Synthesis of Unsymmetrical
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Bis(1,2,3-triazole)s have attracted recent interest as coordinating ligands for transition metals. Here we report a rapid, modular method for the
synthesis of 1,1"-disubstituted-4,4"-linked unsymmetrical bis(1,2,3-triazole)s. The method employs sequential copper catalyzed azide—alkyne
cycloaddition and deprotection steps on a monosilylbutadiyne. TMS (trimethylsilyl) and TIPS (triisopropylsilyl) were both investigated with
TIPS being the preferred protecting group due to increased stability. The reactions were amenable to one-pot synthesis, and an optimized

one-pot, three-step procedure was developed.

The copper(l)—catalyzed azide—akyne cycloaddition (CUAAC)
was reported in 2002 independently by both the Meldal and
Sharpless groups and has come to be the quintessentia click
reaction.® It is generally high yielding and can be conducted
under mild conditions leading to its widespread application in
chemistry. The resulting triazole moiety has attracted attention
for its coordinating properties,? including those of the sym-
metrical big(1,2,3-triazole)s.® Metal-coordinated triazoles have
been shown to be efficient catalysts and to form supramolecular
structures, and varying substituents plays an important role in
tuning these properties.* Despite this interest, a flexible and
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efficient synthesis of unsymmetrical 4,4-linked bis(1,2,3-
triazole)s has had little attention until very recently.

Fiandanese et a.> first reported the synthesis of a number
of smple unsymmetrical bistriazoles using mono TMS-
butadiyne (TMS, trimethylsilyl). Initidl CUAAC with an azide
followed by deprotection with TBAF (tetrabutylammonium
fluoride) and subsequent CUAAC gave the desired unsym-
metricd bis(1,2,3-triazole)s. More recently Aizpurua et a.
reported a synthesis which employed a CUAAC with propargyl
alcohoal, followed by conversion to the ethynyltriazole (Swern
oxidation, then Ohira—Bestmann homologation) and then
subsequent CUAAC to the unsymmetrical bis(1,2,3-triazole)s>
Recognizing the limitations associated with this method, Aiz-
purua e a. adso employed the TMS-butadiyne method to
produce a number of unsymmetrical bis(1,2,3-triazole)s.

At the same time, our laboratory was investigatinga TMS-
butadiyne based approach; however as we describe below,
we encountered limitations that drove us to develop a more
widely applicable approach to unsymmetrical 1,1’-disubsti-
tuted-4,4’-linked bis(1,2,3-triazole)s, which we report here.

Initially, we utilized the monodeprotection of bisTMS-
butadiyne to give TMS butadiyne (1),° and reaction with
benzyl azide under standard CUAAC conditions produced
the silyl protected ethynyltriazole 2,° along with small
amounts of deprotected ethynyltriazole 3 and symmetrical



bistriazole 4. Aizpurua et a. also noted isolation of sym-
metrical bistriazoles from some azides in this manner and
reported overcoming this by changing conditions to Cul,
EtN(i-Pr). in acetonitrile; in our hands these conditions also
gave similar amounts of symmetrical bistriazole. Deprotec-
tion with KF gave ethynyl triazole 3 in quantitative yield,
and subsequent CUAAC with a variety of azides then gave
a number of unsymmetrical bistriazoles 5a—e in moderate
to low yields (Table 1).

Table 1. Initial Synthesis of Unsymmetrical Bistriazole with
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2 Conditions: (a) CuSO45H,0, Na ascorbate, 2:1 t-BuOH/H,0; (b) Cul,
EtN(i-Pr),, MeCN; (c) KF, MeOH. P Yield of isolated purified product.

In seeking to investigate a broader range of substitutents
in this reaction, we trialled the CUAAC with (S)-azidoben-
zylacetic acid (6) under standard conditions but found the
symmetrical bistriazole 7 as the major product in 40% yield
(Scheme 1). The increased yield of bistriazole was attributed
to the acidic nature of azide 6 leading to cleavage of the
TMS group. Noting the reported instability of the TMS group
to copper,” we sought to utilize the more stable TIPS-
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Scheme 1. Synthesis of Symmetrical Bistriazole 7, and
4-(TIPSethynyl)triazole 9a
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protected butadiyne (TIPS, triisopropylsilyl), in order to
retain the selective and modular nature of the synthesis but
with greater functional group tolerance.

TIPS-protected butadiyne 8 was prepared according to the
reported procedure in 70% yield over three steps®

Subsequent CUAAC with azide 6 then gave silyl protected
ethynyl triazole 9a in 54 and 48% yield with copper iodide
and copper sulfate/sodium ascorbate procedures respectively;
no symmetrical bistriazole was observed. Given the moderate
yield of silyl protected ethynyl triazole 9a, optimization by
excluding oxygen and the addition of catalytic amounts of
tris-(benzyltriazolylmethyl)amine (TBTA) was undertaken,
improving the yield of 9a to 65% (Table 2).° Both TBAF
and CsF were used to deprotect TIPS ethynyl triazole 9b in

Table 2. Synthesis of 4-Ethynyltriazoles with TIPS Protection®
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a Conditions: (&) Cul, EtN(i-Pr),, TBTA, under Ny; (b) TBAF. ° Yield
of isolated purified product. © Decomposed during purification.  CsF
procedure.
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97 and 80% yield respectively, demonstrating TBAF to be
the preferred fluoride source. A number of TIPS ethynyl
triazoles 9b—e were then synthesized by this method (Table
2), and some converted to bistriazoles (Table 3).

Table 3. Synthesis of Bis(1,2,3-triazole)s®
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a Conditions: Cul, EtN(i-Pr),, TBTA, under N,. ® Isolated purified yield.

product

After TBAF deprotections, the *H NMR spectrum of the
crude product showed that both the CUAAC and silyl
deprotection generally proceeded with high conversion and
gave only inoffensive byproducts. This suggested a one-pot
multistep procedure may also give the desired bistriazoles
while reducing time and the number of isolation and
purification steps required.

Initially, one-pot two-step procedures for the initial
CuAAC/TBAF deprotection and alternately the TBAF
deprotection/fina CuAAC were conducted with good results;
in either case, the overal yield for the three steps was 45%
for bistriazole 11b (Scheme 2), compared to 43% overall
for the three separate reactions. Two additional one-pot click
and deprotection reactions (Scheme 2) gave similar results.

We next investigated a one-pot three-step procedure. The
one-pot three-step synthesis of bistriazole 11b gave ayield
of 49% for a dlight improvement over the multipot ap-
proaches (Table 4, entry b). Two additional novel bistriazoles
were then synthesized via the one-pot procedure (Table 4),
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Scheme 2. One-Pot Two-Step Procedures
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Table 4. One-Pot Three-Step Synthesis of Bistriazoles®
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2 Conditions: (a) Cul, EtN(i-Pr),, TBTA, MeCN, under N,, 20 h; (b)
TBAF, 20 min then AcOH; (c) 16 h. ® Isolated purified yield.

demonstrating a viable synthetic approach involving asingle
purification step.

In summary, an efficient and selective modular synthesis
of 1,1’-unsymmetrical-4,4’-linked bis(1,2,3-triazole)s from
silylbutadiynes was developed. This method is amenable to
a simple, one-pot three-step procedure.
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