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ABSTRACT

TfN3, CuSOy, NaHCO3,
R CH_Cly/MeOH/H,0, rt 'T'/\yR'
2 then Na ascorbate, TBTA, \\ N:N
MW 80 °C R
78-99 %
A one-pot reaction for Cu(ll)-catalyzed diazo transfer and Cu(l)-catalyzed azide —alkyne 1,3-dipolar cycloaddition (sometimes called click reaction)

is reported. 1,4-Disubstituted 1,2,3-triazoles are obtained in excellent yields from a variety of readily available amines without the need for
isolation of the azide intermediates. The reaction has a broad scope and is especially practical for the synthesis of multivalent structures
because compounds substituted with multiple azides are potentially unstable.

The Cu(l)-catalyzed Huisgen 1,3-dipolar cycloaddition of interactions is an important principle used by nature to
azides and alkyné3 has found widespread application, increase weak interactions to biologically relevant levels.
e.g., in combinatorial drug reseafdnd material scienck. A common strategy to assemble multivalent ligands is the
Due to its outstanding chemoselectivity and mild conditions, covalent attachment of the epitope to a scaffold. Several
the reaction has been especially used in bioconjugateapproaches using the azidalkyne cycloaddition for this
chemistry26 purpose have been reported®

In this field, the construction of multivalent structures is Although organic azides are stable against most reaction
often required because multivalency in ligafréceptor  conditions, compounds of low molecular weight or those
containing several azides (like multivalent scaffolds) tend
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s restricted to special amines, and a great variety of them is

Table 1. Evaluation of the Reaction Conditions for a commercially available. Hence, amines are adapted func-

Sequential One-Pot Procedure tionalities for the generation of multivalent structures.
TfN, CUSOz, NaHCOs, Herein, we report convenient one-pot procedures for
o, 2CMEORZO, , 30 min PN, p generating triazole-linked (multivalent) structures starting
2 N - . . g . . .
1 then reducing agent, TBTA, =—=—pp 3 N=N from amines and avoiding the isolation of the azide
conditions see table 2 . . . .
intermediates. The essential element of these procedures is
amine TBTA reaction yield to genera_lt_e the Cu(l)_ species requwed for the azalkyne
entry (equiv) conditions® (mol %) T (°C) time (%) cyc]oadd|t|0n by adding g reducing agent after complete or
during Cu(ll)-catalyzed diazo transfer.
1 1.5 A 5 rt 39h traces . . .
2 15 B 5 ot 39h  traces The reaction conditions for a sequential one-pot procedure
3 1.5 A 8OMW  8h 926 were optimized using a simple test system starting from
4 1.5 A 5 80MW 30min quant benzylaminel (Table 1). First, the diazo transfer was
5 1.0 A 5 80MW 30min 94 performed by analogy with literature-known conditions at
6 1.0 B 80 MW 20min 89

ambient temperatute'®but with sodium bicarbonate as base.
(B)a fgr;igli?s; f(/é)u% é”ﬂmoéocﬁi? O;h%rfl (1:% mg\IN‘?engl]\‘ltzraZcr?rgite; After complete conversion to benzylazide, phenylace_tylene
additional 2 r$1ol % of CYuSQand 10 molo% of Na?ascort')ate were added. 2 .(1 equiv) and the reducing agem_ were added directly
without any workup procedure. Two different reagents were
tested: (A) sodium ascorbdtand (B) Cu powder, which
the substitution of halides with sodium azide is used. While was used together with 10 mol % CuS® obtain the
circumventing the isolation of the azide intermediate, this Cu(l) species by comproportionatié#¢ Heating to 80°C
approach has the disadvantage that nucleophilic replacemenby microwave irradiation was required in both cases to obtain
of halides only proceeds easily in the case of activated high yields within reasonable reaction times. Whereas in the
halides, e.g., in benzylic or anomeric positions. case of sodium ascorbate as reducing agent reaction times
Another efficient and convenient method for generating of less tha 1 h could be achieved only by addition of the
organic azides is the Cu(ll)-catalyzed diazo transfer to aminesCu(l)-stabilizing ligand tris(benzyltriazolylmethyl)amine
using trifluoromethanesulfonyl azidé#The reactionis not ~ (TBTA)'’ (cf. entries 3 and 4), the Cu/Cu%6ystem gave

Table 2. One-Pot Synthesis of 1,2, 3-Triazoles from Amihes
TfN3, 2 mol% CuSO,4, NaHCO3

R\NH CH,Cly/MeOH/H,0, rt, 30 min R~N A C
2 |
. then 10 mol% Na ascorbate, 5 mol% TBTA, // N:N
amine 4-8 MW 80 °C 9.13
2
entry amine product MW-irradiation e

time

NH
~o 4 ~0 N=N

0 ~_0
) ~ Y\NH3C| \n/\h\l/y@ 10 10 min 81 %°
o) =
5

NHFmoc NHFmoc
3 OY]\/\/\NHZ OWNW 20 min 94 %d
OH 6 OH N=y 11
HoN NH NN =N
2 2 \ /
4 (o %N Nm 20 min 99 %
! LS
0 0 12

s HzN/\©/\NH2 @%N/\QANN/@ 10 min 88 %
N N

a Amounts of reagent are given per amino grotfihe reaction was performed at 120. ¢ 2 equiv of NaHCQ was usedd 30 mol % of Na ascorbate
was used.
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Scheme 1. Synthesis of a Divalent Glycoconjugate Using the One-Pot Procedure

OAc
[H.N"T"0  TRNg, 4 mol% CuSO,, NaHCO, AcO > SN0
rt, 30 min, OAc 4 Ac R
AcO 0 P N=N
then 60 mol% Na ascorbate, 10 mol% TBTA, " "Aco o\//
MW 80°C, 20 min OAc on N=N
C \
JHN A~ O o] /———Q\/N )
CH,Cly/MeOH/H,0 ACA?C o 3 ~
14 Ry 16 86%

comparable reaction rates and yields without this additive interferes with the diazo transfer nor a considerable reaction
(entry 6). Using an excess of amiti€1.5 equiv relative to  of triflyl azide and alkyne takes place in the presence of 2
2) gave slightly higher yields but was not essential (cf. entries mol % of CuSQ, 10 mol % of sodium ascorbate, and 5 mol
4 and 5). % of TBTA. This is remarkable since copper-catalyzed

While both variants proceeded well, we decided to use reactions between sulfonyl azides and alkynes have been
sodium ascorbate as reducing agent for further studiesreportec?® Therefore, we added all components of our test
because the Cu/CulQ@ystem seemed to be less reliable system simultaneously, and the desired tria3ohas formed
regarding the formation of side products. To prove the in yields slightly lower than those of the sequential one-pot
general adaptability, different aminds-8 were applied in procedure (Table 3). Both reducing agents could be applied;
the described one-pot procedure (Table 2). In all cases, thehowever, in this case the Cu/Cu(ll) system turned out to be
triazole product®—13 were isolated in very good yields. more reliable.

The fact that Fmoc-protected lysiecould be converted It has been reported that ionic azides react with dichlo-
to 11 without problems illustrates the potential use of the romethane to form explosive diazidomethdh&herefore,
procedure for the functionalization of peptides. The use of an alternative procedure for the preparation of triflyl azide
diamines7 and8 resulted in high yields of bis-triazolei? and its use in diazo transfer reactions has been published
and 13, showing the capability for generating multivalent recently, in which dichloromethane is replaced with tolugéne.
structures. In order to test whether these conditions are also compatible

Multivalency plays an important role in carbohydrate  with our one-pot procedure, we reactednd? in different
lectin interactions which are responsible for many biological ternary solvent mixtures. With the system toluene/2-propanol/
recognition and signal transduction process€g herefore, water we found conditions that gave prod@cof our test
much attention has been paid to the synthesis of multivalentreaction in a yield of 77% (Scheme 2). Although this yield
neoglycoconjugates as ligands for lectiig®

To show the convenience of our approach for the synthesis (13) (a) Cavender, C. J.; Shiner, V. dinmiaiin 1972 37, 3567
of multivalent glycoconjugates, we prepared divalent glu- 3569. (b) Vasella, A.; Witzig, C.; Chiara, J.-L.; Martin-Lomas, Melz,
coconjugatel6 (Scheme 1). Starting from diamirie} and ~ ieieiin 1991 74 2073-2077. (c) Alper, P. B.; Hung, S-C.; Wong,

) ) H. alssisasensing (11996 37, 6029-6032.
propgrgyl gllu005|.de15, the reactlon_proceeded f:leanl_y, ' (14) Nyffeler, P. T.; Liang, C.-H.; Koeller, K. M.; Wong, C.-kLAmQ.
obtaining16 in a yield of 86%. A detailed study using this ilSkkesec2002 124 1077}1,0778
h for th thesis of ltivalent al - t (15) Lundquist, J. T.; Pelletier, J. Quoaalt. 2001, 3, 781—783.
gpproag or e'syn €sIs 0 mu Ivalent glycoconjugates (16) Himo, F.; Lovell, T.; Hilgraf, R.; Rostovtsev, V. V.; Noodleman,
is ongoing and will be reported in due course. L.; Sharpless, K. B.; Fokin, V. @005 127, 210-216.
; ; hili ; (17) (a) Chan, T. R.; Hilgraf, R.; Sharpless, K. B.; Fokin, V. @tg,
We next investigated the possibility to perform diazo -2004 6, 2853-2855. (b) Lewis, W. G.. Magallon, F. G.: FoKin, V.
transfer and cycloaddition as a one-step one-pot reaction. Inv Finn, M. G. @004 126 9152-9153.
orienting experiments we could show that neither the alkyne _ (18) (a) Gabius, H.-J.; Siebert, H.-C.; Afdi®.; Jinimez-Barbero, J.;
g exp y Rudiger, H. 004 5, 740—764 (b) Dam, T. K.; Brewer, C.
. 2002 102, 387—429.
I e e v &
Table 3. One-Step, One-Pot Reaction
TfNa, CUSOj, NaHCOs, ——ph
reducing agent, TBTA 2 (1 e AN
A NH, (1ed)  pp r;l\\ls,ph
=N

Schmuck, C., Wennemers, H., Eds.; Wiley-VCH:
Weinheim, 2004; pp 203213. (b) Wittmann, V.; Seeberger Sngew.
miSiemkiiain2004 43, 900-903. (c) Wittmann, V.; Seeberger, Sagdew.
200Q 39, 4348-4352. (d) Choi, S.-KSynthetic Multialent
Molecules. Concepts and Biomedical Applicatiodshn Wiley & Sons:

Ph™ "NH . . Hoboken, NJ, 2004. (e) Lundquist, J. J.; Toone psiitiiemms 2002
1 g 3 102, 555-578. () Lindhorst, T. K jmumemiemn 2002, 218 201
235. (g) Roy, R.. Baek, M.- 12002 90, 291-309.
(20) (a) Cho, s. H.; Yoo, E. J.; Bae, |.; Chang, i C-
amine  CuSOq4 TBTA  yield 2005 127, 16046—16057 (b) CaSSIdy M. P.; Raushel, J.; Fokin, V. V.
entry (equiv) (mol%) reducing agent (mol %) (%) _(2006 45, 3154-3157. (C) Whiting, M Fokin, V.
@006 45, 3157-3161.

1 15 2 10 mol % of 5 93 (21) (a) Hassner, A.; Stern, d.986 25, 478—
479. (b) Hassner, A, Stern M.; Gottlieb, H. ikt 1990 55,

Na iascorfbate 2304-2306. (c) Dharanipragada, R.; VanHulle, K.; Bannister, A.; Bear,

2 1.0 10 30 mol % o 82 S.; Kennedy, L.; Hruby, V 992 48, 4733-4748.

Cu powder (22) Titz, A.; Radic, Z.; Schwardt, O.; Ernst, jinisinssusssigtt>006

Org. Lett, Vol. 9, No. 1, 2007

47, 2383-2385.


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ol0621506&iName=master.img-003.png&w=419&h=85
http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ol0621506&iName=master.img-004.png&w=219&h=36

s the isolation of intermediate azides is prevented. While the

Scheme 2. Sequential One-Pot Procedure in Toluene, one-step procedure is convenient, the sequential variant,
Isopropyl Alcohol, and Water however, has the advantage that it can be more easily
TfN3, 2 mol% CuSO0y, followed by TLC and gives higher reaction yields.
o~ NaHCOg3, rt, 30 min N
o 1 NHz then 20 mol% Na ascorbate, =—ph i NN:}/Ph Acknowledgment. We thank Prof. W. Pfleiderer, Uni-
M PORTBIA 2 3 e versitd Konstanz, for valuable discussions regarding the
' ° Cu/CuSQ reducing system and Biotage AB for providing a
oluene/FRroH/HZ0 microwave synthesizer.

is lower compared to that given in Table 1, entry 5, this  SUPporting Information Available: Experimental pro-

procedure represents a safe alternative suitable for reaction§edures and full characterization of compoudds 13 and

on a larger scal@ 16. This material is available free of charge via the Internet

In conclusion, efficient one-step and sequential one-pot &t http://pubs.acs.org.

procedures for diazo transfer and azi@ddkyne cycloaddition 0OL0621506

have been developed giving access to triazoles commencing

with amines being commercially available in a great Variety, (23) It has to be noted that even if diazidomethane is formed, it would
: . - e converted to stable triazole derivatives in the subsequent-ediikgne

The one-pot reaction has a broad scope and is espemall)}cJ

; - ’ ycloadditions. However, we could never identify side products resulting
practical for the synthesis of multivalent structures becausefrom such a reaction.
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