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ABSTRACT

Anti substituted benzaldoximes were prepared by a standard method, and their structures were confirmed by
physical method, namely UV-IR spectra and melting points. The study deals with kinetic study for the Beckmann
rearrangement reactions of anti isomers of benzaldoxime and its substitutentsin perchloric acid as acidic catalyst.
Thereaction order was found to be of type pseudo first with respect to aldoxime. A spectrophotometric method was
used for the investigation of kinetic study. Rate constants for the Beckmann rearrangement reactions of anti
isomeric of benzaldoximes were evaluated at temperatures range between (323-363)K and discussed. Finaly a

relative rate constantsk_ /k . were evaluated at atemperature ranges mentioned and show mostly arelative values

n - ant

greater than unity inall a? doximeswith exception of 3-nitrobenzaldoxime. The causefor thelast result was explained

and discussed.

INTRODUCATION

A Beckmann rearrangement of oximeshad widdly
been studied and different mechanismswere postu-
lated¥. Severa kineticinvestigationson Beckmannre-
arrangement of ketoximes had been donein various
mediato determinetherate determining step of reac-
tion, which seemed to depend on the temperature
isolvent, substituent and the type of catalyst empl oyed.

Azzouz®¥ etal had studied akinetic study for the
Beckmann rearrangement of syn benzal doximesto ben-
zoicacidsand ammoniainthepresenceof catalytic per-
chloric acid. Thisinvestigation was|ater extended to
study the samereaction with 2-pyridineadoxime® and
hetrocyclic a doximé®. Theauthorsconcluded that rate
congtantsof these syn a doximesdepend onthestrength
of intramolecular hydrogen bonding availableinthese
adoximesandintheordersof :-
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Thiophened doxime> furfuryladoxime> pyirdined do-
xime> pyrroleadoxime.

Therate constantsfor the same antia doximesfol-
low adifferent ordersof
furfurylddoxime>thiophened doxime> pyrroled doxime
> pyirdinedl doxime.

Thelack of rate constantsfor the Beckmann rear-
rangement of anti substituted benzal doximesand their
comparison with syn substituted benzaldoximesat a
ranges of temperatures between (323-363) K were
prompted thiswork.

EXPERIMENTAL

All chemical used throughout thiswork were of
Flukaor BDH origins.60% perchloric acid (FHuka) was
used assupplied. All syn aldoximeswere synthesised
by using astandard method!®- i.eby convertingthesyn
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aldoximestotheir corresponding antiformsby usinga
gaseous hydrochoric method® asfollows:-

About 0.1g of synadoximewasdissolved in about
100ml of dry benzene. Hydrochloric acid gas was
passed through the benzene sol ution for about 15 min-
utes. Theprecipitateformed wasfiltered, washed with
benzeneto removethe unreacted oximeand dissolved
in20ml of distilled water.

The solid antioximewas collected after neutrdiza
tion of thefinal solutionswith 5% NaHCO, followed
by extractionwith ether. TABLE 1 summarizesthe UV
and IR spectrawith meting pointsof antibenzal doximes.
For asake of comparison of melting points between a
pair of synand antia doximes, themelting pointsfor syn
aldoximeswasaso addedto TABLE 2.

RESULT AND DISCUSSION

At thebeginning of thisinvestigation, it wasthough
of great importanceto confirm thechemica structures

TABLE 1: IRfor solidsand UV spectraof 10“M antialdoximes

in ethanol
No Name of IR bands ;JV tgnds;
: antialdoxime cm? (nm) A=ma
ethanol
. 3300(b), 2980(m),
1 Benzaldoxime 1635(s), 975(b) 250(2000)
N . 3280(b), 3000(w),
2 2-Nitrobenzaldoxime 1650(m), 970(s) 236(10000)
NG . 3260(b), 2900(m),
3 3-Nitrobenzaldoxime 1635(m), 960(S) 233(12800)
N . 3140(b), 2900(m),
4 4-Nitrobenzaldoxime 1630(9), 950(S) 240(1950)
227(16250)
5 2-Hydroxybenzaldoxime 3?238@) %12%?%) 275(18500)
’ sh305(9250)
i . 3300(b), 2900(w), 226(11000)
6 3-Hydroxybenzaldoxime 1660(m), 960(s)  260(13000)
i . 3360(b), 2905(m), 225(12000)
7 4-Hydroxybenzaldoxime 1630(m), 940(b)  262(14750)
250(10620)
8 2-Chlorobenzaldoxime 31%%%(?3{) zgggg\'ﬁs))' 285(8000)
' sh325(5500)
i . 3140(b), 2880(b), 251(24750)
9 3-Chlorobenzaldoxime 1620(s), 950(b)  sh383(9250)
i . 3240(b), 2910(m),  245(8750)
10 4-Chlorobenzaldoxime 1630(5), 945(s)  sh280(6250)
i . 3160(s), 3060(b),
11 2-Methylbenzaldoxime 1620(s), 965(vS) 253(30000)
i . 3160(b), 3060(m),
12 3-Methylbenzaldoxime 1625(s), 970(vs) 255(16250)
) . 3400(b), 2990(m),
13 4-Methylbenzaldoxime 1630(s), 950(vs) 256(20730)
14 4-Methoxybenzaldoxime  S200W). 3000(0), 55553000

1630(s), 970(vs)
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of antid doximesunder study. Therefore, thefollowing
divisonsof resultswerethrough necessary:-

IR spectra

The IR spectraof solid antialdoximesshowed the
following absorptions-

1. Thestretchingvibrationsfor OH groupsof oximes
of different intensitieswere observed intherange
between (3140-3400)cm™.

2. Thestretchingvibrationsof C-H groupsinoximes
under study of different intensitiesandinarange
between (2880-3060)cm™.

3. Thedretchingvibrationof azomethinelinkage C=N
of strong or mediumintensitiesin arange between
(1630-1690)cm™.

4. Thestretching vibration of N-O group of oximes
linkage of different intensitiesand in arange be-
tween (925-975)cmr.

All thesestretching vibrationswere summarizedin

TABLE 1 andin agreement® with chemica structures

of antia doximesunder study

UV spectra

TheUV spectraof antial doximeswere measured
in ethanol solvent asin TABLE 1. These showed band
or bandsfor v —>n* trangtionswith molar extenson co-
efficient of morethan 1000 inunit of Liter.mole*cm?,
TABLE lillustratesthefollowingtypesof transtions:-
1. Singletransitionfor thewholer-system wasob-

served in aldoximesnumbered 1-4, 11-13.

2. Singletrangition asabovewith ashoulder wereob-
served in adoximes numbered 9 and 10.

3. Doubletrangtionsfor a doximesnumbered 6, 7 and
14. Thesecould assigned onefor phenyl group and
theother for C=N in aldoximes.

4. Doubletrangtionsidentica to previousnumber were
accompanied by the appearance of third shoulder
for ddoximesnumbered 5 and 8. These shouldered
werearised fromintramol ecular®® hydrogen bond-
ing of types O-H—O, O-H—Cl intheadoximes
stated respectively.

Melting points

Melting point wasrel ated to associ ation of mol-
ecul esby any associ ation method*® ashydrogen bond-
ing. TABLE 2 showsthefollowing facts.-

1. For 4-substituent aldoximes, the melting points of
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adoximeswereincreasedinthefollowing order:-

4-NO, > 4-Cl > 4-OCH, > 4-OH.

2. For 3-substituent a doximes, the melting points of
aldoximes were increased in the following se-
quence:- 3-NO, > 3-Cl > 3-CH, > 3-OH.

3. For 2-substituent adoximes, the melting points of
aldoximeswere depened on the process of asso-
ciation by hydrogen bonding and steric effect!Y.
Themelting point of 2-substituted wereincreased
inthefollowing order:- 2-NO, > 2-Cl > 2-CH,O
> 2-OH.

4. Uponcomparison of melting pointsbetweenapair
of synand anti adoximeisomersfoundin TABLE
2. Ingenerd, this Table showed that mdting points
of any anti isomer isgreater than itssynisomer with
exclusionsof aldoximesnumbered 5, 8, 9, and 10.
Thelast could happen by occurrence of hydrogen
bonding in aldoximesmentioned. In other words,
probably the hydrogen bonding were accompani ed
by depressionl*? of melting point of ddoxime.

For any pair of syn and anti isomersof aldoxime,
the greater melting point of anti isomer could be ex-
plained by the greater planarity!” of aldoximesasob-
served previously on benzaldoxime and its substitu-
ents. Basu and Cumper™! had confirmed the planar-
ity statement by measurement of dipole moments of

TABLE 2: Comparison of melting pointsbetween syn and
anti isomer sbetween substituted benzaldoximesand 2, of
anti isomer sin ethanol

m.p ¢ of isomers W of
No. Nomenclature —Wn i antini]gxomers
1 Benzaldoxime 35 129 251
2 2-Nitrobenzaldoxime 95 154 244
3 3-Nitrobenzaldoxime 119-120 123 247
4 A4-Nitrobenzaldoxime 115-116 184 297
5 2-Chlorobenzaldoxime 110 101 252
6 3-Chlorobenzaldoxime 70 117 248
7 4-Chlorobenzaldoxime 103-104 147 254
8 2-Hydroxybenzaldoxime 61 45 295
9 3-Hydroxybenzaldoxime 73 60 255
10 4-Hydroxybenzaldoxime 94 85 266
11 2-Methylbenzaldoxime 49 57 254
12 3-Methylbenzaldoxime 60 70 254
13 4-Methylbenzaldoxime 80-81 122 258
14 2-Methoxybenzaldoxime 84 93 253
15 4-Methoxybenzaldoxime 61-62 133 267
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isomer 3-nitrobenzaldoximes. Their result showed that
dipole moments of syn and anti isomers of 3-
nitrobenzaldoxime had avalues of 3.6 and 3.93 in
Debye unit. Thelast supported the greater planarity
of anti isomer of aldoxime.

Kinetic study

Thekinetic® study of Beckmann rearrangement re-
actionsof syn benza doximeand itssubstituent had been
studied previoudy in our laboratory. Thisshowed that
reaction was converted to benzoic acid and ammonia
Thisencourage usto repeat the same study with anti
benza doximeandits substituent in the same manner.

104

IUBPIWSUBL ] 97,

Wavelength (nm)

Figurel: Absorption spectrain 10% ethanol for:- (1) 10°M
anti benzaldoxime, (2) 10°M benzamide, (3) 10°M benzoicacid

Theabsorption spectraof 10°M antibanza doxime,
rearranged benzamide and the benzoic acidfinal prod-
uct wasseenin Figure 1. Thisspectrashowed no spec-
tral interferences between spectra at wavelength of
251nmfor theantibenza doxime. Hencethiswavdength
was used as a mointer for kinetic study of
antibenzaldoxime. Similarly, other substituted
antibenza doximewerekineticaly sudied by observing
theirA,__ withtimeat TABLE 2. Rate constantswere
evauated from an equation:-

InA /A =kt

whereA = Initial absorbance of benzaldoximes, A, = Remain-
ing absorbance of benzal doximes, k, = rate constant (min), t =
minute

The observed rate constants for a pseudo first
order reactions of antibenzal doximewere collected

A Tndéan W
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inTABLE 3. By comparing the kwn/k . Felativeval-
ues of rate constants for the rearranged
antibenzal doxime and its substituent with other rear-
ranged synisomers®, onecan observein TABLE 3
that all relative values at five different temperature
range between (323-363)K were more than unity,
with exception of anti 3-nitrobenzaldoximes. The
cause of this anomalous result, led the authors to
search or asuitable answered. Oneof thisimportant

factor wasthe planarity!” of anti 3-nitrobenzal doximes
which had arelationship with association or polymer-
ization of the molecule. The problem of association
of moleculeshad observed previously toinfluenceon
somephysica parameters as dissociation™ constants
of substituted benzoic acids and the heats of subli-
mation!” of asyn, anti isomers of benzal doximesand
inthe same manner on therate constantg*® of anti 3-
nitrobenza doxime under study.

TABLE 3: Comparison of rateconstantsksm andk_.for Beckmann rearrangementsof substituted benzaldoximesand their

kwn/kamival uesat different temperatures.

NSrO.. Tempgature Nomenclature 12;'3(,?/” 10;5?““ Kyn/K ani SL'. Temp;rature Nomenclature 12;'3(,?/” lgﬁ”" Keyn/Kanti
1 323 Benzaldoxime 19.1261 115254 166 34 353 1.8043 1.5557 1.16
2 333 347631 286451 121 35 363 3.2082 2.7049 1.19
3 343 57.7191 49.7339 116 36 323 2-Hydroxybenzaldoxime 0.2797 0.2666 1.05
4 353 72.7095 69.3414 105 37 333 0.4656 0.4149 1.12
5 363 107.9517 97.4117 111 38 343 0.7604 0.7380 1.03
6 323 2-Nitrobenzaldoxime 64375 11132 578 39 353 11272 10899 1.03
7 333 104120 15492 6.72 40 363 23927 22507 1.06
8 343 143865 2.0171 713 41 323 3-Hydroxybenzaldoxime 1.9062 1.1134 1.71
9 353 204829 22918 894 42 333 31085 20776 145
10 363 30.7972 44695 6.89 43 343 49205 29983 164
11 323 3-Nitrobenzaldoxime 10378 4.0698 025 44 353 7.0981 51463 1.38
12 333 16200 7.7288 020 45 363 10.0426 7.3397 137
13 343 24663 9.6768 0.25 46 323 4-Hydroxybenzaldoxime 5.8622 5.1981 1.13
14 353 3.6694 126336 029 47 333 8.8623 8.6440 1.02
15 363 5.0880 18.0665 0.28 48 343 12.3815 12.0732 1.02
16 323 4-Nitrobenzaldoxime 19.1261 115254 166 49 353 16.8374 16.5288 1.02
17 333 347631 286451 121 50 363 21.1291 20.8288 1.01
18 343 57.7191 49.7339 116 51 323 2-Methylbenzaldoxime 0.6911 0.3374 2.05
19 353 727095 69.3414 105 52 333 0.9904 0.6394 1.55
20 363 107.9517 974117 111 53 343 1.3928 09124 153
21 323 2-Chlorobenzaldoxime  0.4890 0.3361 145 54 353 22545 14483 156
22 333 0.7527 06581 114 55 363 4,0048 25360 1.58
23 343 11351 09877 115 56 323 3-Methylbenzaldoxime 04435 0.3260 1.36
24 353 23875 16788 142 57 333 0.7041 0.6173 114
25 363 32180 27810 116 58 343 1.0460 0.8873 1.18
26 323 3-Chlorobenzaldoxime 5.4045 2.3232 233 59 353 1.6895 1.4381 117
27 333 9.3290 4.9720 188 60 363 2.9891 25207 1.19
28 343 14.2936 6.5393 219 61 323 4-Methylbenzaldoxime 0.2322 0.2098 111
29 353 19.1340 7.8237 245 62 333 0.4772 0.4627 1.03
30 363 24.0151 126152 190 63 343 0.8386 0.8097 1.04
31 323 4-Chlorobenzaldoxime  0.4777  0.3219 148 64 353 1.3562 1.2370 1.10
32 333 0.6547 0.6241 105 65 363 24901 2.2516 111
33 343 10062 0.9684 1.04

Physical CHEMISTRY oo
A udéan Journal



PCAIJ, 6(2) 2011

A.S.PAzzouz and B.D.Kashmola 91

Majert” etal had used the molar extension coeffi-
cient for measuring planarity of substituted
benza doxime. Thisencouragetheworkersto measure
UV spectraof similar compoundsasanti 2, 3 and 4-
nitrobenzaldoximesin ethanol solvent. Their results
showedthefollowingabsorptionsof A, . (nm) withtheir
molar extensioncoefficients:, _ (Litermole™.cm™) va-
ues of 236(10000), 233(12800) and 240(1950) re-
spectively. Theseresultsclearly confirmed theanti 3-
nitrobenzal doximewas more planer!” and had |esser
degree polymerizationscomparetoits2 and 4isomers.
Thisdecreased degree of polymerization processin 3-
nitrobenza doxime meansalessenergy to ever needed
to over come on polymerization process before
Beckmann rearrangement reaction in 3-
nitrobenza doxime. Certainly, thisaccompanied by an
increasing rate constantsfor the observed rate constants
of Beckmannrearrangement of anti 3-nitrobenzaldoxime
among other antid doximefoundin TABLE 3. Thislast
resulted to a decrease of k_ /k_ . for 3-nitro-
benzaldoximeat all temperature range between (323-
363)K.

CONCLUSIONS

1. Anti substituted benzaldoximeandits substituents
were prepared by standard method® and converted
toitisomericadoximeby usngahydrochloricacid
gas method™

2. Thestructures of these antialdoximeswere con-
firmed by the measurement of their melting points
UV and IR spectra.

3. Thekinetic study for aBeckmann rearrangement
of antialdoximesto their benzoic acid or its sub-
dituent and anmoniawere performed by using, per-
chloricacid.

4. A spectrophotometric method wasused for kinetic
study at optimumwavel ength of adoxime.

5. Pseudofirst order reaction was observed for the
rearrangement resctionsof antialdoximes. Ratecon-
stants observed in the range (323-363)K were
evaluated from kinetic equation of order stated.

6. Relativerateconstantsk_ /k_ observedinthisin-
vestigation for al aldoximeshad avaluesgreater
than unity at al temperatureswith exception of 3-
nitrobenza doxime.

= Pyl Paper

7. The reason for lower ksyn/kanti value for 3-
nitrobenzaldoximeamong other ddoximein TABLE
3 was explained by afact, greater planarity!” of
anti 3-nitrobenza doximeand aitslesser degree of
polymerization process.
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