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We recently developed a new class of oligomers that contaéimino acid residues linked by 1,2,3-
triazole groups [Angelo, N. G.; Arora, P. $. Am. Chem. So005,127, 17134-17135]. Synthesis of

these oligomers involves an iterative sequence consisting of diazotransfer and Huisgen 1,3-dipolar
cycloaddition steps. In this contribution, we describe an efficient one-pot, two-step sequence for the
preparation of triazoles from the corresponding amino acid-derived amines and alkynes in solution. The
one-pot sequence affords the desired products in significantly higher yields than our original method.
We also outline a highly effective protocol for the synthesis of these triazole-based biomimetic oligomers
on the solid phase. We find that amino acid derivatives and iterative formation of triazole rings require
nontraditional reaction conditions for high yields.

Introduction
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Peptidomimetics that display protein-like functionality yet do
not contain the labile amide linkage have wide-ranging potential
as modulators of proteinprotein interaction$=> Our efforts
have focused on the design and synthesis of oligomers that
contain amino acid residues linked via 1,2,3-triazole moieties
rather than the amide bond (Figure 1). We have described NMR
studies which indicate that short versions of these oligomers,
dubbed “triazolamers”, can adopt zigzag conformations remi-
niscent ofg-strands®

In our reported studies, we synthesized triazole oligomers with triazole linkages. R= amino acid side chain.
from corresponding amines by an iterative procedure that relied
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FIGURE 1. Structure of a triazolamer where amide bonds are replaced
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on two key steps: (1) metal-catalyzed diazotransfer to form an
azide intermediafe® and (2) Cu(l)-catalyzed Huisgen 1,3-dipolar
cycloaddition reaction with the suitable amino alkyne to obtain
the triazole linkagé&:1°

We chose this synthetic strategy because mild and efficient
conditions for both of these steps had been previously
described%-16 Scheme 1 illustrates our original synthesis in
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SCHEME 1. Iterative Synthesis of Triazolamers; R= in situ
Amino Acid Side Chain diazotransfer
and dipolar N=N
) 2. Huisgen 1,3-dipolar R L cycloaddition =
HaN_-CO;Me 1. diazotransfer N3._-CO:Me cycloaddition HN *R— —i R'/&/N\R
= Z H /
R R 2
PG’N\;/ sequential
R one-pot
diazotransfer
R R and dipolar N=N
PG. N, i N, R cycloaddition =N
HJ\V\; N 3. deprotection HZNJ\V\, N HN& —— > R'/&/N\R
N__ CO,Me N__ CO,Me
; ; N /
N3/ + R———
R R
repeat steps 1-3 N'/N~N Z N N“N FIGURE 2. Synthesis of triazoles from amines via in situ azide
— > PGNH. =/ N=N \ N._CO,Me formation and one-pot sequential diazotransfer and dipolar cycloaddition
- .
_— > B H reactions.
R n R

TABLE 1. One-Pot Synthesis of Triazoles via in Situ Azide
which an amino acid methyl ester was converted to the Formation: Representative Results

corresponding azide via a Cu(ll)-catalyzed diazotransfer reaction TfN; (3 eq), catalyst, TEA
using triflic azide’® The isolated azido compound was then (3 eq), Na L-ascorbate,
reacted with an amino acid-derived alkyne in the presence of TBTA (0.2 eq),
Cu(l). The amine was deprotected, and the process was repeated =
to obtain triazolamers of the desired length. This method allowed H,N__co,Me N=N
. . . . ~7 _N._CO:Me
for the synthesis of trimers in-612% overall yield$. Although : , (1eq) H
these yields provided material for our initial studies, we required - 3
a more efficient methodology for the synthesis of longer (1 eq) ch CMW 02)" HoO \O
oligomers and further analysis. 1 a 2Cl/MeOH/H; 3
We postulated that the low overall yields for the synthesis _
of triazolamers primarily reflected a combination of the instabil- L_;ggg‘rg‘ate reaction  yield
ity of the amino acid-derived azide to purification conditions entry catalyst (equiv)  T(°CP  time (%)
and the inefficiency of the diazotransfer reaction to form this =1 cysqsh,0 0.4 25 18 h 28
azide. On the basis of this hypothesis, we refrained from (0.5 equiv) _
isolating, purifying, or handling the azide intermediate for 2 (%‘fgﬁi*\';)o 0.4 goMwW  Smin 32
prolonged periods during these optimization studies. This 5  cusqQ5H,0 0.4 8OMW 15min 27
limitation meant that we could not ascertain the efficiency of (0.5 equiv) )
the diazotransfer conditions until after the azidgkyne cy- 6 éﬂggﬁgﬁzgq(%g Zgﬂiv) 04 SOMW  15min 14
cloaddition step and that, essentially, we were optimizing two 7 ZnCk (0.1 equiv) and 1 25 18h 30
different reactions at one time. To improve our synthetic CuSQSH0 (0.2 equiv) ,
. . . . 8 ZnCh (0.1 equiv) and 1 80 MW 15 min 16
procedure, we explored various diazotransfer conditions includ- CuSQ5H;0 (0.2 equiv)
ing in situ azide formatioA”®We also tested various methods, 9  CuSQ5H,0 (0.2 equiv) 1 80MW 15min 26

including microwave irradiation, to further improve the cy- aCatalyst for both the diazotransfer and the dipolar cycloaddition
cloaddition steg31° Although several improvements for the  reaction: ' In each entry, Cu(ll) is included to catalyze the dipolar

Huisgen [2+3] cycloaddition have been reported, most of these cycloaddition reaction after in situ reduction to Cul]MW = microwave
reports describe the synthesis of single triazole grééipswe irradiation, TBTA= tris-(benzyltriazolylmethyl)amine
discovered that oligomers of triazoles present special synthetic

challenges and require a different set of optimized conditions. 0rreésponding amino-triazolamers was difficult and low yield-
ing. In agreement with previous reports, we found that amino
acid azides may be purified by column chromatography and
isolated in high yieldd? but handling and purification of azides
Solution-Phase Synthesis of TriazolamersOur initial became difficult as the number of triazole rings in the oligomer
studies suggested that the preparation of azides from theincreased. To limit the handling of the triazolamer-azides, we
examined two approaches that involved (a) an in situ diazo
(13) Joosten, J. A. F.; Tholen, N. T. H.; El Maate, F. A.; Brouwer, A.  generation procedure and (b) a sequential single-pot procedure
J; van Esse, G. W.; Rijkers, D. T. S.; Liskamp, R. M. J.; Pieters, Rud. (Figure 2). In the in situ method, all reagents for the diazotrans-

J. Org. Chem2005 3182-3185. .. .
(14% Bouillon, é‘ Meyer, A.: Vidal, S.; Jochum, A.; Chevolot, Y.: fer and the cycloaddition steps were added simultaneously. The

Results and Discussion

Cloarec, J. P.; Praly, J. P.; Vasseur, J. J.; Morvad, Rrg. Chem2006 sequential procedure involved addition of the alkyne and
71,(1‘;?}%%?52-D T S van Esse. G. W.: Merio R Brouwer. A 1. Cycloaddition catalyst to the flask containing freshly generated
Jacobs, H. J. F.. Pieters, R, J.- Lisliamp, R. MCHem. Commur2005 a2|qle .butlwrthout the isolation or purification qf the azide. Thgse
4581-4583. optimization reactions were performed with phenylalanine
(16) Chan, T. R.; Hilgraf, R.; Sharpless, K. B.; Fokin, V. @rg. Lett. methyl ester as the starting amine, and 4-phenyl-1-buyoe

2004 6, 2853-2855.

(17) Appukkuttan, P.; Dehaen, W.; Fokin, V. V.; Van der Eycken, E.
Org. Lett.2004 6, 4223-4225.

(18) Kacprzak, K.Synlett2005 943-946. (19) Lundquist, J. T.; Pelletier, J. @rg. Lett.2001, 3, 781-783.

Boc-Phe-alkyné as the source of the alkyne. We obtained our
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TABLE 2. One-Pot Synthesis Of Triazoles via Sequential Diazotransfer and Huisgen 1,3-Dipolar Cycloaddition: Representative Results

diazotransfer diazotransfer microwav %
entry” amine alkyne AZOUANSIEL  ponction time  crowave product 7
catalyst o irradiation yield
at 25 °C
P> N=N
HyN._CO,Me Z N _N__CO.Me
1 A \_/ 2 @/\/ ZnCl, . 80 °C, W \_/ 2 0
(0.1eq) ' 5 min.
2
1 3
yZ N=N
H,N._CO,Me z \
H . o, X _N.__CO-Me
) g ©/\/ CuS0,-5H,0 8h 80 °C, @% o %
< ‘§ 2

(0.05 eq) 5 min. 2

= N:N
BocHN._# BocHN N_ _COM
H:N._CO;Me H o \_/&/N\/ 2ve
3 B ZnCl, oh 100 °C, ; 51
©/ (0.1eq) 5 min. ©/ ©/
4 5
1
N=N
BocHN/ BocHN\A/N _CO:Me

H:N__ CO;Me H B H

A : CuSOSHO o0 100 °C, ; o6
©/ ©/ (005 eq) 5 min. ©/ ©/
4 5

1

aReaction conditions: TfjN3 equiv, diazotransfer catalyst, TEA-3 equiv, 25°C then alkyne +1.2 equiv, CuS@5H,0 0.1-0.2 equiv, sodium
L-ascorbate 0:20.4 equiv, TBTA 0.2-0.4 equiv, microwave irradiatio?.

highest yields £90% overall) for the triazole products with  indeed, ZnCl has previously been used for removal of the Boc
the sequential procedure. group?!

Table 1 lists a sampling of in situ diazotransfeycloaddition During the course of our studies, Beckmann, et al. reported
reaction conditions analyzed. We performed a series of studiesthe one-pot generation of triazoles from amines via one-step
where we changed various reaction parameters, including theand sequential diazotransfer and cycloaddition reactitnese
catalysts (Cu(ll) or Zn(ll)), reaction temperatures (microwave Workers principally investigated primary alkyl and aryl amines
or oil bath heating) and times, and the amounts of additive and a single sequence of azide generation and cycloaddition to
(sodium ascorbate) for the cycloaddition step. Although micro- Obtain triazole monomers, whereas our studies have involved
wave irradiation afforded higher yields than conventional amino acid derivatives and iterative syntheses of triazole rings
heating, none of the in situ conditions tested provided the desiredto obtain oligomers. We find that amino acid derivatives and
triazole product in sufficiently high yields to be synthetically triazole oligomers require modified conditions. Our optimized
useful (Table 1). sequential one-pot methodology affords trifden 62% overall

As part of these optimization studies, we next investigated Yi€ld (Scheme 2), which corresponds to a significant improve-

the one-pot sequential diazotransfeycloaddition reaction ~ MeNt over our previously reported procedure.

procedure with the same substrates as used for the in situ test Sqlid-Phase Synthes.is. of Triazc_)l_amersThe high yiel_ds .
reactions (Table 2). The procedure for the sequential protocol obtained from these optimized conditions suggested that it might

consisted of allowing the diazotransfer reaction to reach P€ Possible to further improve our methodology and generate
completion, as indicated by thin layer chromatography, followed libraries of triazolamers by implementing solid-phase tec_hnlques
by the addition of the alkyne and other reagents for the dipolar (Scheme 3). We therefore embarked on a comprehensive study
cycloaddition step, and microwave irradiation of the reaction to dgtermme efficient solid-phase conditions for the synthesis
mixture. We discovered that this procedure provides high yields ©f friazolamers. _ . .

of the triazole producs from phenylalanine methyl ester and 1 N€ conversion of amines to azides via Cu(ll)-catalyzed
4-phenyl-1-butyne when Znglwas employed as the catalyst diazotransfer on the solid phase has been repéft€d(ll) also

in the diaZOtranSfer st_ep (Table 2, entry 1)' However, similar (20) The microwave reactions were performed in the CEM Discover
reaction conditions with Boc-Phe-alkynk as the substrate  single-mode reactor with controlled power, temperature, and time settings.
afforded much lower yields of the desired prodGcReplace- (21) Devasagayaraj, A.; Tour, J. Mlacromolecules999 32, 6425~

ment of ZnC} with CuSQ-5H,0 increased the yield & (Table 64?292) Beckmann, H. S. G.; Witimann, \Drg. Let, 2007 8, 1-4
2, entry 3 vs entry 4). This disparity in yields may reflect the  (33) Rjjkers, D. T. S.; van Vugt, H. H. R.; Jacobs, H. J. F.; Liskamp, R.

stability of the Boc group on alkyrn&in the presence of Zngl M. J. Tetrahedron Lett2002 43, 3657-3660.

J. Org. ChemVol. 72, No. 21, 2007 7965
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Synthesis of Triazole Trimer 7 using Optimized One-Pot Sequential Solution-Phase Conditions

i. 30% TFA in DCM

ii. TfN3 CuS0,45H,0, TEA, 18 h
then Boc-Lys(Z)-alkyne,
CuS0O,4-5H,0, sodium L-ascorbate,
TBTA, microwave irradiation

N=N

SCHEME 2.
TfN3, CuSO4-5H,0, TEA, 18
h then Boc-Phe-alkyne,
CuS0,-5H,0, sodium L-
ascorbate, TBTA, microwave
irradiation N=N
NH,.__CO,Me . BocHN o N<_CO,Me
: o, : :
Ry 96% R R
1:Ry=Bn 5:Ry=Bn
i. 30% TFA in DCM
ii. TIN3 CuSO,4-5H,0, TEA, 18 h then N=N
Boc-Lys(Z)-alkyne, CuSO4-5H,0, BocHN
sodium L-ascorbate, TBTA, H
microwave irradiation Ry
70% 7Ry
SCHEME 3. Solid-Phase Synthesis of Triazolamers

3. R
R R 5
o~ 1. deprotection o =~ "NHBoc
0 [ NHBoc FE——. Ny — o
0 . diazotransfer 0 [2+3] cycloaddition

PAM resin
R= amino acid side chain

2

h{/y\NHBoc E— repeat steps 1-3
N=N -

R
"

served as an efficient catalyst for our solution-phase studies.
However, we discovered that the yields for peptido-triazoles
were higher in the presence of Znfilas the diazotransfer

catalyst on solid phase. We ascribe these results to possible

cleavage of the substrates from the PAM resin or to copper-
mediated aggregation of triazole rinf£425Use of Zn(ll) was

detrimental to the solution-phase synthesis with Boc-protected
alkynes (Table 2) but is not a problem with the solid-phase

N=N
BocHN \A/N
R, R R
6: Ry = Bn, R, = (CH,)sNH(Z)

X N \/Cone
92% :

Ry
=Bn, Ry = (CHy)4NH(Z)
overall yield = 62%

TABLE 3. Solid-Phase Reaction Conditions and Results for
Compounds 8 and 9

= = N= [o} N=N =) = N= )
mcHN\/NK/NN\/NKfN\/C‘N\.)LN/ N N\/&:‘NVUNWNN\:)LN/
H H H : H H H E A A
v :
8
average
number of  overall yield
diazotransfer triazoles yield® per stef
entry catalys? cmpd in product (%) (%)
1 CuSQ-5H,0 8 3 37 85
(0.1 equiv)
2 CuSQ-5H,0 9 4 33 87
(0.1 equiv)
3 ZnCh 8 3 57 91
(0.2 equiv)
ZnCh 9 4 78 97
(0.2 equiv)

a Reactions performed on PAM resin. Dipolar cycloaddition conditions:
CuSQ-5H;0 (0.1 equiv), sodium-ascorbate (3 equiv), TBTA (0.2 equiv),
alkyne (2-3 equiv), 25°C 18 h.P Diazotransfer conditions: TfN8 equiv),

methodology because the resin is washed extensively to remoVeyiethylamine (4 equiv), diazotransfer catalyst,°5 reaction time: entries

Zn(Il) prior to the introduction of the Boc-alkyne. Other reaction
parameters, including the choice of TfNolution25-27 did not
have a significant effect on the yields. A multitude of solid-
phase conditions for the azidalkyne cycloaddition reaction
exists in the literaturé?28-2°While the protocols for this reaction
differ considerably (choice of solvents, bases, equivalents of
reagents), yields of over 90% are regularly reported. We tested
a number of different conditions for the cycloaddition reaction
to arrive at our optimized protocol (Table 3).

The solid-phase methodology affords excellent yields of
triazolamers (up to tetramers) when two conditions are met:
(1) Zn(ll) is used as the catalyst for the diazotransfer reaction,
and (2) a large excess of sodiurrascorbate relative to Cu(l)
is used for the cycloaddition reaction. During the course of the

(24) Rodionov, V. O.; Fokin, V. V.; Finn, M. GAngew. Chem., Int.
Ed. 2005 44, 2210-5.

(25) Punna, S.; Kuzelka, J.; Wang, Q.; Finn, M.A&hgew. Chem., Int.
Ed. 2005 44, 2215-20.

(26) Yan, R. B.; Yang, F.; Wu, Y. F.; Zhang, L. H.; Ye, X. S.
Tetrahedron Lett2005 46, 8993-8995.

(27) Titz, A.; Radic, Z.; Schwardt, O.; Ernst, Betrahedron Lett2006
47, 2383-2385.

(28) Zhang, Z.; Fan, ETetrahedron Lett2006 47, 665.

(29) Holub, J. M.; Jang, H. J.; Kirshenbaum, ®rg. Biomol. Chem.
2006 4, 1497-1502.
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1 and 2= 18 h, entries 3 and 4 3—6 h. ¢ Determined by chromatographic
isolation of products after cleavage from the re€iGalculated average
yield of each diazotransfer and Huisgen 1,3-dipolar cycloaddition assuming
all other steps (i.e., deprotection, cleavage) to be quantitative.

cycloaddition step, we often observed a color change from
yellow to green which suggested that oxidation of the Cu(l)
species to Cu(ll) had occurred. Addition of a large excess of
sodiumc-ascorbate relative to Cu(l) was needed to prevent this
color change and to achieve higher yields of the desired products
(data not shown). We did not observe a significant effect of the
amount of TBTA used on the yield when a large excess of
sodiumc-ascorbate was preséfifThe preference for Zn(Il) over
Cu(ll) for the diazotransfer and the necessity for a large excess
of sodiumL-ascorbate during the cycloaddition reaction suggest
that the presence of Cu(ll) may be detrimental to the synthesis
of triazolamers on the solid phase. We detected cleaved
intermediates in the wash solutions after the diazotransfer steps.
This cleavage appears to result from Lewis acid-catalyzed
cleavage of the benzyl ester that tethers the compound to the
PAM resin. Although these intermediates were detected in the
wash solutions of both the Cu(ll)- and Zn(ll)-catalyzed reactions,
the extended reaction time required for the Cu(ll)-catalyzed
diazotransfer likely leads to a greater degree of cleavage during
this step. Likewise, the presence of Cu(ll) during the Huisgen
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1,3-dipolar cycloaddition step may also lead to premature solution of TfN; in toluene (2.92 mL, 1.17 mmol). The reaction
cleavage especially since this step is generally performed for mixture was shaken at room temperature for 5 h. Reaction progress
18 h. Using our optimized conditions, the average yields per was monitored by LC—:MS or Kaise_r Test! The resin was filtered
step in the synthesis were high (Table 3, entries 3 and 4). Wweand washed sequentially with dichloromethane, NMP, 0.02 M

are using these optimized conditions to develop libraries of theseSCdium diethyldithiocarbamate trihydrate solution in NMP, NMP,
oligomers to fully examine their biological potential methanol, NMP, and dichloromethane. The resin was resuspended

. . ) . in NMP (1 mL), and then Boc-Ala-alkyne (74 mg, 0.44 mmol)
In conclusion, we have reported efficient solid- and solution- \yas added followed by a suspension of TBTA (15 mg, 0.029
phase syntheses of peptido-triazole oligomers in which each mmol), CuSQ-5H,0 (4 mg, 0.015 mmol), and sodiumascorbate
amide bond in a peptide has been replaced with a triazole ring. (87 mg, 0.44 mmol) in NMP/ED (1 mL:0.1 mL). The reaction
Although the methodology developed herein has been tunedmixture was shaken at room temperature for 18 h, and the reaction
specifically for the synthesis of triazolamers, it may find general was monitored by LEMS. The resin was filtered and washed
application (e.g., for the synthesis of triazole-based dendrifpers  sequentially with dichloromethane, NMP, 0.02 M sodium dieth-

as the use of these reactions becomes more widespread. yldithiocarbamate trihydrate solution in NMP, NMP, methanol,
NMP, and dichloromethane. The resin was treated with 30%

. ) trifluoroacetic acid in dichloromethanerfd h toremove the Boc
Experimental Section group. The diazotransfer step, the Huisgen 1,3-dipolar cycloaddition
step using the appropriate alkyne, deprotection step, and intermittent
washing steps were repeated as needed to complete the synthesis.
Cleavage of the final product from the resin was effected by
suspending the resin with 40% methylamine iROATHF, 1:1
solution for 2 h. The resin was filtered, and the filtrate was
concentrated under vacuum. A saturated aqueous solution of sodium
bicarbonate was added, and the mixture was extracted with
dichloromethane (five times). The combined organic layers were
dried over MgSQ filtered, and concentrated under vacuum. The

Thg rea(;tlont rglxture was sl,tltr_red ?t r%(_)m tg_mptla)ratu;e for 18d(|; esidue was purified by column chromatography (5:95 methanol/
and a saturated aqueous solution of sodium bicarbonaté was adde ichloromethane) to afford compoudas a white solid (62 mg,

The mixture was extracted with dichloromethane (four times), the 78%).1H NMR (400 MHz,ds-DMS0) 6 8.66 (s, 1H), 8.53 (q] =
combined organic layers were dried over MgS@ltered, and 4.6 Hz, 1H), 8.29 (s, 0.5H), 8.28 (s, 0.5H), 8.26 (s, 2H), 7.85 (d,
concentrated under vacuum. The residue was purified by column ;" — _ —

J = 7.2 Hz, 2H), 7.44 (tJ = 7.6 Hz, 2H), 7.33 (tJ = 7.4 Hz,
chromatography (3:7 ethyl acetate/hexanes) to afford comp8und 1H), 6.15-6.07 (m, 3H), 4.88 (dJ = 10.3 Hz, 1H), 2.66 (d) =
as a light-yellow oil (23 mg, 30%JH NMR (400 MHz,ds-DMSO) 4.9 Hz 1H): 262 ’(d,] Z 4'.5 Hz, 2H), é.42—i32 (’m,. 1H), 1.93
0 791 (s, 1H), 7.2#7.22 (m, 2H), 7.2£7.16 (m, 6H), 7.12 (d,J=7.1Hz, 3H), 1.86 (dJ = 7.0 Hz, 6H), 0.92 (dJ = 6.7 Hz,

7.08 (m, 2H), 5.77 (dd) = 10.6, 5.2 Hz, 1H), 3.69 (s, 3H), 3.54 31}y 3 61 (4,3'= 6.6 Hz, 3H);13C NMR (100 MHz,de-DMSO) 6

(dd, AB patternJ = 14.3, 5.2 Hz, 1H), 3.45 (dd, AB patterd= 167.6, 146.4, 146.2, 130.7, 128.8, 127.8, 125.1, 121.8, 121.7, 121.6,
14.2, 10.7 Hz, 1H), 2.88 (app s, 4HFC NMR (100 MHz, ds- 120.0, 69.1, 52.3, 31.0, 25.5, 20.4, 20.4, 18.8, 18.5: HRWSor
DMS0)0 1688, 146.0, 141.0, 135.9, 1288, 128.31, 12826, 128.18, 11"\ "0 + HI'. caledl, 544.3010, found: 544.3013.

126.8, 125.9, 122.2, 62.8, 52.8, 36.6, 34.7, 26.9; HRMS for Synthesis of Triazolamer 8 (Table 3, entry 3)A procedure

+ . .
CaoH22N50, [M + H]", calcd: 336.1712, found: 336.1713. analogous to that used for the synthesisQofvas used for the

_ General Procedure for_TriazoIe Formation_from an An_1ine synthesis 08. H NMR (400 MHz, d;-methanol)d 8.08 (m, 1H),
via One-Pot Sequential Diazotransfer and Huisgen 1,3-Dipolar 7.97 (m, 1H), 7.62 (s, 1H), 7.677.04 (m, 6H), 6.96:6.88 (M

Cycloaddition (Synthesis of 3: Table 2, entry 1)To a solution 4H), 6.09-6.05 (m, 1H), 5.98 (t) = 7.8 Hz, 1H), 5.27 (¢J =
,6.09-6.05 (m, 1H), 5.98 (t) = 7.8 Hz, 1H), 5.27 (¢) = 6.7
of H-Phe-OMeHCI (23 mg, 0.11 mmol) and Zng(1.5 mg, 0.011 Hz, 1H), 4.72-4.68 (m, 1H), 3.54 (dJ = 8.1 Hz, 2H), 3.49 (t]
mmol) in KO (1 mL) and triethylamine (0.045 mL, 0.32 mmol) _ 75 5 2H), 2.65 (dJ = 1.4 Hz, 3H), 1.65 (app dd] = 7.2
was added a SO|uti0n Of Tfj\ln diChloromethane (17 mL, 032 22 HZ éH) l133_130 (m 12H)‘13C,NMR (100 MHZ d4-,

mmol) and methanol (3.5 mL). The reaction mixture was stirred at methanol)) 210.4, 171.3, 146.5, 146.4, 137.5, 137.4, 130.2, 130.12

room temperature for 1.5 h and monitored by thin layer chroma- 130.09. 129.6. 129.57. 128.1, 128.0. 124.4. 124.0. 122.1. 80.3. 60.7
tography. A solution of TBTA (11 mg, 0.021 mmol) in dichlo- 555 601 42.0 41.9 299 28.8 266 21.3 18.4: HRMSfor ’

romethane (0.5 mL) and a solution of sodiurascorbate (8.5 mg, CasHaiN1103 [M + H]* . )
. 33M41N 1103 , calcd: 640.3472, found: 640.3476.
0.043 mmol) and CuSE£BH;O (5 mg, 0.021 mmol) in kD (0.5 Synthesis of Triazolamers 5, 6, and 7Compounds, 6, and7

mL) were added to the mixture followed by 4-phenyl-1-butyne (14 '\ ore synthesized as indicated in Scheme 2. Synthetic characteriza-
mg, 0.11 mmol). The reaction mixture was subjected to microwave tion of these compounds has been previously repérted.

irradiation at 80°C for 5 min. A saturated aqueous solution of

sodium bicarbonate was added, and the mixture was extracted with  Acknowledgment. P.S.A. is grateful for financial support

dichloromethane (four times). The combined organic layers were from the Research Corporation (Cottrell Scholar Award) and

drie_d over MgSQ_, filtered, and concentrated under vacuum. The NYU (Whitehead Fellowship). We thank the NSF for equipment

residue was purified by column chromatography (2:8 ethyl acetate/ Grants MRI-0116222 and CHE-0234863, and the NCRR/NIH

hexanes) to afford compourgias a white solid (33 mg, 93%). for Research Facilities Improvement Grant C06 RR-16572
Synthesis of Triazolamer 9 (Table 3, entry 4)PAM resin was ) ) ] )

swelled in dichloromethane (1 mL) for 15 min, and a solution of ~ Supporting Information Available: Copies of spectra of

ZnCl, (4 mg, 0.029 mmol), methanol (0.5 mL), and triethylamine c_ompoundss, 8, and9. This material is available free of charge

(0.081 mL, 0.58 mmol) was added, followed by a 0.4 mmol/mL Via the Internet at http://pubs.acs.org.

General Procedure for Triazole Formation from an Amine
via in Situ Azide Generation (Synthesis of 3: Table 1, entry 7).
To a solution of H-Phe-OM&ICl (50 mg, 0.23 mmol) and Zn¢l
(3 mg, 0.023 mmol) in KO, (5 mL) triethylamine (0.097 mL, 0.70
mmol), and methanol (16 mL) was added a solution of 3TN
dichloromethane (5 mL, 0.70 mmol) followed by 4-phenyl-1-butyne
(30 mg, 0.23 mmol), CuS£EH,0 (12 mg, 0.046 mmol), TBTA
(25 mg, 0.046 mmol), and sodiurrascorbate (46 mg, 0.23 mmol).
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