p. 224–225°C (Found:C, 52.79;H,
4.34;N, 22.96.C8H8FN3O requiresC, 53.04;H, 4.42;N,
23.20%); 1H NMR, � 7.04–7.83 (m, 5H, Ar and
NNHCO), 10.26(s, 1H, ArCH=), 6.51(s, 2H, CONH2);
19F NMR, � 35.0 (s, FAr); � /cmÿ1 (KBr), 3490,3200,
1720,1670,1600,1500,1440,1360,1300,1240,840;m/
z (EI), 181 (M�); 4-CN, m.p. 266–268°C (Found: C,
57.28;H, 4.27;N, 29.43.C9H8N4O requiresC, 57.45;H,
4.26;N, 29.79%);1H NMR, � 7.72–7.95(m, 5H, Ar and
NNHCO), 10.48(s, 1H, ArCH=), 6.59(s, 2H, CONH2);
� /cmÿ1 (KBr), 3400, 3100, 1700, 1680, 1580, 1500,
1430,1130,920,830,760;m/z (EI), 188 (M�).

All 5-Y substratesare new compounds.They were

preparedby aknownmethod38 andtheirphysicaldataare
asfollows: for 5-H, m.p. 180–181°C (Found:C, 70.25;
H, 5.43; N, 17.38. C14H13N3O requires:C, 70.30; H,
5.44; N, 17.57%);1H NMR, � 6.96–7.92(m, 10H, Ar),
8.82(s,1H, CONHPh),10.75(s,1H, ArCH=N); � /cmÿ1

(KBr), 3340,1685,1595,1530,1440,1300,1225,1140,
940,745,680; m/z (EI), 239 (M�); for 5-Me, m.p. 184–
186°C (Found:C, 70.98;H, 5.90;N, 16.36.C15H15N3O
requiresC, 71.15;H, 5.93;N, 16.60%);1H NMR, � 2.35
(s, 3H, MeAr); 6.92–7.94(m, 9H, Ar); 8.85 (s, 1H,
CONHPh); 10.65 (s, 1H, ArCH=N); � /cmÿ1 (KBr),
3330,1660,1590,1500,1440,1305,1220,1120,805,
750; m/z (EI), 253 (M�); for 5-MeO, m.p. 177–179°C
(Found: C, 66.89; H, 5.63; N, 15.41. C15H15N3O2

requiresC, 66.91; H, 5.58; N, 15.61%); 1H, NMR, �
3.80(s,3H, MeOAr), 6.91–7.89(m, 9H, Ar), 8.81(s,1H,
CONHPh), 10.56 (s, 1H, ArCH=N); � /cmÿ1 (KBr),
3350,1690,1610,1595,1535,1445,1305,1250,1170,
1120,1025;m/z (EI), 269 (M�); for 5-MeS, m.p. 181–
182°C (Found:C, 63.23;H, 5.26;N, 14.61.C15H15N3OS
requiresC, 63.16;H, 5.26;N, 14.74%);1H NMR, � 2.45
(s, 3H, MeSAr), 6.90–7.88(m, 9H, Ar), 8.83 (s, 1H,
CONHPh), 10.66 (s, 1H, ArCH=N); � /cmÿ1 (KBr),
3390,1710,1590,1530,1490,1445,1225,1150,820,
750, 690; m/z (EI), 285 (M�); for 5-Me2N, m.p. 191–
192°C (Found:C, 67.97;H, 6.38;N, 19.64.C16H18N4O
requiresC, 68.09;H, 6.38;N, 19.86%);1H NMR, � 2.93
(s, 6H, Me2NAr), 6.63–7.81(m, 9H, Ar), 8.71 (s, 1H,
CONHPh), 10.46 (s, 1H, ArCH=N); � /cmÿ1 (KBr),
3372,1682,1606,1593,1531,1500,1446,1361,1230,
1184,748;m/z (EI), 282(M�); for 5-F, m.p.171–172°C
(Found: C, 65.10; H, 4.50; N, 16.05. C14H12FN3O
requiresC, 65.37; H, 4.67; N, 16.34%); 1H NMR, �
6.90–7.97(m, 9H, Ar), 8.86(s, 1H, CONHPh),10.61(s,
1H, ArCH=N); 19F NMR, � 35 (s);� /cmÿ1 (KBr), 3380,
1670,1595,1500,1440,1300,1220,1130,830,750,690;
m/z (EI), 257(M�); for 5-Cl, m.p.198–199°C (Found:C,
61.49; H, 4.20; N, 15.21. C14H12ClN3O requires C,
61.43;H, 4.39; N, 15.36%);1H NMR, � 6.96–7.90(m,
9H, Ar), 8.90(s,1H, CONHPh),10.73(s,1H, ArCH=N);
� /cmÿ1 (KBr), 3380, 1700, 1595, 1530, 1445, 1330,
1230, 1150, 1085, 1010, 815, 740, 680; m/z (EI), 273
(M�); 275 [M� �2, relative intensity: (M�)/(M��
2) = 3:1]; for 5-Br, m.p. 210–211°C (Found:C, 52.64;
H, 3.66; N, 13.16.C14H12BrN3O requiresC, 52.83;H,
3.77; N, 13.21%);1H NMR, � 6.90–7.93(m, 9H, Ar),
8.94(s,1H, CONHPh),10.74(s,1H, ArCH=N); �/cmÿ1

(KBr), 3394,1703,1596,1541,1499,1448,1331,1237,
1153,1070,1009,741;m/z(EI), 317(M�); 319[M��2,
relative intensity: M�/(M��2) = 1:1]; for 5-CF3, m.p.
209–210°C (Found: C, 58.53; H, 3.78; N, 13.55.
C15H12F3N3O requiresC, 58.63; H, 3.91; N, 13.68%);
1H NMR, � 6.96–8.06 (m, 9H, Ar), 8.93 (s, 1H,
CONHPh), 10.96 (s, 1H, ArCH=N); 19F NMR, � -15
(s); �/cmÿ1 (KBr), 3370,1700,1595,1530,1445,1320,
1250, 1100, 1065, 1010, 925, 840, 750; m/z (EI), 307
(M�); for 5-NO2, m.p.224–225°C (Found:C, 59.03;H,
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4.09;N, 19.37.C14H12N4O3 requiresC, 59.15;H, 4.23;
N, 19.72%);1H NMR, � 7.00–8.19(m, 9H, Ar), 8.93(s,
1H, CONHPh),11.06(s, 1H, ArCH=N); �/cmÿ1 (KBr),
3360,1690,1600,1540,1510,1450,1340,1275,1225,
1100; m/z (EI), 284 (M�); for 5-CN, m.p. 213–214°C
(Found:C, 68.00;H, 4.39;N, 20.97.C15H12N4O requires
C, 68.18;H, 4.55;N, 21.21%);1H NMR, � 7.00–8.08(m,
9H, Ar), 8.99(s,1H, CONHPh),10.98(s,1H, ArCH=N);
�/cmÿ1 (KBr), 3300, 1675, 1590, 1520, 1440, 1360,
1275,1225,1145,830;m/z(EI), 264(M�).
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