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ABSTRACT

A kinetic study was carried out on the oxidation of some substituted 2-
aryl-trans-decahydroquinolin-4-onesin the presence of glacial acetic acid
by using LTA asoxidizing agent. The order of the reaction wasfound to be
overall second order, first order each with respect to ketone and oxidant
LTA. The introduction of electron releasing groups on para position of
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the aryl group at position 2 increased the rate of oxidation and more over
the substitution of the methyl group at position 3 in the decalin ring
decreased the rate of oxidation of the ketones. A change in the rate of
oxidation of the ketone wasfound to increase with increasein temperature.
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INTRODUCTION

TheKinetic studieson theoxidation of different ai-
phatici*4, alicyclic®®, aromatic®? ketonesand ase-
riesof 2,6-diaryl-4-piperidones**4 have been stud-
ied extensvely by variousworkersand suitable mecha:
nisms have been proposed. However, thekinetic stud-
ieson oxidation of 2-aryl-trans-decahydroquinolin-4-
ones have received less attention. Recently
satyanarayana®>® studied thekinetics of oxidation of
the present ketone systemin agqueousacetic acid using
thalium (111) and cerium (1) as oxidants. Hence, the
author hastaken up the kinetic studies on oxidation of
2-aryl-trans-decahydroquinolin-4-oneswithaview to
extend the study leadsto substituent effectson therate
of oxidations, toidentify thepassibleproduct (s) formed
intheoxidation and to giveaposs blemechanism of the
oxidation process. For this purposethe author has pre-

pared total eight kentones (Figure 1) by the method
aready reported by Balaih and Natargjanl*".

@)
o84

Il\l Ar

RL
Figurel: 2-aryl-trans-decahydroquinolin-4-ones

S.No. Ar R; R>

1 CeHs H H
2. p-Me-CgH,4 H H
3. p-OMe-CgH, H H
4. CeHs H Me
5. p-Me-CgH,4 H Me
6. p-OMe-CgH, H Me
7. CeHs Me Me
8. 0-Cl-CsHs H H
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EXPERIMENTAL

Purification of materials

Therequired ketoneswerepurified by recrystalisstion
from suitable solventsto constant meting points. All the
samplesweredried in vacuum beforeuse.

Aceticacid

Aceticacidglacid (Excdar), supplied by “Qualigens
FineChemicds’, a division of Gloxo India Limited, was
refluxed with chromium trioxide and acetic anhydride
for six hoursand fractionally distilled. Thefraction at
117-118°C was used.

Other reagents

Sulphuricacid (A.R), potassumiodide (A.R), po-
tassium dichromate (A.R) wereused. Doubly distilled
water wasused for al purposes.

Kineticprocedure

lodometrici*® procedure wasfollowed for all ki-
netic runs. Measurements were made at 30, 35, 40
and 45 °C. The temperature was controlled by using
thermostat of accuracy +0.1°C. Measurements were
madewith volumetric glassware calibrated inthe usua
way. Therequired amount of LTA solution was pre-
pared by dissolving the necessary amount of
| eaditetraacetateinthesolvent medium. Themediumused
was 98% acetic acid. The concentration of LTA solu-
tion was determined by standard hypo solution. The
solutions of the substrate (ketones) were prepared by
dissolving the appropriate quantity of the compounds
in the same solvent, so that the concentration of the
ketones was maintained aways higher than the con-
centrationof LTA.

Theketone solution and LTA solutionswerether-
mally equilibrated. Equa volumes (10 ml) of these so-
|utionswere pipetted out into aconical flask kept inthe
thermostat. A stop watch was started when half of the
second solution had been ddlivered. 2ml diquotswere
guenchedinto 0.1N solution (10 ml) of potassumio-
dide containing sodium carbonate, treated with 6M
(2ml) sulphuric acid and kept in dark for about 10 min-
utesfor completeliberation of iodine, diluted with wa:
ter and and then titrated with a standard solution of
sodium thiosul phate from amicro burette using 1%
starch asindicator. The hypo solution was standard-
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ized by agueous dichromate solution. The disappear-
anceof bluecolor istheend point of thetitration. From
thetitrevaluethe amount of LTA reacted was cal cu-
lated.

Product analysis

For the oxidation of ketonesby LTA the ketones
weredissolvedin 25 ml of 98% acetic acid and treated
with LTA solution. Theconcentration of LTAwasmain-
tained in excessthan the concentration of theketone.
Theresulting mixture waskept asideat room tempera-
turefor 1 day. After that, all the acid wasremoved un-
der vacuum and the compound extracted with ether
and dried over anhydrous sodium sulphate. The prod-
uct wasisolated after removing ether.

Soichiometry

The stoichiometry of the reaction was determined
by allowing aknown excess of theoxidant LTAtore-
act with thesubstratein glacial acetic acid medium at
30°C and estimating the unreacted LTA. The stoichi-
ometry was found to be in the moleratio of 1:1 for
oxidant to substrate.

R,C=0+Pb(IV)— product + Pb (II) (1)

Calculation of rate constants

Therate constants of al thereactionswere calcu-
lated by using the second order integrated rate equa-
tion.

_ 2.303 b(a-x)

“ta-b) Jab-x) @
where, a= initial concentration of ketonein moles/
litre; b=initia concentration of Pb (1V) inmoles/ litre;
x =amount of Pb (IV) reacted intime ‘t” see.

RESULTSAND DISCUSSION

Thekinetic studieson the oxidation of the ketones
prepared 2-aryl-trans-decahydroquinolin-4-ones (1 to
8) wascarried out by usngLTA asoxidantinaceticacid
(98%) medium. Thereaction wasfoundtofollow over
all second order, first order each in substrate and oxi-
dant. Therate constantsfor thedifferent substrateswere
giveninTABLE-1. Anexamination of therate constants
for theoxidation of 2-aryl-trans-decahydroquinolin-4-
ones(1to 3, wherethereisno methyl group at 3 posi-
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tion) withthoseof corresponding 3-Methyl-2-aryl-trans-
decahydroquinolin-4-ones (4,5 and 6, where thereis
methyl group at 39position) reved that thel ater seriesof
compoundsi.e. 4,5and 6 wereoxidized a amuch dower
ratethan former seriesof compounds1to 3. Thesame
trend wasreported by satyanarayanain the oxidation of
the same compoundswith TI (111)* and Ce (IV)19 as
oxidantsinaqueousaceticacid.

TABLE 1: Second order rateconstantsof the oxidation of
substituted 2-aryl-trans-decahydroquinolin-4-onesby LTA.

Solvent = 98% AcOH; Temperature = 30°C;

S.No. Compound k,x 10°, Mole™ Sec?
1. 2-ph-4-one 11.42 + 0.05
2. 2-(p-talyl)-4-one 13.48+0.15
3. 2-(p-OMe)-4-one 15.12+0.11
4. 3-Me-2-ph-4-one 03.78 + 0.15
5. 3-Me-2-p-tolyl-4-one 03.66 + 0.07
6. 3-Me-2-(p-OMe)-4-one 00.79 + 0.02
7. 1,3-di-Me-2-ph-4-one 03.55+0.21
8. 2-0-Cl-Ph-4-one 17.40+ 0.16

Theeffect of 3-methyl subsistent might be attrib-
uted to the steric approach of thereagent inthetrans-
tion state and also at 3" position the hydrogen atom
becomeless acidic and hencetherate of oxidation of
these compounds (4, 5 and 6) arelower than those of
compounds 1to 3. Thekinetic study!*® of TI (111) on
the present compounds shows (TABLE 2) that thecom-
pound 7 i.e. 1,3-dimethyl-2-phenyl-trans-
decahydroquinolin-4-onewasoxidized at amuch faster
ratewhen compared with therates of oxidation of com-
pound (1), having no methyl groupin position 3 or com-
pound (4), having methyl group at position 3. But, it
wasfound that the rate of oxidation compound 7 inthe
present investigation with Pb (1V) waslow when com-
pared to the compounds 1 and 4, having no methyl
groupin position 3 and having methyl group at position
3 respectively. Further, the rate of oxidation of 2-0-
chlorophenyl-trans-decahydroquinolin-4-one (8) was
found to be abnormally high when compared with the
rates of oxidation of compounds1to 6. Thisobserva
tion is similar to the observation made by
satyanarayand™® with Tl (I111) and quite contrary tothe
observation madeby VimaaDevi*® whilestudyingthe
oxidation of 2,6-diaryl-4-piperidones with N-
bromosuccinimide.

—= Full Paper

TABLE 2: Second order rateconstantsof theoxidation of 2-
aryl-trans-decahydr oquinolin-4-onesby thallium(l 1 1)*.

Temp.= 30°C; [H']=4.0N; Solvent = 80% AcOH
Sl.No. Compound I:éé;?gf
1 2-ph-4-one 8.44+0.09
2 2-(-p-tolyl)-4one 8.47 £0.13
3 2-(p-OMe)-4one 11.22 £0.01
4 3-Me-2-ph-4one 1.39 +£0.04
5 3-Me-2-p-tolyl-4one 1.44 £0.01
6 3-Me-2-(p-OMe)-4one 0.93+ 0.04
7 1,3-di-Me-2-ph-4one 30.40+ 0.03
8 2-o0-cl-Ph-4-one 24.98+ 0.04

*= Ch. Vijayasaradhi, et.al., Oxidation Communications, Vol.
33(2), 371(2010).

Theintroduction of e ectron releasing and e ectron
withdrawing substituentsin thearyl group at ortho- and
para- positionswas given better understanding of rela
tion between structure and reactivity. Substitution at
ortho- and para- positionsof aryl ring isexpected to
producesomewhat little effect on therate of oxidation,
becausearyl ringisfar away fromthereaction centre.
But the subgtituentsat ortho- and para- positionsplayed
avita roleon oxidationrate. Thisismainly dueto the
polar effect exerted by the substituents. The electron
releasing groupsincreased therate of oxidation. This
gains evidence from the observation that p-methoxy-
phenyl-trans-decahydro-quinolin-4-one (3) wasfound
to oxidizefaster than the unsubstituted compound (1,
TABLE 1) and therate of oxidation of p-OMe-ketone
(3, TABLE 1) was higher than any other ketones 1-7
except 8 under present investigation.

Moreover therate of oxidation of 2(-p-OMe)-2-
phenyl-trans-decahydroquinolin-4-onewasfound to
be high when compared with therates of oxidation of
compounds 1 and 2 and thistrend wasasosimilarin
respect of thereagentsTI (111) (TABLE 2) and Ce (V)
(TABLE 3) inthe oxidation of the same compounds.

The oxidation kineticswas carried out by varying
thetemperatureand theresultsweregivenin TABLE
4. Withincreasinginthetemperaturetherate of oxida-
tionwasfound toincresse.

Product analysisand mechanism of oxidation

Theproduct anaysis of the compoundswas done
asgiveninexperimenta part. The completion of the
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reaction was confirmed by comparison of T.L.C. of
garting material with reaction mixture. But the product
obtained wasnot giving aparticular mass; it may be of
mixture of product and reactant. For thisreason the
reaction mixturewasrundown on different type’s col-
umnsto separatethe product mixture.

TABLE 3: Second order r ateconstantsof the oxidation of 2-
aryl-trans-decahydr oquinolin-4-onesby Ce(IV)*.

Temp. 35C; [H]=4.0N; Solvent = 50 % AcOH
S.No. Compound k,x 10°dm? mole? sect
1 2-ph-4-one 1.19+0.04
2 2-(-p-tolyl)-4one 1.07+0.02
3 2-(p-OMe)-4one 1.23+0.01
4 3-Me-2-ph-4one 0.25+0.12
5 3-Me-2-p-tolyl-4one 0.03+0.02

*= Satyanarayana P.V.V., et.al., Oxidation Communications,
vol.36(1,) 2013(I npress).

TABLE 4: Effect of temperatureon rate of oxidation of 2-
Phenyl-trans-decahydr oquinolin-4-oneby Pb(1V).
Solvent = 98% AcOH

Temperature('C) Kk, x 10°%, Mole™ . Sec™
30 11.42 + 0.05
35 1711+ 0.25
40 25.72+0.32
45 36.64 + 0.15

A seriousattempt was madeto i sol ate the product
obtained ontheoxidation of thecompound 1(3-H) and
5(3-CH,). Under thereaction conditionsthereaction
wasfound to proceed smoothly and the oxidi zing agent
was consumed. On working up the reaction mixture
gaveaproduct whilewasfound to bethe starting ma-
terial. But therecovery of thereactant wasfound to be
lessthan the amount takeninitially. Thisobservation
madethe author to think that probably the product may
beanaminoacid, whichissolubleinwater duringwork-
ing-up thereaction mixtureand only thereactant could
berecovered. Thisgainssupport fromthe observation
made by Meenal® and Dharl®! in that they reported
the possi bleformation of amino acid intheoxidation of
2,6-diaryl-4-piperidones. A similar observation was
also made by satyanarayanad®>® for the oxidation of
same compoundswith Tl (111) and Ce(1V). Fromthese
observationsthepossible productsare

Asit was not become possibletoisolate the prod-
uct, an attempt was also madetoisolate the products

by using reverse phase column (resin columns) by elu-
tionwith different proportionsof methanol and water.
After that the sol vent was removed under high vacuum
to recover the product.

Anexamination of the IR and Mass spectraof the
productsreved edthat they are quitedifferent fromthe
spectraof the origina compoundstaken. The broad
peak (3424 cm?) intheregion of 3300-3450 cm?in-
dicated the presence of —OH group, which may be the
—OH group of carboxylic acid. This supported the as-
sumption of the product aminoacid (Figure 2 & 3).
However, no definite conclusion wasobtained in es-
tablishing compl ete structure of the products.
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Figure2: Product of compound 1
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Figure3: Product of compound 5
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However the proposed mechanism issimilar to
mechanism obtained in the oxidation'? of 2,6-diaryl-
4-piperidoneswith LTA. Basing on thisformation of
aminoacid assumption asuitable mechanism hasbeen
proposed (schemel).
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