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08028 Barcelona, Spain, ICREA and Laboratorios Dr. EsteVe, S.A., AV. Mare de Deu
de Montserrat, 221, 08041 Barcelona, Spain

mapericas@iciq.es

Received February 8, 2008

ABSTRACT

The synthesis of novel tricyclic 1,2,3-triazoles starting from cyclic epoxides via the sequential azidolysis, propargylation and 1,3-dipolar
cycloaddition is described. Derivatization by N-arylation reaction and the synthesis of enantiomerically pure compounds is also reported.
Some of these compounds exhibit significant affinity for the sigma-1 receptor.

In recent years, the 1,3-dipolar cycloaddition between azides
and alkynes has witnessed a renewed interest since the
introduction by Sharpless of the Click Chemistry concept.1

In most cases, the 1,2,3-triazole system resulting from the
cycloaddition represents an almost universal ligation element
allowing the fast connection of properly functionalized
components of very diverse natures with quite different
functions/activities.2 In addition, the 1,2,3-triazole unit can
itself exhibit interesting properties, either catalytic or phar-
macological, among others.3

The versatility of this cycloaddition has driven the
development of tandem processes involving it as the key step,
as a ready access to molecular diversity.4 Among these
multicomponent constructions, the combination of epoxide
ring-opening with azide,O-propargylation and intramolecular

azide-alkyne cycloaddition appears as a most promising
alternative for the fast assembly of drug-like, tricyclic 1,2,3-
triazoles. However, either the fact that the involved dipolar
cycloaddition does not adjust to the structural requirements
of the click chemistry paradigm or the belief that the trans
arrangement in the cycloaddition substrate would play a
negative role on the cycloaddition process have hampered
the exploration of this possibility until now.

We report herein that cyclic epoxides, when submitted to
sequential azidolysis plus propargylation, lead to stereode-
fined azidoalkynes that readily undergo purely thermal 1,3-
dipolar cycloaddition leading to tricyclic [1,2,3]triazolo[1,5-
d][1,4]oxazines. The introduction of structural diversity at
two key points in these tricyclic structures is also demon-
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strated, and access to enantiopure products is secured by
catalytic desymmetrization of the starting epoxide with azide
delivering reagents.

Our strategy to prepare the tricyclic compounds starting
from benzylpyrroline epoxide1 is outlined in Scheme 1. The

combination of the opening reaction with NaN3, alkylation
of the resulting alcohol with propargyl bromides and the
subsequent intramolecular cycloaddition of the alkynyl-azido
compound afforded the tricyclic triazoles as racemic mixture
of trans-fused compounds4.

Thus, the reaction of the epoxide1 with NaN3 in the
presence of LiClO4 in acetonitrile at reflux conditions5

afforded the racemictrans-azidoalcohol2 in 90% yield. The
alkylation of2 with different propargyl bromides with NaH
as base and tetrabutylammonium iodide as catalyst in THF,
gave the alkynyl-azido compounds3 in moderate to excellent
yields (Table 1).

The intramolecular azide-alkyne cycloaddition was per-
formed in good yields upon heating in toluene or xylene to

afford compounds4 (Table 1). As anticipated, only 1,5-
regioisomers were obtained. The cycloaddition was also
attempted using copper-catalyzed conditions with unsubsti-
tuted propargyl compound3a, but no adduct was formed
probably due to geometry restrictions in the formation of
the 1,4-regioisomer.

To increase structural diversity in the new compounds
prepared, we thought that the nitrogen of the pyrroline
subunit was good to derivatize. Thus, we studied the
palladium catalyzedN-arylation reaction with aryl halides
(Scheme 2).6 The hydrogenolysis of compounds4 with Pd/C

in methanol or THF afforded the secondary amine in good
yields. For theN-arylation reaction, we found that 1 mol %
of precatalyst7 was able to mediate the coupling between5
and different aryl halides in presence of NaOtBu in THF at
room temperature in good yields.7

Moreover, this novel synthetic approach can be applied
to the synthesis of enantiopure tricyclic triazoles. For the
asymmetric version, we used the enantiomerically pure Boc-
protected azido alcohol8 as key intermediate. This inter-
mediate can be prepared by asymmetric ring opening of the
N-trifluoroacetamide pyrroline epoxide with TMSN3 cata-
lyzed by the chiral (salen)Cr(III) complex (R,R)-L, and
subsequentlyN-Boc protection according to described pro-
cedures (Table 2).8 In our hands, the azido alcohol was
obtained in 94% ee from the correspondingN-trifluoro-
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Scheme 1. Synthetic Sequence

Table 1. Synthesis of Tricyclic Triazole Derivatives

entry R 3 (yield, %) 4 (yield, %)

1 H 3a (99) 4a (87)
2 Me 3b (77) 4b (93)
3 Et 3c (90) 4c (79)
4 Ph 3d (84) 4d (85)
5 2-F-C6H4 3e (50) 4e (66)
6 3-F-C6H4 3f (47) 4f (85)
7 4-Cl-C6H4 3g (61) 4g (77)
8 4-CF3-C6H4 3h (35) 4h (86)

Scheme 2. Debenzylation of4 and Derivatization by the
N-Arylation Reaction
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acetamide epoxide. The alkylation of8 in the conditions
described above and the intramolecular cycloaddition of the
alkyne-azido compounds gave a variety of enantiopure
triazoles10 in good yields (Table 2 and Supporting Informa-
tion). Finally, the deprotection of theN-Boc group and the
subsequentN-derivatization will provide enantiomerically
pure compounds. In the case of10a, the deprotection of the
Boc group afforded the enantiopure amino derivative5a as
dihydrochloride salt form, where the (S,S) configuration of
the fused rings was confirmed by X-ray crystallographic
analysis (Figure 1).

Quite interestingly, this strategy to access enantiopure
tricyclic triazoles could be applied to other azido alcohols
prepared by desymmetrization of the corresponding epoxides.

Representative compounds from the triazole library were
tested in a wide biological screening against 160 receptors.
These results revealed that some of the novel tricyclic
compounds prepared exhibit high affinity and selectivity for
the sigma-1 receptor. The sigma-1 receptor is of great interest
in pharmacology in view of its possible physiological role
in processes related to analgesia, anxiety, addiction, amnesia,
and depression among others.9 In addition, some preliminary
structure-activity relationships (SARs) were found. Tricyclic

compounds4 bearing a benzyl-substituted pyrroline showed
activity for sigma-1, and interestingly, the affinity increased
when R2 is an aryl group (Table 3). Compound4f, wherein

R2 is ameta-fluorine-substituted aryl, had the highest affinity
(Ki 15.8 ( 0.3 nM).

In summary, we have developed a straightforward prepa-
ration of new structurally diverse tricyclic 1,2,3-triazoles
based on a sequential epoxide ring-opening with azide,
O-propargylation and intramolecular azide-alkyne cycload-
dition. Furthermore, we have described the derivatization of
these compounds by anN-arylation reaction and the synthesis
of enantiomerically pure analogues. Preliminary screening
results indicated that some of these compounds exhibited a
high affinity for the sigma-1 receptor. More detailed SAR
studies and the biological evaluation of the enantiomerically
pure compounds are underway in our laboratories.
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Table 2. Synthesis of Enantiomerically Pure Tricyclic
Triazoles

entry R 9 (yield, %) 10 (yield, %)

1 H 9a (92) 10a (96)
2 Me 9b (96) 10b (47)
3 Ph 9c (80) 10c (57)
4 3-F-C6H4 9d (91) 10d (86)

Figure 1. X-ray structure of(S,S)-5a(2HCl).

Table 3. Affinity for the Sigma-1 Receptor

compound Ki (nM)
% displacement

(10-6 M)

4a <50
4b >1000
4c 375 ( 1.6
4d 26.9 ( 4.4
4e 27.4 ( 4.9
4f 15.8 ( 0.3
4g 87
4h 31.3 ( 8.7
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