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Abstract

Carbazolyl nitrenium cations were generated during microwave irradiation of 1-carbazol-9-yl-
2,4,6-triphenylpyridinium tetrafluoroborate in trifluoroethanol- and TFA — arenes mixtures to
give desired electrophilic substitution reaction products. Unlike under conventional conditions
(thermolysis and photolysis) the parent amine, carbazole, and other side product were detected
only in trace amounts.
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Introduction

The chemistry of nitrenium ions has been broadly reported since the investigation of
Abramovitch and his group.>? These species that contain positively charged nitrogen atom and
can possess either the singlet and triplet ground states receive special attention because they are
potential intermediates in carcinogenic process.® On the other hand, nitrenium ions have potential
synthetic applications owing to direct amination (replacement of H by NR;) of aromatic
compounds. *°

Recently, we have reported that a carbazolyl nitrenium ion could be successfully generated
during the thermolysis and/or photolysis of 1-carbazol-9-yl-2,4,6-triphenylpyridinium Py+-Cz
tetrafluoroborate in trifluoroethanol- and/or TFA - mesitylene mixtures.’ The investigations
showed that carbazolyl nitrenium ion exhibits singlet state in the ground state so in order to react
it with aromatic compounds, like mesitylene, high temperature procedures have to be employed.
The disadvantages of the thermolysis reaction of pyridinium salts are a long reaction time,
application of inert atmosphere, and tedious preparation of reaction mixtures (i.e., vacuumed
sealed vessels).

In the last few years there has been a growing interest in the use of microwave irradiation to
organic synthesis.” The use of such reaction conditions reveals several features like: a short

ISSN 1424-6376 Page 109 “ARKAT USA, Inc



Issue in Honor of Prof. Rudolph Abramovitch ARKIVOC 2001 (vi) 109-115

reaction time compared to conventional heating, ease of work-up after a reaction, and reduction
in the usual thermal degradation and better selectivity. Since we have shown that many different
reactions could be achieved under microwave conditions,® we decided to explore the use of
microwaves to the generation of a carbazolyl nitrenium ion from 1-carbazol-9-yl-2,4,6-
triphenylpyridinium Py+-Cz tetrafluoroborate.

Results and Discussion

The starting pyridium salt Py+-Cz was readily prepared in the reaction of 9-aminocarbazole9
and 2,4,6-triphenylpyrylium tetrafluoroborate in a dry ethanol solution (Scheme 1).°
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In a typical experiment, the pyridinium salt Py+-Cz was added to an aromatic compound
together with trifluoroethanol (TFE) or TFA. The mixture was then irradiated in an open vessel
in Prolabo Sythwave 402 microwave reactor for 15 to 20 min while temperature was monitored
with Nortech ReFlex fiber-optic system. Upon completion of the reaction, aqueous potassium
carbonate was added to the mixture till the pH of the solution reached ”. The organic layer was
extracted with ethyl acetate, and the yield was determined by GC/MS analysis. The products
were identified by comparison with original samples that had been obtained in our previous
study on the generation of carbazolyl cation under conventional conditions.® The conditions and
results of the reactions under microwave irradiation are summarized in Table 1.
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Table 1. The GC/MS analysis after microwave irradiation of pyridinium salt in TFA- and TFE-
aromatic compounds mixtures ?

Substrate Amount TFA  TFE Time Products Final temp.
[ml] [ml]  [ml] [min] (yield [%])” [°C]
Mesitylene 7.0 1.5 16 1(70), 2 (30) 171
Mesitylene 7.0 20 16 1 (55), 2 (45) 151
Mesitylene 8.0 10 drops 20 1(64), 2 (36) 166
p-Xylene 6.0 15 20 7 (20), 2 (80) 142
p-Xylene 6.0 20 20 7 (5), 2 (95) 136
Toluene 7.0 1.5 20 8(1),2(99) 115
Anisole 6.0 1.5 16 4(36), 3 (20), 2 (42) 152
Anisole 6.0 1.0 16 4(29),3(13),2(56) 158
Anisole 7.0 20 4(30),3(17),2(52) 166

2 always 100 mg of the pyridinium salt Py+-Cz was taken to the reaction; ° all the yields are
given after GC/MS analysis

The microwave irradiation of the pyridinium salt Py+-Cz in a mesitylene solution in the
presence of TFA as well as TFE resulted in the synthesis of 9-mesitylcarbazole 1 together with
2,4,6-triphenylpyridine 2, which is the expected by-product of the decomposition of the

pyridinium salt (Scheme 2).
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9-Mesitylcarbazole 1 was produced by electrophilic substitution reaction on the mesitylene
aromatic ring. Unlike under conventional conditions for thermolysis and photolysis reactions,
other compounds like the non-symmetrical mesitylene dimer 5 (Fig. 2) and parent amine,
carbazole 6, were detected only in trace amounts. A typical chromatogram run after the reaction
is shown on Figure 1. The retention times of 9-mesitylcarbazole 1 and 2,4,6-triphenylpyridine 2
are ca. 17 and 31 min., respectively.
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Figure 1. The GC/MS chromatogram of the reaction mixture (mesitylene and Py+-Cz)

The reaction occurred with better yield in much shorter time (i.e., 16 min) in comparison
with the thermolysis reactions (8 h).® Moreover, the reaction conditions were simplified, and
there was no need for the use of inert atmosphere during the synthesis. The only preparation
work prior to the synthesis was the distillation of mesitylene, which was in turn kept above
molecular sieves. It was found that in order to achieve full decomposition of the pyridinium salt,
the final reaction temperature has to exceed 150°C, otherwise 9-mesitylenecarbazole 1 was
obtained with substantially smaller yields. For the same reasons, in case of p-xylene and toluene
the expected products 7 and 8 were obtained in small and trace amounts, respectively.
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Like in the case of mesitylene, the reaction of the pyridinium salt Py+-Cz with anisole under
microwave irradiation afforded in 9:5 ratio two expected compounds i.e., 9-(o-
methoxyphenyl)carbazole 4 and 9-(p-methoxyphenyl)carbazole 3, which are the products of
electrophilic substitution reaction in the anisole aromatic ring (Scheme 2). Furthermore,
carbazole 6 (i.e., the parent amine of the generated nitrenium cation), and mesitylene dimer 5
were again detected in trace amounts. The retention times of 9-(p-methoxyphenyl)carbazole 3, 9-
(o-methoxyphenyl)carbazole 4, and 2,4,6-triphenyl-pyridine 2 are ca. 18, 21 and 31 min.,
respectively (Figure 2).

TIC: NMITRMNIT7.D
Abundance

550000 4 22153
500000 4 18.05
450000 +
400000 +
350000 +
300000 4
250000 4 31.16
200000 4
150000 1

100000 +

50000 —\\ 19.27
T P | L A J\ JVL

T i i T T T
5.00 10.00 15.00 20.00 25.00 30.00

Figure 2. The CG/MS chromatogram of the final reaction mixture (anisole and Py+-Cz) after
microwave irradiation

In the next stage of investigation, strongly acidic conditions were changed to neutral
conditions, and trifluoroethanol (TFE) was added to the reaction mixtures instead of TFA. The
yields of 1, 3, and 4 were slightly reduced, while carbazole 6 and mesitylene dimer 5 were still
recorded in trace amounts. More interesting was the reaction in the absence of TFA or
trifluoroethanol. In the case of mesitylene, the reaction mixture did not absorb microwaves,
reaching 65°C after 10 min of irradiation with 30% of the reactor power. After the addition of 10
drops of TFA, temperature rose to 150°C and 165°C in 10 and 15 min, respectively. Eventually,
9-mesitylcarbazole 1 was isolated with 64% vyield. In opposite to mesitylene, anisole absorbs
microwaves, and it was possible to carry out the reaction without addition on any polar substance
that couples strongly with microwaves. The temperature increase was fast to reach 160°C in 6
min, and the reaction was achieved in 20 min under microwave irradiation.

In conclusion, the carbazolyl nitrenium cation possesses singlet state in the ground state,
and, therefore, it can be successfully generated under microwave irradiation. The main
advantages of the microwave procedure are a shorter reaction time reduced from hours to
minutes, and much more favourable distribution of the reaction products. Unlike the reaction
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under conventional conditions, this synthesis gives only one by-product, triphenylpyridine,
which makes the work-up procedure less tedious. The parent amine of the nitrenium cation,
carbazole, was always detected in trace amounts.

Experimental Section

General Procedures. IR spectra were recorded using a Bio-Rad FTS 165 spectrophotometer.
'H-NMR spectra were taken with a Tesla 487 C instrument, TMS being used as a internal
standard; the chemical shifts are expressed in d-values downfield from TMS. MS spectra were
recorded with a Hewlett-Packard GC/MS 5985 spectrometer. Elemental analyses were
performed on a Perkin-Elmer 2400 microanalyser. Melting points measured on a Boetius-PHMK
05 microscope plates are uncorrected. TLC was performed with Aluminum oxide 60F 254 Type
E (5713) plates (Merck). Ethyl acetate, toluene, and p-xylene were purified by standard methods
before use. Mesitylene, trifluoroacetic acid and trifluoroethanol were purified by distillation. The
following compounds were reagent grade and used without further purification: carbazole
(Fluka), 2,2,2-trifluoroethanol (Fluka), 2,4,6-triphenylpyrylium tetrafluoroborate (Aldrich). 1-
Carbazol-9-yl-2,4,6-triphenylpyridinium tetrafluoroborate (Py+-Cz) was prepared according to
the procedure given in the previous paper,6 and all the compounds were characterized by the
comparison with the sample prepared under conventional procedure given the same paper.

Microwave irradiation of 1-carbazol-9-yl-2,4,6-triphenylpyridinium tetrafluoroborate Py+-
Cz: Microwave irradiation of 1-(carbazol-9-yl)-2,4,6-triphenylpyridinium tetrafluoroborate Py+-
Cz was carried out in a open vessel in Prolabo Synthwave 402 microwave reactor. The vessel
was placed inside the reactor and rotated in order to ensure the homogeneity of microwave field.
The temperature was detected with Nortech ReFlex fibber-optic thermometer. The detail
conditions of all the reaction are given in Table 1. After the reaction, aqueous potassium
carbonate was added to the mixture till the pH of the solution exceeded 7. The organic layer was
extracted with ethyl acetate. The progress of the reactions was monitored by TLC while the
yields were determined by GC/MS analysis.
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