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Abstract: Copper(ll) triflate doubly catalyzed the substitution of
benzylic acetates by TMSN; and the subsequent 1,3-dipolar addi-
tion with an alkynein one pot. This procedure afforded the prepara-
tion of 1,4-disubstituted 1,2,3-triazoles in good yields starting from
the easily accessible acetates without isolating an organic azide
using asingle catalyst.
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‘Click chemistry’ has recently drawn much attention as a
powerful and efficient way to synthesize the desired com-
pounds in high yields using a simple and benign proce-
dure.! The Huisgen 1,3-dipolar cycloaddition of azide and
alkynes is the most intensively studied click reaction
which yields 1,2,3-triazoles in high yields by just mixing
the starting compounds and Cu(l) catalyst in an agueous
solvent.? The starting organic azides are usually prepared
and isolated by the substitution reaction of the organic
halides by sodium azide. As some organic azides can be
explosive and need to be handled with care, a procedure
without isolating the azide should be preferable. The im-
proved click syntheses of 1,2,3-triazoles without isolation
of organic azides have been reported, in which the three-
component reaction of an organic halide, sodium azide,
and an alkyne is carried out in one pot.® This procedure
would be more useful if the starting organic halides could
be replaced by more easily accessible compounds, such as
alcohols and their derivatives. The one-pot method em-
ploys an acetate as the starting compound, but it is first
converted into the corresponding halide, then the azide in
situ.* We now report the Cu(OTf), doubly catalyzed one-
pot procedure for the synthesis of a 1,4-disubstituted
1,2,3-triazole using the corresponding acetate as a precur-
sor of an azide which undergoes cyloaddition with an
alkyne.

We previously reported the substitution of 1-ferrocenyl-
ethyl acetate by azidotrimethylsilane (TMSN,) in the
presence of aLewis acid, such as Cu(OTf), and Sc(OTf)s,,
in the synthetic studies of the chira ferrocenyl diamine.®
The extension of the reaction to 1-phenylethyl acetate (1)
successfully produced the corresponding azide in a quan-
titative amount.® We tried the subsequent click reaction of
the azide generated in situ from the acetate with phenyl-
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acetylene in one pot without isolation of the azides.
Table 1 summarizes the results of the one-pot (two-step)
click reaction of 1 with phenylacetylene.” The preceding
displacement reaction was carried out using a 1:1.5 molar
ratio of 1 to TMSN; (1.5 equiv),? and a catalytic amount
of Cu(OTf), (10 mol%) at room temperature in dichloro-
methane. After the reaction was completed, i.e., disap-
pearance of the acetate 1 (ca. 12 h), then phenylacetylene
and the additive (0.1-1.1 equiv) were added to the mixture
and the following reaction was carried out for 1 hour. Af-
ter the usual workup, identification and determination of
the product were carried out using GC-MS. The product 2
was fully characterized by a spectroscopic method and
confirmed by comparison to the authentic sample sepa-
rately prepared by Sharpless’s click reaction.? No additive
left the azide unchanged, Cu(OTf), itself hardly cata-
lyzing the following 1,3-dipolar cycloaddition (entry 1).
When ascorbic acid, sodium ascorbate, or potassium fer-
rocyanate was added to the mixture in order to reduce the
Cu(Il) speciesto the Cu(l) species, which could work asa
catalyst for the following cycloaddition reaction, the cor-
responding 1,4-disubstituted 1,2,3-triazole 2 was obtai ned
in low yields (entries 2 and 3) using the former two addi-
tives. The addition of Cul and CuCl as a Cu(l) salt itself
resulted in no reaction and a low yield, respectively (en-
tries 5 and 6). The addition of diisopropyl ethyl amine
(DIPEA) as an additive remarkably improved the yield of
the triazole 2; compound 2 was obtained in an 81% yield
(entry 7) and any unreacted azide was scarcely contained
in the final products.® The addition of 2,6-Iutidine as an
tertiary amine was not so effective as DIPEA, producing
alow yield of 2 (entry 8).1°

We separately confirmed that the 1,3-dipolar cycloaddi-
tion of the isolated azide with phenylacetylene proceeded
to give 2 in the presence of both the amine and a catalytic
amount of Cu(OTf), (10 mol%), but did not proceed in the
absence of either the amine or Cu(OTf),; the amine itself
did not catalyze the cycloaddition. The use of other Cu(l)
and Cu(ll) salts, such as CuOTf-CzHg and CuSO,-5H,0,
was ineffective for the preceding displacement reaction.
While Sc(OTf), could catalyze the substituti on reaction of
1 with TMSNj, it could not catalyze the cycloaddition:
The cycloaddition could not be catalyzed by aLewis acid,
and a copper(l1) catalyst should be required for the reac-
tion. Dichloromethane was the choice of solvents; the
preceding reaction did not proceed in THF, diethyl ether,
DMF, or DM SO, and 2 was hardly obtained in MeCN and
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Tablel The One-Pot Reaction of 1-Phenylethyl Acetate, TMSNj,,
and Phenylacetylene Catalyzed by Cu(OTf),?

OAc
TMSN3, Cu(OTf),
CH,Cly, r.t.,, 12 h
oy
then additive, Ph—— N=/
rt,1h
1 2

Entry Additive Yield of 2 (%)°
1 None 0
2 Ascorbic acid 24
3 Sodium ascorbate 26
4 K 4Fe(CN)g-3H,0 0
5 Cul 0
6 CuCl 29
7 DIPEA® 81
8 2,6-Lutidine? a7

aCompound 1 (0.5 mmoal), TMSN, (0.75 mmol), Cu(OTf), (0.05
mmol), CH,CI, (1 mL), r.t., 12 h, then phenylacetylene (0.6 mmol),
additive (0.05 mmol), r.t.,, 1 h.

b Determined by GC-MS.

¢ DIPEA (0.55 mmol).

d2,6-Lutidine (0.75 mmol).

toluene although the production of a small amount of the
azide was observed.

This one-pot reaction is interesting and useful because
Cu(OTf), doubly catalyzed the preceding displacement
reaction and the following cycloaddition reaction without
any additional metal catalyst. Furthermore, the reaction
can completely be carried out at room temperature. Thus,
the reaction was applied to the aromatic substituted
benzylic acetates, and these results are summarized in
Table 2.1 The sequential reaction with the o-, m, and
p-methylphenyl derivatives gave the corresponding 1,4-
disubstituted 1,2,3-triazoles in good yields (entries 2—4).
For the reaction, the intermediate azide was hardly ob-
served; most of the azide was consumed and transformed
into the triazole. The p-ha ogeno-substituted (Cl, F) ben-
zylic triazoles were obtained in good yields (entries 6 and
7), but the reaction with o-chlorophenyl derivative gave

OAc N
/A
= N
TMSN3, Cu(OTH), N
CHoCly, 1.t 12 h \)
3
then DIPEA, ph—=—
N

4

Scheme 1

Table2 The One-Pot Click Synthesis of 1,4-Substituted 1,2,3-Tri-
azoles Doubly Catalyzed by Cu(OTf),2

OAc

TMSN3, Cu(OTH),
/ | N CHCly, rt., 12 h /O)\r\‘]xph
RN then DIPEA, Ph—= s .- N=N
R rt, 1h R
1 2
Entry Rin1 Yield of 2 (%)°
1 H 81 (72)°
2 o-Me 85 (81)°
3 m-Me &)
4 p-Me 83 (80)°
5 o-Cl 1
6 p-Cl 61
7 pF 8
8 p-NO, 0
1-Naphthy! 94 (84)°
10 2-Naphthy! 53
11¢ H 70°
100 H 65¢

aCompound 1 (0.5 mmol), TMSN; (0.75 mmol), Cu(OTf), (0.05
mmol), CH,CI, (1 mL), r.t., 12 h, then phenylacetylene (0.6 mmal),
DIPEA (0.55 mmal), r.t., 1 h.

b Determined by GC-MS.

¢ |solated yield.

d 1-Hexyne was used as the alkyne.

€ 2-Methyl-3-butyn-2-ol was used as the alkyne.

the corresponding triazole in low yields, the starting ace-
tate being recovered mostly (entry 5). The p-nitro-substi-
tuted triazoles were not obtained, as no azide was
produced in the first reaction (entry 8). The reaction with
the 1- and 2-naphthyl derivatives proceeded to give the
corresponding 2 in good to excellent yields (entries 9 and
10). This process could be applied to akynes other than
phenylacetylene, such as 1-hexyne and 2-methyl-3-butyn-
2-ol with the corresponding 4-alkyl-substituted triazole
being obtained in good yields (entries 11 and 12).

The reaction could not be applied to the benzyl and allyl
acetates since the substitution by TM SN did not proceed
in the presence of Cu(OTf),. However, the sequential
reaction with 1-phenylallyl 3 and cinnamyl acetate 4 pro-
ceeded to give the same products, the 1,4-disubstituted
cinnamyl triazole 5 in moderate yields (30-50%,
Scheme 1).%?

In conclusion, this procedure allowed the preparation of
1,4-disubstituted 1,2,3-triazoles in good yields starting
from easily accessible acetates without isolating the
organic azide using Cu(OTf), as adouble catalyst.
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