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ABSTRACT: The kinetics and products of the pyrolytic reaction of six tosyl arenecarboxaldoximes were studied over
the temperature range ca 334 — 401 K to yield the following Arrheniusiisg" andE, / kJ mol™*, respectively:

10.92 and 98.25 for tosyl benzaldoxime and 10.83 and 100.A+aitro-, 10.66 and 97.53 fgu-chloro-, 11.80 and

107.8 for m-chloro-, 11.60 and 101.5 fop-methyl- and 10.84 and 97.75 fg-methoxybenzaldehyd®-[(4-
methylphenyl)sulphonyl]oxime. At 500 K, the oxime compounds were found to be 90f — 2.7 x 10*-fold more
reactive than their hydrazone analogues. Copyright999 John Wiley & Sons, Ltd.
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INTRODUCTION A

N (c)
In Part 11 we reported the first kinetic and mechanistic ?{) M 335401K
study on the non-catalysed thermal elimination reaction N )~ — > Hsc‘@soaH + ACEN

of a number of tosyl arenecarboxaldehyde hydrazones.y# \®)

The reactions were found to be unimolecular and to HCCHyp

involve a cyclic six-membered transition state. The study Scheme 2. Oxime elimination fragments

also featured Hammett correlation of the effects of

substituents on the H-bond donor acidity of the

hydrazone hydrogen [Scheme 1)]( This analysis The mechanism of the present pyrolytic reaction of the
parallels an earlier finding from the pyrolysis of a arenecarboxaldoximes follows an identical pathway. The
heterocyclic hydrazone system where the development ofArrhenius parameters and relative rates suggest that the
aromatic character of an incipient pyridyl ring was polarity of the oxime N—O bond (a) and the concomitant
considered to be an important factor in directing the charge development are the major contributors to the
elimination pathway [Scheme 1i)].2 relatively high reactivity observed for these compounds,
rather than the protophilicity of bond (b) or the H-bond
donor acidity of (c) (see Scheme 2). It has been noted

Ar
@ 'N—--C‘/ previously that kinetic and mechanistic investigations on
N u the pyrolysis of sulphonyl hydrazones are available but
AN only for reactions in solutioR.° This is also the case for

O/si:o the oximes

HGCH; - p

(i) (ii)
Scheme 1. Six-membered transition state RESULTS AND DISCUSSION

First-order rate constants were calculated individually for
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SC 088. temperature 0#46 K. Each rate coefficient is an average
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Table 1. Kinetic data, rate coefficients (10° k/s™") at 380 K and Arrhenius parameters for pyrolysis of p-CH3CgHaSOsN=CHAr

oximes
Compound Ar TIK 10 kis™t Log Als* EJkIJmol™*  10°k/s* (380K)
1 CeHs 335.0 0.40 10.92 98.25 2.60
343.3 151 +0.19 +1.32
354.0 2.67
361.6 5.38
367.0 8.12
375.0 16.5
385.0 40.6
2 M-NO,CgH, 351.3 0.83 10.83 100.4 1.07
367.6 3.54 +0.01 +0.05
373.9 6.58
378.0 8.74
384.7 155
397.2 45.1
3 p-CICeH4 338.9 0.40 10.66 97.53 1.80
345.9 2.08 +0.26 +1.8
367.6 6.76
374.8 12.2
378.5 154
385.0 24.8
4 m-CICgH, 353.1 0.68 11.80 107.8 0.93
369.0 3.49 +0.24 +1.7
384.4 14.3
392.1 24.5
401.0 57.0
5 p-CH3CgH,4 334.2 0.53 11.60 101.5 4.44
346.0 1.83 +0.25 +1.78
355.8 5.24
360.5 8.10
371.1 21.0
376.9 31.6
384.6 67.2
6 p-CH;OCH, 345.0 1.10 10.84 97.75 253
354.6 2.70 +0.28 +1.20
363.6 6.49
365.1 8.40
372.3 12.6
375.4 16.6
384.0 345
389.1 54.0
395.2 83.2

of atleastthreekinetic runswith deviation< £ 2%. The
rate constants and the temperaturesat which the
measurementseremadearegivenin Tablel. Arrhenius
plotsof thekinetic datashowedstrict linearity for >95%
reaction.A representativglot wasincludedin Part1!
The log A/s™* and E4/kJ mol™* dataare also given in
Tablel; thevaluesarecorrectto within +0.15and+1.0,
respectively.

The present thermal elimination reactions were
ascertainedo be homogeneougyolarandunimolecular.
It is noteworthythat the reactionsare free from radical
and catalytic pathways. The reactionswere testedfor
their homogeneousirst-order nature either by introdu-
cing a changeof up to sixfold in substrateconcentration
or a changeof up to 50%in reactionvolume. The strict
linearity of the Arrheniusplots over the reactionrange

CopyrightO 1999JohnWiley & Sons,Ltd.

(>95%) and temperature span (46-50 K) further
substantiateshe homogeneoudirst-order kinetics of
thereactions.

The reactions are deemed free of reactor-surface
effectssincean increasein the ratio of reactorsurface-
to-reactor volume of approximately ninefold did not
produceany significantchangein rate constantswithin
experimentalerror. The reactionsurfacewas varied by
using empty reactiontubesandtubespackedwith glass
helices.The Arrheniuslog A/s™* (11.3+ 0.5) and E/kJ
mol~* (1034 5) valuesare what might be expectedor
polar pyrolytic reactions. The polar nature of the
reactionsis further confirmed by the results of the
Hammett correlation' The first-order kinetics and
product analysis of the reaction coupled with the
expectedthermodynamicstability of the incipient frag-
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Table 2. Rate coefficients (k/s~ ') at 500 K and relative rates (k) of oxime and hydrazone analogues: p-CH3CgH4SO,XN=CHAr

Parameter Ar

CeHs mM-NO,CgH,4 p-ClCgH,4 p-CH;OCgH,
k/s~* (oxime) 4.53 2.20 2.96 4.25
10%k/s* (hydrazone) 1.68 2.33 1.95 1.99
Keel 26 964 9442 15179 21794

mentsof pyrolysis point to a reactionwhich is unimol-

ecular in nature. The quantitative estimation of the
compositionof the reactionmixture was carried out in

presencef athermallystableinert internalstandardand
using high-performancdiquid chromatographyHPLC)

with UV-visible detection. Further, parallel reactions
were carried out in the presenceand absenceof free-
radical scavengersThe rateswere not changedby the
additionof radicaltrapsto the reactionmixture.

The elimination fragmentsin the pyrolysate were
identified using on-line gaschromatographymassspec-
trometry(GC-MS),Fouriertransform(FT) IR pyroprobe
and*H NMR spectroscopyEachof the oximes1-6gave
p-methylbenzenesulpinéc acid and the corresponding
cyanoarene&ompound(Scheme2). All the reactionsof
the substratesunder study were free from secondary
decompositiorprocesses.

To facilitate comparisonof molecular reactivities,
ratesof reactionwere calculatedat 500K for both the
hydrazoneand oxime series.The rate coefficientsand
relativeratesof oximesl, 2, 3 and6 andtheir hydrazone
counterpartaregivenin Table2. Theresultsin Tablesl
and?2 allow thefollowing conclusiongo be drawn.

The oximes are consistentlymore reactive than the
hydrazonesshowing large relative rate differencesof
9.44x 10° —2.70x 10-fold.

The greater reactivity of the oximes over the
hydrazoness attributedto the differentialin the polarity
of the oxime (N—O) bondcomparedwith the hydrazone
(N—NH) bond.Therelative contributionto the molecu-
lar reactivity of eachof the threebondsinvolvedin the
electron flow describedby the curved arrows in the
eliminationpathway(Scheme?) hasbeendocumentedn
earlierstudies>** It hasbeennotedin thesestudiesthat
anyoneof bonds(a), (b) or (c) in Scheme2 couldbethe
prime contributor to molecular reactivity, or that the
overall reactivity is a productof synergismof two or all
three bonds.Non-synchronousond breakingwould be
the reasonfor polarity of the concertedtransition state,
and an effective larger relative contribution from a
particular bond might under favourablestructural con-
straintsleadto a linear Hammettcorrelation'**?

The effectsof aryl substituentson the H-bond donor
acidity of the aldehydic hydrogenis evident in the
hydrazoneseries,and has provideda suitablesetfor a
Hammettcorrelationanalysis' The value of the Ham-
mettreactionconstantor the pyrolysisof the hydrazone

CopyrightO 1999JohnWiley & Sons,Ltd.

compoundss p =0.125+ 0.025.This observatiommight
be the result of an appreciablecontributionto overall
molecularreactivity from bond(c).

The effect of structureon reactivity in gas-phaseand
vapour-phaseyrolytic reactionshas been reviewed*?
Molecular reactivity in the oxime compoundds domi-
natedby the greatempolarity of the N—O ¢-bond(a) and
the associatedresidual charge developed across the
bond.

In eachanalogoushydrazone—oximepair where the
structural difference betweenthe two systemsis asso-
ciatedwith bond(a), theincreasen reactivity of ca 10™*-
fold could be attributedprimarily to the polarity of this
bond.Wherea changein reactivity of this magnitudeor
higherhasbeenobtainedin reactionsof similar nature,
the reasoncould be traced to a switch in the bond
affecting the chang@?®! and a non-linear Hammett
correlationhasbeenreported:! Failureto obtaina linear
Hammettcorrelationfor the presenbxime seriesparallel
to that reportedfor the hydrazonecompoundsmight be
dueto this structuralmodification,wherethecontribution
to reactivity from bond (a) is consideredto dominate,
thussupersedingny effective contributionfrom H-bond
donor acidity associatedwith bond (c). A review is
availablé* in which the relationshipbetweenon-linear
Hammett structure—reactivit patternsand changesin
effectivemolecularstructureandassociatedeactivity, or
changdn therate-controllingstepof areactionor change
in themechanistigpathwayof thereactionis outlinedand
discussed.

EXPERIMENTAL
Synthesis

Benzaldehyde, p-chlorobenzaldehyde, m-chloro-
benzaldehyde, p-methylbenzaldehyde and p-meth-
oxybenzaldehyde O-[(4-methylphenyl)sulphonyl]-
oxime.® To a rapidly stirred solution of 3mmol of
benzaldoximein 20ml of dry diethyl ether,3 mmol of
powderedsodiumamidewereaddedandthe mixturewas
stirred for about5 h. The mixture was filtered and the
precipitatewaswashedseveraltimeswith diethyl ether.
p-Toluenesulphonythloride (0.36g, 2.5mmol) in 5ml
of diethyl etherwas slowly addedto a rapidly stirred
slurry of the sodiumsalt of the oxime in 5 ml of diethyl
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ether. The salt producedwas removedby filtration and
10ml of hexanewere addedto the filtrate. On cooling,
theoximeof thearenesulphonatgystallizedoutandwas
filtered. Recrystallizationfrom 1:1 (v/v) mixture of
diethyl etherand hexanegavethe pure productin 55—
60% vyield.

m-Nitrobenzaldehyde O-[(4-methylphenyl)sulpho-
nylloxime. The sodium salt of m-nitrobenzaldoxime
waspreparedasdescribedabove This saltis dissolvedn
5 ml of 1:1acetone—watanixtureandthenaddedslowly
with stirring to a cooledsolution of p-toluenesulphonyl
chloride in 2ml of acetone.From the mixture kept at
—15°C, the oxime sulphonateesterseparatecut, was
filtered, washedwith 50% acetonesolution and recrys-
tallized from hexane—diethyktherto give pureyield of
about50%.

Characterization

All melting-pointsareuncorrected.*H NMR spectraand
resultsof the elementaklnalysisof the compoundsinder
studyareasfollows.

Benzaldehyde O-[(4-methylphenyl)sulphorjoxime
(2): m.p. 84-86°C (found: C, 60.66;H, 4.86; N, 4.65;
S, 11.65. Cy4H,13NO3S requiresC, 61.09; H, 4.72; N,
5.09;S, 11.63%);*"H NMR (80MHz; CDCly), § 2.44(s,
3H, CHy), 7.26—7.98m, 9H, ArH), 8.23(s,1H, HC=N).
m:-Nitrobenzaldehyde O-[(4-methylphenyl)sulphorii
oxime (2): m.p.112-113°C (Found:C, 52.02;H, 4.05;
N, 8.47; S, 10.61. C14,H1oN>OsS requiresC, 52.5; H,
3.75; N, 8.75; S, 10.0%); 'H NMR (80MHz;
CDsCOCDg), 6 2.46 (s, 3H, CHa), 7.45-8.50(m, 8H,
ArH), 8.74 (s, 1H, HC=N). p-ChlorobenzalehydeO-
[(4-methylphenyl)slphonylloxime(3): m.p.109-110C
(Found: C, 54.25; H, 3.82; N, 4.03; S, 10.99.
C14H1oNO3SCl requiresC, 54.28;H, 3.87; N, 4.52; S,
10.34%); 'H NMR (80MHz; CDCly), § 2.44 (s, 3H,
CHy), 7.25-7.99m, 8H, ArH), 8.19(s, 1H, HC=N). m-
Chlorobenzaldehyal  O-[(4-methylpheni)sulphonyl]-
oxime (4): m.p.90-92C (Found:C, 54.08;H, 3.87;N,
4.15;S,10.39.C,4H1,NOsSClrequiresC, 54.28;H, 3.87;
N, 4.52;S,10.34%);'H NMR (80 MHz; CDCly), § 2.44
(s, 3H, CHg), 7.25-7.86(m, 8H, ArH), 8.25 (s, 1H,
HC=N). p-Methylbenzaldbyde O-[(4-methylphen))-
sulphonylJoxime(5): m.p.108-110C (Found:C, 62.49;
H, 5.21; N, 4.52; S, 11.22. C;5H15sNOsS requiresC,
62.28;H, 5.19;N, 4.84;S,11.07%);*"H NMR (80 MHz;
CDCly), 6 2.35(s,3H,CHjy), 2.42(s,3H,CHj3), 7.18-7.99
(m, 8H, ArH), 8.18(s, 1H, HC=N). p-Methoxybenzal-
dehydeO-[(methylsulphonf)]oxime (6): m.p.99-101°C
(Found: C, 59.26; H, 4.86; N, 4.21; S, 11.01.
C15H15NO,4S requiresC, 59.02; H, 4.91; N, 4.59; S,
10.49%); 'H NMR (80MHz, CDCls), § 2.43 (s, 3H,
CHjy), 3.82(s, 3H, H3CO),6.93—7.99m, 8H, ArH), 8.16
(s, 1H, HC=N).

CopyrightO 1999JohnWiley & Sons,Ltd.

Kinetic and product analysis

Instrumentation. The pyrolyser was a CDS custom-
madeunit. It consistedof aninsulatedaluminium block

to ensurea low temperaturegradientand resistanceo

high temperature,a Pyrex reaction vesselto fit in a

groovealongthe cylindrical axis of the block, a platinum

resistancehermometeandathermocoupleonnectedo

a microprocessor.The temperatureof the block was

controlled by means of a Eurotherm 093 precision
temperatureregulator. The temperature setting was

achievedwith a digital switchwhich allows temperature
read-outaccurateto +£0.5°C. The actualtemperatureof

thereactorgroovewasmeasuredy meansof a Comark
microprocessothermometer.Comparativequantitative
analysesof reaction mixtures were carried out using

HPLCwith anLC-8 column(25¢cm x 4.6mm.i.d.) anda

UV-visible detector(Bio-Rad, ShimadzuSPD-10AV).

Sampleswere injected using a Supelco5 um precision
syringe.

Characterizatiorof the substratesnd the constituent
fragmentf the pyrolysatesncludedelementahnalysis,
GC-MS FT-IR and*H NMR spectroscopianalysisThe
GC-MS Instrumentwas a Finigan MAT INCOS XL
quadrupole mass spectrometer.FT-IR spectra were
measuredusing a Perkin-Elmer model 2000 spectro-
meter,"H NMR spectrawererecordedon a Bruker AC-
80 spectrometeandthe elementaknalysemwasa LECO
CHNS-932unit.

Kinetic runs and data analysis. Dilute (ppm) standard
solutions of the substratesn a suitable solvent (e.g.

acetonitrile)werepreparedandaninternalstandarde.g.

chlorobenzenewas addedto each solution. Care was
takento ensurethat both the solvent and the internal

standardverenot pyrolysableunderthe conditionsof the

reaction. Further, the standardsolutions used in the

kinetic runs always compriseda mixture where the

substrategave a peakwhich was one third higherthan

thatof theinternalstandardn the analyticalHPLC trace.
Preparatiorof a standardsolutionallows severalkinetic

runsto be performedon the samereactionmixture.

A sample(0.2ml) of the standardsolutionwasplaced
in a reactiontube (9 ml) and the contentswere sealed
under vacuum. The tube was placed swiftly in the
pyrolyser, which had been preheatedto a threshold
temperaturehattogethemwith aconvenienteactiontime
would allow only 10—20%pyrolysis.The contentsof the
reactiontubewerethenanalysedusingHPLC. For each
substratethe rate coefficientrepresentsin averaggrom
triplicate runswith rateagreemento within +2%. Rates
weremeasuredt regularintervalsof 5-10°C overa 46—
50K temperatureangeandup to >95% reaction.

Rateswerereproducedisingemptyreactiontubesand
tubespackedwith glasshelicesin orderto increasethe
reactorsurfaceby up to aboutninefold. This precaution
wasto testfor reactorsurfaceeffects.Further,rateswere
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measuredn the presenceand absenceof free-radical
scavengers(e.g. cyclohexene)to confirm the non-
involvementof free-radicalpathways.

The rate coefficients were calculated using the
expression kt=Ilnag/a for first-order reactions. The
Arrhenius parametersvere obtainedfrom a plot of log
k vs 1/T (K), anexampleof which wasshownin Part1.*
The eliminationrate constantat T (K) is given by

logk = logA(s™!) — Ea(kJ mol™)/4.574T (K)

Product analysis. The products analysed were for

pyrolysesconductedat temperaturesommensuratgvith

those of the kinetic measurementsNo secondary
decompositionwas observedor any of the compounds
studied.In boththekinetic runsandproductanalysisthe

initial conversionof 10-20% and reaction extent of

>95% pyrolysishavebeenmaintained.
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