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Kinetic studies on hydrolysis of 1-asparagine and
Cu(Il)-L-asparagine complex have been carried out in
sodium hydroxide solution (0.1-2.5 moldm™>). The
pseudo-first order rate constants follow the general re-
lationship: k= ko[OH jJwherek, is an empirical con-
stant. The probable mechanism of hydrolysis invalves
monoanionic tetrahedral inte~ """ . “The effeét of
Cu(Il) ion on hydroheic sine has been dis-
cussed and act’ duated. '

Leach and Lindley' studied the kine’fics of acid
hydrolysis of L-asparagine, L-asparaginylglycine
and L-leucyl-L-asparagine and propgsed a probable
mechanism!. Hydrolysis of N-acylaspartic mono-
amides was carried out by Ali and Capindale’ and
they proposed mechanism to account for selective
release of aspartic acid from proteins. The effect
of Cu(Il) ions on asparagine and isoasparagine hy-
drolysis was observed by Stromberg® in alkaline
medium. When the rate of hydrolysis of aspara-
gine was compared with that of its Cu(Il) complex
under low [hydroxide ion] (107° to 1072 mol
dm™3), rate of hydrolysis of Cu(Il) complex was
found greater in [OH~] range 10~* to 10~2 mol
dm™3. The effect of [OH ] was also studied for the
hydrolysis of isoasparagine at higher [OH~]. The
rate of hydrolysis of iscasparagine Cu(ll) complex.
decreased at 0.1 mol dm: H
ism of hydrolysis of” e and its Cu(II)
complex was not disevis¥ed by Stromberg®. In con-
tinuation of our work®* on alkaline hydrolysis of
amides and related compounds, we report herein
the kinetics and mechanism of hydrolysis of L-
asparagine and its Cu(Il) complex.

]. The mechan=*

Experimental

L-Asparagine (Fluka) and cupric sulphate (Anal-
aR, BDH) were used as such. A concentrated
stock solution of sodium hydroxide (E. Merck) of
about 17 mol dm~3 was prepared. It was filtered
to remove undissolved carbonate, diluted to pre-
pare a ca. 3.5 mol dm™3 solution and standardiza-
tion using standard HCl and potassium hydro-
genphthalate. Cu(II)-L-asparagine complex was
prepared in the reaction vessel by mixing L-aspara-
gine, cupric sulphate and sodium hydroxide solu-
tions. Kinetic measurements were carried out by

monitoring the production of ammonia as a func-

tion of time by the method described earlier*?.
Solubility of Cu(Il) in concehtrated NaOH soju_
tion (1.0 mol dm~3) was determined iodc;.cer )
ly and the formation corii e of Cﬁ(dH)ﬁ‘ was
calculated.

i
Ref"!';s and discussion

T'he Tate of hydrolysis of L-asparagine in alka-
line medium was independent of ionic strength ().
To study the effect of temperature, the kinetic
studies were carried out at different temperatures
ranging from 45 to 90°C and various activation
parameters were calculated by Arrhenius and Eyr-
ing equations. The values are A H* =4340 +1.20
kJ mol™!, AS*=-190.011£4.2 JK ! mol~! and
AH*=498011.10 kJ mol™ !, AS*=—-171+1.17
JK™! mol~! for r-asparagine and Cu(ll}-L-aspara-
gine complex respectively.

The effect of [OH~] was studied within the
range of 0.1 to 2.5 mol dm~3 [NaOH] at 45, 55,
65 and 75°C by keeping ionic strength constant at
3.0 mol dm~* with KNO; solution. The observed
results fit the empirical Eq. (1).
kobs=k0[OH_] ' (1)
where k, is an empirical constant. i

The effect of [Cu(ll)] on the hydrolyljs of i-
asparagine was studied at different concentations.
These results are given in Fig. 1. The raté con-
stants decreased with the addition of Cu(IL) and

-became minimum at [Cu(Il)]=[L-asparagine]. The
‘variation of [OH™] was also studied on Cu{Il)-i-

asparagine complex (Fig. 2) and pseudo-first order
rate constants were found to follow Eq. (1).

The alkaline hydrolysis of acyl derivatives is a
two step reaction which proceeds by the formation
of an unstable tetrahedral intermediate. In an ex-
tensive study of anilides, shifting of the order of
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Fig. 1—Plpts of variation of pseudo-first order rate constants
sy, With sodium hydroxide concentration for the hydrolysis of L-

(0,@) and Ca(ll}-i-asparagine (4,A ) [L-aspara-
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Fig. 2—Effect of variation of [Cu(Il)] on the hydrolysis of i-

asparagir]

temp.=348 K, [L-asparagine]=0.005 M,
[NaOH|=1.0 M.
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Table 1+The values of k, at different temperatures for the

hy
Conditiqg

Temp.
K
318
328
338
348

drolysis of 1-asparagine and its Cu(Il) complex

ns: [L-Asparagine] = 0.005 mol dm~3; u = 3.0 mol dm”~ 3

and [Cu(II)]=0.005 mol dm 3

10* k, for 1-asparagine  10* k, for Cu(Il}-asparagine

(dm’mol~!s71) (dmmol~'s™ 1)
0.04 0.04
1.19 1.20
1.25 1.35
1.66 1.70

INDIAN ] CHEM. SEC. A, SEPTEMBER 1995

the reaction from second to first order kinetics has
been explained by the formation of a tetrahedral
addition intermediate between a nucleophilic rea-
gent and an acyl compound which then reacts fur-
ther to expell the leaving group with the formation
of products.

The simplest stepwise mechanism which could
explain the observed results is shown in Scheme 1.
Considering (3) as a transient chemical species
and applying steady-state approximation, Eq. (2) is
obtained.
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The value of pK,, for L-asparagine is 8.80 at
50°C, therefore, 1<< K, [OH], then Eq. (2) re-
duces to Eq. (3)

= ki k, [OH | . (3)
(k_y tk;)

which is similar to Eq. (1) with ky=k, k, {k_; +
k,). The values of k, at different temperatures are
summarized in Table 1.

Here, only anionic form (2) of L-asparagine is
reactive towards nucleophilic attack of the hydrox-
ide ion at carbonyl carbon atom.

L-asparagine reacts with Cu(Il) in alkaline medi-
um to form a violet complex® and its structure (5)
was proposed by the electrochemical studies
where amide-nitrogen coordinates with the
metal'’. The mechanism of the alkaline hydrolysis
of Cu(ll}-1-asparagine complex is presented in
Scheme 2. Equation (4) has been derived on the
basis of the observed results and proposed me-
chanism.
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[OH™)* and K,=[rL-asparagine] [Cu(II)JOH"}/
[Complex]. The value of K, was reported'® to be
2.51 107" mol*> dm~¢, while the value of K,
has been’ determined to be 2.82 x 1073 mol dm >,
Since K, (2.2x1072° mol®-dm~°) and K (OH"]
are negligible in comparison with K [OH™]*,
Eq. (4) reduces to Eq.(5).

k:)bs = kl—,k.z—[Oi;] . (5)
(k-1 +K3)

The rate of hydrolysis of L-asparagine increased
with the addition of Cu(Il). At low [OH™] (1074 to
1072 mol dm™3), the formation of 2:1 complex
with coordination of Cu with carbonyl oxygen of
amide group is reasonable®. The comparison be-
tween the rate of hydrolysis of Cu(Il) complexes
of asparagine and ‘isoasparagine, where isoaspara-
gine complex hydrolysed more rapidly, the argu-
ment that coordination of carbonyl oxygen of
amide group of asparagine with Cu(Il) ion would
produce rigidity and inhibit the attack of OH™ is
not valid in view of recent advancements'"!* re-
garding metal ion catalysis of amide group hydro-
lysis. Hypothesis presented by Sayre!* for metal
ion catalysis of amide hydrolysis explained catalyt-
ic effect of metal ion in terms of enhancement of
rate determining step which is the breakdown of
the tetrahedral intermediate. The coordination of
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carbonyl group with Cu(Il) cannot affect the rate
of formation of tetrahedral intermediate but the
rate of break down of this intermediate is en-
hanced. The attack of hydroxide ion becomes the
rate determining step. Catalysis occurs by coordi-
nation of metal Jon to, the oxygen atom of the te-
trahedral intermediate which greatly enhances its
nucleophilicity and causing rapid cleavage of
C—N bond. Therefore, metal coordination with
carbonyl oxygen accelerates the rate of hydrolysis
and coordination of amide nitrogen is responsible
for the inhibition of rate of hydrolysis.

The enhancement of rate of hydrolysis of aspar-
agine and isoasparagine complexes of Cu(ll), as
observed by Stromberg, can be explained in terms
of coordination of carbonyl oxygen with the
Cu(Il). In high [OH"] ie. [OH]>>0.1 mol dm~3,
the amide nitrogen is coordinated with Cu(Il) in
place of carbonyl oxygen which retards the rate of
hydrolysis due to hindering the protonation of
amide group in the tetrahedral intermediate.
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