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The 1,3-dipolar cycloaddition of alkynes and azidess emerged e Y , ?N_[”‘*- P .Y
. . . N CulsLigand Mg, e M i i T
as a highly useful connection method in both uncatalyzeut @};]V + W ':JNN-Tm — S H e H Q-Nwtl
copper(l)-catalyzetforms. The practical importance of the process ~ ° H1 2 nek L 3 e

derives from the fact that it is the only facile 1,3-dipolar reaction —
which uses chemically stable components; others generally employl%'! S5 7 @ 9 101 1213 SOS hand
at least one reactant that is highly energetic, water-sensitive, or .,
transient in naturé.This feature makes the azidalkyne process 038
highly tolerant of diverse functional groups and reaction conditions. °§
Copper(l) catalysis of this process, discovered in 20B2s been an
adopted by many groups for bioconjugation applicatfimsyhich o

a1e
chemoselectivity and high reaction rate are crucial requirements.
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To extend these potential applications we have focused on catalysis "L ) oS [-"‘j)N’Ql‘nH, ¢ g ) . ui;’ U Q.
of the azide-alkyne cycloaddition with water-soluble copper(l) ' ’s o G Oroe L Lﬁ J
systems?2 Here we describe two new families of catalysts discov- " 12 13 12 15 w
ered by a screening method that allows for measurements of relative o .
and absolute rates in a convenient microtiter-plate format. Q™ ~ “r"fj (Peen) [ 15

Catalysis of the cycloaddition reaction of dansyl azide fluoro- N ;,Iu’ IS A el
phorel and dabsyl alkyn@ in aqueous-organic mixtures induces o -

a dramatic disappearance of fluorescence, since the triazole product * * 2 s 22

3 exhibits intramolecular quenching of the dansyl unit by the dabsyl G2, 2 Mt ieeiat IR, R T8 e ion tme
(Figure 1)° The effect is easily visualized by eye under long-  of 20 min. For all reactions, [Na ascorbate]16 mM, [1] = [2] = [4] =
wavelength ultraviolet illumination or quantitated by fluorescence 0.031 mM, [ligand]= 77 uM, solvent= 38% DMSO+ 62% Tris buffer
spectroscopy. Screening of candidate ligands in parallel format was(PH 7.5). SDS (sodium dodecyl sulfate) was included to verify that
done first by simple visual imaging, which offers a rapid readout SU"factants do not influence fluorescence intensity.
with simultaneous evaluation of control reactions. Interesting
candidates were then analyzed more carefully using a 96-well
fluorescence plate reader, which enabled kinetic characteriZation.
The use_oﬂ and? aF mlq-mlcrgmo!ar concentratlons in DMS_O/ ineffective, 7 and 8 marginally so. Tris(triazolyl)amind1 was
water provided emission intensities in a convenient range for visual previously identified as a useful ligand for bioconjugation

and plate reader detection; these compounds are completely,q tionga and the assay identified bipyridine copper complexes

unreactive in the absence of Clihe organic cosolvent was used g1, a5 those formed B to be comparably potent catalysts. Thus,
to improve both the fluorescence intensityloand the solubility catalytic activity persisted upon dilution of copper to 18, a

of several classes of ligands tested. Compodndith a propyl level at which much slower cycloaddition was observed in the
group in place of the reactive propargylafserved as an unreactive  gpcence of ligand.

quencher to control for false positive readings caused by inter-  The same rapid assay was used to compare variations in the
molecular quenching, absorbance, or catalyst precipitation, as wasyipyridine themé! Under otherwise identical conditions, the
observed for certain highly colored copper complexes. A typical rejatively electron-rich ligands3and14, as well as phenanthroline
experiment involved side-by-side comparisons of the reaction of 15 were found to give 2- to 3-fold more rapid rates of cycloaddition
interest (L + 2 + catalyst) and a control set of reactiods{ 4 + than bipyridine itself. The copper complex of neocupralifés a
catalyst) at room temperature over the same range of copper andfess active catalyst than unsubstituted phenanthroline, presumably
or ligand concentrations with constant concentrations of fluorophore pecause of steric factors. Bathophenanthrolinedisulfonic adid,

and quenchers. An example is shown in Figure 1, with a positive ysed in the specific colorimetric detection of coppelIprovided
indication of catalysis being the disappearance of fluorescence onlyan excellent and very water-soluble catalyst (see below).

in the top half of the plate. Ligand-accelerated catafysiss Also screened was a combinatorial library of 88 Schiff bases
suspected when the apparent rate of reaction in the presence oprepared from 11 aromatic aldehydes and 8 amih@&yridine-
ligand was greater than in its absence. A large excess of coppercontaining compounds were found to be promising, but several
relative to ligand was used to boost the rate of the ligand-free candidates caused degradation of the fluorophore, and alternative
process and thus make the screen for ligand acceleration morereducing agents were compromised by side reactions with the diazo
demanding. group of the quencher. The detection of side reactions underscores

Figure 1 shows one example of fluorescence quenching in the
control wells (ligandb6), thereby comprising a case that cannot be
evaluated by this assay. Among the othé&s9, 10, and12 were
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In summary, the fluorescence quenching screening method has
led to the discovery and quantitative kinetic characterization of
ligand-accelerated catalysis of the Cu(l) aziéékyne cycloaddition
reaction under dilute aqueous conditions. Bipyridine-type com-
pounds have been found for the first time to be components of

effective catalysts, and an opposing pH dependence has been
B gang 7 observed for bipy vs triazolylamine compounds. Further studies
Figure 2. Observed second-order rates of reaction at two different ligand directed toward the discovery and application of new ligands are

concentrations. The concentrations of azide, alkyne, copper, and ascorbatd/nderway, as are investigations of the reaction mechanism.
were 18uM, 18 uM, 182uM and 18 mM, respectively.
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Reactions in microtiter plates were followed quantitatively by ) ) . . )
measurement of emission intensity vs time; linear fits for simple ~ SUPPOrting Information Available: ~Experimental details and
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