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Reactions of the Carbonyl Group with Nitroso Compounds. The Cases of Pyruvic
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Pyruvic acid and acetaldehyde react with substituted nitrosobenzenes to give the corresponding N-
phenylacetohydroxamic acids. A mechanism for these reactions involving three sequential steps is
proposed. The first step is the nucleophilic attack of the nitroso group on the carbonyl group,
which leads to the formation of an unstable dipolar intermediate. This step is followed by proton
transfer to the dipolar intermediate to form a more stable cationic intermediate, which, in the
subsequent step, undergoes decarboxylation (in the case of pyruvic acid) or elimination of a proton
from the carbon of the nitrosocarbinolic group (in the case of acetaldehyde), leading to the final
product, hydroxamic acid.

The reaction of pyruvic acid includes an intramolecular reaction pathway, along with an acid-
catalysed one. The experimental evidence obtained in support of such a description includes: (a)
the order of reactivity of substituted nitrosobenzenes as demonstrated by the plot of log kous Vvs.
Hammett parameters with slope —1.97 in the case of pyruvic acid and —0.93 in the case of
acetaldehyde; (b) the observation of acid-catalysed and ‘uncatalysed’ pathways in the reaction of
pyruvic acid; (c) the observation of general acid catalysis in these reactions; (d) the observation of
an inverse solvent deuterium isotope effect of 0.41 in the case of acetaldehyde; (e) the observation
of a solvent deuterium isotope effect of ca. 1.0 in the acid-catalysed reaction, and solvent isotope

effect of ca. 1.2 in the ‘uncatalysed’ reaction of pyruvic acid with nitrosobenzene.

Pyruvic acid has an important role in many fundamental
biochemical processes.! It is involved in the metabolism of
amino acids and carbohydrates and in various other bio-
synthetic and biodegradative processes, where pyruvate serves
as an important metabolic intermediate, both in aerobic and
anaerobic metabolism.

It has been reported that pyruvic acid and some «-keto acids
are converted, by a thiamine-catalysed enzymatic reaction with
nitrosobenzenes, into N-phenylhydroxamic acids.?

Recently, we have reported that pyruvic acid reacts with
substituted nitrosobenzenes in aqueous acidic medium to give
the corresponding N-phenylacetohydroxamic acids.?+ Hydrox-
amic acids and their chemistry have received considerable
attention* '3 in connection with a variety of industrial and
pharmaceutical applications, as well as their role as sidero-
phores,'!"!3 and as model systems for natural siderophores.
Siderophores are low molecular weight multidentate ligands
which serve as iron(m) ion-specific chelators of biological
importance, and many naturally occurring siderophores are
actually hydroxamic acids.

Now we report, along with results related to the reaction of
pyruvic acid with nitrosobenzenes, the results of our investi-
gation of the reaction of acetaldehyde with substituted nitroso-
benzenes.}

Results and Discussion
For reactions (1) and (2) spectroscopic evidence shows con-
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sumption of the nitroso compound (see Fig. 1). The formation
of N-phenylacetohydroxamic acid was confirmed by the charac-
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Fig. 1 Change in UV spectrum of the reaction mixture containing
0.200 mol dm™3 acetaldehyde, 10~* mol dm™2 nitrosobenzene in presence
of 0.5 mol dm™3 H;0" and 3.5 mol dm3 NaCl, at 25 °C. Scans: (a), 9
min; (b), 35 min; (c), 64 min; (d), 96 min; (e), 123 min.

+ This communication is a preliminary account of a portion of the work
presented herein.

1t A qualitative observation of this reaction was reported previously,!*
without any kinetic or mechanistic details.
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Fig. 2 Hammett plot of log k, vs. & parameters for the reaction of
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Fig. 3 Dependence of the rate of reaction of pyruvic acid with nitroso-
benzene on concentration of H;O*. Data from Table 2.

terization of the isolated products, and by the spectra of the
corresponding N-phenylacetohydroxamatoiron(i) complex.
At constant hydrogen ion concentration, the pseudo-first-order
rate constants for the formation of N-phenylacetohydroxamic
acid depend linearly on the concentration of pyruvic acid in
excess. Analogous results were obtained in the case of acet-
aldehyde. Therefore, both reactions should be of first order with
respect to carbonyl compound, as well as with respect to
nitrosobenzene, and both the reactions are second order overall.
A linear plot (» = 0.988) of log &, vs. Hammett o parameters
with a slope of —1.97 was obtained for the reaction of pyruvic
acid with substituted nitrosobenzenes (Fig. 2). In the case of
acetaldehyde, the slope of the Hammett plot was —0.93
(straight line, r = 0.987). Here, k,,, follows from the experi-
mentally obtained rate law: Rate = k[Py][H* J[PhNO] at
constant [H™].

The reaction of pyruvic acid with nitrosobenzene is acid-
catalysed. The dependence of the quotient of observed rate
constants and pyruvic acid concentration on hydrogen ion
concentration [eqn. (3)] in the range 0.05-1.66 mol dm™ is
linear, with slope of 3.60 x 10 dm® mol~s™'. The intercept of
the straight line is 2.96 x 10~* dm? mol™! s~!, which shows the
existence of an additional, uncatalysed reaction path (see Fig. 3).
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Fig. 4 Dependence of the rate of reaction of acetaldehyde with
nitrosobenzene on the concentration of formic acid, in the presence of
0.094 mol dm™ HCI at 25°C and ionic strength 4.00 mol dm™
(HCI/NaCl). Acetaldehyde: 1.00 mol dm™3

The corresponding experimentally obtained equation is of the
form of eqn. (3).

kobs/[PY] = k[H+] + kl (3)

In the case of acetaldehyde, the observed rate constants depend
linearly on the hydrogen ion concentration, having an intercept
close to zero which indicates that the uncatalysed reaction may
be neglected or perhaps does not exist at all under the
conditions employed. The experimentally obtained rate-law is:
Rate = k[CH,CHO][H" J[PhNO].

General acid catalysis with trichloroacetic acid was observed
in the reaction of pyruvic acid with nitrosobenzene, and with
formic acid in the case of acetaldehyde (Fig. 4). The rate
constant for catalysis with formic acid is 30-fold smaller than the
catalytic rate constant for the solvated proton, the ratio which is
normally expected if the proton transfer process from an acid
catalyst is diffusion-controlled.

The addition of neutral salt leads to an increase in the
reaction rate in both reactions. In the case of the reaction of
pyruvic acid with nitrosobenzene, the reaction rate increases
linearly (r = 0.9996) with the concentration of added sodium
perchlorate, in the range 0.40-5.24 mol dm3. Nonlinear
dependence of the rate of the reaction on the added neutral salt
was observed in the case of acetaldehyde, where log kg
correlate linearly (r = 0.9998) with the concentration of the
added sodium chloride in the range 1.06-5.00 mol dm™3.

Solvent deuterium isotope effects k(H,0)/k(D,0) were
observed in both investigated reactions, but these effects in the
two reactions differ considerably in magnitude and direction.
The observed solvent deuterium isotope effects in the reaction of
pyruvic acid with nitrosobenzene are small and normal, varying
from ca. 1.20 at 0.12 mol dm™3 H;0" to 1.03 at 1.16 mol dm™3
H;0", while the corresponding observed solvent isotope effect
in the reaction of acetaldehyde is ca. 0.41. The observed solvent
deuterium isotope effects are listed in Table 1.

A mechanism consistent with the above observations for the
reaction of pyruvic acid with nitrosobenzenes, is given by
Scheme 1 while the proposed mechanism for reaction of
acetaldehyde is described by Scheme 2.

Pyruvic Acid —The first reaction step is considered to involve
the formation of the tetrahedral dipolar intermediate 2. This
proposal is supported by the following evidence: (i) The order of
reactivity of substituted nitrosobenzenes is that of electron-
donating properties, as demonstrated by the plot of log k., vs.
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Table 1 Solvent deuterium isotope effects in the reactions of pyruvic
acid and acetaldehyde with nitrosobenzene *

[H0')  %D.0,
Substrate mol dm™3 (V/V) k(H,0)/k(D,0)
Pyruvic acid® 0.121 98 1.15(0.02)
0.310 97 1.21 (0.07)
1.164 94 1.03 (0.01)
Acetaldehyde 0.500 88 0.41 (0.01)¢
0.500 88 0.50 (0.02)¢

¢ At 25°C. Ionic strength 4.0 mol dm~® (HCI/NaCl) in the case of
acetaldehyde. No salt was added in the case of pyruvic acid. ® From ref.
3. ¢ Isotope effect when the reaction was initiated 22 h after the addition
of acetaldehyde into heavy water. ¢ Average of four paired experiments.
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Hammett o parameters. This observation suggests the occur-
rence of nucleophilic attack of the nitroso group on the carbonyl
carbon, leading to carbon-nitrogen bond formation and tetra-
hedral dipolar intermediate 2. (ii) Carbon-nitrogen bond
formation and the existence of a tetrahedral intermediate such
as 2 are consistent with the structure of the product, hydroxamic
acid. (iii) The formation of a tetrahedral intermediate is
ordinarily the first step in many addition reactions to the
carbonyl group.'*~!8 (iv) In the similar reaction of glyoxylic
acid with nitrosobenzenes,'® and in the reaction of formal-
dehyde with nitrosobenzenes,?° the occurrence of nucleophilic
attack of the nitroso group on the carbonyl carbon was also
proposed. (v) The observed acid catalysis can be accounted for

by the existence of the dipolar addition intermediate, which
would be trapped by proton transfer to form a more stable
product, unless it reverted to reactants.'$-!

The kinetic evidence obtained requires that (i) the reaction
proceeds by both an acid-catalysed and, concurrently an un-
catalysed reaction pathway, and (ii) the reaction starts from a
molecule of pyruvic acid. These facts can be accounted for by the
existence of two pathways for stabilisation of the highly un-
stable dipolar intermediate 2 by proton transfer in the second
step, depicted in Scheme 1 as k, and kp. The first pathway
would be protonation of the dipolar intermediate 2 (or trapping
of this intermediate by proton transfer from an acid catalyst
where this process is thermodynamically favourable), to form a
more stable cationic intermediate 3.* The second pathway
would be the intramolecular transfer of a carboxylic proton
(perhaps also through a bridge of several water molecules '6-'8),
to give the intermediate 2a. The intermediates 3 and 2a formed
in the second step, undergo subsequent decarboxylation, giving
the final product, hydroxamic acid.

The observed solvent deuterium isotope effect can be indic-
ative of the structure of the cationic intermediate in the
transition state for decarboxylation. In contrast to the case of
acetaldehyde (see also below), the solvent isotope effects
k(H,0)/k(D,0) observed in the reaction of pyruvic acid with
nitrosobenzene are normal and small, or close to unity (Table
1). The corresponding solvent deuterium isotope effect k-
(H,0)/k(D,0) in the reaction of formaldehyde,*® on the other
hand, is 0.61, and 0.41 in the reaction of acetaldehyde. These
inverse solvent isotope effects are related to the protonation of
the dipolar addition intermediates in the second step of these
reactions. The acid-catalysed reaction of pyruvic acid with
nitrosobenzene is very similar to the reactions of acetaldehyde
and formaldehyde, particularly with regard to the first and
second reaction step. The solvent isotope effects observed in the
reaction of pyruvic acid with nitrosobenzene seem therefore
unexpected. These solvent isotope effects vary from ca. 1.2 at
relatively low acidity, where the uncatalysed reaction prevails,
to 1.0 at high acidity, where at least 60%; of the reaction is acid
catalysed (see Table 1). The cancellation of isotope effect with
increasing hydrogen ion concentration, where the fraction of the
acid-catalysed process is increased relative to the uncatalysed
one, indicates that the component of the observed isotope effect
pertinent to the acid-catalysed reaction should be inverse.
However, the apparent magnitude of this effect, as compared
with the observed solvent isotope effects in the analogous
reactions of acetaldehyde and formaldehyde, is very different.

* In fact, this cationic intermediate is omitted, for simplicity, from
Scheme 1, and 3 in Scheme 1 will serve to describe the transition state for
decarboxylation of the cationic intermediate.
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The kinetic evidence indicates, as mentioned above, that the
carboxylic group is not deprotonated when decarboxylation is
initiated. The decarboxylation should be rate-controlling in the
reaction, since other processes in the reaction system are
normally much more rapid than decarboxylation itself.* If the
transfer of a carboxylic proton were a part of the reaction
coordinate motion in the decarboxylation process, a sizeable
isotope effect should result.2* Our results show no significant
primary deuterium isotope effect and, with regard to the
expected inverse solvent isotope effect, it seems reasonable to
conclude that mutual cancellation of the solvent isotope effect
and primary deuterium isotope effect should have occurred. In
order to explain our results, we have applied the concept
proposed by Swain et al.25 According to this concept, it is
possible that proton transfer between electronegative elements
accompanying heavy atom reorganization is not a part of the
reaction coordinate motion. The proton then remains in a stable
potential well during the cleavage of the carbon-carbon bond,
and therefore a low isotope effect would result. If the transition
state for decarboxylation is similar to 3, having the proton in the
stable potential well, which corresponds to the conditions
proposed for the model of Swain et al., the observed low isotope
effect would not be unexpected. The mechanism of decarboxyl-
ation involving unimolecular decomposition through a cyclic
transition state is, on the other hand, generally accepted for -
keto acids.?® Intramolecular proton transfer as an integral part
of the reaction mechanism was proposed for numerous other
decarboxylation reactions.?2

The observed solvent isotope effects at low proton concen-
tration were related to the uncatalysed reaction, and we believe
that the solvent isotope effect k(H,0)/k(D,0) of 1.15 at 0.12
mol dm™ H;0"* mainly reflects the solvent isotope effect on
hydration of pyruvic acid.t}

With regard to the uncatalysed reaction pathway it should be
noted that there exists the possibility for another pathway§ to
the intermediate 2a. It was proposed 283! that pyruvic acid can
exist in a strongly hydrogen bonded form with the hydrogen
bond between the carboxylic proton and a-keto group (‘proton
chelate’) even in water solution, in equilibrium with the
‘unchelated’ form. The formation of a dipolar addition inter-
mediate renders feasible proton transfer down a hydrogen bond
to the developing anionic oxygen. Such proton transfers down a
hydrogen bond are known to be much faster than the rate of
diffusion together of two reactants in ordinary aqueous sol-
ution.??-33 Hence, intramolecular proton transfer down the
hydrogen bond from the carboxylic group to the a-oxygen of the
dipolar intermediate can compete with the diffusion-controlled
trapping of this intermediate by a solvated proton. This process

* Decarboxylation is ordinarily a relatively slow process,?? while

proton transfers between electronegative atoms are fast processes.??
Additions to carbonyl group are also much faster than decarboxylation
as well as the breakdown of dipolar intermediate to reactants,'¢~18-22
t Generally, any solvent isotope effect observed in the reactions of
strongly hydrated carbonyl compounds in aqueous solution should be
complicated by a solvent isotope effect on hydration. The solvent
isotope effect observed here in the uncatalysed reaction of pyruvic acid
is closely similar in magnitude to the solvent isotope effect for hydration
of acetaldehyde.?’

1 A referee has suggested that the difference between kinetic isotope
effects in the solutions of slightly lower hydronium ion concentration
may be insignificant.

§ Also, the intramolecularly catalysed (‘uncatalysed’) reaction is kinetic-
ally indistinguishable from another one, where pyruvate anion would
react with nitrosobenzene. However, it seems that the ‘uncatalysed’
reaction is rather the one described by Scheme 1. Pyruvic acid is more
reactive toward nucleophiles than its anion, and the intermediate which
would arise from pyruvate anion and nitrosobenzene should be less
stable than 2a.
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would lead to 2a, along with the above described conversion of
2to 2a.

Assuming steady-state conditions for the system described by
Scheme 1, the derived rate equation [eqn. (4)] will be entirely
analogous to the experimentally obtained one [eqn. (3)] where

kovs = k3K Ko[PYy][H™] + k3K, Kp[Py] )

K, = k,/k_, and K, = k,/k_,, revealing the possible meaning
of the empirical parameters k and &'

This reaction is much less sensitive toward the added organic
cosolvent than the reaction of formaldehyde. The latter reaction
is strongly retarded by the added organic cosolvent, as is the
analogous reaction of glyoxylic acid.>'* In the reaction of
formaldehyde the rate-controlling step is proton transfer
from carbon,?® while decarboxylation is expected to be
rate-controlling in the reaction of pyruvic acid. Decarboxyl-
ation is known to be favoured by reducing the medium
polarity, probably owing to changes in transition state
solvation.343¢

Acetaldehyde.—Essentially, analogous experimental evidence
and argumentation as in the case of pyruvic acid suggest that the
first reaction step includes nucleophilic attack of the nitroso
group on the carbonyl carbon and the formation of the dipolar
intermediate 8§ (Scheme 2). It seems reasonable to conclude that
the observed acid catalysis and solvent deuterium isotope effect
are consistent with proton transfer to the dipolar intermediate 5,
leading to the cationic intermediate 6. Generally, trapping of an
intermediate such as 5 by proton transfer from an acid catalyst
would lead to acid catalysis.'® The observed ratio of about 30,
between the catalytic rate constants for hydronium ion and
formic acid is consistent with the expected one for general acid
catalysis by trapping where the proton transfer is diffusion-
controlled.'¢-!7

The observed inverse solvent deuterium isotope effect k-
(H,0)/k(D,0) is 0.41 (in 89% deuterium oxide). This value
leads to the reasonable estimated one of 0.31 for k(H,0)/k-
(D,0), taking into account a solvent isotope effect K(H,O)/K-
(D,0) of 0.86 for hydration of acetaldehyde.?” An inverse sol-
vent deuterium isotope effect is normally expected if there is pre-
equilibrium protonation preceding a slow step in a complex
reaction. The solvent deuterium isotope effects K(H,O)/K-
(D,0) arising from an equilibrium protonation are usually
0.50-0.25.37 The observed solvent isotope effect in this
reaction should therefore be consistent with the preequilibrium
protonation of the dipolar intermediate 5 in the second
reaction step.

The second step is followed by the elimination of a proton
from the carbon of the nitrosocarbinolic cation intermediate 6.
This process leads to the final product, hydroxamic acid.
Probably, this process is rate controlling, since (i) proton
transfer from carbon is ordinarily slow in comparison with
other processes, i.e. proton transfer between electronegative
atoms?3 and the formation and breakdown of the dipolar
intermediates,'~'8 (ii) the analogous proton transfer from the
carbon of nitrosocarbinolic cation intermediate in the closely
similar reaction of formaldehyde with nitrosobenzenes is
rate controlling for this reaction as demonstrated earlier.?®q

With regard to the observed catalysis by hydronium ion and
the observed solvent deuterium isotope effect, an alternative

€ In the reaction of acetaldehyde, a diminished solvent isotope effect was
observed when the reaction was initiated for 22 h, after addition of
acetaldehyde into heavy water (Table 1). Probably, this is a result of
partial H/D exchange on the carbonyl carbon, which would lead to the
primary isotope effect and partial cancellation of the inverse solvent
deuterium isotope effect.
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reaction path leading to the cationic intermediate 6 is possible.
This reaction path would include formation of the intermediate
6 as a result of nucleophilic attack of nitrosobenzene on the
protonated acetaldehyde, and cannot be kinetically distin-
guished from reaction via dipolar intermediate 5. The observed
general acid catalysis suggests the occurrence of the reaction via
the dipolar intermediate, but does not rule out a possible
concurrent reaction via the protonated aldehyde. The observed
solvent isotope effect can also be related to the reaction via the
protonated aldehyde. The question of the existence of this
alternative reaction so far remains unresolved.

The rate of the reaction of acetaldehyde with nitrosobenzene
is 7.71 x 107> dm® mol2 s! (at zero ionic strength). Con-
sidering this rate constant as the rate of reaction via a dipolar
intermediate, the corresponding rate constant for the reaction of
formaldehyde 2° would be greater by a factor of 4.2 x 10°. This
great difference in the rates of the two reactions could be a
consequence of the different rates of proton transfer from the
carbon of cationic intermediates and the different stability of the
dipolar intermediates. The steady-state treatment gives for the
reaction system of Scheme 2 rate equation (5)

kops = k3K, K,[CH;CHOJ[H*] )

(where k,/k_, = K, and k,/k_, = K,), analogous to the
experimentally obtained one.

Experimental

Reagents and Apparatus.—Nitrosobenzenes were prepared
by literature methods.>® Sodium pyruvate (Fluka, puriss,
>99%) was used. Heavy water was from Fluka, 99.8%;. Iron(i)
perchlorate solutions were prepared according to the procedure
in ref. 39. A stock solution of acetaldehyde was prepared by
dissolving pure acetaldehyde (Fluka, min. 99.9%) in the
appropriate amount of cold (0 °C) water. All other chemicals
employed were of analytical grade purity. A Pye Unicam Model
SP-8-100 spectrophotometer and a Beckmann 24 spectro-
photometer, both equipped with thermostatted cell compart-
ments were used for collection of kinetic data and for UV-VIS
scans.

Synthesis of N-Phenylacetohydroxamic Acid—Method (A).
To a solution of nitrosobenzene (0.30 g, 0.003 mol) in 10 cm? of
aceticacid (99.6%) and 3.3 cm? of 1.88 mol dm=3 HClI, a solution
of sodium pyruvate (0.33 g, 003 mol) in 25 cm® water was added
dropwise. The reaction mixture was stirred for 2.5 h at ambient
temperature and extracted with chloroform (4 x 50 cm?®). The
combined extracts were washed with water, dried and evapor-
ated to give 0.36 g (80%) of N-phenylacetohydroxamic acid
(N-phenyl-N-hydroxyacetamide). Recrystallization from light
petroleum gave pale needles, m.p. 66-67 °C (lit.,*! 67-67.5 °C).
Vmax(KBr)/em™ 3140, 2880, 1625, 1585, 1475. A,./nm 250
(EtOH). A,.. of the monohydroxamatoiron(iir) complex (in
CHCIO,/NaClO,) was 505 nm (lit.,*® 505 nm).

Method (B). To a solution containing 40.00 g NaClin 200 cm?
water was added 2 cm? of concentrated hydrochloric acid and
then 5 cm? of a 44%; aqueous solution of acetaldehyde followed
by a dropwise addition of a solution of nitrosobenzene in
ethanol (0.30 g in 30 cm?). The reaction mixture was stirred at
room temperature for 20 h and then extracted with chloroform
(4 x 100 cm?). The combined extracts were washed with water,
dried over anhydrous sodium sulfate and evaporated. Recrys-
tallization from light petroleum gave the product with identical
spectral and physical properties as in Method (A).

Kinetics.—Method (A). Most kinetics were performed by
following the appearance of the absorbance of the mono-N-
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Table 2 Dependence of the rate of reaction of pyruvic acid with
nitrosobenzene on the hydrogen ion concentration®®

Run [H;07}/mol Kops/107* 571 ke [Py]/10*
dm dm? mol™! s
1 0.049 1.92 (0.03)¢ 3.14
2 0.153 2.97 (0.09)¢
3 0.158 2.95(0.01)¢ 3.54
4 0.161 3.11 (0.02)
5 0.354 3.61 (0.15)¢
6 0.357 3.75 (0.10) 4.08
7 0.459 4.36 (0.04) 4.59
8 0.555 4.78 (0.04) 4.82
9 0.754 6.04 (0.04) 5.67
10 0.953 7.32(0.17) 6.45
11 1.153 8.66 (0.12) 7.18
12 1.303 9.40 (0.27) 7.50
13 1.503 11.07 (0.14) 841
14 1.663 11.80 (0.10) 8.74

¢ At 25 °C. Ionic strength was 0.4 mol dm™* (HC1O,/NaClO,) up to the
concentration of H;O* of 0.354 (Runs 1-5). Ionic strength was not
constant in other experiments (Runs 6-13). Concentrations of
hydronium ion are total concentration of this ion, taking into account
dissociation of pyruvic acid. The pX, of pyruvic acid is taken (see ref. 42)
to be 1.5. ® Rate constants were determined as noted (see text), and are
average of 3-5 runs. ¢ Rate constants determined by the sampling
method (see text), without addition of iron(ur) ions to the reaction
mixture. ¢ Rate constants obtained from X, after correction for the
influence of ionic strength, where ionic strength exceeded 0.4 moldm™3.
Concentrations of undissociated pyruvic acid are calculated as denoted
above. ¢ Rate constant obtained by the measuring of disappearance of
absorbance of the nitroso compound at 370 nm.

phenylacetohydroxamatoiron(ur) complex at 520 nm. Usually,
kinetics were initiated by addition of a solution of nitroso-
benzene in methanol (0.02 cm?) to the reaction mixture (2.5 cm?3,
in a well stoppered and thermostatted silica cell), containing
reactants and 5 x 1073 mol dm™? iron(im) ions [iron(ir)
perchlorate]. Pyruvic acid and proton concentration exceeded
100-3000 times that of nitrosobenzene. Rate constants were
computed using a nonlinear least-squares fitting program, and
good first-order kinetics (r > 0.9997) were obtained over more
than four half-lives. Essentially the same procedure was per-
formed for determining rate constants of the reaction of acet-
aldehyde with nitrosobenzenes, obtaining also good pseudo-
first-order kinetics over at least four half-lives. In this case, ionic
strength was usually 3.0 or 4.0 mol dm~3 (NaCl/HCl), and total
concentration of acetaldehyde 1.0 mol dm=3.

Method (B). Some kinetics (denoted with ¢ in Table 2) were
performed by sampling the reaction mixture without added
ferric ions, at appropriate time intervals, to avoid catalytic
reaction with iron(i). This method appeared to be necessary
where the ratio H* /Fe?* was less than 50, and was also used as
a control method in relation to Method (A). The samples of the
reaction mixture (0.1 cm?) were quickly mixed with iron(1) ion
solution (0.01 mol dm™3 in 0.1 mol dm™> HCIO,) and the
absorbance of the hydroxamatoiron (m) complex was im-
mediately measured. Other details were as for Method (A).
Good kinetics, in agreement with those of Method (A), within
the limits of experimental error, were obtained.

Method (C). This method was based on measuring the
disappearance of the absorbance of the nitroso compound at
370 nm, and served only as a control method (e in Table 2). The
results are in very good agreement with those of Methods (A)
and (B).

Determination of the Dependence of the Rate of Reaction of
Pyruvic Acid with Nitrosobenzene on Hydronium Ion Concen-
tration.—Fig. 3 and Table 2 show the dependence of k,,,/[Py]
on the hydronium ion concentration. Rates are corrected for
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the influence of ionic strength, in all cases where ionic strength
exceeded 0.4 mol dm™3. The added electrolyte increased the rate
of the reaction of pyruvic acid with nitrosobenzene. We observed
a linear dependence in the case of added NaClQ,, in the range
0.4-5.2 mol dm3. We have assumed that the effects of added
HCIO, (apart from the catalytic effect of hydronium ion) on the
rate are not very different (at least in the range 0.4-1.6 mol
dm™3) from that of NaClQ,. Following this assumption we
calculated the values of the rate constants at ionic strength of
0.4 mol dm™3. The calculation was based on the empiric
equation now rewritten in the form (3.45 = k), kops = ko (1 +
1.12/k, I), and, taking k = k_,, at 0.4 mol dm™3 ionic strength
and AI = (I — 0.4), it follows that k,, = k(1 + 0.30 A ]).
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