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Kinetics and Mechanism of Oxidation of Dimethyl Malonate
and Diethyl Malonate by Chromic Acid in the Presence and
Absence of Oxalic Acid in Acetic Acid-Water Medium
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Department of Chemistry, Yeshwant Mahavidyalaya, Nanded-43] 602, India

The kinetics of oxidation of esters by chromic acid has been
mvestigated in acetic acid-water mixtures in ‘the presence and
absence of oxalic acid. In the absence of oxalic acid, the reaction
is overall second order, first order in each reactant. The reaction
rates are independent of the added salts, while in the presence of
oxalic acid the rate of oxidation increases. The products are iden-
tified and activation parameters have been calculated.
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INTRODUCTION

The oxidation of esters by a series of oxidants like Ce(IV)!, CO(IH)Z, Mn(VII),
Mn(III)?, Ti(111)°, vanadium(V)® and SzOé_j severa] attempts were made to find
out whether the ester is directly oxidized or it undergeos hydrolysis prior to
oxidation. So far no conclusive evidence was given in support of either of the
two pathways in oxidation of esters by earlier workers®. The work was carried
out in the presence and absence of oxalic acid to understand the mechanism.

EXPERIMENTAL

All the chemicals used were of AR grade. Chromic acid was prepared from
potasium dichromate. Double distilled water was used to prepare stock solutions.
The course of the reaction was studied spectrophotometrically using Coronation
Digital Colorimeter 063 model. :

RESULTS AND DISCUSSION

Oxidation of esters in absence of oxalic acid

[Ester] » [Cr(VID)] vs. time, the plot of log Cr(V1) is linear indicating the order
in [Cr(VD)] to be unity (Fig. 1). ;

From the slopes of the pseudo-first order, rate constant have been calculated
for different esters at different concentrations (Table-1).
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Fig. 1. Effect of varying [cstcr{yon oxidation of dimethyl malonate and diethyl malonate
e IV =5 x l()’”‘%’ M, THOAC] 2204 OEH504= 3.0 M, Temp. = 35°C 4 0.0} Cy

TABLE-]

SEFFECT OF VARYING SUBSTRATE ON THE RATE OF OXIDATION OF DIMETHY L
‘ MALONATE AND DIETHYL MALONATE

[Crvi =35 %107 M, [HOAc] = 20% (viv), HySQ4 = 340'M,Tcmp. =35°C £0.01°C

L ‘ Dyimcihy} malonate Diethyl malonate
lester] . . o } o
(M) 3+ log [ester] e Bl - -

: ' Kx107  3+4logK Kx107% - 3+4logK
0.0200 13010 4917 16917 7724 1.8878
0.0180 1.2553 4.111 1.61%9 5.261 17211
0.0160 1.2041 3.710 1.5694 4455 1.6679
0.0140 1.1461 3307 15194 3.881 1.5889
(),0125 1.0969 , k 2607 : - 1.41061 3.461 1.5392

0.0104 34()17() 2464 139167 3.060 14857
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Effect of variation of [(H,SO,]

The rate of oxidation of esters increases with increase in concentration of
sulphuric acid under the conditions: o

[Cr(VD)] =5 x 107 M, [HOAc] = 20% (v/v), [ester] = 5 x 107 M, temperature
=308K,u=01M '

The pseudo first order rate constant of oxidation of dimethyl malonate
increases from 1.750 x 1072 to 7.5040 x 102 min™ and for diethyl malonate
2.888 x 1072 t0 13.12 x 10°% min"", |

The reaction rate is not affected by the addition of SO ions and the H™ ions
are responsible for the increase in rate constant.

Effect of variation of solvent

The effect of solvent (acetic acid) has been studied from 20-50%. The rate of
reaction increases with the increase in concentration of acetic acid (Table-2).

The plot of log K vs. 1/D is linear with a +ve slope (Fig. 2) indicating that the
reaction is positive ion dipole type’. Hence, the attacking species is said to be
HCrO3, which is also reactive species in the oxidation of benzoin'®.

TABLE-2
EFFECT OF VARYING CONCENTRATION OF ACETIC ACID ON THE OXIDATION
OF DIMETHYL MALONATE AND DIETHYL MALONATE

[CrVIDT =55 107" M, [H2804] = 3.0 M, [ester] = 5 x 102 M, Temp. = 35 + 0.01°C

{H()(/‘}/c\téj)(%} VD % 107 K- - ii;mcthi: malonate I“)zxctl.}y_illnaio%azh r
A x 10 min logK K x 107 min log K

20 15.15 2.015 =1.6957 1.648 ’ ~1.7830

25 17.85 2.252 ~1.6474 2.190 -1.6596

30 19.05 2.662 =1.5748 2.321 -1.6343

35 20.29 2.873 ~1.5417 2.527 -1.5974

40 21.74 3.091 ~=1.5099 2.828 -1.5485

45 23.50 3563 ~1.4482 3.464 ~1.4604

50 2524 | 4.068 -1.3906 4.889 -1.3108

Effect of varying tempemture on the rate congtant

The rate constant increases with increase in temperature. The activation
energies have been calculated from the slopes of Arrhenius plots, in the
temperature range 20-45°C, ,

The products of oxidation are identified as acetic acid and corresponding
aldehydes. The rate data for the oxidation of diethyl malonate by Cr(VI) in
sulphuric acid are presented in Table-3 along with the activation parameters.
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Fig. 2. Effect of varying solvent composition ({Cr(VD)] =5 x 107 M, [H3SO4] = 3.0 M,
[ester] = 5% 107> M, Temp. = 35 £ 0.01°C)

TA‘BLE-S :
o . Kx 107 ~ AH*=2303  AH'= 4 4 A =log!
T» K UTxI10M min™ log K X Slope R E-RXT aS AG (log A)
Dimethyl malonate
308 3.2408 2.568  -3.3686 , 6744.6563 6132:.66 =54.1096 22798.4216 2.612E + 01
Diethyl malonate

308 3.2468 2.833  -3.3259 - .7225.1427 6613.15 ~=52.3544 2278.3082 6.316E + 01

The reactions are characterized by the —ve value of entropy of activation. It
- suggests that the rate of disappearance of esters is slower and the activation
complex is less probable (Fig. 3). § ;

The negative entropies of activation have been found for outer sphere, electron
transfer reactions between ions of like charges. :

The redistribution of energy along various degrees of freedom in the formation
of activated complex suggests a complex molecule formation as shown in the
reaction steps. : , '

It was found that the reactivity of diethyl malonate is greater than dimethyl
malonate due to increasing polar effect of alkyl group in dimethyl malonate.
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Fig.3. Effect of varying temperature (fCrvhl=5x1073 M, [H;SO41=3.0M
[ester] = 5% 107 M, [HOAC] = 20% (v/v)

Oxidation mechanism of esters in absence of oxalic acid

The present work has been carried in 20% (v/v) acetic acid-water mixtures in
presence of 3.0 M H,SO,. Under similar conditions the hydrolysis rate constant of
diethyl malonate by Cr(VI) is found to be 2.7 x 107 min™ which is several times
lower than the rate of oxidation of esters by Cr(VI) hence can be considered as
negligible (Scheme-1).

0  0Cro,H
| fast |
R—C—0—CH,—R’ + HCrO; === R ("0 CH, R (1)
(Complex)
OCrO;H
K” .
R—C"—O0-—CH;—R ——— RCOOH + R—CHO + cravy (@)
(Complex) slow 4 :

20 (Iv) 2L ery + Cr(IlD) (3)
or Cr(IV) + Cr(VDh) —2L s a0y (4)

O

H’)O : ‘
R‘”‘C"‘—O'—‘CHBR’ +Cr(V) ——— R-——COOH + R/CHO +2H + Cr(IT) (5)
Substrate fast 2¢ | ~ ;
Scheme-1
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Oxidation of esters in presence of oxalic acid

The rate of reaction is much greater when oxalic acid and ester are present
together than when either of the two substrates is taken separately.

The oxidation of ester alone by Cr(VI) is first-order in [diethyl malonate] and
[dimethyl malonate]. However, in presence of oxalic acid the order in [ester] is
fractional (Table-4, Fig. 4).
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Fig. 4. Effectof varying [ester] with constdn,t oxalic acid ([Cr(V)] =5 x 10° M, [H,SO41=3.0
M, [Oxalic acid] =5 x 107 M. [HOAC] = 20% (v/v), Temp. = 35 + 0.01°C)
TABLE-4 :
[CrVD]=5%x107 M, [H2SO4] = 3.0 M, [Oxalic acid] = 5 x 107 M. [HOAc] = 20% (viv),
temperature = 35 + 0.01°C R

Dimethyl malonate Diethyl malonate

[ester] x 107° M 1/[ester} -
Kx10Zmin UK Kx107 min™ 17K
0.0200 50000 10730 - 0.0932 9.731 0.1028
0.0180 55.556 7.995 01251 8662 0.1154
0.0160 62.500 6.244 01602 7.630 0.1311
0.0140 71.429 5914 0.1691 6246 0.1601
0.0125 80.000 5185 " 0.1929 5.559 0.1799

0.0104 96.154 . 3.944 - 0.2535 4.576 0.2185
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The rate of ester and oxalic acid taken together increases with increase in
(H") showing HCrOY to be the likely reactive species. We can conclude that both
the substrates take part in the oxidation reaction simultaneously; a three electron
transfer mechanism is illustrated in Scheme-2.

0. OH O

N/ N\
C K, C O\ /O
[ +HCrQy &= /}Cr\\ +H,0+H" (6)
/C\ - Cc—0 ©
o OH O/
o) ¢}
N0 N0
c— \ {g “ K, 'Sl \ /OH
| o rR—Coomr = | o 7
Csg/ D o1 N
e 7
O O C!?Hz
0——(“2—1?;’
R
N
cxO, pPH . | +
(};1 150 ~<o=» C0; +CO, +CH,0 + Cr _O_ﬁ_R (8)
o | OH 0
@wﬁwﬁ
0
OH (l)H
Cr—0—C—R + Hy0 —% Cr—O—C—R + H* )
OH
O—H
1 F ’
(151'-0~<H3-R —» HCrO,(I11) + RCOOH (10)
OH
Scheme-2

4
The rate law can be given as

=d[Cr (VD] _ KKK, [Cr(VD)}[OXH,][Ester] . .
0 =Ty K,[OXH,] + Ky(Ester] in presence of oxalic acid

This explain the first order dependence of rate on [Cr (V)] and fractional order
dependence on oxalic acid [OXH,] and [ester].
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The plots of 1/K vs. 1/ [Estér] or I/K vs. 1/{OXH2] shows the fractional values
of slopes (Table-5 and Fig. 5).

TABLE-5

[Cr(VD]=5x107 M, [H2504]=3.0 M, {esfer] =5% 1072 M, [HOAc] =20% (v/v), Temp. =
351£0.01°C R : ‘

Dimethy! malonate Diethyl malonate
[XOH,] X 107 M 1/[XOH,] :

Kx107%min™' UK K x 1072 min™! 1/K
0.0500 20.000 10.73 0.0932 10.940 0.0914
0.0450 22222 7.833 - 0.1277 8.873 0.1127
0.0400 25.000 6.377 - 0.1568 7.079 0.1413
0.0350 28571 5914 0.1691 6.548 0.1527
0.0300 33.333 5348 0.1870 5.962 0.1677

0.0250 40.000 4.320 02315 5.194 0.1925
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Fig. 5. Effect of varying{oxalic acid} with constant ester ([Cr(VI)] = 5 x 1073 M, [H,80,1=3.0
M, [ester] = 5 x 107 M, [HOAc] = 20% (v/v), Temp. = 35 £ 0.01°C)



NI S

R

10.

2546  Wankhade ef al. ‘ Asian J. Chem.

; REFERENCES

M. Anandrao, B. Sethuram and T. Navanecthrdo, Indian J. Chem., 17A, 260 (1979).
A.V.Usha, B. Sethuram and T. Navarneethrao, Ind;an d. Chem., 17A, 55 (1979).
V.S. Rao, B. Sethuram and T. Navaneethfao, Indian' J. Chem., 18A, 36 (1979).

. Z. Phys. Chem., 261, 1171 (1980).
R.V. Vrath, B. Sethuram and T. Navanéethrao, Indian J. Chem., 17A, 410 (1979).
Narendranath and R.C. Dubey, Indian J. Chem:, 21A, 244 (1982). ‘
M.G. Ram, Reddy, B. Sethuram and T. Navaneethrao, Indian J. Chem., 19A, 263 (1980).
P.S, Radhakrishnamurthy and T.C. Behara, J. Indian Chem. Soc., 46, 92 (1969).

S.A. Edward, Solvent Effects on Reactxon Rates and Mechanism, Academic Press, New
York-London, pp. 42, 43 (1966).

- M.N. Dash, N.K. Saran and R.C. Acharya J. Indian Chem. Soc., 56, 1208 (1979).

(Received: 8 April 2005; Accepted: 31 March 2006) AJC-4760

WORLD VACCINE CONGRESS 2006
OCTOBER 9 TO 11, 2006
LYON, FRANCE

Contaci: ;

For registration or ill_f()l‘l?f(lliOil.‘~

Alison Rawlings

Fax: (44)(0)2072422320; Tel: (44)(0)2078274]71
E-mail: alison.rawlings @terrapinn.com

For general queries:

Joyce Harmon

Fax: (44)(0)2072424303; Tel: (44)(0)2078275984
E-mail: joyce.harmon@terrapinn.com




