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ABSTRACT

The new oxidant N-chloroisonipecotamide (NCINA) is prepared by standard procedure
and characterized. The formal redox potential, physical constant, elemental analysis and spectral
characterization (IR, '"H-NMR and Mass spectrum) confirms the presence of nitrogen-halogen
bond. Itis found to be a mild and stable oxidant and formal redox potential of N-chloroisonipecotamide
shows that it can be used as an effective source of positive halogen, like other existing oxidants.
Oxidation of benzaldehyde di-n-alkyl acetals is carried out with new oxidant in acetonitrile medium.
The reaction is first order with respect to NCINA and zero order with respect to acetals. The effect
of isonipecotamide and acetonitrile is studied. Increase in ionic strength has marginal effect on the
rate. A mechanism consistent with the observed kinetic results has been elucidated.
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INTRODUCTION

Oxidation is an important process in
organic chemistry and us of a new economic and
effective oxidants under mild and anhydrous
conditions constitutes a standing challenge. The
chemistry of N-halo compound forms a separate
branch, which is a great synthetic importance'. N-
halo compounds have been extensively employed
as oxidizing agents for organic substrates®. The
electronegativities of halogens except fluorine are
less than that of nitrogen. Hence they acquire a
positive charge when linked with nitrogen. The
electronegativity of nitrogen is further enhanced by
linking it with certain electron withdrawing groups

such as acyl group. Thus N-halo compounds are
referred as positive halogen compounds. Some of
the N-halo compounds are N-bromonicotinamide,
chloramine —T, N-bromoisonicotinamide, N-
chloroisonicotinamide, N-chloronicotinamide,
bromamine —T etc. They act as sources of positive
halogens. N-chloro compounds have been used
as oxidants in kinetic studies for the oxidation of
various substartes®. N-halo reagents has been used
as catalysts, in various chemical transformations,
for the protection of functional groups etc. N-
haloamides are being used as photoinitiators for
radical polymerization, in room temperature for the
preparation of caulks and sealants* and as oxidizing
agent in aqueous and non-aqueous media®®. This
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diverse nature of N-halo compounds attracted and
prompted to search a new oxidant. And oxidation
kinetics of acetals is carried out with the new oxidant
to prove the potential of the new oxidant. Acetals
are synthetically useful gem-dialkoxy compounds.
The oxidation of aliphatic and aromatic acetals with
several oxidants’'4 has been reported and number
of reports on the oxidation of several substrates by
N-chloroamides is available in literature'1.
However the biological significance and versatile
nature of isonipecotamide prompted to study the
title investigation to throw more light on mechanistic
aspects.

MATERIALS AND METHODS

Many literature methods are reported for
the synthesis of primary N-chloroamides?® and
secondary N-chloroamides?' using various
chlorinating agents. Trichloroisocyanuric acid is one
such chlorinating agent and has been demonstrated
to improve the preparative efficacy and to
dramatically reduce retention times for many organic
transformations?2. Colourless crystals of N-
chloroisonipecotamide were prepared by the
method reported in literature®. In a 50 mL round
bottom flask were placed in ten mL methanol and
added 3.22 m mol of isonipecotamide (INA) and
the mixture was stirred until the solid dissolved.
About 1.18 m mol (3.55 meq) of TCICA was added
and cyanuric acid was precipitated. After stirring for
one h, the mixture was filtered and the solid was
washed with methylene chloride. The solvent
removal by a rotary evaporator gave N-
chloroisonipecotamide (90% yield); mp 189-190 °C;
the chloramide (NCINA) precipitated was
recrystallized with ether.

The purity of NCINA (Fig.1) was confirmed
by elemental analysis (C 44.30 %, H 6.76%, N
14.76%, Cl 21.84 %, and O 9.84%). The IR spectra
of NCINA showed the presence of secondary amide
(1650 cm™"), a carbonyl group (1430 cm™) and N-CI
band (1140 cm™'). The chemical shift found in the 'H
NMR signals for both INA and NCINA was found to
be the same and the peak corresponding to NH,
signal is slightly shifted to a larger value while the
integration of the peak was half. These facts
indicates that one proton of the NH2 group is
substituted by the chlorine atom. '"H NMR of
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isonipecotamide &: 7.3 (singlet due to —NH), 2.9
(singlet due to -CONH,), 2.1 and 2.4 (C,-H and C,-
H, doublets of triplet due to equatorial and axial
hydrogen interaction), 1.6 and 1.4 (C,H and CH,
multiplets, due to axial and equatorial hydrogen
interaction). The signal remains the same for N-
chloroiosnipecotamide and the peak corresponding
to —CONH was slightly shifted to 6 7.6. Further the
compound has been confirmed by mass spectrum
which shows parent ion peak at m/z: 163 and M+2
peak at 165. Formation of peak at (M+2) also confirms
the presence of chlorine in the molecule.

NCINA was found to be soluble in water,
acetic acid, ethanol, but partially soluble in DMSO,
DMF, CCl,, ethyl acetate, chlorobenzene and
dioxane. Stock solution of NCINA was prepared in
80% acetic acid mixture and kept in the amber
colored bottle. It was stable in appearance and
concentration over a period of three months. A digital
potentiometer (Equip-tronics dual channel
potentiometer EQ-603) with a smooth platinum
electrode and a saturated aqueous calomel
electrode was used to determine the formal redox
potential of NCINA and INA in 80% acetic acid and
0.1 M HCI. Dilute solutions of INA and NCINA were
used and hence activities were replaced by
concentrations terms in the Nernst equation.

Eobs =E°+ 2.303 RT log [NCINA]
F [INA]

Aplotof E_,_against log [NCINAJ/[INA] yield
a straight line with non-zero intercept (Figure.1). The
potential was found to be 1.087 V at 25 °C. It shows
that it is a strong oxidizing agent. The formal redox
potential of the [NCINA]/[INA] couple viz. 1.087 V
for N-chloroisonipecotamide at 25 °C is comparable
to the value of 1.16 V for bromamine-T?4, 1.05 V for
N-chloroisonicotinamide?®®, 0.797 V for N-
bromonicotinamide®¢, 0.808 V for N-
bromoisonicotinamide®” and 1.02 V for N-
chloronicotinamide?-2°,

Acetonitrile (A.R grade) was purified by the
literature procedure®. Benzaldehyde di-n-alkyl
acetals namely benzaldehyde di-ethyl acetal,
benzaldehyde di-n-propyl acetal, benzaldehyde di-
n-butyl acetal, benzaldehyde di-isobutyl acetal,
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benzaldehyde di-isoamyl acetal and benzaldehyde
dibenzyl acetal were prepared in the laboratory and
their purities were checked by usual methods.
Double distilled water was employed in all kinetic
runs.

All kinetic measurements were made at
pseudo-first order conditions, by keeping large
excess of [acetal] over [oxidant]. Mixture containing
requisite amounts of solutions of acetal, sodium
perchlorate and acetonitrile were equilibrated at
323 K. To this mixture was added a measured
amount of pre-equilibrated standard solution of
NCINA. To maintain the desired temperature (+ 0.1
°C) the reaction mixture was kept in a thermostated
water bath and the progress of the reaction was
monitored potentiometrically by setting up a cell
consisting of a redox electrode (platinum wire was
dipped in reaction mixture) and reference electrode
(saturated calomel electrode). The emf of the cell
was measured periodically using an equip-tronics
(EQ-DGD) potentiometer.

Stoichiometry and product analysis
Stoichiometry of the reaction was
ascertained by equilibrating the reaction mixture
containing an excess of [NCINA] over [acetal],
sodium perchlorate and acetonitrile for 24 h at room
temperature. The concentration of unreacted
oxidant was determined iodometrically. The
estimated amount of unreacted NCINA showed that
one mole of acetal consumed one mole of NCINA.

CsHgNHCONHCI + solvent + CgH,CH(OR), —— CgHs;COOR + CsHgNHCONH, + RCl

The reaction mixture containing excess of
[acetal] over [NCINA] was kept overnight. The
products in the reaction mixture were extracted
several times with water followed by diethyl ether.
The combined ether extracts was evaporated and
the product ester was identified by the TLC, IR and
'H-NMR spectral data.

RESULTS AND DISCUSSION

With the [acetal] in excess, at constant
[NaClO,] and temperature, plots of log [NCINA] vs
time were linear (r > 0.99) indicating a first order
dependence of rate on [NCINA] . The values of
pseudo-first order rate constants (k ) are given in
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Table-1. Further the values of k ,_, are unaffected
with variation of [NCINA],, confirming first order
dependence on [NCINA],. The rate remains
unaltered with increase in [acetal] (Table-2),
indicating a zero order dependence of rate on
[acetal]. The corresponding rate constants with
increase in [acetal] are given for benzaldehyde di-
n-butyl acetal as a representative data in Table-1.
Addition of halide ion in the form of NaCl or variation
of ionic strength of the medium using NaClO, showed
only marginal effect on the rate. The increases in
dielectric constant of the medium by adding water
(0-8%), decrease the rate. On adding a small amount
of the reaction mixture to acrylonitrile, there was no
polymerization indicating the absence of free radical
species. The reaction was carried out in the range of
temperature 318 K to 333 K, keeping other
experimental conditions constant. The values are
given in Table-3. From the linear Arrhenius plot log
k__vs 1/T (r = 0.99), values of composite activation

obs

parameters E_, AH*, AS* and AG* were calculated.

Mechanism

The oxidizing species in NCINA may be
HOCI, H,OCI, cationic chlorine and NCINA itself
as expected for other N-chloroamides. NCINA, if
taken as active species, it is unable to explain the
slight negative effect of isonipecotamide on the
reaction rate. If addition of chloride ions increases
the rate of oxidation, Orton rearrangement of
organic haloamides would have been expected.
However no such effect was noticed. Since the rate
is independent of ionic strength H,OCI* and CI* can
be ruled out. The hydrolysis of NCINA is slight and
if HOCI is primarily involved, a retardation of rate
by the added isonipecotamide is expected. Such
effect is also noticed and hence it might be the active
oxidant species.

Based on the above observations, the
most probable mechanism is proposed as follows.
R= alkyl substituent [R= ethyl, n-propyl, n-butyl,
isobutyl, isoamyl, benzyl].

Considering the above steps the rate of
oxidation of acetal may be expressed in terms of
change in [NCINA]. On applying steady state
approximation to [HOCI] and [complex], the rate law
is derived as follows.
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Table 1: Effect of variation of [acetal] and [NCINA] on the rate
constant for the oxidation of benzaldehyde di-n-butyl acetal by
NCINA at 323 K

[NaCIO,] = 1.0 x 10" M

CH,CN =100 %

[NCINA] [Benzaldehyde di-n-butyl acetal] K,pe
x 10% (M) x 102 (M) x 10% (s)
5.0 5.0 8.29
6.0 5.0 8.26
7.0 5.0 8.29
8.0 5.0 8.28
9.0 5.0 8.27
5.0 5.0 8.29
5.0 6.0 8.31
5.0 7.0 8.34
5.0 8.0 8.39
5.0 9.0 8.41

Table 2: Effect of solvent composition on the rate constant for

the oxidation of benzaldehyde di-n-alkyl acetals by NCINA

[C,H.CH(OC,H,),] = 5.0 x 102 M

[NCINA] = 5.0 x 102 M

[NaCIO,] =1.0x10"M
CH,-CN- K, X 10* (s7)
H,0 (%) R=ethyl R= n-propyl R=n-butyl R=isobutyl R =isoamyl R = benzyl
100-0 8.14 8.19 8.29 8.32 8.37 8.46
98-2 7.26 7.45 7.63 712 714 7.76
96-4 6.10 6.43 6.71 6.42 6.65 6.97
94-6 4.72 4.96 5.03 5.21 5.28 5.93
92-8 3.99 412 4.27 4.53 4.71 5.33
Table 3: Temperature dependent rate constant and activation parameters
for the oxidation of benzaldehyed di-n-alkyl acetals by NCINA
[C,H,CH(OC,H,),] =5.0x 102 M [NCINA]=5.0x 10°M
[NaCIO,] =1.0x10"M CH,CN =100%
Compound k, x 10* (s) EakJ  AH*kJ AS¥j AG*kd
313K 318K 323K 328K 333K mol~! mol' mol"K' mol
R = ethyl 4.02 5.94 8.14 12.03 16.15 60.46 57.77 54.65 75.42
R = propyl 4.23 6.12 8.19 12.24 16.22 58.61 55.93 57.11 74.37
R = butyl 4.35 6.37 8.29 12.35 16.37 57.43 57.75 58.64 73.69
R = iso-butyl 4.51 6.42 8.32 12.58 16.51 56.64 53.95 59.71 73.24
R = iso-amyl 4.62 6.57 8.37 12.89 16.84 56.443 53.757 59.95 73.12
R = benzyl 4.83 6.89 8.46 13.11 17.07 54.89 52.21 61.99 72.23
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kl
C ;H,NHCONHCI+ Solvent <_k_—> C,H/,NHCONH, +HOCI ——
(NCINA) (INA)
solvent= CH3;CN + H,0 RJ
/OR ks /O_VCI
Hocl+  CH,X — C(HC |
loR = — [ CTT0) € (RUSSSeOottoo— )|
H OR U
Complex
k3
Complex ———  C(H;COOR +RCI+H,0 e (3)
slow
-d[NCINA] kik-k3[NCINA] [acetal] -
dt (ko2 + k3) ky[INA] + ko[acetal] e
-
Since the retarding effect of [INA] is negligible on 1 -
|
rate, it can be assumed that k [INA] << k, [acetal] potential{volts) =
and the term k ,[INA] is ignored. 12 g iy i
Hence the rate law reduces to
m !
]
-d[NCINA] kik3[NCINA] "
| |
dt (ko + ka) =
The above rate law explains the kinetic
results with respect to [NCINA] and [acetal]. The 02
above mechanism is well supported by Deno
Potter®, Gopalakrishnan® and is evidenced in the | : - = : J
oxidation of acetals by NCN®.
log[NCINAL/INA]
The effect of solvent on the reaction rate Fig. 1: Determination of E°[NCINA]/[INA]
has been studied by Amis®2. In the present potentiometrically in a mixture of 0.1 M HCI

investigation a plot of log k ,_ vs % CH,CN is linear and 80% acetic acid - 20 % H,O (v/v) at 25 °C
with positive slope. The negative value of entropy of
activation as observed suggests that the activated
complex is more compact than the reactants. High
positive values of free energy of activation and
enthalpy of activation suggest that transition state
is highly solvated and similar mechanisms are
operative for the oxidation of all the above mentioned
aromatic acetals by NCINA in acetonitrile medium.

CONCLUSION

In summary a new and attractive method
has been adopted for the preparation of N-
chloroisonipecotamide in 90% vyield in 1h. The
reaction conditions employed and the isolated yield
obtained seems to be considerably better than those
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reported in the literature. Further more this method
permits the N-chlorination of cyclic compounds
such as isonipecotamide in high yield. Also the
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