J. CHEM. SOC., CHEM. COMMUN., 1992

Evidence for the Enol form of Malonamide
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At low acid concentration the reaction of iodine with malonamide in water is zero order in [l,], consistent with a

rate-limiting enolisation.

Recently there has been much interest in the chemistry of
enols, particularly those derived from carbonyl-group contain-
ing compounds other than ketones, including carboxylic acids
and esters.!-3 In principle, amides should be capable of
enolisation and subsequent electrophilic addition, but there is
(as far as we are aware) no evidence in the literature which
suggests that this is so. One report? claims (on the basis of IR
evidence) that dicyanoacetamide 1 exists largely or completely
in the enol form in the solid state. Electrophilic substitution
(halogenation’ and nitrosation®) at the o-carbon atom in
malonamide 2 is known as a preparative reaction, but no
kinetic or other studies seem to have been performed to
establish the nature of any intermediates and other features of
the reaction mechanisms.

We now report the kinetic results of the reaction of iodine
with malonamide in dilute aqueous solution at 25 °C. Reaction
was followed spectrophotometrically at 459 nm noting the
disappearance of the iodine absorbance. All experiments were

carried out with a large excess of malonamide over iodine;
typical concentrations used were, malonamide 1.5-7.0 X 10-2
mol dm—3, iodine 6.5 X 10—4 mol dm~3 and perchloric acid
0.01-0.10 mol dm—3. Under these conditions the absorbance-
time plots were linear, indicating a zero-order dependence
upon [I]. The data in Table 1 (which gives the zero-order rate
constants kg as a function of [malonamide] and [H+]) enable

Rate = &' [MA] + K[H*][MA] = ko (1)

the rate equation (1) to be established. Values of k" and k" are
respectively 2.5 X 10-5 s~! and 3.3 X 10-3 dm3 mol-1 s—1.
Clearly we are measuring the formation of an intermediate
which then reacts rapidly with iodine. The most likely
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Table 1 Zero-order rate constants kg for the reaction of iodine (6 X
10~4 mol dm~3) with malonamide (MA)

102[MA]/mol dm—3 [H*]/moldm—3 10%kg/mol dm—3s—1

1.47 0.051 3.35
2.46 0.051 5.41
3.69 0.051 7.89
491 0.051 10.5

5.90 0.051 12.8

7.37 0.051 15.7

1.97 0.010 1.11
1.97 0.020 1.84
1.97 0.030 2.44
1.97 0.040 3.06
1.97 0.050 3.89
1.97 0.060 4.45
1.97 0.070 5.01
1.97 0.080 5.83
1.97 0.090 6.34

1.97 0.100 7.01

explanation is that we are looking at an acid-catalysed
enolisation to form 3, together with a small component of a
non-acid catalysed pathway. This is commonly the situation
with enolisation of simple ketones. The value of k" is
significantly larger than that measured for simple ketones such
as acetone’ (3.8 x 10~5 dm3 mol-1 s~1), no doubt reflecting
the greater acidity of the methylene protons brought about by
the second CONH,; group. The enol form of malonic acid had
been identified by similar kinetic procedures both with
halogenation® and nitrosation® as the scavenging reactions.
For malonic acid, however, acid catalysis is brought about
intramolecularly, and so no comparison can be made with the
malonamide reaction.

At lower [I,] and also with bromine at low concentrations
(both at higher acid concentrations than previously) the
reaction became first-order in [halogen]. Similarly with
nitrous acid in the presence of Br— or SCN— (when the
effective reagents are BrNO and ONSCN, respectively)
reactions were also first order in [HNO,]. Under these
conditions, the reaction of the enol with the electrophile (E+)
is rate-limiting (see Scheme 1). Kinetic analysis of all four

CH,(CONH,;), ,iE H,NOCCH=C(OH)NH,

P

k
H,NOCCH=C(OH)NH, + E+ 3 ECH(CONH,), + H+

Scheme 1
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Table 2 Values of k,KE for different electrophiles

Electrophile k;Kg/dm3 mol—1s—1!
I, 4.12
Br, 1.45
BINO 3.92
ONSCN 1.17

reactions yields values of k,Kg given in Table 2. These values
are reasonably constant considering the wide range of
reactions involved, and imply that all of the reagents react
with the enol at the encounter limit. This is not an unreason-
able suggestion as 3 would be predicted to be a very reactive
species. If we assume the limiting value for k, to be ca. 7 x 10°
dm3 mol—1s—1for reactions in water at 25 °C, then we obtain a
value for Kg of 4 (+2) x 10-19, which compares with the
measured value?® for acetone of 6.0 x 10—9.

As expected, and as has been shown for malonic acid,!©
hydrogen atom exchange occurs readily between the solvent
and the methylene protons in malonamide. We have exam-
ined this in a semi-quantitative way by !H NMR spectroscopy
noting the disappearance of the signal due to the methylene
protons in a deuteriated solvent. The exchange process is
clearly acid-catalysed and almost certainly involves enolisa-
tion and re-ketonisation as is the case in simple ketones.
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