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AZ|I DES AND #OBTWLENES Description Technical Field: Thectmossatsipn re "(L. 7tg>
a stepw se Hui sgen cycl oaddition pracess catalyzed by copper(l). Mre
particularly, the invention relates to a copper 5 catalysed regioselective

click chemstry ligati G'DFDPERZCWWE'EDGLIGAHOH kynes to formtriazoles.
Background: Hui sgen 1, 3-di pol ar cycl oadditi ons are exergoni c fusion

processes that 0. umteQMBEﬁAN&A@E'E&cEHEﬁs (R Huisgen, in

1, 3-Dipol ar Cycloaddition Chem stry, (Ed.: A Padwa), WIley, New York, 1984,
pp. 1-176; and A. Padwa, in Conprehensive Organic Synthesis, (Ed.: B.M
Trost), Pergamon, Oxford, 1991, Da&hiptich pPp 1069-1109). For a review of

asynmetric 3-di pol ar cycl oaddition reactions, see K V. Gothelf, et at,
.Chem RE@QM‘,@8 863-909. For a reV| ew 5 of synthetic appl i cations of

1, 3- di pol-ar 1§ q}z‘Q%ﬁlghtréIQfé%to %w %@@g Eroceé'g ghlights 1991,

77 95. Hui sgen I polar cyc oad |t| access to an
enor nou@talwzecbbwcmﬁp%ﬁhd‘nb@rrw‘tlmm tlwnvwlooaptates tQa gapperet at, in

s e i L o S i

Conpr ehifens trigzoldd. Het.erocyclic Chemistry ii, (Eds.: A R Katritzky, et al . ),
Per ganon, Oxford, 1996, f . . Vol. 4, pp 621-678; and c) K Banert, Chem

Ber. 1989, 122, 911-918). The cycloaddition of azides and al kynes to give

triazol @k ﬁ,ua,aguably the nost useful nenber of this famly (a) R Huisgen,
Pur e.. App em 1989, 61, 613-628; b) R  Huisgen, at al Chem Bar. 1967,
100@ 2494- 25yiegen)T Wl&%\ﬁyﬁloadﬂlﬁoqs @“Bmxl?fﬂoﬂc fusfomrpwam thabn Cheni stry,

; d J. B d
(Eé Aumt@%ﬂ&%safﬂé Cﬁ& red}ﬁéﬂ‘ltg 197%1 3y énS Y(ZB 27 g%ﬁﬁ%@&ﬁ:oﬁ HZ)WeveraStl e,

pr obabl GhasgigyEdeA. (E’@dbféﬂ ﬁéf“%bb(ﬁlw' York, %%ﬁ"elpp b1 T@p rand iy Findm. Br gani c
Comprehensive Organic Synthesis, (Ed.: B.M. Trost), Pergamon, Oxford, 1991,

Vol. 4, pp 1069-1109). For a review of asymmetric 1,3-dipolar cycloaddition

5 of synthetic apphcatlons of 1,3-dipolar cycloaddmons. see J. Mulzer, Org. Synih.
Highlights 1991, 77-85. Huisgen 1,3-dipolar cycloadditions provide fast access
fo an enormous variety of 5-membered heterocycies (a) W.-Q. Fan, et al,, in
Comprehensive Heterocyclic Chemistry Il, (Eds.: A. R. Katritzky, et al.),
Pergamon, Oxford, 1996, Vol. 4, pp. 101-126; b) R.N. But[er; in Comprehensive
Heterocyclic Chemistry I, (E'ds.:'A. R. Katritzky, et al.}, Pergamon, Oxford, 1996,

. Vol. 4, pp 621-678; and c) K. Banert, Chem. Ber. 1989, 722, 911-918). The
cycloaddition of azides and alkynes to give friazoles is arguably the most useful’
member of this family (a) R. Huisgen, Pure Appl. Chem. 1989, 61, 613-628; b) R.
Huisgen, et al., Chem. Ber. 1967, 100, 2494-2507; c) W. Lwowsld, in 71,3-Dipolar

) Cycloaddition Chemistry, (Ed.: A, Padwa), W‘ﬂey, New York, 1984; Vol. 1, Chapter

5, d) J. Bastide, et al,, Bull. Soc. Chim. Fr. 1973, 2555-2579; 2871-2887).
However, probably because of concerns about the safety of working with organic

0

azides, synthetic chemists, in both pure and applied fields, have not given this
transformation the special attention it deserves. Although the actual cycloaddition



azi des, synthetic chem sts, in both pure and applied fields, have noy gg\lﬂ\q 06
this travepzmromaei on the special attention it deservesPcﬁchgdmugh t he a
cycl oaddi ti on. wo03/101972. 2 9 NOW2006 PCT/US03/17311 -2 step nmay be
faster and/or nore regioselective for 1,3-dipoles other than azide, the
fatter istefoymalde faster amy/dbr more@giosslective font [Bdipoles aftekbrttitarcarids, hi dden

t hr ough syntheLic steps. l.ndeed, it rs to the only three-atom

i pol o i B S BEemeaFBR ey Pds ireid BRE T Sk i Bn onl

fleeti n@?ﬁi@mﬂ%ﬁc%&;dsmm{e@dnﬁ Sppsadts fielsd the Gty tHr&gaitin dipbR Wihich ke nost .
ntroduce ‘a nitrogen substituent - R X [RN3] -- R NH.

reliable mf 8 Cwi

The azi feaihHey Hfﬂg%@%d@ﬁﬁvm in brackets because it is generally reduced
strgi ghtaway to the anmine. Applications which | everage the 0 unique
reactivity offered by -the azide group itself are disclosed by the fO||O\NI ng
references f Agdes makpgindy aflegtinganpearances irBargenic syniesist srivingias(a) P.  Desai ,
at at, . Am Chem _Soc. 2000, 122, 7226-7232; b) K. Banert, Targets in

Het er oc9&? P’Ethesp%%’céﬁ%abi@g'@ang to mIFQQHCEKa n@@@@ﬂtsubﬁﬁféwfgsRﬂﬁh"/ Rect. 1997,
2005- 18; : : . Chem 2000, 65, 1937-46 and references
cited t 3]1" Rﬁd‘l\‘ﬁbuﬂl'ﬁ &lé@.l@@n@mﬁm\wn Brackeis becyse t 8 he hazard of

oot oty PN R84 SOAGRRua BB the el RARARTH HBh e, o | inct i onal
g (r) @ 201(‘) Zmuzqu; lieéctf_ﬁlw_i&ecﬁf@’ed)by(thb afide lgodUp itselaftarathsplloée@ ewthé]mﬁdtiw;ngnt Ed. 2001,
ot ses FEORTENR ORISR ARTGS oL AT, ERpestthsbaser (NS REA B, o reo

02,4 anthA}ﬁ OReA! SbY. 2000 BN T228YrHERER) 1§, BaHH, Tafitis in H&BARRYclOT gani ¢
azi particularly in the allphatlc series, are excggtlo |y stable

t owar d | SyforsH99R, Pckdi KBanaskiliahias AndRach 987 o2A Q- B Ry dnCanctnat er to the
Vi g 2t e g 200t 1ynak R iREEREEAGNNALTE, HioBan J1 ) e P
Ki iick, azide cBeralstry cende. hawardquspthed\az&d of wosi&ng@ﬂth these repgents) . The
spring- %89%%%iﬂ%’%§ b9 n]ipl?c?ymg appropriate safety precautions. Azides are
chemically important as a crucial functional group for 6li9k chemistry (H. C. Kolb,
et al., Angew. Chem. Int. Ed. 2001, 40, 2004-2021). The uniqueness of azides
for click chemistry purposes arises from the extraordinary stability of these
0 reagents toward H,0, O,, and the majority of organic synthesis conditions.
Indeed, organic azides, particularly in the alfphatic series, are exceptionally stable
toward the common reactive chemicals, ranging from dioxygen and water to the
aqueous solutions of highly-functionalized organic molecules which make up
living cells. (E. Saxon, et al., Science 2000, 287, 2007-2010; and K. L. Kiick, et
5 al., Proc. Natl. Acad. Sci, USA 2002, 99, 19-24). The spring-loaded nature of the
azide group remains invisible unless a good dipolarophile is favorably presented.
In fact, it was the razor shar;i reactivity window for this cycloaddition process
which spawned our “in sifu click chemistry” ideas — an approach which resulted in
discovery of the most potent non-covalent inhibitor of acetylcholinesterase known
30 to date. (W. G. Lewis, et al., Angew. Chem. Int. Ed, 2002, 41, 1053-1057).
However, even then the desired triazole-forming cycloaddition may require
elevated temperatures and, in any case, usually results in a mixture of the 1,4~



azi de group renains invisible unless a good dipolarophile is favorab?)g NOY 7006
present ed¥O 0B/019%ct . it was the razor shar p reactivity perndesnzsar th

cycl oaddi tion process - which spawn&d our "in situ click chem stry" ideas -
an approach which resulted In discovery of the nost potent non-coval ent

i nhi bi tand H$- regisispimsrs (Fig d4).cirdsss the avsty@detcomponent i\attachediiodrs, at ah,

e oo rallo SRR sychias & SBad R bernuPROENE . M gL st rec
any castull GhinalSog. r—‘esﬂsvsszzgn-azgsmmsmﬁanbh@ &, af., 70 OB KPIR72 2 9 NOV 2006
ek 2 by gt L s S Th ok e P Razee Yieme
or per fndqy. @) ot(al., JBBREMISoC. SPerRth- Trane!311|1997ch'r991§9 Fr. 1973, '
2294-2296; N. P.' Stepanova, et al. Khim 1985, 21, 979-983; N. P.

Stepanova at al., Zh. Og. Khim 1989 25 1613-1618; and D. O arke, et

N Ver cheBto @%cf%ﬂh 1Taa{?§rsu&1%ﬁ{gﬁﬁe"cﬂ%ﬁﬁé{omeﬁ%ﬁvﬁ' gt 0 control this

ose Ctivit varyi ng success (P.
Zam r awdth varyl@s.mcesmd? Azaniretany JT C&am S8d. Perkin 12489-/1A996, D. J. H asta, et

1998 35% gS%g@ggé'ﬂ oo 5?%/@84 B 9& @etﬁl?gﬁgeg%nez%%"‘“%mt 452& 4954:
\é\/Jr L.  bbslk, Tettlei 1399 3936987—@990)8 ﬂ%&ei!%aﬁ%ﬂaﬁé&?ﬁ 2061157, Z/DC§27T829- |
. ch\gjﬁfﬂég‘?z&’ Ial‘abckF@F al. 'L'itqrg %8@15 §gb %%%33@3’% K- %Fiwzﬁépaéky, et al ..

Fara-daxro LE5% UShem. 1S, 1?601-237@ cs’ﬁéﬂ)et aIn @@et_éﬁwoh,wsm?zg (1) catalyzed
regi OSE\ZCI fic synthesis of ggbd? dotri azol eS was achi eved in organl C

sol ven¥% Wiengefa feJe&zlr&ifeﬁg , SPRP-H892; McR: epanky. etalafA@da¥o a solid
SUPPOI fyeclsls. 1@@ Tofm % J. Og. Chem 2002, 67, 3057). Reactants
wer e non-equi no a earl | er report discl osed the format lon, in the
presence of copper (I ), of atriazole, as a lowyield byproduct, froma

bi functiongf, J.e3d60% RPRLPE) SRafesd MoftipedfiCufnfBss3p ' N Situ generated
peptidotriazoles was achieved in organic solvents using free azides and terminat-
acetylenes attached to a solid support. (C. W. Tomnge, et al., J. Org. Chem. 2002,
67, 3057). Reactants were non-equimolar. An earlier report disclosed the
| formation, in the presence of copper (1), of a triazole, as a low yield byproduct,
from a bifunciional reagent having an acetylene group and an in siiu generated
azide (G. L'abbe, Bull. Soc. Chim. Belg. 1984, 93, 579-592).

¥

(  Summary:

j One aspect of the invention is directed to a process for catalyzing a click
chemistry ligation reaction bé’tween a first reactant having a terminal alkyne
moiety and second reactant having an azide moiety for forming a product having
a triazole moiety. More particularly, the click chemistry ligation reaction is
catalyzed by an addition of Cu(ll) in the presence of a reducing agent for reducing

) said Cu(ll) o Cu(l), In situ, in catalytic amount. Preferred reducing agents include
ascorbate, metallic copper, quinone, hydroquinohe, vitamin K, glutathione,

cysteine, Fe**, Co®, and an applied electric potential. Further preferred reducing
' A



azide (G L' abbe, Bull. Soc. Chim Belg. 1984, 93, 579-592). ( sume NOPORE

aspect ofW@}j@mig}yentlon is directed to a process for c
chem stry ligation reaction bet ween a first reactant hgéﬁ)ﬁé@ﬁgér m nal

al kyne niety and second reactant having an azi de noi etg for formng a

product s Mud rhétaRediset aaﬂfr&mhegi;a@d B sfs'ttﬁ{;'bfmoj .| BECEIRLK chem stry

| i gation reaction |s-cat zed b tiron"o "T'n the presence of
a reducMggMagdh@ntign.r educing said Cu(ll) to Cu(l), i n situ; in catalytic
anount. Preferred reduci ng agents include ascorbate, netall ic ‘copper,

gui none, hydroqui none, vitam n K" glutathione, cysteine, Fee+, Coe+, and an
appli ed el edh ehalpoiative isapectffithaiaverioaf acliedchesdsiry iigation 9e24@dn2006 WO

03/.101972 PCT/ 3/ 173 ncl ude netgls s ected, fromthe group
corsi st 757yeeh a s rg@uta@%l'\a\f@ga%gm qi@ikymmq@ly aaﬁaei?ﬂ reﬁcﬁ‘?t al ternative

aspect Hvidd¥n aANe Rbci & forfofrhing & p‘rb@uratﬁanmla wiakblemdifn e baBlyzed bet ween”a
first reactant havi r::?glf term nal. ‘al kyne noirety and second reactant having

an azi d& pasfesing ige digk ahergishy fgafipncearion ing selutiondp 6petarbVEl y is catal yzed
b erf ¢ | ution in contact
ot b EREIPBop g, e oRAR TPy oA hLOdro A riiecly B58 .| L %0

i ndi recxzaltqum)ofm clickchpistry ligsticntreacticrc kKneprafastedymodeydiie-selutiemet-i-on.--1-n a

praf err, u and second
Pt ol & BEEaus Sl The A Bnd BB AR bL BB pro B LA 205 Ton T
equ:c nolths cmhwlstrﬂsmontrbact@hm bqusmmmasun&l @ado, thie cliskct i on may be -
perf or ution in contac copper vesse
571 arSeRLAnASEEeT reActena i peTomedn & selutonn Rpaekt Bt gsfinon T eact | on
bet Weerpapt, {vith & coppé igddel.havi ng a terminal al kyne noi ety and second react ant
havi ng an azide noiety for formng a product having a triazole noiety is
catal yzed by an addition of a catalytic ambunt of a nmetal salt having a

gf&a::t ' on Sﬁ-l EﬁétﬁRﬁr a%ﬁ%ﬁbﬂﬂ@ VeRtbn GPBRk Th sty lightion Asketibl: Cd. Zr, Ru, Fe,

between a first reactant having a terminal alkyne moiety and second reactant
T having an azide moiety for forming a product having a triazole moiety is catalyzed
by an addition of a catalytic amount of a metal salt having a metal ion selected
from the group consisting of Au, Ag, Hg, Cd, Zr, Ru, Fe, Co, Pt, Pd, Ni, Rh, and
0 W. [n a preferred mode of this aspect of the ihvention, the click chemistry ligation
reaction is performed in the presence of a reducing agent for reducing said metal
ion to a catalytically active form. Preferred réducing agents include ascorbate,
- quinone, hydroquinone, vitamin K;, glutathione, cysteine, Fe?*, Co*, an applied
( alectric potential, and a metal selected from the group consisﬁng of Al, Be, Co,

‘5 Cr, Fe, Mg, Mn, Ni, and Zn.

In another aspect of the invention, a click chemisiry ligation reaction
between a first reactant having a terminal alkyne moisty and second reactant
having an azide moiety for forming a product having a triazole moiety is

30 performed in an aqueous solution and is catalyzed by a catalytic amount of
copper (I). In a preferred mode of this aspect of the invention, the first and

second reactants are present in equimolar amounts.



:0 W In a preferred node of this aspect of the invention, the click?2gnoy 2006
chem strywoiigadiben reaction is perfornmed in the preser}rcqn,,gg%/iam{ledum ng

agent for reducing said nmetal iongo a catalytically active form Preferred
reduci.ng agents include ascorbate, quinone, hydroquinone, vitamn K"

gl ut at hi one, cysteine, Fe24, Coe+, an applied electric potential, and a
netal selected fromthe gr consi sting of Al e .Co, :5 Fe, M, M,

Ni, and Zn. W%%?fmeﬁgﬁggg'f’b’?mf% 8 9‘1‘8‘&9'??'3{?&5@9@?‘?%‘1@38% stry ligation

react | obetRRIMEARL ﬁaafctdrﬁhaﬁlﬁgﬁttéﬁﬁmﬁiaélkyh@ rAoie8/ éﬁd‘é&coﬁh kyagamtoi ety and
second reactant _having an_azide noi Eté for formng product having a

tri azol Bavipg aényazide moieheior frming 2 prasivchipwing 8 t@@ﬂﬂiﬁm@w%ﬁ&at@wﬂ al yzed by.a
tal yt f t of th
rwEnt’ B8 R o gl e oA Gl B oEEC) oL

i nventi s are present I n equinolar anmounts.
2 9 NOvpasest in\AﬂuDﬁqb[aOa&mn{ﬁCT NneqBeteret mode of ihm aspethaithaspect of the

I nventign cllcklcf( ms%'a‘yI atlo react¢ between a first reactant
havi ng 5“’?5 051 l&??ﬁg" @?b 8’&6"&? Oég@fié%?n aﬁﬁ@?% an azide noiety
for foregdlofora product having a triazole moiety is catalyzed 5 by a catal ytic
anount of copper.([) while the first and second reactants are present in
equi nol ar anounts. In a preferred node of this aspect of the "invention, the

clizk cheni Smra)ﬁokﬁéi%fsb@é’:df‘ﬁ?&h\/@fﬁ]dnsa%ﬁéﬁ&iémﬂtr%lﬂga?d&n%ﬁﬁét% solution. 7 In
anot her aspect of the invention, a click chem ry |gat|on reaction

bet weenbgiwiien & firsegaciant having ﬁ@em}lm@@Wﬁalm@e sesPed yeagntsecond react ant

h I t

por (o Vi o Sz bikey BF i ol e« BMGIRBiebfis 200, ) 1Y 1S
However penformedhns sorms‘.loarnoetatmr@ee:ataiytm gmanitsd coppar (Bi Howevehdnfirst or
second §eafLAnto RofeXlaorlisd 1 BEASI HE Al 4 EBEARRLANN hRAGEant |

present I n nolar’ exces & PP HET REY aspe Ne |nven ron, a cli
chédi st expdnsiyatandrthe eamaining rebettnkie ipreseht hstnolazaetesst having a ter m naI

al kyne noi ety and second react ant
.77 In another aspect of the invention, a click chemistry ligation reaction —~
between a first reactant having a terminal alkyne moiety and second reactant )
having an azide moiety for fonﬁing a product having a triazole moiety is
0 performed inside a cei!. The cell is of a type that contains a catalytic quantity of
copper(l) sufficient fo catalyze the click chemistry ligation reaction. The copper(l) -
contributes to a catalysis of the click chemfstry ligation reaction.

P

In another aspect of the invention, a click chemistry ligafion reaction

5 between a first reactant having a terminal alkyne moiety and second reactant
having an azide moiety for forming a product having a triazole moiefy is
performed in a solvent containing a catalytic amount of a metal ion. “The metal
ions are selected from the group of metals consisting of Cu, Au, Ag, Hg, Cd, Zr,
Ru, Fe, Co, Pt, Pd, Ni, Rh, and W. The metal lon contributes directly or indirectly

i0 to a catalysis of the click chemistry ligation reaction. The metal ion is coordinated

to a ligand for solubilizing such metal ion within the solvent, for inhibiting oxidation

of such metal on, and for dissociating, in whole or in part, from such metal ion



havi ng an azide noiety for formng a product having a triazole noiet @VOZ[]DE
pel’fOI'I'TEdWD@@k(deza cell. The cell is of a type that cony tcghgﬁﬁﬂg cat al th
quantity of copper(l) sufficient g0 catalyze the click f'lrly | i gation
reaction. The copper([) contributes to a catalysis of the click chem stry

|1 gat i oL RaIydidoPREIGE oASARRY IRbHITRCAYPB) LR malalbhela Cher stry

| i gation reaction etween a first 'réactant having a term nal al kyne noi ety
and secprefierrashligamatis abeionitrie. aAnaﬂreaeorﬁferredyhgaod i apmmgemlfﬂre;90ct havi ng a

t | | vt t of
L ot o1 BolRET Anbiher B Tbnkls Bafdl: (RS, FERAL T8RS RS V) ersam)un °
'_(I:_ﬁnsr stmltr{;e ,G$orffrile, bﬁmaﬁg seb@da@dlorzﬁemarﬁamrrﬁ:ﬁa rﬁm%d?tbed?ﬂg Ni , Rh, apd xv
met a | on cont teS r ect ect to S| S O t he
TR ShRRICeyci5. parbariess, halkbs slgptolihiol, fuife. pisphine, 388 ARASRG. to a | I cand
for 5ol gt bdB6o8 Hgdhdshaboiyient & s cHelor hire fiRtiohalibis ng oxi dati on

of such netal ion, for “dissoci ating, whol e or in part, from such
met al @ﬁieczie@fmwhgmp mse@m@igmep@;rmtu@mﬂmeecend@mrng the catal ysis

of the I preferred

l'i gand tl%d acg@cﬂ%ﬂaﬁ'ﬁ}%gé %‘hg?ieéﬁg edrlé)eapql "Z%’Freg hIEE&@ a(':(jilogﬁll e, nitrite, or

i soni t rgulfidle, phosptdane, mndfphosgldid.i gand is water. Ot her preferred |igands

inglude nitrile, isonitrile, primary, secondary, or tertiary amne, a
rogen bearing ; heterocycle, carboxylate, halide, alcohol, thiol,

sul fi de, phofﬁwﬂiéreas;ﬁamdemgmmcn is ditstead ﬂ@raefeebﬁwmtérmme fore pol yval ent
and i ncl udge ,one or rglhe funf f)nal ro_ﬂ%s gl ected f r mthe group
cor@l stRTAGUERY AiRredyct haying fiazplq '@D'egf tpaciyiy tertiary amne,

- ni tr@g@gehearﬁmehﬁwrﬁgcmﬁ%@nb@@abmgréluab@re :hal i de, al cohol thiol,
sulfl de, phosphine, and p osphlte Anot her- aspect of the |nvent| on is

directed to a reactive internediate for producing a product having triazole
nogety. The reactive internediat a!-nrepresent ed by the follow ng

6-menbered ring structure: Ri ~= G
SNTOR?,
In the above structure, R is a 4-triazole substituent, R?is a 1-triazole substituent, o~

LisaCu !igend, and "n"is 1, 2, or 3.

0 Another aspect of the invention is directed to a reactive intermediate for
producing a frigzole. The reactive intermediate is represented by the following 6-
membered ring structure: '

5 : rRi—=—cCuL,

)
N-R2
v
N==
B
In the above structure, R! is employable as a 4-triazole substituent; R? is

employable as a 1-triazole substituent, L is a Cu ligand, and “n" is 1, 2, 3, or 4,

Another aspect of the invention is direct ed to a two step process of
derivatizing an amine containing molacule with a triazole. In the first step of this



NN IN, R2 . In the above. structure, R is a 4-triazole substituen%-g NGE 2008
a 1-triazebessupatituent, L is a Cu ligand, and "n" i $cdpedysfi 3: .
Anot her aspect of the invention isydirected to a reactive I ntermediate for
producing a triazole. The reactive internediate is represented by the

fgl | owi prpcéss ﬂmrdrﬁihed:oniamrr@mltﬁmwiedeﬁﬁatﬁbd%DfBIriﬁ'zLa)telgiNinaI\blkym OIn the
above styucture, IS, e oya s,a . 4-triazole, substituent, R2 is

el oy aBNEA88 Bolic oflhg st SiRde Fedienivithian &t egtaliga MoSSR Y - | 1, 2,

3, or 4addiferpéiae a%ﬁ)@%htéiﬁin? hlddtERthe Brdstnsd bES Eatafit @mbuhyef St ep process
of derivatizing an amne containing nolecule with a triazole. In the first
st ep of Ciiip &ron a {Nezole/degiyative ofdite eming cordaining meiRcwW®06 - 7 process the am.ne
containing nolecule is derivatized to forma termnal alkyne. Then, the

product of the first step is ligated with an azide contai ni ng nol ecul e by
addi ti on of Arnéharzsgeciofthainventiprisdireciicd to nne btepreesssder of a catal ytic

anount r triazole. i ive of .the am pe. ini ng ,
nol ecul ‘g'J.COd%%q %gﬁ)&?%&”aé?%t ﬁ%ﬁ?'ﬂ%ﬁﬁ%ﬁ '?cg%ﬁdee%qrggg ?%“%ﬁg&gb gp process
for pradtiiong samplRicMledtaving 4 tarinal slkynaint the pravencesta cetlyie! yazi de core is
derivati zed b¥ addition of a nolecule having a termnal al kyne in the
presenc@MBYMOTCY | ytic anount of Cu. Another aspect of the invention is
dinected to a one step process for producing a polyvalent triazole. In this
process, a polyal kyne core is derivatized by addition of an azide

cont ai ni ng moz‘@n aspest efifbe fvestionis directeddatanna step RMNEEE Ofof Cu. Bri ef

Des_c;r__j PErbBICHY a'HoBNERSH triazole. In this process, a polyalkyne core is derivatized
by addition of an azide containing molecule in the presence of a catalytic amount

of Cu.
5
Brief Description of Figiires:
Figure 1A illustrates a prior art uncatalysed Huisgen cycloaddition of .~
azides and terminal al'k‘ynes.‘ )
0 Flgure 1B iluustrates a copper catalysed regioselective ligation of azides

and terminal alkynes.

Figure 2 illustrates proposed mechanism for the step-wise copper
( catalysed ligation of azides and terminal alkynes and compares this mechanism
5  with a direct cycloaddition.

Figures 3A and 3B lllustraie a table showing the synthesis of
1,4-disubstituted [1,2,3]-triazoles catalyzed by Cu' in the presence of ascorbate.
All reactions were carried out in water with £-butanol as co-solvent, 0.25-0.5M in
0 reactants, with 1 mol% of CuSO, and 10 mol% of sodium ascorbate, and were

complete in 12-24 hours.
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of azides ansdlgmrmunétkatéé deﬂfé? catfl/sea Fags ﬁedtﬁé%gﬁﬁﬁh@ﬁﬁdﬁs andM th a direct
cycl oaddi ti on. gures 3A and 3B illustrate a ta

| e showi n kﬁ ‘'synt hesi s of
1, 4- di siggaing ﬁké@ﬁ%qméloﬁlpgtqq@k%ﬁ é@%@l%@?%t%ﬂedﬁﬁe qu&?)tt%g:%‘f sence of
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co-solvent, 0.25-0.5Min 10 reactants, with | mol % of CuSO4 and 10 nol % of
sodi um ascorfﬁﬁlﬂré 5 Husiraies wse efompnan plasma Bs -apspivant fer theyeazdonoAd72

"o osel tut i &le g R A Setibrle. B Battcn p ARG FETRRBMECIAL 2l o) o a

r educi r@maatietamdrmm:acéﬂdéﬁé, th@réaa:(lﬁl) is aﬂﬁr@umatéﬁy 80%usmpdtes use of human
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the reafélodowh. BIRBHESIHEBHIGH Moxﬁ%‘iﬁrﬁ%ﬁbﬁr@ta;rﬁ%rﬁﬁh‘éﬂ)lﬁ@? sfchigbe that the
reaction does not decline in plasma, but nerely slows down. Despite the

hi gh conetein.the reastion pinceeds welland the binding of Cu to protein, the
regction proceeds well. Figure 6 illustrates an exenplary two step procedure
for derivatizing amine containing nolecules, e.g. erythronycin, wth
triazol es. TigureGdliustratas arsex&rpqdawdwblséen mroaen;urarﬁbmerwehznag ﬂnwge mol ecule. 5

Figre? (o] for derivati zing
pol yazi nké&oﬁéiﬁﬁéﬁﬁ?%gg%nghﬁnﬁ ént '?'Pé%g)}'l e?Heﬁ (% Pé8§| | lustrates a one
step prappéissble to agy Smineadontalsing riskeculmr i vat i zi ng poI yal kyne cores to -
produce pol yval ent triazoles. D
5 Figure 7 illustrates a one step process using Cu catalyéis for derivatiifhg “
polyazide cores to produce polyvalent triazoles.
Figure 8 Hlustrates a one step process using Cu catalysis for derivatizihg
polyalkyne cores to produce polyvalent triazoles.

Detailed Description:
The process is experimentally simple and appears fo have enormous

( - scope. While a number of copper(f) sources can be used directly (vide infra), it is
5 disclosed that the catalyst is better prepared in sifu by reduction of Cu' salts,
which are less costly and often purer than Cu' salts (CuSO,#5H,0 serves well).
As tha reductant, ascorbic acid and/or sodiumn ascorbate proved to be éxcellent,
for they allow preparation of a broad spectrum of 1,4-triazole products in high
yields and purity at 0.25 — 2 mol% catalyst loading. For a review of reactions of
Q0 L-ascorbic acid with fransition metals see M, B, Davies Polfyhedron 1892, 11,
' 285-321 and references cited therein; redox properties of ascorblc acid are
summarized in C. Creutz [norg. Chem, 1981, 20, 4449. The reaction appears o



Detai | ed Description: The process I's experinentally sinple and appeaz§ I\E[RJ 2006
have .enorwouwsioiszope. VWil e a nunber of copper (i) sourq,g§m§§§l use
directly (vide infra), it is 5 di.gclosed that the catalyst etter
prepared in situ by reduction of Cu" salts, which are |ess costly and often
purer t barwefw'org\ahg and Gosgﬁoﬁmﬁmrs enyeﬁedﬁilpk-écauﬁéss t h@raosédsittant ascorbi c

acid and/or! Lug}F g@gr bat 8?“ to b nQS [or they allow _
pr epar atPERGPT L B %rec‘c,aua ?Lmaerta r?a%?é'aﬁ? GLEPEERS: hi gh  yiel ds and
purity ﬁbluﬂar@aqueaumwaﬁm@*eméndl%dlMynrﬁpwrmﬂvyewa@mﬁ noeactions of .0

L-ascorbic acid with transition netals see Davi es Pol yhedron 1992, 11,
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reaction sol \{ent The reaction seens to proceed just as efficiently as |ong

as adeRff8EPirring i s maintained. Al though nost experinents were
per)forrred at near neutral pH the catal ysis seems to proceed well at pH
val ues rangi ng from ca. to The catal ytic process is very robust and
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Pornis may t onger to proc 'etion, the experinental
pr ocedLe@eﬂme@iai@mﬁedgrwrsgxm@ngi%wnmad?qsleetaml%bt&ﬁnaz@%hgwwm in entry 2

(Flgure | |rr|ngthe5
correspo’ﬁ zéﬁ@‘ ?Aa}w%doé:lééﬁpgq!'Wéd%@ﬁ%%%gﬁféﬁeﬂt@ﬁ{% \t/emth ca. 2 g of copper
nebal teorrEispgsding he:demndlamgiyle/mmm;mmwoammmﬂ'em 2of of twppeeact i on, and
the pure |tegﬁ' ct .was collecte p% fe%flltratlon

metal turning e turnings were removed a eend of the reaction, and the

pure white product was collected by simple filtration. T~

The reaction between pheny! propargyl ether and benzylazide in the
0 presence of 5 mol% of sodium ascorbate and 1 mol% of copper(il) sulfate in 2:1
water/t-butanol mixture furnished the 1,4-disubstituted triazole product in 91% yield
after stirring for 8 hours at rocom temperature in a capped scintillation vial, but
otherwise with no effort fo exclude oxygen [eq. (2)]. The regiochemistry of the
( ~ product was established by NOE experiments and confirmed by the X-ray
5 crystallographic analysis.

For comparison, the thermal reaction (neat, 82 °C, 18h) between these
~ substrates gives both regioisomers in a ratio of 1.6:1 in favor of the 1,4-isocmer, as
 iHlustrated in Figure 1A.
0
The scdpe of this copper~qataiyzed triazole synthesis is partly revealed by
the examples in Figures 3A and B; note especially the lack of functional group
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PCTI USO3/ 17311 -10- interference. These triazoles. are obtai ned using a
procedure which generally involves little nore than stirring the reagents

and filterin§oBPEr(ihgalts, forrraete Cul/LUQLfeyHs and IGu(NCEd:hif fvasan | seconddry,
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Tol erance for variations 1 n the acetyl ene conponent 1S so excellent.
Copper ( $3duiml acsforfilgie @&athﬂpbl&euiﬂnd meGIjuiGien AadifagamNesedP4] PF6, can al so

redhi T e ZEhBGhEY vty alfing SERP oIS DR IR oo bR en base
(e.g. Ooﬂuﬁdésmw:ypmdfucts ghhwm(;dlaémtylehessbimuamla hgridam ne, or yr| di ne).
i on. of undesire

However pr ducts, primrily, di ac

bi sCtri gzlmdrgycy%%lesswfq?@ ﬁbﬁ?%@% 9r g fgeenfgumin soi?: cé_qvﬂ,s recent
Summryc@épérh?cdrﬁ@l@ke@ﬂﬁth@foxyg@m&é(s )SchMERrgXgs.). thb cth@myzm see S.
Schi ndl Eﬁ Chem 20 2311-2326 and Bl ackman W B.

Tol man ﬁ%@aﬁé-ﬁr%'mw\' %Tol@aﬂlghﬁméﬁwﬁﬂd‘a%q’m%g%r Ver | ag,
Berg i N, Mkt 28! SprikGSverkR, Bedin, HBidelbePg, 2bbo, 18! 67, p. 179-211. This

complication with direct use of Cul-species was minimized when 2,6-lutidine was
used, and exclusion of oxygen further improved product purity and yield. For
example, ethylpropiolate and benzyl azide furnished the corresponding1,4-iriazole
in 55% yield when this procedure'was used, but only frace amount of the product
20 was obtained with 1 equiv. of triethylamine and no exclusion of oxygen. Even
though a broad range of both acetylene and azide components react readily in the
acetonitrile system, we prefer the even more reliable and simple Cu'/ascorbate
aqueous sysfem {(with or without co-solvents and amine buffers/additives).

25 A mechanistic proposal for the catalytic cycle is lustrated in Figure 2. i
begins unexceptionally with formation of the copper(l) acetylide i (G. van Koten, J.
G. Noltes in Comprehensive Organometallic Chemistry, G. Wiikinson, Ed., vol. 2,
chap. 14, Pergamon Press, 1-982, 720). As expected, no reaction is observed with
intarnal alkynes. i is disclosed herein that extensive density functional theory

30 calculations offer compelling evidence which strongly disfavors, by approximately
12-15 keal, the concerted [2+3] cycloaddition (B-direct) and points to a stepwise,

annealing sequence (B1 - B2 ~ B3,), which proceeds via the 6-membered copper
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which highlight the capabilities of the process are illustrated in Figures 6-8. —~

Experimental procedure:

20 General procedure as exempliﬁed‘ for the synthesis of 17-[1-(2,3-dihydroxypropyi}-
1H-[1,2,3}triazol-4-yl]-estradiol, 17-ethyny! estradiol (888 mg, 3 mmol) and
(S)-S-azidopropane—'l .2-diol (352 mg, 3 mmol) were suspended in 12 mL of 11
water/f-butanol mixture. Sodium ascorbate (0.3 mmol, 300 gL of freshly prepared

{ 1M solution in water) was added, followed by copper(l) sulfate pentahydrate (7.5

25 mg, 0.03 mmol, in 100 pL of water). The heterogeneous mixture was stirred

vigorously overnight, at which point it cleared and TLC analysis indicated complete
consumption of the reactants. The reaction mixfure was diluted with 50 mL of

water, cooled in ice, and the white precipitate was collected by filtration. After
washing with cold water (2X25 mL), the precipitate was dried under vacuum to

30 afford 1.17 g (94%) of pure product as off-white powder. M.p. 228-230 °C.

Elemental anélysis calculated: C 64.02%, H 7.71%, N 9.74%; found: C 64.06%, H
7.36%, N 9.84%.
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Redum ng environment effect:
acetylenes and other organocopper speclles, which leads to reduced yields and

~  contaminated products. All these problems can be circumvented by the use ofa

mild reducing agent. Various reducing agents can be used: ascorbate |

5 hydroquinone, other quinones (such as vitamin K,), copper turnmgs/wwe,
glutathione, cysteine, Fe*", Co®, etc. Virtually any reductant may be employed

L

that is not so powerful so as to rapidly reduce Cu(ll) to Cu(0).

| Ligands: Acetonitrile effect:
0 Metals do not exist in solutions “naked” — there are always ligands present

in the coordination sphere, be it solvent molecules or ‘designer’ ligands. Ligands
have a profound effect on reactivity of the metal center, as well as red/ox
_ properties of the metal: (a) they can stabilize a certain oxidation state of the metal,
{ e.g. Cu(l) is the desirable form In our case, ahd (b) just as injportantly, theycan
5 keep the catalytic species in the solution, thereby making it constantly available for
the catalysis. Both of these requirements have o be fulfiled in order for a
metal/ligand combination {o be useful in catalyzing a desired transformation
cycloaddition, or ligation, in the present instance.

i0 Copper-mediated organic transformations have been studies for over 70
years, and the literature on the subject is quite extensive. An imporiant lesson of

the prior art is that cyanides and/or nitriles are some of the best ligands for Cu(l),
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Is conplete in under 6 hrs. However, when acetonitrile is used as a
sol vent, .wpes1agrction is observed at all even after 24chrfed/ 398" ot thet Y7 & 008
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formation of intermediate ii, which is a necessary step in the catalytic sequence,

To use the example in hand, addition of an amine, such as tristhylamine or

2 ,6-lutidine to the acetonitrile sysiem described above, soives the problem of

reactivity — the product is formed in quantitative yield after ca. 8 hrs.

Preferred ligands include cyanides, nitriles, isohitriles,_ primary or secondary
_ amines, carboxylates, halides, alcohols, and thiols. Chloride is the preferred
~"  halide and best employed at 1-5 M. Polyvalent ligands that include one or more
functional groups selected from nitrile, isonitrile, primary or secondary amine,

5 . carboxylate, alcohol, and thiol may alsc be employed.

S

Other Metal Catalysts: '
Cu is not the only metal capable of catalyzing this type' of cycloaddition. As

0 long as intermediate ii can be formed (i.e. the metal Is or can become
coordinatively unsaturated), other metals known fo form stable acetylides may also
be employed. Exemplary metals that can form stable acetylides include Cu, Au,

~ Ag, Hg, Cd, Zr, Ry, Fe, Co, P, Pd, Ni, Rh, and W. It is a matter of finding the right
{ metallligand combination. Copper is unique among other metals because it is so

'5 well supported in agueous systems, which resulis in exceedingly simple

experimental procedure and amazing functional group tolerance.

Catalysis of ligation reaction by Metallic Container:
Metallic containers can also be used as a source of the catalytic species to

30 catalyze the ligation reaction. For example, a copper container (Cu®) may be
employed to catalyze the reaction. In order to supply the necessary ions, the
reaction solution must ma_ke physical contact with the a copper surface of the



Therefore, in order to have a useful reactivity w ndow, one should c?gcs{ﬁﬁ 2005
desi gn su®ie dsitgareds that do bind to the netal relativelpeylghrskeep

the correct oxidation state and kri5solution (i.e. not aggregated to the
point of formng a 5 polyneric precipitate), but in the sane tinme can cone
of f t he coptainerc ddicemativaly ahe osactibo mmegt hbeorundf ai nomretalliacentaingr,windch is a

necessary_ st.ep.in e catalyti.c sequence. _To.use..th e in hand,

Rt e o EaEyic letablont BuBbled 6 REMITRG Tae, BB Sorbtiin, AR SPpe’, e

aceéI oni twitgl, ?omt;hmidﬁ@riow gtmm@s.is g!llmfeegﬁ ﬂ@sprrgédrt]ierfs Qfgy Ptae?ct [ Vij t ?/ t rd1e
product 1S rmed I n quantifative vyl e, after ca. | rs. . rererre I gands
i ncl ude iwéﬁfwgpé?—ﬁ for Ganeletiqns i efrerigental propsaired axeeefiodlyy  ani nes,

car POX)"sﬁﬁJﬁé.’ Fétahdbafph, bl Fiahab Shofhth bith? %Fi?%!ﬁ)'v% bRaipbg ipref erred

hal i de and best enployed at 1-5 M Polyval ent 1igands that include one or
nore f GHamltalia vigd @ﬂpestgan@ﬁlee@rrasanm%ng geide andesatvisne eompanents y or

seconda ] r ‘ ﬁ.‘(ﬁ&gsl ; ' I enpl. oyed.

Q her l\/ﬁ{-a%a wﬁ %lcg.s?g:o?géyéegtrﬁ%t?ﬂp e hﬁyg%g@b%ﬁeﬁ-gﬁ(@%&%@ﬁ al yzing this
t ype of eng of heddactiompandithe pulrelvdite preduch waselectied by isin@de fitkatibor red (i . e.
the netal is or can becone coordinatively unsaturated), other netals known

to formstable acetylides nay al so be enployed. Exenplary netal's that can
form stabl e acetylides include Cu, Au, Ag, Hg, Cd, Zr, Ru, Fe, Co, Pt, Pd,

Ni, Rh, and W It is a matter of finding the right nmetal/ligand
comnbi naﬁ%@ﬁ@ﬂﬂﬁ%%ue among other metals because it is so 15 wel |

sup _,o[ted | NVBEHILARS b EhhiTad 3 icelicing Bdbh th thalaREHb Bstidktish SRite .
experinental procedure and ‘amazi ng functional group tolerance. Catalysis of

| i gat i ofif thedet (I beatalystascfpihies nedalicatalvsts. NMeafered motallin igddelrg can al so be
used as. t leyd § Lef 0 Aakdd e ligation
reacti oﬁ.eerﬁgwcg%aeﬁépﬁl’él’e%&’?o%pde# ng[?]‘?g@hés"%%cj%n' n@y bgwégh%ﬁoyed to catal yze
t hé r eagppiied.eleciriopatential enaylppmployed teoeédainthe oddatiarhefaterefdbei on sol uti on
nmust m':lket g,h- sical contact with the a copper surface of the WD 03/101972
PCT/ USOZ7'#¥311 2 9 NOV 2006 - 15 '

In vivo Catalysis:

0 The reaction proceeded well in fresh human plasma (protein loading 65 —
85 mg/mL, C_,4, = a,kmﬁ 5mM; C,,..= 100 mM) and in whole blood, indicating
that copper species remained available for the catalysis despite being heavily
bound to plasma proteins and indicating that the ligation reaction can be catalyzed

( 'by copper and/or other metals ions and templates in vivo, including intracellulariy.

5 . The reaction proceeds fresh human plasma and intracellularly in whole blood
without noticeable loss of catalytic turnover and without noticeable brotein
precipitation. '



container. Alternatively, the reaction may be run in a non-nmetallic 5 NOY 200

cont ai NeLuq @ﬂg L;he catal ytic rret al ions supplied by contacting the Z’% (Qy [(lnﬁ
sol uti-on w 5 copper wire, F@r shavi ngs, or ot hePCEPH§ETHres. Al t hough
these reactions may take Ionger proceed to conpl etion, the experinental
proced ly sinple. For exanple, bis-triazole shown in entry 2
(Fi gurH’{l AT C’ﬂ 'ed in quantitative yield after stirring the -
correspondllﬁ@ualsaimsamédaﬁrecw eoeemmrltg)awrtta; ndamssag, hutacetordwle 2 g of ,

copper _net al he ved at, t end f t he
react i 8hP" ?IfCF g"%%ﬂ@“%ﬂ@'ga%r@ﬂ%@ts Ca[seqjscgjve rlle( r«?""?”I tration.

- Alter n@bi&@clmz‘m(ﬂﬁ@ﬁh@l) éﬁi@hé e&ﬁiVaIBﬁt cﬁ'@ﬁ'é?ﬁ@d sﬁ&ufd%’é‘ddw agents to
mai ntain the oxidation state of (1) catal yst or of other netal

cat al yde acceipratethedcdhensiss extr@meédal@wweact@@enwée ﬁﬁemd@ tiE cage, Be, Co, Cr,
Fe, otential ma
be errpl o%eﬂéelﬁ%?ﬂ? é%du@tﬁﬁtga&ﬂ%’;%ﬁhgx@gp g e%?lﬂhh&chat f/g?epl n vi i/o g
Cat al yascorbate fdreanyeibern reduging)qrecadiireds oftenrpréfestsd dventhe wiragueed pr ot ei n

Iblogg:jq%og‘%q"gg? ngsgbg??%%%%& a%‘%@(ﬁ é@%@?@%ﬁ’%ﬁ ﬁnfj;\fg%g%r atn ﬂei (r:]a\tAQIOL/gi S

despi tidaksé peoduetsinlexcellemtipididsand eftigh puriy.ei ns and i ndi cating that the

i gation reaction can be catalyzed by copper and/or other metals ions and
tenplates in vivo, including intracellularly. :5 The reaction proceeds fresh
human plasma and intracellularly in whole blood w thout noticeable |oss of
catalytic turnover and w thout noticeable protein precipitation. '0 2 9 NOV
20Q6 - WD 03/101972 PCT/US03/ 17311 -16- Cu(l)salt used directly: If Cu(l)
salt is used directly, no reducing agent is necessary, but acetonitrile or
one of the other | i gands i ndi cate above shoul d be used as a solvent (to
prevent ' :



rapi d oxidation of Cu(i) to Cu(ll) and one equivalent of an amne s ﬁ g Qﬁ
added (to accelerate the otherwi se extrenely slow reaction - vide s gﬁ Y i
In this case, for better yields and product purity, oxygen should be
excluded. Therefore, the ascorbate (or any other reducing) procedure is
often preferred over the unreduced procedure. The use of a reducing agent
is procedurally sinple, and furnishes  _triazole products in excellent yields
and of high purity. 2 9 NOV 2006 17 Wiat is claimed is: 1. A process
conprising the fallowi ng step: catalyzing a click chem stry ligation
reacti on butttéesiPiRed IS st reactant having a terninal al kyne noi ety and
second reactant having an azide noiety for formng a product having a
1,2,3-triazplsg rgwsﬁoynpr;sﬁ%tﬁgfbg&mgggg@ .stry ligation reaction being catal yzed
by an addltlon of Cu(ll) in the presence of a reducing agent for reducing
sai d Cu( | ratalygngoa(qlipk chemisiry bigatign reaction| bppyesn anBishreacant havireop d¥@ingtcor di ng

to clai m Ipwieh&iks) dnlSeddnd YedchE RASIY anl &@%&&iq& for@ tmowcwﬂmg:@nm sting
of ascorbat®e, quinone, hydroquinone, vitamn K neta i C copper,

gl ut at hi ohd,3-triegple wpiely, theelick-chegpsity ligadoraisactiop lbriag C@tabféqdrbyCarp@ﬂéwn iofl . 3. A
process a i whetLh i il el ected
From the CoaUn o R ofla pHAREY Il IR EHE 0 BHAN\G B, TR 485 00 °4
A processcadyprangiung the fol |l owi ng step: catalyzing a click chemistry
ligation reaction between a first reactant having a termnal al kyne noiety
and second reactant having an azide noiety for formng a product having a
1,2, 3-tri aZolepmwiseagpordingetocldinkl wheren sha spdidigadgentnis seladed Gomishs gguper f or med
in a solution.in £ QN S | L

contri but For%ls%ngr ?ﬁco}bate th égﬁr%%ﬁmf ’hw%%g%t 15%’5%%1{%%0%{) %ré%lﬁ?aﬁ?%?c hem stry
l'i gation m&&ﬁh;Eﬁ?cmf“Awpmapﬁ&ﬂe&mnmmdwngﬂio claim4 wherein the solution is
an aqueous solution. 6. A process according to claim4 wherein the first and
second reactants are present during the click chem stry ligation reaction
in equinol & Aapfr@vam;tascoraingtb QiifcCieskerés dreredudidg hgent isai matdl selbaedfromtive click

chem stry grlolu ggnlsgt?ngro E%el, 8o, Cr, Fe, Mg, Mn, Ni, and Zn.

4. A process comprising the following step:
catalyzing a click chemistry ligation reaction between a first reactant having a terminal
alkyne moiety and second reactant having an azide moiety for forming a product having a
1,2,3-triazole moiety, the click chemistry ligation reaction being performed in a solution in
contact with metallic copper, said metallic copper contributing directly or indirectly to the

catalysis of the click chemistry ligation reaction.

5. A process according to claim 4 wherein the solution is an aqueous solution.

6. A process according to claim 4 wherein the first and second reactants are present during

the click chemistry ligation reaction in equimolar amounts.

7. A process according to claim 4 wherein the click chemistry ligation reaction is

performed in a solution in contact, at least in part, with a copper vessel.



performed in a solution in contact, at least in part, with a copper %ﬁ 5@5
2 9 NOV 2006 18 8. A process conprising the follow ng step: cataly% 8 i
click chem stry ligation reaction between a first reactant having a

term nal al kyne noi ety and second reactant having an azide noiety for
formng a product having a 1,2,3-triazole noiety, the click chemstry

| igation reaction being catalyzed b¥ an addition of a catalytic amount of a
netal salt having a netal ion selec 8d fromthe group consi sting of An, Ag,
Hg, Cd, Zr, Ru, Fe, Co, Pt, Pd, Ni, Rh, and W 9. A process according to

claim 8 wher giictR@ofmbrifile RO fHoRidgkidp! 9ati on reaction being performed in
the presence of a reducing agent for reducing said netal ion to a

catal yti caldiRGl LR ch@hilly Haiioh rBIcAGLBSWERALIAL RE-LA BlAL M O wherein the

reduci ng agent "is selecte romthe group consisting of ascorbate, quinone,
hydr oqui rtemsnalalkyagrinpiciyland sgdond sgahianirhaying ys pgiiqympictyelor fomingan appl i ed
electric ial | |, L.Ng: fromthe group
consistiHgﬁ%&ﬂiﬁg%ﬁigqg%?n@?§@ﬁg?&%§?eEﬁaﬁaﬁﬁﬁhgﬁgaékf&%%gmA process

conpri si ngeirtghaatafixakd dyian gdgitiep of ¢ antalytic emgurd of lai o&alcdalt hagingy | i gati on
reaction ween. a, filst.r nt . i r g, nal , alky noi ety and
second régg%gﬂ > %ﬁ?%ﬁ%hﬁﬂg?ﬁh%”%%ﬁ@%éﬂg%?“%%@h@%gﬁaR&5§b ﬁct havi ng a

1,2, 3-trikizRd, &i,/RH, etid/W.t he click chemistry ligation reaction being
perfornmed in an aqueous sol ution and being catal yzed by a catalytic anount
of copper (1). 12. A process according to claim1l wherein the first and
second r eaot Aptoden hecordii@HeaidimiSnwiegin thelcHek chemisiry Sigatiod.reatip 0Cess conpri si ng

the foll owi ng step:, .catal yzi ng .a q%{ck chemistry.ligati .reacti on between a
first r eal?f‘f%?i:’(eﬁh%’&ddb ¢ pr%/sg?‘f?i Haredpeing AgeiordE C%&g@éﬁ%dm} eactant havi ng
an azi de mRicghlytiéaF atdlefbdg a product having a 1,2,3-triazole noiety, the
click chemstry ligation '
10. A process according to claim 9 wherein the reducing agent is selected

from the group consisting of ascorbate, quinone, hydroquinone, vitamin X1,

glutathione, cysteine, Fe®*, Co™, an applied electric potential, and a metal, the

metal being selected from the group consisting of Al, Be, Co, Cr, Fe, Mg, Mn,

Ni, and Zn.

11. A process comprising the following step:
catalyzing a click chemistry ligation reaction between a first reactant having a
terminal alkyne moiety and second reactant having an azide moiety for forming a
product having a 1,2,3-triazole moiety, the click chemistry ligation reaction
being performed in an aqueous solution and being catalyzed by a catalytic

amount of copper (I).

12. A process according to claim 11 wherein the first and second reactants are

present in equimolar amounts.

13. A process comprising the following step:
catalyzing a click chemistry ligation reaction between a first reactant having a
terminal alkyne moiety and second reactant having an azide moiety for forming a

product having a 1,2,3-triazole moiety, the click chemistry ligation



2 9 NOV 2006 19 reaction being catalyzed by a catal ytic anount ofnggﬂﬁ@r
(I'), said first and second reactants being present in equinolar a 1008
14. A process according to claim13 wherein the click chem stry ligation
reaction is performed in an aqueous solution. 15. A process conprising the
follow ng step: catalyzing a click chemstry ligation reaction between a
first reactant having a termnal al kyne noiety and second reactant having
an azide noiety for form ng a product having a 1,2,3-triazole noiety, the
click chem stry ligation reaction beinpg perforned in a solution containing
a catal ytic anmount of copper (1); with a proviso that either the first or
second reactant is toxic or expensive and the remaining reactant is present

in mol ar rsasﬁtslfgel?%l&ta@e@i, PEERTA 6&?6%%%&@ rsglldlfﬂyf"aﬂ@se%ﬁﬁraa&zﬁﬁsal yzing a

click chem's eact et ween react ant ving a term na
al kyne nﬂwm@wﬁaﬂuIEGmmndaW@mmmant having an azide noiety for formng a
product having a 1,2,3-triazole noiety, the click chem stry ligation
reaction being performed inside a cell, said cell containing a catalytic
quantity of4.coppens{ dcoslifgftd claimmi3 tvbereiatita ofizlecliehvstiyl liggliorcdesatiosis y | i gati on

reaction, id.co trlbutlng to a catalysis of the click chem stry
Ilgatlonﬁﬁga Eﬁd%gpmwgmkﬂpﬁpocess conprising the follow ng step: catal yzi ng

a click chemstry ligation reactlon between a first reactant having a
term nal é ne nnieh%.an gond reactant having an azide noiety for
fornming a i QECSHERAHTY ‘io 08 M*Rzol e moiety, the click chemistry
| i gati on dagBeinon clii a@nideryf hgated réddtien dalvedanh firstoRha@intinaging aCeirainytt i C
anmount of a netal %ﬂp seI cted fromions fron1 e grqup of netals

r fgg'nln@a

consi st i rﬁB‘YB? MEFY ARf SeRgn ‘iq@“arédm“zg an gidc pgie ingh prduct }ﬁﬁ‘“génd w
sai d nmet a2 3-@fzole Gidikty Dike dlhgk dhm@tw Yig&on rBsttioe Geiny ﬁeﬁfoﬁndﬂaﬁiad y&lugonof the
click chenlstry Ilgatlon 2 20?8 20 reactleﬁ tal ion belng
coor di nat‘gfangigs ¢4 ﬂ&‘i‘FdalF?}’rnt gbeomper (i Wih &pravispathal eifhs F1 5§ ¢f second

reactant is toxic or expensive and the remaining reactant is present in molar excess.

16. A process comprising the following step:
catalyzing a click chemistry ligation reaction between a first reactant having a terminal
alkyne moiety and second reactant having an azide moiety for forming a product having a
1,2,3-triazole moiety, the click chemistry ligation reaction being performed inside a cell, said
cell containing a catalytic quantity of copper(1l) sufficient to catalyze the click chemistry
ligation reaction,

said copper(I) contributing to a catalysis of the click chemistry ligation reaction.

17. A process comprising the following step:
catalyzing a click chemistry ligation reaction between a first reactant having a terminai
alkyne moiety and second reactant having an azide moiety for forming a product having a
1,2,3-triazole moiety, the click chemistry ligation reaction being performed in a solvent
containing a catalytic amount of a metal ion selected from ions from the group of metals
consisting of Cu, Au, Ag, Hg, Cd, Zr, Ru, Fe, Co, Pt, Pd, Ni, Rh, and W, said metal ion
contributing directly or indirectly to a catalysis

of the click chemistry ligation



said solvent, for inhibiting oxidation of said netal ion, and for

di ssociating, in whole or in part, fromsaid netal ion during the ggt'mvy@ﬁ}ﬁs
of the click chem stry ligation reaction by said netal ion. 18. A process
according to Claim17 wherein said ligand is acetonitrile. 19. A process
according to Claim17 wherein said ligand is a cyanide, nitrile, or
isonitrile. 20. A process according to Claim17 wherein said ligand is
water. 21. A process according to Claim17 wherein said ligand is sel ected
fromthe group consisting of nitrilegsisonitrile, primary, secondary, or
tertiary amne, a nitrogen bearing heterocycle, carboxylate, halide,

al cohol, thiol, sulfide, phosphine, and phosphite. 22. A process according

to daim17 wherein said |ljigand. s polyyal ent and.includes ope or. . nore

f unct i onaFagPE Bl metplder bEinE Ceptine &%ﬁﬁanﬁgﬂ%ﬁc’i‘{ lf?gngo%alwwr joB Withithnj tri | e,
primary, Gecenda Yor ifkib&iag bkidhonddT s, m@allbh, 1208 €6 Q&akiking, HEWRiIOGYE €,
carboxyl ate, halide, alcohol, thiol, sulfide hosphi.ne, and _phosphjte. 23.

. . { phi.ne, .
A react i vt fipasaddneialdon dyring theienialysis of the eligk chemigtsy, [igrbion reaction by sidy o
moi ety, th&aihgactive internediate being represented by the foll ow ng
6-menbered ring structure: Rl =CUL" 1 Nz: , NiN Rz whereini: R is a 4-
1,2,3-triazole substituent, R2 is a 1- 1,2,3-triazole substituent, L is a

Cu [igand, jgnd g;d%g%%!:oo?diﬂé to L1821 INRer R OB ligahd Zthcetbniff@Ct i ve i ntermedi ate

for producing ,3-triazole, the reactive Internedi ate being represented
by the followi ng structure: R= CuL" NR2

19. A process according to Claim 17 wherein said ligand is a cyanide, nitrile, or

isonitrile.
20. A process according to Claim 17 wherein said ligand is water.

21. A process according to Claim 17 wherein said ligand is selected from the group
consisting of nitrile, isonitrile, primary, secondary, or tertiary amine, a nitrogen bearing

heterocycle, carboxylate, halide, alcohol, thiol, sulfide, phosphine, and phosphite.

22. A process according to Claim 17 wherein said ligand is polyvalent and includes one or
more functional groups selected from the group consisting of nitrile,
isonitrile, primary, secondary, or tertiary amine, a nitrogen bearing heterocycle,

carboxylate, halide, alcohol, thiol, sulfide, phosphine, and phosphite.

23. A reactive intermediate for producing a product having 1,2,3-triazole moiety, the

reactive intermediate being represented by the following 6-membered ring structure:

wherein: R! is a 4- 1,2,3-triazole substituent,
R2 is a 1- 1,2,3-triazole substituent,

L is a Cu ligand, and "n"isl,2,or 3



N=N O+ wherein: R is a 4-1,2,3-triazole substituent, R2is a 9 4OV 2006
1-1,2,3-triazole substituent, L is a Cu ligand, and "n" is 1, 2,3, (21' H %@
A two step process of derivatizing an am ne containing nolecule with a
1,2,3-triazole, the process conprising the follow ng steps: Step A
derivatizing the am ne containing nolecule to forma term nal al kyne, then
Step B: ligating the product of said Step A with an azide containing

nol ecul e by addition of the azide containing nolecule in the presence of a
catal ytic amount of Cu to forma 1,2,3-triazole derivative of the am ne
contai ning nol ecul e. 26. A one step pr@tess for producing a pol yval ent
1,2,3-triazole, the process conprising the followi ng step: derivatizing a
pol yam de dr 4 répgtiveddietmesintofor grodediegal 8,3 ftarokgthe reactive intgimedlidtg/betng n t he

presence ?efpie@‘aﬁ%lf Ityé%oﬁf)‘gﬁg#ﬁﬁm%: Cu. 27. A one step process for producing a

pol yval en riazo e process conprising the follow ng step:
derivatizing a polyal kyne core by addition of an azi de contai ning nol ecul e
in the presence of a catalytic arg{qun_t_ Q,JIuLCu.

_——— n
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wherein:
R'is a 4-1,2,3-triazole substituent,
R2 is a 1-1,2,3-triazole substituent,

L is a Cu ligand, and

"n"is1,2,3,0r4.

25. A two step process of derivatizing an amine containing molecule with a 1,2,3-triazole,
the process comprising the following steps: Step A: derivatizing the amine containing
molecule to form a terminal alkyne, then Step B: ligating the product of said Step A with an
azide containing molecule by addition of the azide containing molecule in the presence of a

catalytic amount of Cu to form a 1,2,3-triazole derivative of the amine containing molecule.

26. A one step process for producing a polyvalent 1,2,3-triazole, the process comprising

the following step:

derivatizing a polyamide core by addition of a molecule having a terminal alkyne in

the presence of a catalytic amount of Cu.

27. A one step process for producing a polyvalent 1,2,3-triazole, the process comprising

the following step:

derivatizing a polyalkyne core by addition of an azide containing molecule in the

presence of a catalytic amount of Cu.



