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Polytriazolylamines were synthesized by the copper(l)-catalyzed ligation of azides and alkynes. The Cs-symmetric derivative, TBTA, was shown
to be a powerful stabilizing ligand for copper(l), protecting it from oxidation and disproportionation, while enhancing its catalytic activity.

Copper(l) plays vital roles in chemistryand biology? In
synthesis, it is widely used in a variety of organic transfor-
mations such as UllmariCadiot—ChodkiewicZ,and So-
nogashiré coupling reactions and asymmetric cyclopropa-
nation§ to name a few. In nature, it is found in several

solvents are usually employed. Although much has been
learned about natural copper(l) environments in copper(l)-
containing protein8, attempts to mimic their exquisite
selectivity and reactivity in the laboratory have largely relied
upon supporting Cuwith soft ligands such as nitriles,

essential metabolic enzymes that are responsible for keyguanidines, imines, thiols, and halides. Unfortunately, these

electrolytic redox processes involving CACU couple and
for absorption and reduction of,O

The general thermodynamic instability of 'Cwvhich
results in its easy oxidatiéio Cu' and/or disproportionatién

are either too labile and, therefore, compromise the redox
stability of the metal (e.g., halides and amines), or, at the
other extreme, are such strong binders that any catalytic
activity of the copper center is completely suppressed (e.g.,

to ClP and CU, imposes strict requirements on experimental nitriles).
conditions when copper(l)-mediated processes are used in Our ongoing interest in developing supremely reliable
the laboratory. Therefore, inert atmospheres and anhydrougeactions that are useful in both chemistry and biology
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prompted us to revisit the Huisgen 1,3-dipolar cycloaddition
of azides and alkynes. The uniquely narrow reactivity profiles
of the reactants make them ideal probes for investigation of
complex biological systems. For example, we successfully
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used them in the target-guided synthesis of the most potentthe vial. Several selected examples are shown in Table 1.
inhibitor of acteylcholinesterasélronically, the low reactiv- Analogues of the promising hits were subsequently synthe-
ity of the azides and alkynes, which was essential for the sized and screened to gather insight into the possible activity
success of this project, proved to be a severe handicap wherand mechanism of their action.

a series of analogues for further studies were required. We Although the early leads were far away from an ideal
were, therefore, pleased to have developed a new copperiigand that would keep Cicatalytically active without the
()-catalyzed regioselective synthesis of 1,4-disubstituted- need for any reducing agent and protection from oxygen,
1,2,3-triazoles from azides and terminal alkynes (Schemethey provided a good starting point for a more rigorous
1).1! Exceptional scope, exclusive regioselectivity, and screen, which employed only 1.0 mol % of the tested additive

and 1.0 mol % of a copper(l) source with no reducing agent.

Interestingly, the best performing ligands all share a similar
structural motif: they are oligotriazole derivatives derived
Scheme 1. Copper(l)-Catalyzed Synthesis of 1,2,3-Triazoles y 9

from propargylamine cores. This new class of ligands is

P “Cu(ly" R1>_\ capable of binding to metals by_ forming a five-m_ember
. —_— N~—N\ ) chelate between the N-3 of the triazole and the amine.
®9 , ‘NTR From various ligands shown in Table 2, one clearly stands

NaN-N-R apart in all respects:tris-(benzyltriazolylmethyl)amine,

TBTA (entry 4)134 |t's tetradentate binding ability is
believed to completely envelope the copper(l) center, leaving
experimental simplicity have naturally placed this process no free binding sites available for potential destabilizing inter-
among the “cream of the crop” for click chemistry endeav- actions!® The tertiary amine and the [1,2,3]-triazole func-
ors1? tionalities likely work in concert to make TBTA so ef-

Early mechanistic investigations of this process revealed ficient: the former, more basic, and sterically encumbered
that the reaction rates of certain polyvalent substrates werenitrogen, accelerates the catalysis by providing additional
unusually high, and these reactions appeared to be autocatalectron density on the metal center, while the latter, being
lytic. Hence, we hypothesized that the resulting polytriazole More labile, comes off the copper center only temporarily
products may serve as rate-accelerating ligands for coppert0 allow the formation of the copper(l)-acetylide/ligand
(1). To our surprise, a survey of the literature revealed that complex, which is then carried through the catalytic cyéte.
[1,2,3]-triazoles have not been exploited as ligands in Cyclic voltammetry studies of this new class of ligands
transition metal catalysis (perhaps, due to the lack of good showed a dramatic increase in the redox potential of Cu(l)/
methods for their synthesis). Equipped with a simple and Cu(ll) by almost 300 mV (see Supporting Information), thus
reliable process for preparation of [1,2,3]-triazoles of diverse further supporting the proposed mode of action of these
structure and function, we initiated a program to explore their ligands.
metal binding and catalytic properties. Herein, we reportthe ~ The results of this investigation have shown that these
results of the studies of such ligands in the copper(l)- novel oligotriazole ligands are competent in protecting
catalyzed formation of triazoles, the very reaction that copper(l) under aerobic aqueous conditions and promoting
enabled their synthesis in the first place. copper(l)-catalyzed transformations. The ligands appear to

The ligands were tested using a model reaction betweentightly bind to copper(l), thereby stabili_zing this oxidation
phenylacetylene (1) and benzyl azide (2). Typically, the State of Fhe metal, as conflrmeq by cychq voltammetry. The
reaction was performed with-22 mol % copper(ll) sulfate ~ Modularity and ease of synthesis of polytriazole ligands allow
and 10 mol % sodium ascorbate. The latter serves as a waterl@pid exploration of analogues with specifically tuned
soluble in situ reducing agent to generate and maintain Properties. TBTA has already been successfully applied in
necessary concentration of catalytically active copper(l),
thereby eliminating the need for inert atmospheres and . . .

? . . . accelerating effect, they are not as potent in protecting the copper(l)
solvents and allowing isolation of the product triazoles as gyjgation state. This was also confirmed by further reducing the amount of
pure materials. To challenge our ligands, limited amounts f.hi rg:gspper catalyst to 0.25 mol %. TBTA clearly outperformed all other
?;a%?fgngovsgfé(g;rigﬂ g]uet ir:(iluggjgt-ggteyr:ta\lliifoll}l\/sﬁjér-rhe ’ (14) Tripropargylamine (13.2 g; 0.1 mol) in acetonitrile (150 mL) was

: v i treated sequentially with benzyl azide (59.90 g, 0.45 mol), 2,6-lutidine (10.7
solution with no effort to exclude oxygen beyond capping 9. 0.1 mol), and Cu(MeCNPFs (1.3 mol % with respect to total alkyne

units). Upon addition of the copper salt, the reaction warmed and was cooled
in an ice bath. After the mixture was stirred at room temperature for 3
days, a white crystalline solid precipitated from the reaction. Filtration and
washing with cold acetonitrile afforded fine, white, needlelike crystals (44.9
g, 84%). Mp: 138-139°C. 'H NMR (CDCl): ¢ 3.70 (s, 6 H, N-Ch+
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triazole), 5.49 (s, 6 H, PhGH 7.26 (m, 6 H), 7.34 (m, 9 H), 7.67 (s, 3H,
triazole). 13C NMR (CDCk): 6 134.7, 129.1, 128.7, 128.0, 123.8, 54.1,
47.0. ES-MS: (m/z) 531 (MH. Anal. Calcd for GoHzoN1o: C, 67.90; H,
5.70; N, 26.40. Found: C, 67.71; H, 5.73; N, 26.32. Analytically pure sample
could be obtained by recrystallization of 1.00 g of TBTA from a hot 1:1
tert-butyl alcohol/water solution (40 mL), followed by filtration and washing
with water (2 x 20 mL). The white needlelike crystals were dried under
high vacuum overnight. Yield: 0.86 g, 86%.

(15) Similar mode of binding has been previously suggested for tris-
oxazoline-based ligands. See: Kohmura, Y.; Katsuki[dtrahedron Lett.
2000,41, 3941.
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Table 1. Effect of Ligands on the Copper(l)-Catalyzed
Synthesis of [1,2,3]-Triazoles

1 CuSO; (1.0 mal%)
Sodium Ascorbate (4.0 mol%) N=N
+ Ligand Ph&NV
Ny—, 2:1 tBUOH:H,0, 24 h
Ph 3
2
. loading, yield, * %
ligand mol%
1 none 21
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N=N
| S
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11 </ § 2 \> 10 12
- N=
12 Et:N 10 11
13 D=0 10 7
= W=
14 N/N\jx(/NN 10 0
W-NH HN-p
o}
HO)H OH .
15 N 10 0

aDetermined by GC after 24 h and, in select cases, confirmed by product
isolation.? Neutralized with 3 equiv of NaHC#®

Table 2. Triazoles as Stabilizing Ligands for Copper(l)

Ph T [Cu(CH3CN)JPFs (1 mol%) N=N
Ligand (1 mol%) A Ph
. PR AN
N3—\ 2:1 tBuOH:H,0, 24 h 3
Ph
2
ligand yield,? %
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Bn\N/Y'}I/Y\N/Bn
2 N=N Me N=p\ 98
Bn\N\/?]/\H/\(\IN/Bn
3 N=N N=) 94
Bn\
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5 A 39
7 "N
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6 N=N N=p 28
Bn\N/§ﬁ/”\N/“\f§\N/Bn
NN N=y
7 Z 21
Et
Bn\N/§ﬁ//\O/\\V4\N/Bn
8 N=N N=N 17
9 HaN" - 4

a Determined by GC after 24 h and, in select cases, confirmed by product

isolation.

N:N/

several demanding bioconjugation studi€Exploration of
analogous ligands, for example, based on phosphines, is
currently underway, as are further mechanistic studies and

development of other applications.
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