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Abstract

The study explores the synthesis of aromatic tertiary amines (S1-S3), which were prepared by reacting
substituted piperidine derivatives with benzene derivatives under reflux conditions. The resulting
primary amines were subsequently oxidized using 30% hydrogen peroxide, leading to the formation of
N-oxide derivatives (S4-S6). These tertiary amine N-oxide compounds then underwent thermal
rearrangement under reflux in dioxane, yielding the corresponding derivatives (S7-S9). Kinetic studies
of the thermal rearrangement were also conducted to examine the reaction mechanism and rate. The
synthesized compounds were characterized using a range of analytical techniques, including Proton
Nuclear Magnetic Resonance (‘H-NMR), Carbon-13 Nuclear Magnetic Resonance (33C-NMR), Fourier
Transform Infrared (FT-IR) spectroscopy, and Ultraviolet (UV) spectroscopy.

Keywords: Piperidine, N-oxide derivatives, thermal rearrangement, kinetic studies

Introduction

Tertiary amine oxides, characterized by the general formula R3N*-O°, where R represents
organic groups (typically alkyl or aryl) attached to a nitrogen atom (Figure 1), The first
report of an amine N-oxide was due to Pinner and Wolffenstein, and dates back to the end of
the 19" century [,
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Fig 1: The structure of tertiary amine oxide

Their unique chemical configuration, characterized by a positively charged nitrogen atom
and an oxygen atom possessing a lone pair of electrons, constitutes a distinctive category of
compounds which endows them with a diverse array of chemical and physical characteristics
that render them indispensable in both industrial and biological contexts. Within industrial
applications, tertiary amine oxides are extensively utilized as surfactants within detergent
formulations 61, where they effectively reduce surface tension, augment cleaning efficiency,
and stabilize emulsions. Their capability to act as proficient fabric softeners further
underscores their significance in textile manufacturing, enhancing the texture and durability
of fabrics while enabling high-performance finishes #. Moreover, they function as catalysts
in various industrial processes ). Additionally, their prospective contributions to
environmental sustainability are currently being investigated, particularly in the realm of
wastewater treatment !'-12] wherein they facilitate the elimination of pollutants, including
oils and organic contaminants. From a biological perspective, tertiary amine oxides
demonstrate pronounced antimicrobial properties [*], compromising bacterial and fungal cell
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membranes, which renders them valuable in the formulation
of disinfectants and antiseptics. They are also the subject of
research for potential application in drug delivery systems
141" as their amphiphilic characteristics enable interaction
with biological membranes, thereby promoting the
controlled release of therapeutic agents. Their membrane-
active properties have prompted investigations into their
utility for treating neurodegenerative disorders, such as
Alzheimer's disease [, as well as for enhancing the
efficacy of cancer therapies ['®. This paper is concerned
with the preparation and rearrangement of some selected N-
arylpiperidine N-oxides.

Materials and Methods

All reagents employed in this study were sourced from
Aldrich, Fluka, and BDH and were used as received without
any further purification. IH-NMR and 13C- NMR spectra
were recorded on a Bruker AVANCE NEW-400, 400 MHz
high-performance digital NMR spectrometer. FT-IR spectra

https://www.chemistryjournals.net

were acquired using KBr discs on a SHIMADZU FT-IR
spectrometer. UV-Vis spectra were measured with a T92+
double-beam spectrophotometer, using a 1.0 mm quartz cell.
The melting points of the compounds were determined with
a Stuart SMP30 melting point apparatus.

Procedure

General synthesis of aromatic tertiary amines S(1-3)

All novel aromatic tertiary amines S(1-3) were synthesized
through the reaction of benzene derivatives (0.094 mol) with
piperidine derivatives (0.282 mol) in the presence of 30 mL
of dimethyl sulfoxide (DMSO). The reaction mixture was
stirred and refluxed for 2 h at 60 °C. After completion, the
mixture was allowed to cool, then filtered. The filtrate was
washed with water and dried. The resulting precipitate was
subsequently recrystallized from ethanol. The physical
properties of synthesis aromatic tertiary amines are shown in
Table 1.

Table 1: The physical properties of synthesis aromatic tertiary amines S(1-3).

Compound A B Molecular formula Melting point, °C Color Yield %
S1 2-CHs H Ci2Hi1602N2 137-139 yellow 78
S2 4-CH3 NO2 Ci2Hi1504N3 83-86 orange 89
S3 3-CH; H Ci2H1602N2 132-135 Orange 97

General synthesis of tertiary amines oxide S(4-6)

The dropwise addition of hydrogen peroxide (H>O,, 17 mL)
to a solution of aromatic tertiary amine derivatives (0.025
mol) in absolute ethanol was carried out with continuous
stirring. The mixture was then heated to reflux. After 4
hours, the reaction mixture was allowed to cool, and the

excess H»O, was decomposed using manganese dioxide
(MnO,). The mixture was then filtered to remove the MnO-,
and the filtrate was dissolved in diethyl ether, washed with
water, and dried, yielding the tertiary amine oxide
derivatives. The physical properties of synthesis aromatic
tertiary amine oxides are shown in Table 2.

Table 2: The physical properties of synthesis aromatic tertiary amine oxides s(5-8).

Compound A B Molecular formula Melting point °C Color Yield %
S5 2-CH3 H Ci2Hi1602N2 122-123 Red 80
S7 4-CH3 NO2 Ci2Hi1504N3 Oil Yellow 95
S8 3-CHs H Ci2Hi1602N2 119-121 Red 90

Thermal rearrangement of tertiary amine oxides S(7-9)

Heat 1.0 g of amine oxide derivatives in anhydrous dioxane
with gradual heating and stirring over a specified duration.
After heating, allow the mixture to cool and remove the
solvent (dioxane) under reduced pressure. The mixture was
then poured into a neutral alumina column under controlled

pressure. The resulting compounds were eluted using a
mixture of chloroform and petroleum ether. The solvent was
then evaporated. The final product obtained is solid or semi-
solid. The physical properties of synthesis Rearrangement of
the N-Oxides are shown in Table 3.

Table 3: The physical properties of synthesis rearrangement of the N-oxides S(7-9).

Compound A B Molecular Formula Melting point, °C Color Yield %
S7 2-CH3s H Ci12H1603N2 96-98 Brown 95
S8 4-CHs NO. Ci2Hi505N3 Oil Yellow 69
S9 3-CH;3; H Ci2Hi1603N2 91-93 Red 68

Results and Discussion

The synthesis of tertiary amine oxides was executed through
a tripartite reaction sequence. In the P; OL Ttertiary
aromatic amines. This reaction was conducted in an
appropriate organic solvent under meticulously regulated
temperature conditions, thereby ensuring adequate mixing to
attain a high yield of the desired tertiary amine derivatives.
Upon completion of the reaction, the resulting mixture
underwent purification via conventional separation and
purification methodologies, aimed at isolating the tertiary
aromatic amines. In the subsequent phase, the isolated
secondary amine derivatives were subjected to oxidation

processes to produce tertiary amine oxides, utilizing
hydrogen peroxide as the oxidizing agent. The reaction was
carried out under mild conditions to avert over-oxidation or
degradation of the resultant product. In the final phase, a
kinetic investigation of the rearrangement of the tertiary
amine oxides was undertaken to elucidate the factors
impacting their stability and reactivity. The rearrangement
was monitored under a variety of conditions, including
variations in temperature and solvent composition, to
ascertain the activation energy and reaction kinetics. The
data amassed during this investigation facilitated the
optimization of the reaction conditions to ensure maximal
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stability of the tertiary amine oxides, thereby providing
profound insights into their behavior under diverse
environmental conditions. All resultant compounds were
subsequently purified, dried, and characterized utilizing

https://www.chemistryjournals.net

spectroscopic techniques (such as NMR, IR, and UV) to
validate their chemical structure and purity. All synthesized
compounds are presented in Scheme 1.
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Scheme 1: Synthesis of tertiary amine, tertiary amine oxide, and thermal rearrangement of tertiary amine oxide derivatives

Characterization of aromatic tertiary amines S(1-3)

The analysis demonstrated distinct physical characteristics
in the synthesized compounds compared to the starting
materials, as revealed by infrared spectroscopy. The spectra
indicated various functional group vibrations, including

those related to, aromatic C-H stretching, aliphatic C-H
stretching, and aromatic C=C vibrations!'”"!*!. Additional
peaks were observed for C—N stretching, as detailed in as
detailed in Table 4 and Figures 2 and 3.

Table 4: The FT-IR data of compounds (S1-S3).

FT-IR, (KBr), cm’!

S. No. v(=CH)Ar v(C-H) Aliph vC=CAr vC-N
S1 3104 2966 1557 1241
S2 3031 2958 1604 1236
S3 3079 2884 1537 1259
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Fig 2: The FT-IR spectrum of compound S1.
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Fig 3: The FT-IR spectrum of compound S3.
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The 1H-NMR spectrum of compounds was obtained using
dimethyl sulfoxide as the solvent with deuterium lock. The

https://www.chemistryjournals.net

1H-NMR spectral data of tertiary amines are shown in Table
5 and Figure 4 and 5.

Table 5: The 1H-NMR data of compounds (S1-S3).

Compound Structures

1H NMR Spectral data (6 ppm)

S1

HBCCN@'NOZ

1.108-1.226 (d, 3H, CH3)
1.617-1.753 (q, 2H, CH>)
2.652-2.835 (m, 1H, CH)
3.757-3.837 (t, 2H, CH2)
3.757-3.837 (t, 2H, CH2)
8.205-8.563 (d, 4H, CH arom )

S2 NO,

NO,
H3CON@

1.268-1.276 (d, 3H, CH3)
1.627-1.663 (g, 2H, CHa),
3.372-3.567 (m, 1H, CH),
3.783-3.837 (t, 2H, CH»),
7.369-8.557 (s,dd, 3H, CH arom),

S3

CHs

1.127-1.164 (d, 3H, CH3).
1.568-1.594 (quintet, 2H, CH>),
2.592-2.651 (q, 2H, CHo),
2.880-2.886 (m, 1H, CH),
3.211-3.317 (d, 2H. CH>)
3.421-3.437 (t, 2H, CH2)
7.160-7.516 (d, 4H, CH arom).

r8.563
/r8.557
.223
-8.205

8

0 ppm

8.557
—8.223
~8.205
-7.393
-7.369
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Fig 5: The 'H-NMR spectrum of compound S3.
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The '*C-NMR spectrum spectrum of compounds was deuterium lock. The 'H-NMR spectral data of tertiary amine
obtained using dimethyl sulfoxide as the solvent with oxides are shown in Table 6 and Figure 6 and 7.

T T T T T

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Fig 6: The '*C-NMR spectrum of compound S1.
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Fig 7: The '>*C-NMR spectrum of compound S2.

Table 6: 13C-NMR data of compounds (S1-S3).

Compound I3C-NMR Spectral data (5 ppm)
S1 125.35, 126.33, 136.43 and 147.71(C arom ), 47.36, 43.76, 33.71, 30.73.
S2 121.52, 121.84, 125.83, 134.08, 142.98 and 146.32 (C arom), 48.56, 45.06, 33.77, 29.92.
S3 125.77, 126.68, 130.31 and 136.29 (Carom), 54.47, 47.52, 32.90, 30.55, 24.78, 22.31.

Characterization of tertiary amines oxide (S4-S6) those related to aromatic C-H stretching, alphatic C-H
The analysis demonstrated distinct physical characteristics stretching, and aromatic C=C vibrations. Additional peaks
in the synthesized compounds compared to the starting were observed for C-N and, as detailed in Table 7 and
materials, as revealed by infrared spectroscopy. The spectra illustrated in Figures 8 and 9.

indicated various functional group vibrations, including
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Table 7: The FT-IR data of compounds (S4-S6).

No. FT-IR, (KBr), em’!
v(=CH)Ar v(C-H) Aliph vC=CAr vC-N
S4 3079 2930 1608 1284
S5 3103 2851 1575 1313
S6 3012 2914 1597 1252
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Fig 8: The FT-IR spectrum of compound S4.
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Fig 9: The FT-IR spectrum of compound S5.
The "H-NMR spectral data tertiary amine oxides are shown in Table 8 and Figures 10 and 11
Table 8: The 'H-NMR spectrum of compound (S4-S6).
Compound Structures 1H NMR Spectral data (6 ppm)

1.242-1.294 (d, 3H, CH3), 2.459-2.542 (q, 2H, CHy),
S4 HsC +N NO, 2.901-3.137(m, 1H, CH), 3.895-3.974 (t, 2H, CHb),
7.709 -8.203 (d, 4H, CHarom)

- NO, 1.312-1.361 (t, 3H, CHs).

/ 2.095-2.152 (q, 2H, CHy),

3.440-3.550 (m, 1H, CH),

4.355-4.405 (t, 2H, CHa),
7.376 -8.550 (s, dd, 3H, CHarom)

S5

CH
’ 1.135-1.152 (d, 3H, CH3), 1.874-1.914 (quintet, 2H,

o)
6 / CH>), 2.598-2.674 (q, 2H, CH>), 2.885-2.902 (m, 1H,
+N NO; CH) 3.321-3.332 (t, 2H, CH>»), 3.432-3.447 (d, 2H,
CHz), 7.175-7.534 (d, 4H, CHarom),
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Fig 11: The '"H-NMR spectrum of compound S5.

The '*C-NMR spectrum spectrum of compounds was deuterium lock. The 'H-NMR spectral data of tertiary amine
obtained using dimethyl sulfoxide as the solvent with oxides are shown in Table 9 and Figure 12 and 13.

Table 9:The '3C-NMR data of compounds (S4-S6).

Compound I3C-NMR Spectral data (6 ppm)
S4 126.35, 139.16, 142.74 and 147.75 (Carom), 50.18, 45.56, 34.80, 33.53
S5 (120.48, 124.11, 128.54, 136.79, 136.89 and 149.55 (Carom), 55.40, 33.75, 29.90, 21.91.
S6 125.77, 126.68, 130.31 and 137.62 (Carom), 54.47, 47.52, 32.90, 30.55, 24.78, 22.3147.
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Characterization of thermal rearrangement of tertiary

amine oxides (S7-S9)

The analysis demonstrated distinct physical characteristics
in the synthesized compounds compared to the starting
materials, as revealed by infrared spectroscopy. The spectra

https://www.chemistryjournals.net
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Fig 12: The *C-NMR spectrum of compound S4
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Fig 13: The '*C-NMR spectrum of compound S5.
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indicated various functional group vibrations, including

those related to aromatic C-H stretching, alphatic C-H

Table 10: The FT-IR data of compounds (S7-S9).

stretching, and aromatic C=C vibrations. Additional peaks
were observed for C-N and, as detailed in Table 10 and
illustrated in Figures 14 and 15.

No FT-IR, (KBr), cm! Fixed bands in structure

: v(=CH) Ar v(C-H( Aliph | vC=CAr vC-O vC-N
S7 3101 2939 1599 1512 1249
S8 3022 2976 1604 1518 1265
S9 3046 2991 1607 1515 1284
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The '"H-NMR spectral data tertiary amine oxides are shown in Table 11 and Figures 16 and 17
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Fig 14: The FT-IR spectrum of compound S7.
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Fig 15: The FT-IR spectrum of compound S9.

Table 11: 1H NMR data of compounds (S7-S9).

Compound

Structures

1H NMR Spectral data (6 ppm)

S7

1.116-1.176 (d, 3H, CH3).
1.855-1.936 (q, 2H, CHa),
2.427-2.547 (m, 1H, CH),

4.152-4.197 (t, 2H, CH),

8.205-8.563 (d, 4H CHarom)

S8

NO,

1.715-1.739 (d, 3H, CH3).
2.467-3.214 (q, 2H, CHo),
3.841-3.895 (m, 1H, CH),
4.121-4.198 (q, 2H, CHo),

7.879-8.576 (d, 3H, CHarom)

S9

CHs
O

1.049-1.091 (d, 3H, CH3),
1.1844-1.913 (q, 2H, CH>),

1. 963-2.048 (quintet, 2H, CHy),
3.344-3.496 (m, 1H, CH),
4.154-4.204 (t, 2H, CH>),
4.948-4.994 (t, 2H, CH>),

8.548-8.779 (d, 4H, CHarom)
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Fig 16: The 'H-NMR spectrum of compound S7
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Fig 17: The '"H-NMR spectrum of compound S9.

The 3C-NMR spectrum spectrum of compounds was obtained using dimethyl sulfoxide as the solvent with deuterium lock.
The 'H-NMR spectral data of tertiary amine oxides are shown in Table 12 and Figures 18 and 19.
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Fig 18: The 1*C-NMR spectrum of compound S7
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Fig 19: The 3*C-NMR spectrum of compound S9
Table 12: 3C-NMR data of compounds (S7-S9).
Compound I3C-NMR spectral data (5 ppm)
S7 122.36, 126.66, 135.38 and 139.26 (Carom), 67.56, 34.13, 31.53, 23.19.
S8 (122.33, 124.23, 124.62, 127.22, 138.91 and 148.03 (Carom), 53.12, 44.62, 34.33, 29.98.
S9 125. 83, 134.08, 142.98, and 146.32 (Carom), 59.40, 52.38, 34.31, 32.40, 30.95, 25.37

Kinetic Measurements

Determine the reaction order

Reaction rates were determined spectrophotometrically by
monitoring the absorbance at the Amax of the rearrangement
product as a function of time. The experiments were
performed in duplicate, with each run reaching 75-85%
completion. A stock solution was prepared by dissolving
0.008-0.01 g of freshly synthesized amine N-oxide in 10 mL

of anhydrous dioxane. A 0.2-0.4 mL aliquot of this solution
was then diluted with thermostated dry dioxane. Absorbance
measurements were initiated immediately after dilution. The
"infinity" absorbance (Aw) for each reaction was
determined experimentally by allowing the amine oxide
solution to equilibrate at the desired temperature until no
further change in absorbance was observed. The reaction
rate constants were calculated from the slope of the plot of
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In (Aco-At) versus time. The data presented in Figures 20-22

https://www.chemistryjournals.net

amine oxide follows first-order kinetics for all compounds

demonstrate that the thermal rearrangement of the tertiary investigated.
0
0 20 40 60 80 100 120

1

, y =-0.015x - 3.1324
g R?=0.9177
8§ 3
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(] @ ®
-5 °®
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Fig 20: Thermal decomposition rate of compound (S7) in dioxane at Wavelength: 294nm
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Fig 21: Thermal decomposition rate of compound (S8) in dioxane at Wavelength: 294 nm
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Fig 22: Thermal decomposition rate of compound (S9) in dioxane at Wavelength: 375 nm

Determination of the rate constant (k) for the reaction

The thermal decomposition of the re-arranged products of
tertiary amine oxides was analyzed in dioxane at a
wavelength of 294 nm to determine the rate constant (k)
using first-order kinetics. Absorption measurements were
taken at different time intervals ranging from 0 to 80
minutes. The relationship between the natural logarithm of
the concentration difference, In(Ac - At), and time (t)

follows the equation:

In(Aco—At)=—kt +In(Ax).... Eq.1

The data were plotted with In(Aco - At) versus time. A linear
regression analysis of the plot yielded a straight line, where
the slope represents the rate constant (k). Therefore, the rate
constant (k) was calculated as: k= - Slope.

The value of the rate constant show in Table 13
demonstrates the reaction speed under the specific
conditions. The first-order kinetic behavior was confirmed
by the linearity of the plot and the consistency of the
calculated In(Aco - At) values with time.

~199~


https://www.chemistryjournals.net/

International Journal of Advanced Chemistry Research

https://www.chemistryjournals.net

Table 13: The physical properties of synthesis rearrangement of the N-oxides (S7-S9).

Compound Reaction order Reaction rate constant, min"!
S7 First-order 1.497x102
S8 First-order 2.070x102
S9 First-order 9.40%x1073

Conclusion

The study successfully synthesized a series of aromatic
tertiary amines and their oxides, and provided valuable
kinetic data on the thermal rearrangement of these
compounds. The combination of structural characterization

and kinetic

analysis using advanced spectroscopic

techniques offered a comprehensive understanding of the
chemical behaviors and transformations of these amine
derivatives.
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