Briggs—Rauscher Reaction 2238

A NOVEL APPROACH TO THE STUDY OF BRIGGS-RAUSCHER
REACTION

Punchayil Velayudhan Nair LALITHA and Renganathan RAMASWAMY
Department of Chemistry, Indian Institute of Technology, Madras-600 036, India

Received September 18, 1991
Accepted December 20, 1991

The Briggs-Rauscher reaction with substrates containing acidic hydrogen such as malonic acid, acetonyl
acetone has been studied. The employment of mixed media involving an organic solvent and water enabled
the study of water-insoluble substrates. The present communication reports the oscillatory behaviour of
malonic acid in the iodate system in different mixed media (5 vol.% of the organic solvent) as well as the
oscillatory behaviour of seven substrates in acetonitrile—water mixed medium of which two are new
substrates hitherto unreported in any of the oscillatory systems.

The oscillatory behaviour of different organic substrates in the uncatalyzed and cata-
lyzed bromate systems has been extensively studied!. The iodate—hydrogen peroxide
(Briggs—Rauscher, B-R) system has been studied? ~  with substrates having acidic hy-
drogen, such as malonic acid, acetyl acetone and acetonyl acetone. The mechanistic
aspects of the Briggs—Rauscher reaction have also been discussed’ ~ 1°, The low solubi-
lity of many substances in water is an impediment in employing them as substrates in
the study of oscillatory reactions. Studies using mixed media involving an organic
solvent and water have facilitated the water-insoluble substrate to be taken into solu-
tion. The use of mixed media has enabled the study of the oscillatory behaviour of large
number of new substrates in the uncatalyzed as well as in the catalyzed bromate
systems!! ~ 14, The present communication deals with the oscillatory behaviour of malo-
nic acid in the Briggs—Rauscher reaction in different mixed media as well as the beha-
viour of seven substrates in aqueous acetonitrile. Two of the compounds studied have
hitherto been not employed as substrates in any oscillatory system owing to their poor
solubility in water.

EXPERIMENTAL

Chemicals (a.g.) were used without further purification. Triply distilled water was used for preparing all
the solutions. The addition of the last component, namely hydrogen peroxide, to the well-stirred and
thermostatted (30 = 0.1 °C) solution containing all other constituents triggered off the oscillations. The
oscillations were followed potentiometrically by using a Kompensograph (Siemens) with a platinum indi-
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cator electrode coupled to a saturated calomel electrode through a potassium nitrate salt bridge. The expe-
riments were carried out in a polythene beaker in order to get good reproducibility.

RESULTS AND DISCUSSION

The oscillatory behaviour of malonic acid in different mixed media (5% by volume of
organic solvent) is presented in Table I and Fig. 1. The system oscillates in all the
mixed media employed, including methanol and dimethyl sulfoxide. The behaviour is
found to be even better in 5% (by volume) acetonitrile and benzene when compared to
pure aqueous medium. In most mixed solvents large number of oscillations (up to 22)
of large amplitude (150 — 200 mV) were observed. However, in aqueous tetra-
hydrofuran, malonic acid gives a single oscillation of small amplitude (40 mV).

The behaviour of iodate system is found to be different from that of bromate system
in different mixed solvents. For example, in the bromate—gallic acid system, there are
no oscillations in media involving methanol and dimethyl sulfoxide (20 vol.%). But in
the iodate system, malonic acid is found to oscillate even in 20% methanol (9 oscilla-
tions in 90 s with an amplitude of 150 mV).

Among the different mixed solvents used, acetonitrile is found to be highly suitable,
even better than water giving a large number of oscillations (17 oscillations in 216 s) of

TABLE |
Oscillatory characteristics of 0.04M malonic acid~0.06M-KIO;-0.4M-H,0,-0.02M-MnS0,~0.04M-H,SO,
system in different solvents at 30 = 0.1 °C

Oscil - Time/ Amplitude

No. Solvent® Ti;'d' T':"l lations oscil- rl::tenbt ia\l]
number lation, s mV e

1 Water 1 102 11 9.3 140 0.54 - 0.68
2 Water—acetonitrile 1 216 17 12.7 190 0.50 - 0.69
3 Water-dimethylformamide 0.5 60 11 5.5 120 0.55 - 0.67
4  Water—tetrahydrofuran - 3 1 3.0 40 0.46 - 0.50
5  Water-1,4-dioxan 1 78 10 77 150 0.55 - 0.70
6  Water-1-methyl-2-pyrrolidone 1 72 1 6.5 170 0.53 - 0.70
7  Water-benzene 1 204 22 9.2 210 0.49 - 0.70
8  Water-methanol 0.5 78 8 9.7 170 0.53 - 0.70
9  Water—dimethyl sulfoxide 8 126 8 14.8 250 0.51-0.76

10 Water-methanol® - 90 9 10.0 150 0.47 - 0.63

? Mixed solvents contained 5 vol.% of organic solvent; bys SCE; € 20 vol.% of methanol.
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large amplitude (190 mV). A medium containing 5% (by volume) benzene is also found
to be very good, but due to the fact that it is not miscible with water, acetonitrile was
chosen for the study of seven substrates including two new ones, namely, benzoyl
acetone and dibenzoylmethane. It is observed that there are no oscillations in the malo-
nic acid—iodate system in aqueous acetonitrile with larger than 10% (by volume) aceto-
nitrile.

The concentration conditions and oscillatory characteristics of the five different
substrates including ethyl acetoacetate, acetyl acetone, acetonyl acetone, malonic acid
and ethyl cyanoacetate are presented in Table II. All these substrates are water soluble.
However, the experiments were carried out in 5% acetonitrile in order to establish that
these substrates show oscillatory behaviour in mixed media as well. The number of
oscillations is as large as 162 with acetonyl acetone and 202 with ethyl cyanoacetate as
substrates.
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Oscillatory profiles for malonic acid—iodate system in different mixed media. Conditions given in Table I:
1 water, 2 acetonitrile, 3 dimethylformamide, 4 1,4-dioxan, § 1-methyl-2-pyrrolidone, 6 methanoi, 7
benzene, 8 dimethy! sulfoxide, 9 methanol (20 vol.%)
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The concentration range of the different constituents with benzoyl acetone and
dibenzoylmethane as substrates are presented in Table III. The oscillatory charac-
teristics for the two substrates are given in Table IV and Fig. 2. There are 28 oscilla-
tions in 36 min when dibenzoylmethane is employed as the substrate. The precipitated

TaBLE II
Concentration of reagents (mol/l) and oscillatory characteristics of different substrates (S) in 5 vol.% aceto-
nitrile at 30 = 0.1 °C

Oscil-

Substrate S HSO, KIO; MSO, Ho, T Tew o Potential

s s range®, V
number

EAA® 007 010 0045 0003 05 6 780 7 059-071

AcoAc® 14 016 005 002 10 60 5400 162  0.60-0.71

AcAc? 004 040 0035 0005 0.4 12 570 10  0.62-0.79

MA® 004 004 006 004 04 4 198 14  0.53-068

ECA/ 10 01 005 0003 15 138 1260 202 0.6 -067

% vs SCE; b ethyl acetoacetate; € acetonylacetone; 4 acetylacetone; ¢ malonic acid; ! ethyl cyanoacetate.
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Fig. 2
Oscillatory profiles for dibenzoylmethane and benzoylacetone in the iodate system at 35 = 0.1 °C.
Concentration conditions (mol/): a Dibenzoylmethane, 0.018 (in acetonitrile, 40 vol.%); H,SO,, 0.4;
MnS0,, 0.005; KIO,, 0.015; H,0,, 0.6. b Benzoylacetone, 0.01 (in acetonitrile, 20 vol.%); H,SO,, 0.25;
MnSO,, 0.005; KIO,;, 0.015; H,0,, 1.0
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product at the end of the oscillatory reaction when dibenzoylmethane was used as
substrate has been isolated and the NMR spectra of both the starting compound
(dibenzoylmethane) and the product were taken.

'H NMR spectrum of parent compound shows signals at 8 7.99 - 7.52 corresponding
to ten aromatic protons and at 6.8 corresponding to the methylene protons. It also
showed a signal at 8 16.98 showing the enolic proton. The product, however, does not
give the signal at & 16.98. Instead, it gives a signal at d 6.9 corresponding to the O=C-
CHI-C=0 proton. The melting point of the product is 103 °C which agrees with the
literature value!’ for dibenzoyliodomethane.

The results obtained in the present study establish that different aqueous—organic
mixed media can be successfully employed in the Briggs—Rauscher reaction. The
oscillatory behaviour of the iodate—hydrogen peroxide system depends on the nature of
the substrate employed as well as the nature of the organic solvent in the mixed
medium. The study widens the scope of the Briggs—Rauscher oscillatory system as it
permits the inclusion of water-insoluble substrates which could not so far be investigated.

TaBLE III
The concentration range of reagents (mol/l) for benzoylacetone and dibenzoylmethane in aqueous aceto-
nitrile at 35 = 0.1 °C

Substrate S H,S0, MnSO, KIO; H,0,

Benzoylacetone® 0.007 - 0.017 015-05 0.005-0.02 0.01 -0.025 03-1.0
Dibenzoylmcthaneb 0.01 -0.022 02 -1.0 0.005-0.03  0.013-0.02 04-1.0

20 vol.% acetonitrile; ® 40 vol.% acetonitrile.

TABLE IV
The oscillatory characteristics under the concentration conditions given in Fig. 2

Tina. Tial Oscillations Time/oscil- Amplitude Potential
Substrate . ] . . a
min min number lation, min mV range®, V
Benzoylacetone 0.3 18 10 18 130 0.58 - 0.71
Dibenzoylmethane 0.1 33 27 12 210 0.60 - 0.81
9vs SCE.
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