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Abstract: A method that cleanly converts the 1,4-disubstituted 1,2,3-triazole
products of the copper-catalysed ‘click’ dipolar cycloaddition reaction of
benzyl azide with terminal alkynes into 1,5-disubstituted triazoles is described.
Selective N-alkylation of 1,4-disubstituted 1,2,3-triazoles under microwave
irradiation is followed by debenzylation of the resulting 1,3,4-trisubstituted
triazolium cations by treatment with potassium tert-butoxide.
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In recent years the Huisgen 1,3-dipolar cycloaddition reaction of
organic azides to alkynes has gained a great deal of interest
following the introduction of transition metal catalysis by
Meldal in 2001.! The Sharpless and Meldal laboratories
independently reported that the use of a catalyst vastly
improved both the regioselectivity and rate of the reaction,
resulting in an extremely effective method for the synthesis of
disubstituted 1,2,3-triazoles (e.g. Scheme 1).23
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Scheme 1: Preparation of 1,3,4-trisubstituted 1,2,3-triazolium
salts by a microwave-assisted selective N-akylation reaction.

Although relatively unreactive, substituted 1,2,3-triazoles,
available copper-catalysed  ‘click’
cycloaddition (CuAAC) reactions, are of value in a wide variety

through inexpensive
of research fields, including materials science* and synthetic
chemistry,® as a ligating moiety in organometallic chemistry,®
for cyclopropanation chemistry,” and as a pharmacophore in
medicinal chemistry;8 they possess a range of biological
activities, including antifungal,® antibody,'® anti-cancer,!! anti-
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Alzheimer’s,'2 and anti-HIV activities. When converted into
triazolium salts, they provide an important class of ionic
liquids.13 1,2,3-Triazoles have also been converted into a variety
of other functionalities such as pyrroles,* imidazoles and
imidazolones.1>

While the CuAAC ‘click’ reaction is general, rapid, and high
yielding, it only takes place with terminal alkynes, and always
introduces a 1,4-disubstituted 1,2,3-triazole; for the
introduction of greater structural diversity, there would be
substantial advantage if a wider range of substitution and
functionality were accessible by modification of the triazole.
While there have been many reported examples of the synthesis
of 1,4-disubstituted 1,2,3-triazoles, there are far fewer of the
1,5-disubstituted regioisomer. The first selective synthesis of
the 1,5-disubstituted triazole was reported by Fokin,'¢ which
utilized ruthenium catalysts to yield the selected regioisomer in
up to quantitative yield. While this method was effective, the
high cost of the ruthenium catalyst makes this procedure less
desirable. Other methods have been reported, but still have the
disadvantage of requiring expensive transition metal catalysts
or starting materials, or are carried out under unattractive
conditions.1?

We have been addressing this issue through a study of
procedures for either the removal or the modification of 1,4-
substituted 1,2,3-triazoles. Our approach has involved initial N-
alkylation to form a more reactive triazolium salt. We describe
herein an effective procedure for the N-alkylation step mediated
by microwave irradiation, and an investigation of reductive,
nucleophilic and base-promoted transformations of the
resulting 1,3,4-trisubstituted 1,2,3-triazolium cations. The single
crystal X-ray structure of 1-benzyl-3-ethyl-4-phenyl-1,2,3-
triazolium iodide is also reported to confirm the regioselectivity
of the N-alkylation reaction.

We chose the simple, readily available 1,2,3-triazole 1 as a test
system (Scheme 1).18 A convenient in situ method for the CuAAC
reaction was employed with phenylethyne, benzyl bromide and
sodium azide using a sodium ascorbate / copper(Il) sulfate
protocol in t-butanol/water (1:1) under both standard thermal
and microwave irradiation conditions. The product 1-benzyl-4-
phenyl-1,2,3-triazole 1 was obtained in 86% yield by heating at
reflux for 24 hours.!® The microwave alternative proved far
more convenient, requiring only 10 minutes at 125 °C, and gave
a slightly improved yield (91%) of the product, as described by
Fokin.18 In practice. both were convenient routes to make the
required starting material.

Triazolium salts were prepared through N-alkylation, first with
methyl iodide in acetonitrile. Originally we wused the
methodology described by Hanelt,20 but due to low yields or
long reaction times we again utilized microwave irradiation,
which gave a much greater yield of salts with much lower
reaction times. The most efficient reaction conditions (180 min
at 100 °C) gave the expected 1-benzyl-3-methyl-4-phenyl-1,2,3-
triazolium iodide 2 in 97% yield.2! The salt 2 has been prepared
previously by Albrecht, and the 1,3,4-substitution pattern was
proven by single crystal X-ray structure determination of a
derived palladium complex.?2 Using these irradiation conditions
(Scheme 1), ethyl iodide proved similarly efficient, affording 1-
benzyl-3-ethyl-4-phenyl-1,2,3-triazolium iodide 3 in 86% yield.
The more hindered alkylating agents n-propyl iodide and n-

butyl iodide gave the corresponding triazolium salts 4 and 5 in
rather lower yields (44% and 40%, respectively), but in
sufficient quantities for our intended study of the reactivity of
the triazolium cations. The ethylated triazolium iodide 3 is
highly crystalline, and recrystallization from
dichloromethane/petroleum ether gave high quality crystals.
Single crystal X-ray structural determination of 3 (Figure 1)
confirmed that ethylation had taken place at N3.23 In this series
of compounds, the expected selectivity for N-alkylation at N3 is
thus unambiguously known for structures 2 and 3 and can be
reliably extrapolated for the whole series by comparison of NMR
spectra: on the basis of consistent chemical shifts observed for
the C5 methine hydrogen atom of the triazolium ring in all four
alkylation products,?* the entire series is assigned as the 1-
benzyl-3-alkyl-4-phenyl-1,2,3-triazolium  regioisomers. By
varying temperature and reaction time, an efficient and general
microwave-mediated regioselective N-methylation procedure
was developed, involving four to five equivalents of methyl
iodide, acetonitrile as solvent, a temperature of 100 C, and
irradiation in sealed microwave vials over a period of three
hours.
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Figure 1: X-ray structure of 1-benzyl-3-ethyl-4-phenyl-1,2,3-
triazolium iodide 3 (cation shown)

The reactivity of the substituted triazolium cations was first
investigated under various reductive conditions. We initially
examined the Birch reduction of 1-benzyl-3-methyl-4-phenyl-
1,2,3-triazolium iodide 4 in the hope of reducing the level of
unsaturation of the cationic aromatic five-membered ring, thus
obtaining products that would be susceptible to hydrolysis, but
without success. The alternative of hydride reduction was
examined next, and because of the expected low reactivity of the
aromatic cationic m-system as a hydride acceptor, we choose the
highly reactive lithium aluminium hydride as the reducing
agent. The triazolium salt was indeed slowly reduced to form a
neutral product, but we were surprised to find that this proved
to be a debenzylated 1,5-disubstituted 1,2,3-triazole (24%
yield), rather than a reduced dihydro-1,2,3-triazole (Scheme 2).
The unexpected formation of the 1,5-regioisomer, however, is
itself an important result, since it opens the way for an
inexpensive copper-mediated ‘click’ reaction to access the 1,5-
disubstituted products, which normally require ruthenium
catalysis.16




A recent report has pointed out the strategic advantages of the
availability of both the 1,3- and 1,5- disubstituted 1,2,3-triazole
regioisomers.?> In that work, Koguchi and Izawa developed a
specialized azide (3,4-dimethoxybenzyl azide) cycloaddition
partner for the CuAAC step. After installing a selection of alkyl
groups at N3, the 3,4-dimethoxybenzyl protecting group was
removed using either ammonium nitrate (presumably acting as
a mild acid) to promote an Sn1 process suited to the powerful
stabilization of the benzylic cation by the dimethoxy
substitution of the arene) or through an oxidative procedure
using ceric ammonium nitrate (the electron-rich arene is easily
oxidized).

We reasoned that our alkylative debenzylation of 2 could
provide a more general and more easily executed solution to the
1,3- to 1,5- disubstitution interconversion problem. We were
encouraged by the fact that, although the LiAlH4 reaction was
low yielding, the main problem seemed to be lack of reactivity
(the starting material was recovered in 66% yield). In search of
a more effective debenzylation reaction, we switched from
hydride donors to other nucleophile types (NaOMe in methanol
and NaOEt in ethanol) but in this case it was the methyl group,
not the benzyl group, that was removed, reforming 1 in 96%
yield.

The LiAlH4 reagent thus appeared to have a special role in the
debenzylation reaction. We reasoned that the reagent might be
acting as a base, rather than as a nucleophile inducing direct
displacement of the triazole; in place of the nucleophilic bases
methoxide and ethoxide, we therefore chose the stronger non-
nucleophilic base potassium tert-butoxide. When this was
employed, we were immediately rewarded with excellent
results in the debenzylation step (Scheme 2). The expected 1,5-
disubstited 1,2,3-trazoles 6-9 were isolated in 49-93% yields.
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Scheme 2. Debenzylation reactions of 1-benzyl-3-alkyl-
triazolium salts

We conjectured that the base induces deprotonation at the
iminium nitrogen substituent, to produce a nitrogen ylid. The
iodide counter-ion, freed from any ion pairing, can then cause
debenzylation by nucleophilic attack at the benzylic carbon
atom. Additional support for this mechanism was obtained upon
application of the 1,3- to 1,5- disubstitution conversion
methodology to mono-triazole 10, which we had previously
synthesized.26 We were successful in changing the
regiochemistry of the triazole, but the methyl ester group was
also lost (Scheme 3). Analysis of the N-alkylation step showed a
mixture of two products, which after being exposed to the tert-
butoxide-mediated debenzylation reaction, gave a single

product, identified as 1-(2-cyano-pent-4-ynyl)-substituted 1,5
triazole 11. These results can be accounted for if the mixture of
products observed following the methylation step consisted of
the expected malononitrile 12 and the decarboxylated nitrile
13.
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Scheme 3. Conversion of the 1,4-disubstituted triazole 10 into
the 1,5-disubstituted triazole 11; a: Mel or MeOTf (5 equiv.)
MeCN, microwave; b: t-BuOK, THF, 0 °C to RT.

We reasoned that the decarboxylation may result from Krapcho
decarboxylation in the presence of the nucleophilic iodide
counterion.?’ In order to avoid the presence of iodide in both the
methylation and debenzylation steps, the microwave-mediated
methylation of 10 was repeated using methyl triflate, which
produced only the trisubstituted 1,2,3-triazolium triflate salt 14
in 96% yield. Attempted debenzylation of 14 by treatment with
potassium tert-butoxide then, however, proved unsuccessful,
only starting material being recovered, supporting the
contention that iodide also plays an important role in the
debenzylation process.

Attempted debenzylation of the simpler triazolium iodide salt 2
was therefore carried out with the potassium tert-butoxide
omitted from the reaction. No reaction was observed, suggesting
that both iodide and potassium tert-butoxide are indeed
required for successful debenzylation.

In summary, we have developed an efficient generally
applicable microwave-mediated method to convert 1-benzyl-4-
phenyl-1,2,3-triazoles, available through inexpensive copper-
catalysed ‘click’ cycloaddition reactions, into 1-alkyl-5-phenyl
1,2,3-triazoles,?8 without the need to re-engineer the chiral-
ligand-controlled cyclization for the rather different
organoruthenium catalysts, normally required for selective
preparation of 1,5-disubstituted 1,2,3-triazoles by ‘click’
chemistry. The process is especially effective for methyl and
ethyl alkyl groups. While ruthenium-catalysed synthesis of 1,5-
disubstituted 1,2,3-triazoles remains an important process, the
results described here provide a low cost alternative by a
simple, high-yielding selective alkylative debenzylation process.
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General procedure for the formation of the triazolium salts
from 1-benzyl-4-phenyl 1,2,3-triazoles

1-benzyl-4-phenyl 1,2,3-triazole was dissolved in MeCN in a
microwave vial, and the alkyl halide (5 eq) added. The reaction
was irradiated in the microwave instrument for 3 h at 100 °C.
Solvents were removed under reduced pressure to yield the
triazolium salt.
1-Benzyl-3-methyl-4-phenyl-1H-1,2,3-triazolium iodide 2
Prepared according to the general procedure from 1 (1.66 g, 7.07
mmol) and iodomethane (1.73 mL, 4.98 g, 3510 mmol).
Compound 2 was isolated as a pale yellow solid (2.79 g, 93%), mp
133-135 °C; IR (neat): 3467, 3040, 1611, 1493, 1455, 1155, 768,
746, 699 cml; 1H NMR (CDCl3, 400 MHz): § 9.33 (s, 1H), 7.69-7.60
(m, 4H), 7.54-7.40 (m, 3H), 7.37-7.33 (m, 3H), 5.97 (s, 2H), 4.26 (s,
3H);13C NMR (CDCls3, 126 MHz) § 143.2, 132.2,131.4, 130.1, 130.1,
129.8,129.7,129.6,129.4,121.7,57.6, 39.6.

General procedure for the debenzylation of triazolium salts
using tBuOK

1-Benzyl-3-alkyl-4-phenyl triazolium iodide was dissolved in
THF, and the solution cooled to 0 °C. t-BuOK (2.5 eq) was added
and the reaction stirred overnight. H.0 was added, and the
mixture stirred for 30 minutes and filtered through Celite. The
solution was extracted using EtOAc, the solvents removed under
reduced pressure to give the desired 1,5-disubstituted triazole.

1-Methyl-5-phenyl-1H-1,2,3-triazole 6

Prepared according to the general procedure from 2 (0.78 g, 2.05
mmol) and ‘BuOK (0.61 g, 5.46 mmol) dissolved in THF (45 mL).
The crude product was purified by column chromatography,
eluting with 1:1 EtOAC/petroleum ether, yielding the titled
compound 6 as an orange oil (0.31 g, 93%); IR (neat): 3060, 3030,
2953, 1732, 1484, 1454, 1245, 767 cm''; 'H NMR (CDCls, 500
MHz): 6 7.73 (s, 1H), 7.57-7.45 (m, 3H), 7.45-7.35 (m, 2H), 4.08 (s,
3H); 13C NMR (CDCl3, 126 MHz) 6 129.3, 128.7, 127.1, 35.7, 14.3
(quaternary signals not observed).




