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What is claimed is:

A method for preparing a 1,2,3-triazole comprising contacting an alkyne and an
organi azide compound in a solvent with a ruthenium-based catalyst for a period of time
sufficientNo form & 1,2,3-triazole compound from the alkyne and the azide, wherein the

ruthenium-bysed catalyst comprises Ru(II) bearing a cyclopentadienylic ligand.

2. The methadq of claim 1 wherein the cyclopentadienylic figand is

pentamethylcycloperfadienyl.

3. The method of claixg | wherein the ruthenium-based catalyst is selected from the
group consisting of bis-tripheRylphosphino pentamethylcyclopentadieny! ruthenium (II)
chloride, bis-[pentamethylcyclopgntadienyl ruthenium (II) chloride], norbornadienyl

pentamethylcyclopentadienyl ruthejjum (II} chleride, and cyclooctadienyl pentamethyl

cyclopentadieny! ruthenium (1I) chlorMe.

4, The method of claim 1 wherein the detalyst comprises cyclopentadienyl bis-

triphenylphosphino ruthenium (II} chloride.
5. The method of claim 1 wherein the solvent is\an aprotic solvent.

6. The method of claim 5 wherein the aprotic solvent\;omprises at least one solvent

selected from the group consisting of benzene, toluene, tetrabydrofuran, and dioxane.

7. The method of claim 1 wherein the alkyne and the organic dzide are each present

in the solvent at a concentration in the range of about 0.01 M to 1 M.\

3. The method of claim 1 wherein the ruthenium-based catalyst is present in the
solvent at a concentration in the range of about 1 to about 5 mol% based on th g moles of

alkyne or azide present.
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9. The method of claim I wherein the solvent is maintained at a temperature in the

nge of about ambient room temperature to reflux temperature.

11,
group consisting of hydrogen, alkyl, alkenyl, aryl, heteroaryl, benzyl, propargyl,

The methoq of claim 1 wherein the alkyne is bonded to a radical selected from the
cycloalkyl, trialkylsilyl,\alkyldiarylsilyl, dialkyiarylsilyl, trialkylstannyl, triarylsilyl, and

cycloalkenyl.
12.  The method of claim 1 wherein the organic azide is an aliphatic azide.

13.  The method of claim 12 wherelR the aliphatic azide is selected from the group
consisting of a primary aliphatic azide, a Pgrtiary azide, a benzylic azide and mixtures

thereof.

14.  The method of claim 1 wherein the 1,2,3-trbazole is a 1,5-disubstituted- 1,2,3-

triazole and the alkyne is a terminal alkyne.

15.  The method of claim 14 wherein the ruthenium-based catalyst is selected from the
group consisting of bis-triphenylphosphino pentamethylcyclop
chloride, bis-[pentamethylcyclopentadienyl ruthenium (II) chloridg], norbornadienyl
pentamethylcyclopentadienyl ruthenium (II) chloride, and cyclooctadignyl
pentamethylcyclopentadienyl ruthenium (II) chloride.
16.  The method of claim 14 wherein the azide is a primary aliphaﬁc azide,\ tertiary

azide or a benzylic azide.

17.  The method of claim 14 wherein the solvent is an aprotic solvent.
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The method of ¢claim 14 wherein the terminal alkyne and the organic azide are

each present in the solvent at a concentration in the range of about 0.01 M to 1 M.

19. e method of claim 14 wherein the ruthenium-based catalyst is present in the

solvent at a boncentration in the range of about 1 to about 5 mol% based on the moles of

T&nt.

20.  The method of claim 14 wherein the solvent is maintained at a temperature in the

alkyne or azide

range of about ambient tqom temperature to reflux temperature.

21, The method of claim I‘wherein the 1,2,3-triazole is a 1,4,5-trisubstituted-1,2,3-

triazole and the alkyne is an interhal alkyne.

22.  The method of claim 21 whereihthe ruthenium-based catalyst is selected from the
group consisting of bis-triphenylphosphindpentamethylcyclopentadieny! ruthenium (IT)
chloride, bis-[pentamethylcyclopentadienyl ?ﬁ@\enium (1) chloride], norbornadienyl

pentamethyleyclopentadienyl ruthenium (I0) chlorgle, and cyclooctadienyl

pentamethylcyclopentadienyl ruthenium (II) chlori

23.  The method of claim 21 wherein the organic azide\js a primary aliphatic azide, a

tertiary azide or a benzylic azide.

24.  The method of claim 21 wherein the solvent is an aprotic soyvent.

25.  The method of ¢laim 21 wherein the alkyne and the organic azids are each present

in the solvent at a concentration in the range of about 0.01 M to [ M.

26.  The method of claim 21 wherein the ruthenium-based catalyst is present itzthe
solvent at a concentration in the range of about 1 to about 5 mol% based on the moles.of

alkyne or azide present.
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27 The method of claim 21 wherein the solvent is maintained at a temperature in the

rangs,of about ambient room temperature to reflux temperature.

28.  Thaymethod of claim 1 comprising first admixing the alkyne and organic azide to
form a reactior mixture, and then contacting the reaction mixture with a quantity of the
atalyst sufficient for catalyzing the formation of a 1,5-disubstituted
1,2,3-triazole or a 1,4,5-trisubstituted 1,2,3-triazole;

with the following provisos:

if the first compound is a terminal alkyne, then the product will be a 1,5-
disubstituted 1,2,3-triazole; and

if the first compound is dn internal alkyne, then the product will be a 1,4,5-

trisubstituted 1,2,3-triazole.

29,  The method of claim 28 wherein the ruthenium-based catalyst is selected from the
group consisting of Cp*RuC1{PPhs);, [Cp*RuClz]z, Cp*RuCi(NBD), and
Cp*RuC1(COD), wherein Cp* is pentamethyEy

and COD is cyclooctadienyl.

\glopentadienyl, NBD is norbornadienyl,
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What is claimed is: - .
1. A process for the formation of a 1,5-disubstituted 1,2,3-

triazole or 1,4,5-trisubstituted 1,2,3-triazole, the process
comprising the following steps:
Step A: admixing a first compound having an acetylel}e |
group with a second compound having an azide groupin .
a solvent for forming a reaction mixture wherein the
azide group is bonded to an aliphatic carbon in the sec-
ond compound; and then

Step B: contacting the reaction mixture of said Step A with
a quantity of ruthenium catalyst sufficient for catalyzing
the formation of the 1,5-disubstituted 1,2,3-triazole or
the 1,4,5-trisubstituted 1,2,3-triazole, wherein the ruthe-
nium catalyst comprises Ru(ll) bearing a cyclopentadi-
enylic ligand;

with the following provisos:

if the first compound is a terminal acetylene, then the

product will be a 1,5-disubstituted 1,2,3-triazole; and
if the first compound is an internal acetylene, then the
product will be a 1,4,5-trisubstituted 1,2,3-triazole.

2. The process according to claim 1 wherein the ruthenium
catalyst is selected from the group consisting of Cp*RuCl
(PPh,),, [Cp*RuCl,],, Cp*RuCI(NBD), and Cp*RuCl
(COD), wherein Cp* is pentamethylcyclopentadienyl, NBD
is norbornadienyl, and COD is cyclooctadienyl.

3. The process according to claim 1 wherein the solvent is
selected from the group consisting of: benzene, toluene, tet-
rahydrofuran, and dioxane. ‘

4. A method for preparing a 1,2,3-triazole comprising con-
tacting an alkyne and an organic azide compound in a solvent
with a ruthenium-based catalyst for a period of time sufficient
to form a 1,2,3-triazole compound from the alkyne and the
azide; wherein the ruthenium-based catalyst comprises’
Ru(I]) bearing a cyclopentadienylic ligand.

5. The method of claim 4 wherein the cyclopentadienylic
ligand is pentamethylcyclopentadienyl.

6. The method of claim 5 wherein the ruthenium-based
catalyst is selected from the group consisting of bis-triph-
enylphosphino pentamethylcyclopentadienyl ruthenium (II)
chloride, bis-[pentamethylcyclopentadienyl ruthenium (II)
chloride], norbomadienyl pentamethylcyclopentadienyl
ruthenium (II) chloride, and cyclooctadienyl pentamethylcy-
clopentadienyl ruthenium (II) chloride.
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7. The method of claim 4 wherein the catalyst comprises
cyclopentadienyl bis-triphenylphosphino rutheptum (II)
chloride.

8. The method of claim 4 wherein the solvent is an aprotic
solvent.

9. The method of claim 8 wherein the aprotic solvent com-
prises at least one solvent selected from the group consisting
of benzene, toluene, tetrahydrofuxan, and dioxane.

10. The method of claim 4 wherein the alkyne and the
organic azide are each present in the solvent at a concentra-
tion in the range of about 0.01 M to 1 M.

11. The method of claim 4 wherein the ruthenium-based
catalystis present in the solvent at a concentration in the range
of about 1 to about 5 mol % based on the moles of alkyne or!
azide present.

12. The method of claim 4 wherein the solvent is main-
tained at a temperature in the range of about ambient room
temperature to reflux temperature.

13. The method of claim 4 wherein the catalyst comprises
a pentamethylcyclopentadienyl ruthenium (II) compound

bearing a substituent selected from the group consisting of
halide, alkylsulfonate, arylsulfonate, and cyanide. ,

14. The method of claim 4 wherein the alkyne is bonded to|
a radical selected from the group consisting of hydrogen,
alkyl, alkenyl, aryl, heteroaryl, benzyl, propargyl, cycloalkyl,
trialkylsilyl, alkyldiarylsilyl, dialkyiarylsilyl, trialkylstannyl,

triarylsilyl, and cycloalkenyl. i

15. The method of claim 4 wherein the organic azide isan
aliphatic azide. o
16. The method of claim 15 wherein the aliphatic azide is
selected from the group consisting of a primary aliphatic
azide, a tertiary azide, a benzylic azide and mixtures theregf.

17. A method for preparing a 1,5-disubstituted-1,2,3-tria- '
zole comprising contacting a terminal alkyne and an organic
azide compound in a solvent with a ruthemum—.based' catalyst ‘
for a period of time sufficient to form a 1,5-dlsubst1tute§1-1,
23-triazole compound from the alkyne and the azide;
wherein the ruthenium-based catalyst comprises Ru(II) bear-
ing a pentamethylcyclopentadieny] ligand.
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18. The method of claim 17 wherein the ruthenium-based
catalyst is selected from the group consisting of bis-triph- |
enylphosphino pentamethylcyclopentadienyl ruthenium (II)
chloride, bis-fpentamethylcyclopentadienyl ruthenium (II)
chloride], norbornadienyl pentamethylcyclopentadienyl
ruthenium (II) chloride, and cyclooctadieny! pentamethylcy-
clopentadienyl ruthenium (II) chloride.

19. The method of claim 17 wherein the organic azide is a
primary aliphatic azide, a tertiary azide or a benzylic azide.

20. The method of claim 17 wherein the solvent is an
aprotic solvent.

21. The method of claim 17 wherein the alkyne and the |
organic azide are each present in the solvent at a concentra-
tion in the range of about 0.01 M to 1 M. _ ’

22. The method of claim 17 wherein the ruthenium-based |
catalyst is present in the solvent at a concentration in the range
of about 1 to about S mol % based on the moles of alkyne or !
azide present. o

23. A method for preparing a 1,4,5-trisubstituted-1,2,3- |
triazole comprising contacting an internal alkyne and an
organic azide compound in a solvent with a ruthenium-based
catalyst for a period of time sufficient to form a 1,4,5-trisub-
stituted-1,2,3-triazole compound from the alkyne and the
azide; wherein the ruthenium-based catalyst comprises
Ru(II) bearing a pentamethylcyclopentadienyl ligand.

24. The method of claim 23 wherein the ruthenium-based
catalyst is selected from the group consisting of bis-triph-
enylphosphino pentamethylcyclopentadienyl ruthenium (II)
chloride, bis-[pentamethylcyclopentadienyl ruthenium (II)
chloride], norbomadienyl pentamethylcyclopentadienyl
ruthenium (IT) chloride, and cyclooctadienyl pentamethylcy-
clopentadienyl ruthenium (II) chloride.
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24. The method of claim 23 wherein the ruthenium-based
catalyst is selected from the group consisting of bis-triph-
enylphosphino pentamethylcyclopentadienyl ruthenium (II)
chloride, bis-[pentamethylcyclopentadienyl ruthenium (II)
chloride], norbomadienyl pentamethylcyclopentadienyl
ruthenium (II) chloride, and cyclooctadienyl pentamethylcy-
clopentadienyl ruthenium (II) chloride.

25. The method of claim 23 wherein the organic azideisa
primary aliphatic azide, a tertiary azide or a benzylic azide.

26. The method of claim 23 wherein the solvent is an
aprotic solvent.

27. The method of claim 23 wherein the alkyne and the
organic azide are each present in the solvent at a concentra-
tion in the range of about 0.01 M to 1 M.

28. The method of claim 23 wherein the ruthenium-based
catalyst is present in the solvent at a concentration in the range
of about 1 to about 5 mol % based on the moles of alkyne or
azide present.

29. The method of claim 23 wherein the solvent is main-
tained at a temperature in the range of about ambient room
temperature to reflux temperature.

30. The method according to claim 23 wherein the ruthe-
nium catalyst is bis-triphenylphosphino pentamethylcyclo-
pentadieny] ruthentum (IT) chloride.




