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A novel and practical procedure for the synthesis of small
molecules possessing-hydroxy or N-tosylamino 1,2,3-
triazole motif by azidation of epoxides dl-tosylaziridines
with sodium azide followed by “click reaction” using eco-

Note

groups independently reinvigorated the HuisgefiZBdipolar
cycloaddition by using a substiochiometric amount of Cu(l)
metal source. The copper-accelerated-2B dipolar cycload-
dition reaction of alkynes and azides not only takes place with
high yield under mild condition but also leads to exclusively
1,4-regioisomeric product. Since then, this reaction has been
used for the construction of a variety of multivalent structures
such as sugar heterodimers, glycoconjugtesix-sugars,and
dendritic and polymeric materiatsFurthermore, the one-pot
multistep reaction involving the Wittig olefination, the Knoev-
enagel condensation, the Dielalder cyclization, and Cu(l)-
catalyzed alkyneazide coupling has been exploré@ratify-

ingly, the same level of success has been found when compared
to the traditional methodology. In another variation, microwave-
assisted one-pot reaction has generated a variety of triazoles
directly from activated aryl halides and sodium aZiélén a
similar fashion, taking advantage of anomeric activation, rapid
one-pot syntheses of triazole-linked glycoconjugates have also
been developed from readily available unprotected saccharides
or saccharide acetat&sDespite these advances, there is a need
to broaden the scope of one-pot multistep reaction in combina-
tion with “click chemistry”.

As part of our program for the rapid synthesis of bioactive
molecules? we focused on multicomponent reactions that use
an epoxide-azide-Cu(l)-catalyzed Huisgen [82] dipolar
cycloaddition sequence to provide a range of heterocyclic
structures possessing triazqglealcohol as a motif. Epoxides
and aziridines have been used for decades in organic synthesis

friendly PEG-400 as a reaction medium in the presence of 5 due to their ability to undergo Lewis acid mediated ring opening

mol % of Cul is described. Enantiomerically pure epoxide
and N-tosylaziridines were afforded in high yield with
excellent ee values maintaining complete stereospecificity.

Cycloaddition reactions involving heteroatoms, such as 1,3-

to provide structurally varied productéHerein, we report our
results regarding the synthesis of multivalent structures having
1,2,3-triazolog-hydroxy functionality with varied substitution
pattern.

Initially, we considered performing the one-pot epoxide
azide-click reaction employing phenoxy methyloxirafe,

dipolar addition, provide rapid access to an enormous variety sodiumazide, and terminal alkyn8a using polyethylene glycol

of interesting five- and six-member heterocycles which have
found wide applications in medicinal chemistry and material
sciencel Among the vast pool of cycloaddition reactions, the
Huisgen [3+2] dipolar cycloaddition of alkynes and azides to

afford substituted 1,2,3-triazoles has emerged as “ the cream

of the crop”? However, the thermally driven Huisgen2]
dipolar cycloaddition of alkynes and azides leads to a regioi-
someric mixture of productRecently, Sharple$sand Meldat

* Address correspondence to this author. Phor@1 40 27193275. Fax:
+91 40 27193275.
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SCHEME 1. Cu (l)-Catalyzed Synthesis of Substituted
Aryloxy B-Hydroxy Triazoles
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TABLE 2. Epoxy—Azide-Cu(l)-Catalyzed [3+2] Huisgen Reaction
with Various Acetylenes

O
Cul (5mol%) o "\liN)_ph R o\/LA
o_<J NaN3 2 N o ANy 2
{j To= MU L o
10 — +)- =1-

Z PEG-400, rt, 16h @)-1g, R, = 1-Naphthyl
1a,Ry=H 4a, Ry = H; (91%Y) entry  Acetylene product®
1b, Ry = (3,5-Me) 4b, Ry = (3,5-Me); (87%Y) | 3 OH ',‘"N
16, Ry = (2-OMe) 4c, Ry = (2-OMe); (85%Y) a RZO\)\/N\/)\Ph
1d. Ry = 2NOy) 4d, Ry = (2-NO,); (90%Y) 4f R, =Bn (92%Y)
fe. Ry =(4-F) de, Ry = (4-F); (89%Y) 2 3a

OH I’\lﬁN
Rzo\)\/u\/)\Ph

4g R, = 1-Naphthyl (90%Y)

;N
oH Ip\l NHBoc
RZO\)\/ N/

TABLE 1. Study of Solvent Effects on
Epoxy—Azide-Cu(l)-Catalyzed Cycloaddition Reaction of 1a,
Sodiumazide 2, and Terminal Alkyne 3&b

% yield NHBoc
entry solvent time (h)  of 4&° 3b
1 PEG-200 16 40 4h R; =Bn (92%Y)
- = —N

2 PEG-400 16 91 4 &, oH ',“M
3 PEG-600 16 2 3¢ Rzo\)\/n Y A
;o Holcomegsminay %

2D PEG- 5 0Bn =N
6 HO 48 0 5 :_/ on l'\l\)\/an
7 CH:CN 16 0 3d RZO\)\/N Y
S Vs 1 p 4j R, = 1-Naphthyl (85%Y)
a All reactions were stirred at room temperatutén all cases 1.1 equiv 6

o / \ OH t,\lﬁN
T sON Rzo\)\/w 7 s
h

of NaN; and 5 mol % of Cul was usedlsolated yields. |

3e Boc
4k R, = 1-Naphthyl (86%Y)

desired productawas obtained in 91% isolated yield (Scheme
1). Next, we examined the catalyst loading and found that 5
mol % of Cul was sufficient to drive the reaction to completion
with the same efficacy. Attempts to generdgautilizing CuSQ
with sodium ascorbate irtert-butanol:HO (8:2) at room
temperature failed, while refluxing the same reaction mixture
24 h yielded4a in 70% isolated yield. epoxide ft)-1gand sodium azid2 with various acetylene3a—
Among the solvents surveyed, PEG-400 turned out to be the e. The resulting products of substitutgehydroxy triazolegt—k
solvent of choice (Table 1). We have also evaluated other were isolated in good yields. To our delight, epichlorohydrin
reaction media such as PEG-200 and PEG-600 for this 1h underwent §2 ring opening with Nailand cycloaddition
transformation. In PEG-200, the produta was obtained in giving the productdl with excellent yield (Table 3, entry 1).
40% yield, whereas PEG-600 did not yield any trace of product. As predicted, thenesoepoxidell and aziridinelm underwent
Other polar solvents like C#€N, DMF, and DMSO also were  ring opening with NaN concomitant 1,3-dipolar addition with
screened at room temperature but the proddectwas not terminal acetylen8ato afford the trans-configuration products
observed. To our surprise, the reaction in water did not proceed4p and4q respectively in good yield (Table 3, entry %¥}In
even after prolonged stirring at rt. On the other handDH the case of 2-pheny-tosylaziridine §)-1i, the product triazole
PEG-400 (8:2) as reaction medium provided albeit low yield (4)-4m was formed exclusively by attack of the azide at
(45% yield) of productta after 48 h of stirring at rt. The reaction  benzylic carbon.
in H,O:18-crown-6 (15 mol % tda) also yielded producta Whereas styrene epoxide-)-1j as a substrate yielded the
under identical conditions. These results demonstrate that PEG-product triazole £)-4n at the benzylic position as the major
400 not only acts as a reaction medium but also presumably product (8:2), when 2+nonyl-N-tosylaziridinelk was reacted
activates epoxide and aziridines. under the same conditions, triazale was obtained from the
Further, we evaluated the potential of this reaction under attack at the less substituted carbon as exclusive product. A
optimized conditions and our results are shown in Scheme 1.wide array of di- and trivalent aryloxy epoxides as well as
Regardless of the substitution pattern of the aryl moiety, acetylenes (Scheme 2) were subjected to the three-component
phenoxyepoxidelb—e underwent highly regioselectivering one-pot reaction under standard conditions and the correspond-
opening followed by click reaction to furnish substituted 1,2,3- ing products4r—u were obtained with excellent yields.
triazolo B-hydroxy productstb—e in high isolated yields. As With the successful formation of thfehydroxy 1,2,3-triazoles
can be seen from Table 2, we could extrapolate the epoxy from one-pot epoxideazide-Cu(l)-catalyzed Huisgen [32]
azide-click reaction using benzyloxy:J-1f and 1-naphthyloxy dipolar cycloaddition, we envisaged to apply the same protocol
to enantiomerically pure chiral epoxide and aziridines. Accord-
(14) No trace of triazole formation was observed between phenylacetylene ingly, the starting materials§f-1f, (9-1g, (S9-1p, and §-1i

3aand NaN 2 in the presence of 5 mol % of Cul while stirring for 30 h ; ~ ;
at room temperature in PEG-400. This indicates that the primary step is were preparetiand subjected to copper-catalyzed epoxide

Su2 opening of epoxide by azide nucleophile followed by trizole formation azide-click reaction. Grati_fyingly, in a_” cases the corres_pond!ng
leading to the observed product. B-hydroxy andN-tosylamino 1,2,3-triazoles were obtained in

a All reactions were carried out at rt with 5 mol % of Cul, 1.1 equiv of
NaNs, in PEG-400 for 16 hPYield refers to isolated after column
chromatography.
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TABLE 3. Cu-Catalyzed Synthesis off-Hydroxy and
N-Tosyloxyamino 1,2,3-Triazole by Azidation of Epoxides and
N-Tosylaziridine-“Click” Reaction

Entry Epoxide Product </ Yielda
(0] N
\Y
) o /\D Ns/\(\N R N
1h OH ]
Ph
41 (65%Y)
2 Ph Ph
~ \l/\ X
X N
@1, X = N- \ N
Tosyl N
@-1j,X=0 Ph
(#)-4m, X = NH-Tosyl ;
(88%Y)
(¥)-4n, X = OH ; (83%Y)?
8 8 _
i H o
Tosyl Tosyl
1k 40 (90%)
4 X
> .
N L
11, X =N-Tosyl —
Im, X=0
Ph

4p, X =NH-Tosyl; (87%Y)
4q, X =0H ; (88%Y)

aYield refers to isolated after column chromatograpghsll reactions
were stirred at room temperature for 16°tn all cases 1.1 equiv of NajN
and 5 mol % of Cul was used Major product isolated yield.

high yields with excellent ee indicating no racemization during
the reactio®® (Scheme 3).

In conclusion, we have developed a novel and practical pro-
cedure for the synthesis of small molecules possessing-
droxy or N-tosylamino 1,2,3-triazole motif by azidation of
epoxides oN-tosylaziridines with sodium azide following “click
reaction” using PEG-400 as a reaction medium in the presence
of 5 mol % of Cul. This protocol offers the following ad-
vantages: (a) use of sodium azide as a low cost raw material
when compared to the soluble organic azides for azidolysis
under mild reaction conditions, (b) an eco-friendly solvent such
as PEG-400 as a reaction medium, and (c) a multicomponent
one-pot reaction that is catalyzed by only Cul with a low level
of loading.

This efficient protocol also facilitates rapid synthesis of small
molecules possessing pharmacophores which could be screene
for biological activity. Further work is in progress to make use

(15) (a) Wang, Z. H.; Shen, Ml. Org. Chem1998 63, 1414-1418.
(b) Berry, M. B.; Craig, D.Synlett1992 41—44.

(16) (a) The productsgj-4f, (S)-4g, and §9-4v were converted to the
corresponding®-MTPA esters. The§)-MTPA esters of §-4f and §)-4g
were analyzed with reference to their respective raceB)idATPA esters
on chiral column [Chiral AD-H (220 nm), flow rate 0.5 mL/min, hexane:
2-propanol (90:10)]. In case of produ&$)-4v, the ee was estimated by
NMR, based on methoxy resonance 8f-MTPA ester, using the recemic
(9-MTPA ester as reference. (b) The ee §F4m was estimated by chiral
column [Chiral AD-H (254 nm), flow rate= 1 mL/min, hexane:ethanol:
diethylamine (80:20:0.1), see the Supporting Information]. (c) The absolute
chemistry of §)-4f, (9-4g, (59-4v, and §-4m was assigned tentatively.
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SCHEME 2. Azide-[3+2] Cycloaddition Reaction with
Various EpoxidesP
o
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a All reactions were carried out at rt with 5 mol % of Cul, 1.1 equiv of
NaNs, in PEG-400 for 16 h.bYields refer to isolated after column
chromatography.

SCHEME 3. Enantiopure Epoxide—Azide-[3+2]
Cycloaddition Reactior?P

N/N

(S)-4f, R, = Bn, >99%ee, 91%Y
(S)-4g, R, = 1-Naphthyl,
96%ee, 95%Y
N

© OH N\)_Ph

(S,8)-4v, 95%ee, 90%Y
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(5)-1g, R, = 1-Naphthyl, 96%ee

©
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N N,
Tosyl %a \ N
osyl N
Ph
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a All reactions were carried out at rt with 5 mol % of Cul and 1.1 equiv
of NaNs, in PEG-400 for 16 hPYields refer to isolated after column
chromatography.

of a chiral catalyst so as to enable the production of enantio-
merically pure -hydroxy or N-tosylamino 1,2,3-triazoles
directly from olefins.
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Experimental Section 1H), 4.51 (dJ = 5.5 Hz, 1H), 6.92-6.95 (m, 3H), 7.237.43 (m,

: : o 5H), 7.79-7.83 (dd,J = 1.6, 8.3 Hz, 2H), 8.16 (s, 1H}3C NMR
Typlcal EXperlmentaI Procedure.EpOXIde/aZII’IdIne (1 mmol), (75 MHZ, DMSOds) 527, 677, 693, 1144’ 1207’ 1222’ 12507
Nas (1.1 mmol), and Cul (5 mol %) were dissolved in PEG-400 157 6,128.7,129.4, 130.7, 145.9, 158.2; IR (KBr) 1466, 1593, 1685,

(3 mL). The combined contents were stirred for 5 min at room 5916 3087. 3443 cnd: ESIMS (W2) 296 (M + 1); HRMS calcd
temperature under argon atmosphere. To this was added acetyleng Ci7H17N;,02Na 318.1218. found 318.1220.

(2.1 mmol) via syringe, and the resultant reaction mixture was '

allowed to stir at room temperature for a specified period of time. Acknowledgment. We are grateful to Dr. J. S. Yadav,
The reaction mixture was quenched with water (S mL) and extracted pjrector, [ICT, for his constant encouragement. Thanks are also
with ethyl acetate (3« 10 mL). The organic layer was dried over due to Dr. T. K. Chakraborty for his support. K.A. and A.P.

anhydrous Ng5Q,, followed by concentration under reduced oo yhankfyl to CSIR & UGC (New Delhi) for awarding the
pressure resulting in crude product. The crude residue was purlfledfenoWship

by column chromatography (silica gel 6220 mesh) with hexane:

EtOAc (6:4) elutant to give the triazole product. This was Supporting Information Available: Experimental details and

recrystalli_zed Wi.th hgxane:oEtOAc (6:4). o 1 analytical data of all compounds. This material is available free of
4a white solid, yield 91%m p 133-135°C; "H NMR (200 charge via the Internet at http://pubs.acs.org.

MHz, DMSO-ds) 6 3.87—4.04 (m, 2H), 4.24-4.38 (m, 1H), 4.45

455 (dd,J= 7.1, 13.8 Hz, 1H), 4.764.75 (dd,J = 3.6, 13.8 Hz, JO701724F
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