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INTRODUCTION

Insoluble reactants in one solvent prevent many beneficial
reactions and affect the yield and purity of the product. Tradi-
tional solvents can dissolve all reactants, but they are expensive
and not necessarily cost-effective [1]. Due to high nucleophile
solvation, the reaction rate is too low and hard to separate
useful product from the chemical reaction mixture [2].

To tackle these kinds of issues, reactants are permitted to
dissolve in both aqueous and immiscible organic solvents and
then phase transfer catalyst (PTC) is introduced to transport
the reactant from the aqueous or solid phase into the organic
phase, where reaction happens [3-5]. The reaction is producing
a high yield after the chemicals have been mixed. Also, PTC
is now employed in numerous synthesis applications, including
medicines, fragrances, agrochemicals, flavours, dyes, polymers,
pollution management, efc. [6,7]. Phase transfer catalyst (PTC)
outperforms the conventional synthesis due to its moderate
operating conditions, cheaper reagents, high product selectivity
in less time and suppression of unwanted side reactions [8]. It
also features faster reaction rates, cheaper raw materials and
less waste. Phase transfer catalysts enable water-based green
chemistry. Many publications have been published on phase
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The present work reports the synthesis and characterization of 1-benzyl-1,4-diazoniabicyclo[2.2.1]hepta-2,4(7)-diene dibromide for |
phase transfer catalyst (PTC) applications. The derived quaternary salt was characterized by UV, FTIR and NMR spectral techniques. The |
structure has been optimized by density functional theory (DFT) in water and diethyl ether solvation conditions. The DFT outcomes
showed the good chemical potential of the compound between 2.15 eV and 6.8 eV in both media. Extended research examined the nature |
of phase transfer by adjusting dosage, temperature and solvents in the O-propargylation reaction under normal conditions for useful |
precursor synthesis. The kinetic data revealed that the novel bisite quaternary amine bromide salt was effective in a variety of conditions. |
The chlorobenzene and water biphasic system yielded 88% of bioactive molecule precursor when compare to other immiscible systems. |
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transfer catalyst technology [8-10]. Likely, the metal-catalyzed
cyclization of homopropargylic and a-allenyl alcohols and
amines yields bioactive chemicals, especially heterocyclic
compounds [11]. Recently, allenyl and propargyl boronates have
become versatile reagents for regioselective propargylation or
allenylation reactions involving aldehydes, ketones or imines
[12].

This work reports the synthesis and characterization of
1-benzyl-1,4-diazoniabicyclo[2.2.1]-hepta-2,4(7)-diene
dibromide using phase transfer catalytic applications in the
O-propargylation of biological active heterocyclic molecules.
The HOMO-LUMO energy calculation were carried out in
different solvation such as vacuum, water and diethyl ether.
From the outcomes, the solvent suitability of derived PTC was
optimized using HOMO-LUMO energy [13,14]. Then, the
PTC efficiency and its kinetics of O-propargylation reaction
has been investigated by varying the parameters such as quantity
of catalyst and organic solvents [15].

EXPERIMENTAL

The chemicals viz. imidazole (Sigma-Aldrich, India), benzyl
bromide (Sigma-Aldrich, India), 1,2-dibromo ethane (SRL,
Chemicals, India), n-butyl bromide pure, 98% (SRL Chemicals,
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India), 3-bromoprop-1-ynemethyl 3,5-dihydroxybenzoate
(Sigma-Aldrich, India), acetonitrile, ethanol, ethyl acetate,
hexane, Na,SO4 and NaOH (SRL Chemicals, India) were procured
and used as such. Readymade TLC plate was purchased from
Merck, India and used to monitor the reaction using 60:40
ethyl acetate and hexane. The UV absorption spectra were
analyzed using Shimadzu UV-2600 in ethanol and water
mixture. The vibrational spectra recorded in JASCO 6300 by
KBr pellet method. '"H & *C NMR analysis were performed
in Bruker NMR-400 spectrometer in CDCls. Density functional
theory (DFT) calculation conducted in 32 bit windows 8 desktop
using Spartan-14 application-Hartree Fock methods at different
solvation conditions.

Synthesis of 1-benzyl-1,4-diazoniabicyclo[2.2.1]hepta-
2,4(7)-dienedibromide (QA*Br7): Imidazole (2 g) dissolved
in 50 mL acetonitrile solvent was agitated for 5 min. Then,
2.0 equiv. (8.12 g) of K,COs and 1.0 equiv. (5.02 g) of benzyl
bromide were added one by one dropwise at room temperature.
After adding, the reaction mixture was agitated at 50 °C for 6 h
and monitored by TLC. After workup with 60 mL ethyl acetate,
50 mL water quenched the reaction (Scheme-I: Step-1). The
organic layer was dried using anhydride Na,SO, and vacuumed
the solvent. Ethyl acetate/hexane (9:1) solvent mixture was
used in column chromatography to purify the crude mixture.
Isolated 1-benzyl-1-imidazole (1 g) was treated with 3 mL of
1,2-dibromo ethane in 75 mL ethanol. The reaction was gently
refluxed at 40 °C for 12 h in nitrogen. Under vacuum, 1-benzyl-
1,4-diazoniabicyclo[2.2.1]hepta-2,4(7)-dienedibromide
(DSPTC, Scheme-I: Step-2) was rinsed with n-hexane (3 x
20 mL). A white solid DSPTC was stored in CaCl, desiccator.

Characterization: Absorption spectrum of light yellow
dried DSPTC was recorded in ethanol and water mixture
between 200 and 400 nm. The vibrational spectrum of catalyst
DSPTC (in KBr) was recorded between 4000 and 500 cm’
for asymmetric and symmetric stretching vibrations.

For NMR analysis, synthesized PTC ‘b’ and its precursor
‘a’ were dissolved in CDCl; and its significant protons and
carbons were analyzed. From the outcomes of the precursor’s
NMR spectrum, five membered diazo ring, six-membered
aromatic ring and two aliphatic protons were identified.
Similarly, the respective carbon peaks were observed.

1-Benzyl-1H-imidazole (a-C1H;oN,): Yield: 94%; 'HNMR
(500 MHz, CDCl;) & ppm: 5.07 (s, 2H-Ar- CH,), 6.88 (s, 1H,
N=N-H), 7.07 (s, 2H-N-CH=CH), 7.13, 7.31, 7.51 (Ar-H),
C NMR (125 MHz, CDCls) § ppm: 50.46 (Ar-CH.,), 114.74,
119.05, 127.01, 127.96, 128.70, 129.47, 135.98, 137.15 (Ar-C).
Elemental analysis of C;oHoN; calcd. (found) %: C, 75.92
(75.82); H, 6.37 (6.29); N, 17.71 (17.68).

Br,
HN
Q\ \_@ Acetonitrile /§\
N T K,CO,, N
N
N - 50°C,6h \/
Imidazole Benzyl bromide Step- 1 1-Benzylimidazole (a)

4-Benzyl-1,4-diazoniabicyclo[2.2.1]hepta-1(7),2-diene
dibromide (b-DSPTC-C,H4N;Br»): Yield: 91%; 'H NMR
(500 MHz, CDCl;) 6 ppm: 1.25-1.22 (t, 2H, CH,), 3.69-3.72
(t,2H-CHb), 5.12 (s, 2H- CHy), 6.90 (s, 1H, N=N-H) 7.08 (s,
2H-N-CH=CH), 7.5, 7.27, 7.35, 7.55 (Ar-H), *C NMR (125
MHz, CDCl3) 8 ppm: 18.38, 50.75 (aliphatic-CH,),58.15 (Ar-
CH,), 119.25,127.22,128.22, 128.93, 129.65, 136.07, 137.35
(Ar-C). Elemental analysis of C,H4N,Br; caled. (found) %:
C, 41.65 (41.60); H, 4.08 (3.98); N, 8.09 (8.01).

DFT calculation: The derived PTC structure was optimized
by DFT using SPARTAN’14 quantum mechanics driver in
Windows 32bit desktop. The geometry (Fig. 1) was optimized
at restricted Hartree—Fock simulations with the basis set of 3-
21G* and the different solvation systems such as vacuum,
aqueous and diethyl ether [16]. After the successful calculation,
the energy orbitals such as highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO)
are calculated and the DFT based parameters are calculated
as per the following formulas.

Chemical potential:

_ IPO+EAF
2
Hardness:
n= IPO -EAF
2
Softness:
s=—
2n
Electronegativity:
_ IPO+EAF
2
Global electrophilicty index:
2
o=
2n

Fig. 1. 3D structure of compound DSPTC

Br
Br\/\ Ethanol —N*
—_— .
+ ) Br T4 °C, 12 h, Br
1,2-Dibromo ethane NZ&
N, atm
Step-2 4-Benzyl-1, 4-diazoniabicyclo

[2.2.1]hepta-1(7),2-diene dibromide
(DSPTC) (b)

Scheme-I: Synthesis of 1-benzyl-1,4-diazoniabicyclo[2.2.1]hepta-2,4(7)-dienedibromide (DSPTC)



Vol. 35, No. 4 (2023)

Synthesis, Characterization, DFT Studies of Novel Phase Transfer Catalyst 931

Application of DSPTC in synthesis of methyl-3,5-
bis(prop-2-yn-1-yloxy)benzoate: The synthesized compound
was used as phase transfer catalyst in O-propargylation reaction
(Scheme-1II) and its kinetics was studied by changing the para-
meters. To a mixture of NaOH (21.4 g) in water (40 mL) and
DSPTC, 1-benzyl-1,4-diazoniabicyclo[2.2.1]hepta-2,4(7)-
diene dibromide (0.5 g), methyl-3,5-dihydroxybenzoate (1.75 g)
was added under overhead stirring to generate the phenoxide
anion. Then, propargyl bromide (1.5 mL) in suitable immiscible
solvents such as cyclohexane, benzene, toluene, anisole and
chlorobenzene (40 mL) was added slowly and heated at 45 °C
for 6 h with vigorous stirring. The title compound was separ-
ated by simple extraction with diethyl ether (3 x 25 mL), then
the organic layer was collected and the solvent was evaporated
under low pressure. The obtained pure mono-derivative of the
title compound was allowed to pass through SiO, stationary
phase using hexane:ethyl acetate (9:1) as eluting system [17].

"
(0}
0
1. Immiscible solvent CH;3
2.NaOH
R N
3.DSPTC /

HC
Scheme-II: O-Propargylation reaction route of DSPTC

0.

HO OH

DSPTC in various solvents and its effect in O-propar-
gylation: The influence of various organic solvents on the
rate of propargylation of methyl-3,5-dihydroxybenzoate was
followed under standard reaction conditions. Five organic
solvents such as toluene, anisole, cyclohexane, chlorobenzene
and benzene were employed for the kinetic study. From the
pseudo first-order plot of —In (1-X) vs. time and the rate
constants were calculated. The relation between the dielectric
constant and the rate constant was examined using synthesized
DSPTC compound.

Y ONTDOT NN
LOMONNN= QO

NSNS N NN ©
S Ayttt

=5.07

(] @

Effect of DSPTC weight in O-propargylation reaction:
Experiments were conducted by varying the amounts of the
synthesized DSPTC and keeping the other experimental para-
meters constant. The influence of the amount of DSPTC on
the propargylation of methyl-3,5-dihydroxybenzoate was
studied by varying the amount of DSPTC from 0.1 gt0 0.9 g
under normal conditions. Apparent rate constants were deter-
mined from the plot of —In (1-X) versus time, which follow
the pseudo first-order kinetics.

RESULTS AND DISCUSSION

A novel aromatic diazoniabicyclo quaternary ammonium
bromide salt with two active sides for phase transfer catalytic
activity was successfully synthesized and characterized. Initially,
derived compound ‘a’ was characterized by both 'H and "*C
NMR. Precursor of DSPTC, 1-benzyl-1H-imidazole ‘a’ exhibits
the aromatic chemical shifts between & 7 ppm and 7.6 ppm.
Aliphatic group and imidazole protons have shown significant
peaks at 5.07 and 6.88 ppm, respectively. Likewise, the
aromatic carbons of six and five-membered rings are observed
between 120 ppm and 137 ppm in C NMR spectrum. The
joining —CH,— carbon exhibits near 77 ppm. After the chemical
shifts coincidence with the expected structure, second step was
carried using dibromoethane. Both spectra are presented in
Fig. 2a-b.

After the successful formation of compound a, the DSPTC
was synthesized and characterized by UV, FTIR and NMR.
From the absorption spectrum (Fig. 3), quaternary salt nature
was observed from the absence of amine nitrogen lone pair
excitation. Also, the broad absorption exposed the salt of
quartanry amine.

In FTIR spectra (Fig. 4), alkyl group of fert-amine attached
bicyclodiene exposed the vibrational frequency between 3550
and 3450 cm™ for asymmetric and symmetric stretching
vibrations. Likely, aliphatic —-CH,— exhibited the vibrational
frequency between 3186 and 3085 cm™. Significant vibrational
band for —-CN is observed at 1225 cm™. Also, the -CH- stretching

=50.46

(b)

8.0757.06.56.05550454035302520151005 0
ppm

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm

Fig. 2. (a) "H NMR and (b) *C NMR of the compound ‘a’
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Fig. 3. Absorption spectra of DSPTC
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additional aliphatic protons are observed between & 1.25 and
3.72 ppm. The prepared QA*Br~ structure was confirmed by
UV, FTIR and NMR characterization (Fig. 5a-b). The NMR
chemical shifts were almost coincidenced with the reported
compounds [19].

Then, the derived compound DSPTC structure was
optimized using density functional theory (DFT). The structure
optimized at three conditions such as vacuum, water and diethyl
ether. The calculated energy levels have presented with the
orbital picture in Fig. 6. From the energy orbitals, DFT para-
meters were calculated and the values are shown in Table-1.
DSPTC exhibited the similar softness in all conditions. Also,
the compound exposed higher chemical potential () in diethyl
ether (6.8 eV) and lower potential in toluene (2.15 eV). Similarly,
global electrophilic index () is higher in toluene (6.91 eV)
and lower in water medium (0.4 eV). DSPTC has higher global
softness and significant global electrophilic index. The result
revealed that DSPTC has significant potential in both aqueous
and immiscible solvent medium especially in toluene. Also, it
reveals the biphasic reaction suitability in organic synthesis.
DSPTC electrostatic potential map (Fig. 7) showed two corners
such as most negative and most positive potentials based on

3506 3186 the functional groups. Intermediary potentials colour spectrum
TABLE-1
675 DFT OUTCOMES OF THE DSPTC IN DIFFERENT SOLVATION
4000 3500 3000 2500 2000 . 1500 1000 500 DFT parameters Vesimnn Gkt Diethyl Toluene
Wavenumber (cm ) ether
Fig. 4. Vibrational spectra of DSPTC HOMO (eV) =lfa3 -82 -10.9 -1.6
LUMO (eV) 3 3.6 -2.7 -3.3
vibrations are observed between 1500 cm™ and 1450 cm™'. The EI?MO *i LUM(_)ageV) 2412 ;36 -163é6 21?59
stretching vibrations of five membered rings are observed emical potential (1) : ’ ) )
bet 720 cm™ and 600 cm™. The peaks are nearly coinci- LUMO-HOMO 103 18 8.2 *3
ctween )em . 1he p y T ) 5.15 5.9 41 215
dence Wl'th the reported V1bra't10'nal data [18,19]. . Global electrophilicty 0.45 0.4 5.64 6.91
The isolated light yellow di-site DSPTC crystals was carried index (®)
for the further structural analysis instead of preliminary step. Softness (S) 0.05 0.04 0.06 0.12
'H NMR of DSPTC exposed the similar peaks like ‘a’ and Electronegativity (o) 0.19 0.17 0.24 0.47
BN RRE SRR 2RRRRI 8] K3 Q3§ Qggaiy R 3
(b)
@i J
9.59.085807.57.06.56055504540353025201510050 SES88R33F8ELE888R8BLBIR°R]
ppm - rrFrrrr T T o L
ppm

Fig. 5. (a) '"H NMR and (b) *C NMR of the compound DSPTC
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Fig. 6. DFT outcomes of DSPTC in different solvation
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Fig. 7. Electrostatic potential map of DSPTC

exhibited like red (most negative) < yellow < green < light
blue < dark blue (most positive). Most positive areas are more
in water and diethyl ether, which confirmed the phase trans-
formation ability.

After the theoretical chemical potential, softness and
electrostatic potential confirmation, the compound was carried
for the O-propargylation reaction in biphasic condition using
DSPTC. At first, the solvent effect was investigated in various
solvents using 0.1 g of DSPTC. Each reaction completion was
confirmed by TLC using 60:40 ethyl acetate:hexane mixture.
From the outcomes, this work observed that the solvents having
high dielectric constant played a major role in phase transfer
reaction. Also, it was observed that chlorobenzene possess a
higher k,,, value among the five organic solvents, due to its
higher dielectric constant. Bar graph (Fig. 8) demonstrates the
comparison results of all selected solvents with water.

After the solvent effect, reaction was conducted using
chlorobenzeneas a solvent with different quantities of DSPTC.
Rate constants by varying the amount of DSPTC from 0.1 to
0.9 g and the results are shown in Table-2. It was found that
k., values are linearly dependent on the amount of phase-
transfer catalyst. An increase in the k,,, value is attributed to
the positive effect [20].

15

@ Dielectric ® Rate constant x 10° min”'

101

11.5
9.2
7.8
6.9
5.6
2.02I 2.28 2.31
0 T T T

T
Cyclohexane Benzene Toluene Anisole Chlorobenzene

6]

Fig. 8. Comparison graph of rate Constants, dielectric constants of different
organic solvents with DSPTC

TABLE-2
AMOUNT OF DSPTC EFFECT ON
O-PROPARGYLATION REACTION
Weight of DSPTC (g) 0.1 0.3 0.5 0.7 0.9
Kapp X 10° (min™) 17.03 2433 2854 36.68 42.03

Final compound of O-propargylation reaction in chloro-
benzene with 0.9 g of DSPTC was recrystallized in diethyl
ether and characterized by NMR and mass spectral technique.
'HNMR (300 MHz, CDCl;): §2.59-2.58 (t, 2H, CH), 3.90 (s,
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3H, OCHj), 4.72-4.71 (d, 2H, OCH,), 6.81-6.80 (t, 1H, Ar-
CH), 7.29-7.28 (d, 2H, Ar-CH). *C NMR (75 MHz, CDCl,):
§52.28 (OCH3), 56.07 (OCH,), 77.01 (HC), 77.02 (Alli-q-C)
107.41, 108.85, 132.09, 162.49, (Ar-CH), 166.37 (ester COO),
MS (EL 70 eV %): m/z: 244.07.

Conclusion

From the overall investigations, 4-benzyl-1,4-diazonia-
bicyclo[2.2.1]hepta-1(7),2-diene dibromide (DSPTC) has acted
as a good phase transfer catalyst in biphasic system such as
chlorobenzene and aqueous system. Using HOMO-LUMO
gap-related DFT parameters, DFT theoretical findings showed
favourable outcomes and supported the compound for phase
transfer catalyst nature. The electrostatic potential map revealed
the positive sites and negative sites of catalyst which is required
for the biphasic reactions. Also, the experimental investigations
revealed that the weight and solvents play an important role in
DSPTC based reaction. Moreover, this work observed the
relation between the theoretical and experimental outcomes
of DSPTC based reaction. Finally, this work concluded that
the solvent having high dielectric constant with higher amount
of DSPTC results in the good yield due to the transformation
of the reactants from aqueous to solvent phase and good purity.
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