WD 03/ 053895 PCT/ US02/ 39637 TI TLE COPPER DEPCSI TI ON USI NG COPPER FORMATE
COWLEXES FIELD OF THE I NVENTION 5 The present invention relates to novel
copper fowoaBmsasespl exes and the deposition of netallic ®eCEEES02/89837
substrates or in or on porous solids using such copper formate conpl exes.
TECHNI CAL BACKGROUND 10 The deposi ti onrigf gcopper from supercritical fluids
has been described. Watkins and I\/bCarTh‘y— US Patent No. 5,789,027, used an
external reduci GgPRERDERQSEIHONMYSINGERORPER FORMATESQPMRLEXESal f1 ui d
to pronote copper deposition on a substrate (e.g., silicon wafer). Al so,
copper di sproportionation reactions have been used (Hsu et al., Chem cal 15
Vapor Deposition, 2001, 7, No.FIELDPOF 144 BAWENBgONard et al . (Thernochi m ca
Acta, 98, 139-145 _(1986)) describe the tornation of dinmeric copper(ll)
conpl exesdwi th 1- MeeHyEsanidaYSNMtONielatas o npvel Q@ppeoﬁymate@pm@am an

et hanol solu The product
preci pitat es%pggpgﬁy%bp@@%ﬂgg I'u t?féﬁ%ﬁf’g%“ %gﬁgﬁ}é gﬂﬁﬁ %8ﬁ%u§:oord| nat ed
to three or bolids usindazeheopperfusnrate complexeshol ecul es. The formate ion is
present as counter ion and does not coordinate to the copper ion. This
formulation is unsuitable for use in supercritical fluids such as
supercritical carbon di oxi dggygg @g % @éﬁl conplex has little or no
solubility in non-polar sol R KER D . (J. Chem Soc. Dalton
Trans., PR033- 2038T(nb&ﬁa@o)sntnodersfmplperﬁroﬁnsm;ﬂreriﬁnzmums hvést egronoat omi ¢

bri dgi ng formate et al eV ' ner., 17 2- 208 (1980))
descri be thedeﬁinf’&F BW'%@%N%WCUﬁ%QM%%néj%Q%PdE& r@% or nat e
conpl ex Wthex?erﬁallr%ué' eagetl s36h b8 HyHR JEH Sdded\® thé stérdiiithl fgacT | bes
solid films deposited b'{/]@ c?sso | vi ng Xd q:‘ d rraeterlal |nt(r) a supercritical

fluid sol uti é»psamaie edppeadepositipasua eubsicate e, rsilidam watexpatidong t he

sol ution thr OUEBera dl%BPorpto rrllgtfon reactions have been used (Hsu et al., Chemical

15  Vapor Deposition, 2001, 7, No. 1, pp. 28-31).

Bernard et al. (Thermochimica Acta, 98, 139-145 (1986)) describe
the formation of dimeric copper(ll) complexes with 1-methylimidazole by
addition of copper formate to an ethanol solution containing an excess of
1-methylimidazole. The product precipitates rapidly from solution. It

20  contains Cu(ll) ions coordinated to three or four imidazole groups and
water molecuiles. The formate ion is present as counter ion and does not
coordinate to the copper ion. This formulation is unsuitable for use in
supercritical fluids such as supercritical carbon dioxide because the
copper complex has little or no solubility in non-polar solvents.

25 Escriva et al. (J. Chem. Soc. Dalfon Trans., 2033-2038 (1997))
describe a formate complex with monoatomic bridging formates.

Borel et al. (Rev. Chim. Miner., 17, 202-208 (1980)) describe the
preparation and structure of a mononuclear copper formate complex with
2,6-lutidine.

30 - Smith (US Patent No. 4,582,731) describes solid films deposited by
dissolving a solid material into a supercritical fluid solution at an elevated
pressure and then rapidly expanding the solution through a short orifice
into a region of relatively low pressure.
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into a region of relatively |ow pressure. 1 WO 03/053895 PCT/ US02/ 39637
Darr and Pol i akoff (Chem cal Reviews, 99, 495-542 (1999)) have shown t hat
conmpoundsweaBbises i n hexane exhi bit solubility in supercriPCTas2/3%ar bon
di oxi de and have descri bed netal |igands that have been used for netal

solubilization an t I i rbt 0 i al .

(Tal anta, 44, 137%%% a{"?’cg%é'%bﬁg@%ﬁé%’r’%‘@%ﬁ%’héeé’lﬂp?}réz%%é 8@%} B?‘t’emu 1)
conpl exes whighovai that ebpoRinds seliide i héxanr extalbib eolubilityoixi siperéhitess et al .
(I'nd., Eng. Chem Res., 1765-1770Q (1996)) describe the use of

35, ) .
co-sol vent s iGArBAp&iRXide g@@lha&ﬁﬁ%ﬁ”@?%m%@ liggnds $aaf Raverkaed used npl exes.

Trof i menko (" i on andRSkiaki d +1999) reviews
substituted p@(ré%{zlg})g%@rez‘raﬁegﬂnves.H%Bm%cﬁﬁﬁﬁl NTI ON 15 Thi s
i nvent i on5provi desSmactostpeds{ falama cdpt3d /s 5g (29 ehave tescribmohthee | ons
coordi nated to the coppet,, and t aromati c_ni en heterocyclic |igands
coor di nat ed tRyEPEHION &rﬁl&ugﬁom%@&éﬁblc ‘f"épt‘r'%f%@' S%ﬁ’&lqaigﬂﬁbppogen
het erocyclic dibﬁ@@ds are selected fromthe group consisting of

a

Clerr)-C(err) kyl -substituted pyridines, Clerr)-C(err) alkyl-substituted
20 pyrazol es, C9- (2bsslaéhydl- udbdEng. Ehami Resazbl $6621d7041998)) describe

| kyl -substityuted tri I dn which the N of th | e,
i ozt o andtesihe A1 P80 G b bt Shed{ b R B ol a2 ©
deposi tiop of cdRpRibsC copper on a substrate or in or on a porous solid is

al so provided, conprising 25 a. contacting the substrate or porous solid
with a copper conpl@fimgnkoh| Scorpinnaies olinperial dratiegedygper PWRWEoat ed

substrate; and b.. t t r. conpl ex-coat ed substrate or porous
solid to abou§UbS}'8"q%8tpgp%o%€?e§g%R%sto forma deposit of nmetallic copper on
the substrate.

SUMMARY OF THE INVENTION

15 This invention provides a composition comprising copper,

two formate ions coordinated to the copper, and two aromatic nitrogen
heterocyclic ligands coordinated to copper through nitrogen, wherein the
aromatic nitrogen heterocyclic ligands are selected from the group
consisting of C10-C2o alkyl-substituted pyridines, Co-Czo alkyl-substituted
20  pyrazoles, Co-Czg alkyl-substituted imidazoles and Cq-Cy alkyl-substituted
triazoles, in which the N1 position of the pyrazole, imidazole and triazole
ligands are alkyl-substituted.
A process for deposition of metallic copper on a substrate or in
or on a porous solid is also provided, comprising
25 a. contacting the substrate or porous solid with a copper complex of this
invention to form a copper complex-coated substrate; and
b. heating the copper complex-coated substrate or porous solid to about
70 °C to about 200 °C to form a deposit of metallic copper on the

substrate.
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30 2 WD 03/053895 PCT/ US02/ 39637 DETAI LED DESCRI PTI ON Thi s invention

provi des novel copper-formate conpl exes which are wuseful as precursors for
t he deposwoioonszsbs netal | ic copper. This invention is par tecauisaz/syssusef ul
for deposition of electronic interconnect layers in 5 microcircuitry as

wel | as decorative arts, corroﬁmmg@) %rCIﬁ@Fﬁlel’ catal ysis, optics and
ot hers areas of technol ogy. The—copp'er—%r-rrmo-rrpl exes of this invention
can be prepared fThisirventida pravides abvelrcupper-formiadte agenplistsewhicncdrec

| i gands. Thedf)str?gf erred synt Pes'hs at omte e"l,ature of _t he copper, formate

ro
conpl exes be UlgS RiieCHrSarsfor, %6’658?'%19&0&5@ allig coppREnbhisdpvettion is

concentrat i oy et \BENY UQefi f rqﬂﬂ) LitioRl &Sl Cﬁﬁ& t ipliter. This
frequently fornms a S?Hr?y orat grlttgﬁan%aé%{) ut Fﬁénrcggfl?el?yo\%ﬂn anhydr ous
copper fobnmatreiaracitsitty ag el asedencrativd adsrabricsierdded wdiareontrgl, if t he

ligand is a liquid, or.as a sglution i met hanol or diethyl ether at
concentrat i or?agglyﬁ'.soﬁpft'?? ﬁn%ﬁ}ﬂ? GRS nfitﬁﬁlﬁ'&a?gy'or | i gand solution is added

rapi dly, typicall yTRdch@ssr tolagtelsbrplBRES Bf fHis ﬁwvehﬁ@ﬁbéh(bre)’pré?af&i The
solution is stirred until the formate di ssolves and then is filtered

t hrough di at dneeovisiceange af arematio siteogsssketemayslieligandse B peaterred t hen

aromati c i trOUBEUDB Rrh Fuield Yk dor e el bPI EE tstiD ©
consi sting ofwitHhikiAg calplsiet forfrias irl inetiethadut hdonesntr&iorBétween 0.01
al kyl -substituted pyrazoles, C9-C20 al kyl- substituted im dazol es and

C9- C20 al kyl -anshdmelas of copperzloraate per ke chhis ieaurntly bams BRILGKY t he
N e S
selected ligand is added directly, if the ligand is a liquid, or as a solution in
methanol or diethyl ether at concentration of 0.01 to 1 molar. The ligand
15 orligand solution is added rapidly, typically in less than 10 minutes on a
laboratory scale. The solution is stirred until the formate dissolves and
then is filtered through diatomaceous earth to remove excess formate.
The solvent is then removed under vacuum.
Suitable ligands for use in this invention are aromatic nitrogen
20  heterocyclic ligands selected from the group consisting of C1¢-Cy alkyl-
substituted pyridines, Cg-Cyp alkyl-substituted pyrazoles, Cg-Cyq alkyl-
substituted imidazoles and Cg-Cy alkyl-substituted triazoles, in which the

N1 position of the pyrazole, imidazole and triazole ligands are alkyl-

substituted.
25 Preferred ligands inciude pyridines of Formula I
R3
R4 R?
X
=
RS N R
Formula |
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R5 Formula | 30 3 WD 03/053895 PCT/ US02/ 39637 wherein RL and RS are

sel ected fromthe group consisting of Hand Cl1-C4 alkyl; R2 and R4 are

sel ect ed Wooiosises group consi sting of H Cl-C4 straight- @caiusozableyt, and
C6- C15 branched al kyl conprising at | east one branch of at 5 | east four

car bons; and Vﬁ%dje&sel ected fromthe group consisting of H, Cl-Cl5 straight
chain aI Kyl Cl15 branched alkyl with at | east one branch with at

| east four d%ﬂrMRﬁanes@dﬂct@d fxonhthe\/grbhptdmasqstmgmbbammaq (L;Oalayl | east one
of R2, R3 ang? C4 CliS if R1, R4, and R5 Lﬂe then R3 is a
C6 - C15 str a?]rﬁsgq&t,epd frgm ﬁ‘erﬂfﬁyp Bpsistng @ WBE “at | east

one of the br(ﬁ{éﬁﬂgﬁ(gp%td%gé ﬁ?n gﬁagtau; %gn@%a@r@t Ieé§t d BehcRbiat RS 1S

C4 al kyl , the en at | east one
of R2 and5R4 Ieastcfgumsrb@msaagd]t chain al kyI or C6- 015 br anched al kyl .

Preferred |i ds o,i.ncl ude razole f or R NR3I N 20
mo° For mil & 1T Bamslr e s e oftEEMsitind it e e Al o of o
and C6-Cl7 sty gpmglb?éﬁbhe@ll émdn vﬁﬂﬂaﬁ@a&lgné)bﬁd%h%trﬁbkhébst fiukh branches
of at l|east four car at ons; and R4, are selected fromthe group

consi sti ng ofcarpoms incaagh bwl’@ht -

with the provisos that

10  atleast one of R R®and R*is C4-C1s;
if R, R?, R* and R® are each H, then R® is a Cs — Cys straight chain alkyl
or a nonyl branched alkyl, where at least one of the branches contains at
least four carbons;
if either R' or R® is C4 alkyl, then the other is H; and

15 if R®is H or Cy, then at least one of R? and R* is C4-Cs straight chain alkyl
or Cs-C15 branched alkyl.

Preferred ligands also include pyrazoles of formula Ii:

20 R*
Formula Il

wherein,

25 R"is selected from the group consisting of Me and Cs-C17 straight-chain
alkyl and Cs-C+7 branched alkyl, with branches of at least four carbon
atoms;

R? and R* are selected from the group consisting of H, C4-C, straight-
chain alkyl, and C3-C, branched alkyl; and

4



chain al kyl, and C3-C4 branched al kyl; and 4 WO 03/ 053895 PCT/ US02/ 39637
R3'" is selected fromthe group consisting of H Cl-C4 straight-chain alkyl,
C3-C4 br awohadsabkyl , C6- Cl7 straight-chain al kyl and C6- ECT/Usozswbed

al kyl, with branches of at |east four carbon atons; with the proviso that

if R , R3 R4 o - r ai -y i | kyl or
C6- C17 brancﬂgglsa%%li?/ﬁégwfﬁ]m Eﬁﬁ%@gsé%%ﬁg%zﬁ’t% Y gp%'(%ﬁ’ C@?@n@kﬂm eferred
| i gands al s?) QRCh bchndh\;{dgcw.kyl] €5-Mf sfraightschainl dlky! akd C4-CF8fanchedL R2" R3..
N 10 Fornula II1 1 rein, R'' is selected fromthe group of Cl1-C8

st rai ght - chai@hY Wigh gﬁf&?’@%@t '%W&?rg@ﬂﬁgow’th at | east one branch of
at | east four,; Lo RAT o el for, S Skl of H
Cl-C8 strai gmlﬁgﬂh%i%r}%glsﬁép,atﬁﬁd %%@Rbragﬁﬁigﬁegﬁyﬁ (%:Ungt 1|7§Erb[§2]§13t one
branch of 5f owhaiaalphar, Cafd; beandRad adid W' branehasbbat ledst 4 carbome gr oup
consisting of \H Cl1-C4 straight chain alkyl, and C3-C4 branched al kyl,
with the proAld®s that at | east one of R1" and R4" is C6-C8; and if R2"
R3" and RA" are H, tisardfieq figard S8 MU Rsldabdus orfdrhuas il:east one

branch of at |east four carbons. 25 Preferred |igands al so incl udes
triazoles of Formula IV: 5

R1"
e
R N
7/ R2"
RS N |
10
Formula il

15  wherein,
R" is selected from the group of C4-Cs straight-chain alkyl and Cs-Cs
branched alkyl with at least one branch of at least four carbons;
R*is selected from the group consisting of H, C{-Cg straight chain alkyl,
and Cs-Cg branched alkyl with at least one branch of four carbons; and
20 R? and R* are selected from the group consisting of H, C1-C4 straight
chain alkyi, and C3-C4 branched alkyl, with the provisos that
at least one of R" and R* is C¢-Cg; and
if R, R¥ and R* are H, then R" is C4-Cs branched alky! with at least one
branch of at least four carbons.
25

Preferred ligands also includes triazoles of Formula |V:



WO 03/ 053895 PCT/US02/39637 Ra NN N "R1 R3 Formula IV 5 wherein, R1
is selected fromthe group consisting of C38-Cl8 strai ght chain al kyl and
C7- C18 brwpanestsas kyl with at | east one branch of at | eastPCraison2s®msbons;
and 10 R2'" and R3are selected fromthe group of H and Cl1-C2 al kyl. The

sel ected |igands produce conpl exes that,are stable at room tenperature and
deconpose at reasonable tenperatures asjdeterm ned by thermal gravinetric
anal ysis. The formation of nonomeric or di meric conpl exes depends on the
steric bulk of the ligand. Copper(ll) farmte 15 conplexes of this
invention are derived from nonodent m];yogen donating |igands sel ected

fromthe group consisting of pyridings, pyrazoles, imdazoles, and
triazoles. The nitrogen donating |igakd 5t be able to coordinate to the
copper ion through the |one pair on Ntrogen atom The nitrogen atom
must be avail abl e for coordi nation. /Thus, | ky 20 tertiary non-aromatic
nitrogen donor ligands (e.g., trieghylam ne)rare not suited as because of
the steric bulk at the tertiary nitrogen atom Primary and secondary

am nes do form conpl exes, but are not sHitgpl e as ligands because NH
groups result in the formation of unwanted byproducts. Aromatic,

het erocyclic am nes are nost suitable. |Imdazoles, pyridines, 25
pyrazol es; and trjazoles form conpl exes, provided the steric bul k around
the coordi nat¥™Jell:-t rogen atomis not hindering. 4-t-butyl pyridine forns a

o mar e CommiFS: s S PRENLIN L8R 60, ) sulhieHan dTerkePPer
C,-C1g branched alkyl with at least one branch of at least four carbons;
and

10 R? and R* are selected from the group of H and C4-C; alkyl.

The selected ligands produce complexes that are stable at room
temperature and decompose at reasonable temperatures as determined
by thermal gravimetric analysis. The formation of monomeric or dimeric
complexes depends on the steric bulk of the ligand. Copper(ll) formate

15 complexes of this invention are derived from monodentate nitrogen
donating ligands selected from the group consisting of pyridines,
pyrazoles, imidazoles, and triazoles. The nitrogen donating ligand must be
able to coordinate to the copper ion through the lone pair on the nitrogen
atom. The nitrogen atom must be available for coordination. Thus, bulky

20  tertiary non-aromatic nitrogen donor ligands (e.g., tristhylamine) are not
suited as because of the steric bulk at the tertiary nitrogen atom. Primary
and secondary amines do form complexes, but are not suitable as ligands
because N-H groups result in the formation of unwanted byproducts.
Aromatic, heterocyclic amines are most suitable. Imidazoles, pyridines,

25  pyrazoles, and triazoles form complexes, provided the steric bulk around
the coordinating nitrogen atom is not hindering. 4-t-butylpyridine forms a
formate complex, but 2,6-diphenylpyridine does not.

Although some copper formate complexes of this invention are oils

and can be used in pure form for the deposition of copper, it is preferred to
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and can be used in pure formfor the deposition of copper, it is preferred
to 6 WO 03/053895 PCT/ US02/ 39637 dissolve the copper formate conplexes in
a non- polwp sob3gent . Supercritical carbon dioxide is a prefrarsopsbespl vent ,

and may be mxed with a suitable co-solvent. For use in supercritical

car bon di oxi d&ssél{)ggpé%%ggﬁ%r @E}ﬁ%ﬁbﬁrﬁeie?% ed n%ngﬁrﬁlﬂ?r thetnt he igand and

Its conpl ex have re super I cal carbon dioxide. In
thi s inventi oBupecfititalldarlyon dicxide ie\eepreigrre solveht, landandy behaixedavitiai n

al kyl groups of ?i or re carbons. This avoids the wuse of

f 1 uori ne- contAPHIRYCIEMYEMand the inevitabl e contamination of sensitive

el ectroni ¢ componerg syl s UddieRicl chAdrlibABA ke Tty ééle geaandS-
ched al ky Il

The use of long-chain and/or bran groups “provides Cu
conpl exes Swi t$uchuhit teligarsbandits complawbae easpnablesolalbility ino be usef ul

can al 56 be. (URPATG Frbi GBRGR: s {<MIBR SQuPRGHS AR ke o1 ot o
conpl ex with dﬂ@@hﬂhﬁaﬁccﬂrﬁami 4R} lrbinys 88tk ©r nfste PPHHN. ITHavSibs Yisd ure 2
or

shows a copper mate conplex with 1-octyl pyrazole. The copper fornate
conpl ex pr epavsgiof flugrinetcentpipingligantisnandifie ipgyitakie eontangipptien f wher eas

Lher et or e o’ SR TGt SRTRENS WA TLBRa8 onBlghalnb BBERAEF S0 i ons
wi th the 11 ocligdrpig! Thel e cilokgichhin sralfot ivanshewvallkyl Braupsqsrovideswhi ch

indicates that the solubility 1s 10 Mor less.) Both of the nethyl groups
(or other al kGH(I§rcompipxeswithsuffigieqtsolutlity, @70 uM & hexapentabe required

o oxi de. - The deibR 4 aRgodfon plpesS ARBRBSIET SRR bir hEGre SR acs
sol ubl e i n_hexsgeah igd bascOrRPathidbe compiley of _
1-octyl -3, 5-di net hyl pyrazol e, based on the intensity of the blue solution

col or. Longer al kyPirpliIrad siews? sapPRIfOERaleneoBplexvithabiostyldwgt h  in the
SohoeLs! o ol IS ARRIE F Dol SUdkeRS S EEOTROERTHe, coPPe
complex with 1-octylpyrazole. The copper formate complex prepared from
1-octyl-3,5-dimethyl pyrazole is soluble, whereas the 1-octylpyrazole-Cu(ll)
complex shows no solubility in hexane and therefore no solubility in
supercritical carbon dioxide. (Hexane solutions with the 1-octylpyrazole-
20  Cu(ll) complex show no blue color, which indicates that the solubility is
10 uM or less.) Both of the methyl groups (or other alkyl groups) and an
alkyl chain of suitable length are required to achieve sufficient solubility in
hexane and supercriﬁcal carbon dioxide. The copper complex with 1-
hexyl-3,5-dimethylpyrazole is less soluble in hexane than the copper
25 complex of 1-octyl-3,5-dimethylpyrazoie, based on the intensity of the blue
solution color. Longer alkyl chains and branched chains of suitable length
in the 1-position of the pyrazole ring will yield soluble complexes. The
copper complex with 1-(2-hexyl)-3,5-dimethylpyrazole is soluble in hexane,
as shown by the blue color of the solution. Derivatives with 3,4,5-trimethyl
30  or other 3,5-substituted pyrazoles described in the literature (Trofimenko),
which allow coordination of both pyrazole rings to the copper formate

moiesty, will also be suitable for this application.



as shown by the blue color of the solution. Derivatives with
3,4,5-trinmethyl 30 or other 3,5-substituted pyrazoles described in the

| 'iteraturwo(03nsdspsrenko), which all ow coordi nati on of bot rCpyrsazadear ri ngs
to the copper formate mpiety, will also be suitable for this application.
7 WO 03/053895 PCT/US02/39637 H3C ONCH3 HCUHN \ 1 /-~ H3C/ (V
CH3 Structure 1. 1-octyk-3,5-dinethyl pyrazol e copper formate conplex N\ O
\' N~ HCUHY O N Structure 2. 1-octyl pyrazol e copper formate conpl ex
10 Copper formate conpl ex€y were prepared using 1l-octyl-2-ethyl-4-

met hyl i m dazol e and 1-hexylt%2-ethyl-4-methylimdazole as |igands. The
Cu(ll) conplex with the 1-oct group dissolves in hexane to yield a blue
15 solution, whereas there is col or¢ devel opment with conpl exes with the
1- hexyl group. Applicants theorizg that the hexyl group is not |ong enough
to shield the ionic copper inner- [ditation sphere fromthe solvent. The

CHj3

Structure 1. 1-octyl-3,5-dimethylpyrazole copper formate complex

5
J
0 \ ____
/“\ i
H Cu/ H
T
P
\ N
Structure 2. 1-octylpyrazole copper formate complex
10

Copper formate complexes were prepared using 1-octyl-2-ethyl-4-
methylimidazole and 1-hexyl-2-ethyl-4-methylimidazole as ligands. The
Cu(ll) complex with the 1-octyl group dissolves in hexane to yield a blue

15  solution, whereas there is no color development with complexes with the
1-hexyl group. Applicants theorize that the hexyl group is not long enough
to shield the ionic copper inner-coordination sphere from the solvent. The

combination of the alkyl groups in the 2 and 4 positions and the octyl

8



conbi nation of the alkyl groups in the 2 and 4 positions and the octyl 8 WO
03/ 053895 PCT/ US02/ 39637 group in the 1-position allow the copper inner
coor di natwor3epises e to be surrounded by coordi nation of tae/ush2/sdsese

i m dazol e groups. Longer <chains will yield soluble compounds as well. A

conmmon t ?Ch.”id%%% Yagee JQO&E!’(?&PEN W%{E(%@eﬁﬁﬁ@] @ﬁayw%ﬂ?ﬁgﬂigféﬁﬁé | cal

car bon di oxi to a a co-solven 0SS et regui renments of
a co-sol vent mamrh:mhbydebommht(oﬁrmfstwoeﬁ thésg lmlwatéiermbupﬁndomgé]m al cohol s

are comonly yse how tIe r sol ubility in hexane or
supercriti caléilad &&M‘P&:?‘g@b%a %?r W@B Wi t h addition of nethanol.
Hexane sol utions oA ddngmbH téénni @ét@é& rP& Wnhl &

1- hexyl - 2- et hyl -4-net hyl i m dazoée do n(I)t everhcgJ E%‘ 4 l%)éetselrnl stic blue

col or of @(I&;pérclﬁml@admrpd@x&e lsrﬁoadﬂtam}aplvbnt (Gmoss efabj. Bheret hanol i c

| ut f thi | t | d
Fesul s are GORUBRBNEAL A R SR g e red Gree & ol MM i ace of
met hanol . Ta@h@othdrigtéshdls aeéld@mmm 05&¢ Cohfpdunds Andlify HRBRRHKIS Wi th

addition of a 15 co-solvent. In th ese measurenments, the conplex was
di ssol ved i n s@ubibiylinfexanemsisvpeasiritieal garban shofide sen beedissalegdwithi ¢ h 5- 10

ol utton. A caidfien ohretindCRERRE ey e U ) PR BTN o°

Wi th supeincr i 1ihexll-Z-tiant-diethylingidatole dd wattddvemethatdhaeactanstidbial 20
pressure (Cross et al). Between 2 to 5% cosqolvent is typically used in

order to ret ﬁwoggbGH@hfprraate @ﬁma@xeﬁsass@ﬂtl@m»éotgénvmofaa medansiign| e
tenperatures ghgeg §fc §88%Tépuhgoone>éé}l{ YI§ ﬁ@%aéduﬁ't rl'%ﬂ%? rclésglﬂtgg' EXes

sol ubl e in supercri car co- so ven xane
wi th co-sol veats)ohitageadvifiadi-tyutdpypdinadsd Wit ﬂébutanden iptde ofemethanol.

11: (()gt anngl g%lLtgglge’Pn@tﬁygpﬂggi{@p \.treI rcllslzen’% EII uIglzézccz)lrr(1apc(>juer1r svvelttfll \éggltlon of a

15 co-solvent. In these measurements, the complex was dissolved in
0.25-1 mL of methanol or 1-butanol and then shaken with 5-10 mL
hexane; solubility was indicated by formation of a homogeneous blue
solution. Alcohols such as methanol and 1-butanol are totally miscible
with supercritical carbon dioxide at ambient temperatures and high

20  pressure (Cross et al). Between 2 to 5% cosolvent is typically used in
order to retain supercritical properties of the solvent at reasonable
temperatures and pressures.

Table 1. Nitrogen donating ligands (complexes soluble in supercritical

25  carbon dioxide with co-solvent or in hexane with co-solvent)

Ligand Family Compounds
Pyridine derivatives 4-(5-nonylpyridine);
" 4-t-butylpyridine
Imidazole derivatives 1-octyl-2-ethyl-4-methylimidazole;
1-(2-ethylhexyl)-2-ethyl-4-methyl-
imidazole

1-hexyl-2-ethyl-4-methylimidazole
9




1- (2- et hyl hexyl ) -2-ethyl -4-nethyl - i m dazol e

1- hexyl - 2-et hyl -4-net hyl i m dazole 9 WD 03/ 053895 PCT/ US02/ 39637 Pyrazol e
deri vati vwe 0308380¥yI - 3, 5-d i net hyl pyrazol e 1-(2-ethyl hexyl PoyrisanBes37 |

-hexyl -3, 5-d inmethyl pyrazole 1-octylpyrazole The derivative with

4- (5-nonyl) el PEST ref enT g« P . wth—supercritical
carbon di oxi fé{rgﬁsﬂg dcéilp\);%gge%orrp (ll,x lﬁ%@éﬂiyﬁdﬁr? |§e Is a deep blue oil
at roomtenperature. Spectroscopieattlylheryljdwazsial data are cpnsistent
with the forjmul ation Cu(L)2(HO00)2' H20, ach copper is coordipated to two
pyridine graqups. The conpl ex hasé‘exﬂbﬁtﬁ";m@hﬂpﬁ&zoﬁe conpl ex shows good
solubility ijn hexane (38 wt % |angkt Lefd tical carbon dioxide (4.3 wt

% . Depositilon of netallic copper caﬂﬂg% acconpl i shed by contacting 10 the
substrate or porous solid with the copper formate conplex by such neans as

brushi ng or di ' . The terjal is then heated to 70 C to 15 C. In a
oot o s o e deRRESHT b han fgatne ittisPerrred GodPRX BT or i a or

on a porous ﬁ@éﬁnﬂ?;ugef&me&wrwn gicxle!t TRE cBppé&rosifiblex it Pigrat e conpl ex
in a supercritical fluird. Smth (US Patent No. 4,582,731) describes a

met hod and apgysiditteuls & deepbdpissoit ahrpom tarhperainree rSpectioscapicamdst rat e from
i tical | ut | d is hereby.i t.ed f 56.~ TO oDt ai

The desi rdd- AnEtteL SRt Ssir it FE BRI ER LYo Qe conphex

I s heated . o . 2 '

:JIZcorGrf)Iogi t?gﬂé@ﬁ%@?@%ﬁ?gﬁgﬂ%@? \q\gé%\ﬁggglﬂﬁlggg{{g@s XP té%:lc?u Iéﬁg%g\%anti ng to

be bound by trerdray chaiys. i Theetomipidx shows add solubilitpppleexahep@8Siwt Bih a

substrate is fornmed fromthe precursor eduction of the copper ion by a
coor di nat ed megrcqupql H’@étﬁr} g’&éldieo(ﬁs? it %)-

Deposition of metallic copper can be accomplished by contacting

10 the substrate or porous solid with the copper formate complex by such
means as brushing or dipping. The material is then heated to 70 °C to 150
°C.

In a preferred embodiment, the precursor is deposited on the
substrate or in or on a porous solid by contact with a solution of copper

15 formate complex in a supercritical fluid. Smith (US Patent No. 4,582,731)
describes a method and apparatus for depositing a solid material on a
substrate from supercritical solution and is hereby incorporated by
reference. To obtain the desired metallic copper coating, the deposited
copper formate complex is heated on the substrate or in or on the porous

20  solid to the decomposition temperature of between 70 and 200°C.

Although not wanting to be bound by theory, Applicants believe that
the copper deposit on a substrate is formed from the precursor by
reduction of the copper ion by a coordinated formate. In these reactions
one equivalent of carbon dioxide is released per copper. The second

25 formate is most likely released as formic acid or in combination with one of
the basic aromatic nitrogen heterocyclic ligands. With such an internal
reducing agent, there is no need to add a second compound to reduce the
Cu(ll) ion to copper metal. This offers a substantial advantage over other
copper deposition methods disclosed in the prior art.

10



one equi val ent of carbon dioxide is rel eased per copper. The second 25
formate is nost likely released as formc acid or in conbination with one
of the baeios/osasesmti c nitrogen heterocyclic |igands. Wt RCTush2/a9s37 nt er nal
reduci ng agent, there is no need to add a second conpound to reduce the
Cu(ll) ion to copper netal. This offers a substantial advantage over other
copper deposition nethods disclosed in the prior art. 10 WO 03/ 053895

PCT/ US02/ 39637 EXAMPLES Al'l mani pul atEXAMPYES performed in a Vacuum

At nospheres dry 5 box under dry nitrogen gas. Copper formate hydrate was

th szeg) " ‘CI)'m sAI gét[' %ngwﬁg{ad&% 'J#Ség ﬁﬁ%%caégl%@g‘%@(ﬂ% @B/cuum for

two days d&nd bmansndsémmduﬂmsghrr gmtc:ogpér fotmle Nodngite msidﬁtamemn@bt ai ned
from TC AITEI‘I ca &Portl USA 97203: Cat al oq}A 96) _and was 10
deaer at ed wi t/NAAFR W}é’ﬁ”g?‘?owht‘ésﬁstg”z%%ﬁ%wém r4%4%§)oﬁhﬁ ned from

Johns Nenvi | |Gofgh DB G PhOAUG S, & SB5-EfuePoeATor DS and 80217

USA. Sol vents wer e reagen er, deaera gen, and

stored over aghs srired u%errnltmgeham (EEJ ﬁﬂmﬂ)pyﬁhmhglobtaﬂﬁ@& yoasToRr €
performed by M cro-Anal ton, DE, USA 15 19808 EXAMPLE 1

Synt hesi s of ASBgpER(Peitlang P/SI vswﬂ%%-’%tgﬁzﬁg’(ga%?@'ﬂ\ﬁopm 4$6H@nd A¥ASy dr ous copper
formte (1. O%ﬁa%d%ﬁgl itk oat H‘uééd %fdjn?%?;ué H&5LE g‘&?im%cg a_round

bottomflaskw stir bar pyridine 072 mL,
0. 326 mmol e) fwamMnhsd\/ldnvnkhe:Elnglrte@rewE’reduotsG]‘oudem|anx 508 degnvdrpue col or

d I d re was stirredq for j Vv mnute nd filtered
o oo e O Osh SNt s readsrt grate gh b oo FREPETeG HENG Ol vent
was renoved %ﬁ@?cﬁHa&W&&dev&ﬂ é’ctfv‘élr’é& 4R5n8|beﬁla9‘sleve§' E@RHERL anal ysis was

consistent wt formation of - nonyl ) pyridi ne) 2(H000)2H20
Cal cul at ed: GindBpIeOVed: Bﬂ%mﬂhemby Mlcro-AnalySIs Inc., Wilmington, DE, USA
15  19808.
EXAMPLE 1

Svynthesis of Copper(ll) Complex with 4-(5-nony)pvridine

Anhydrous copper formate (0.025 g, 0.163 mmole) was mixed with

20 5 mL methanol in a round bottom flask with a Teflon-coated stir bar. 4-(5-
nonyl)pyridine (0.072 mL, 0.326 mmole) was added directly to the stirred
solution. A deep blue color developed rapidly. The mixture was stirred for
five minutes and filtered through diatomaceous earth to remove excess
copper formate. The solvent was removed under vacuum to yield royal

25  blue oil. Elemental analysis was consistent with the formation of Cu(4-(5-
nonyl)pyridine)o(HCOO)»-H,0O. Calculated: 61.88% C; 8.66% H and
4.81% N. Observed: 61.36% C, 8.76% H and 4.51% N. Infrared spectrum
of neat oil shows stretch at ~3350 cm-1, characteristic of lattice water

(Nakamoto); 1600 cm-1 region obscured by 4-(5-nonyl)pyridine stretches.
30
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4.81 % N. Observed: 61.36%C, 8.76% H and 4.51 % N. Infrared spectrum of
neat oil shows stretch at -3350 cm 1, characteristic of lattice water
(Nakanot oWwp 0368839 m 1 regi on obscured by 4-(5-nonyl)pyri dipeg/isvz/edeehes. 30
11 WO 03/053895 PCT/ US02/ 39637 EXAMPLE 2 Determ nation of Solubility of

Cu(4- (5-nonyl) pyridi ne) 2( HCOO) 2 Conp%g%ﬁz)%ercri tical Carbon D oxide
Solubility of the Cu(4-(5-nonyl)pyri ) 2 conplex 5 described in

Exanpl e | wasDetgrerinatiedof\Bolubdity bSCMAMBIabn ARHRidRE. (HED OECoMpIHI® _
conmplex (0.70 1 ugh xed W th diatonmaceous earth (0.70 g) in
a Vacuum At m@%ﬁ%@ﬁa&&m nitrogen to yield a royal blue solid I
m xture. This m xt Nt | astic sanple
contai ner for the {S'Es)gjoﬁﬂﬁ %P%gggﬁ?éo@mmépz@%ﬁggﬁercrp??){)cal car bon

di oxi de at5 25@8s¢rbedaintExdEnfleVewab aetsithihdd AiBan ISCOIMORISET0 Sleg. A deep

bl ue solution_was recovered in nethanol. The solubility was determ ned to
be 4.3 wt %uﬁdﬁacfpﬁeléemwlex&zo avveas theseughte mixedwithidiafomareduso heat

th I i Li .S [ f 10 min, then flow

[ qui d e 1 ezt a8y Rtva@e Aot Bnetes3drd upSctiidlr o B Ve rrpun

of the conpl evoyaébb;wablidrmmturbhérms alixtdvs wag thoe |eadd@idedhit@serdpiter ni ned

gravinetrically hing the chanber before and after the extraction.
@@_é l@e?a}

The anpunt of @ @Pé&?nt%@@i&@ﬂs(ﬁgrﬁﬂ@ﬁ@' 365@C§§frﬁ>ﬁ©@t@unp .
troll f &b lo ree
Sglnu;rg |ﬁfot hgsghgﬁggrexfor 83(9 ﬁ&eé ag%a | %gc p%&&l@&b@ pper
Depoat |bon Br’the Qmple(i’foldemy;i\)dpﬁpibimmeaame?nMdgg}@@bgg{egw?ﬁ@%?ﬁ?lhgﬂfﬁr 1000
0 sition,of co
B4 (5 nonyPo OGNS FBaRRSS (L b DAt de SEAPL SR PopdRpRe Thonas

instrument was programmed to heat the sample cell to 40 °C and

pressurize it statically for 10 min, then flow liquid CO, feed through the

15 sample vial at ~1 mL (lig)/min. The amount of the complex removed from
the vial during the extraction was determined gravimetrically by weighing
the chamber before and after the extraction. The amount of CO,, delivered
was taken from the ISCO syringe pump controller for the "dynamic"

extraction and estimated by an assumed free volume in the chamber for
20  the "static" extraction.

EXAMPLE 3
Copper Deposition from Cu(4-(5-nonvl)pvridine)Z(HCOO)Z Complex under

1000 psi Carbon Dioxide
25 Deposition of copper from a solution of the of Cu(4-(5-

nonyl)pyridine),(HCOO), complex described in Example 1 was

determined in the following manner. The complex (0.25 g) was dissolved
in 10 mL hexane in a Vacuum Atmospheres dry box under nitrogen to
yield a royal blue solution. This solution was placed in a tube and then
30 heated to 120 °C under a final pressure of carbon dioxide of 1000 psi.
This temperature and pressure were maintained for an hour. The tube

was cooled to room temperature and vented. Copper metal was found

12



determned in the foll ow ng manner. The conplex (0.25 g) was dissolved in
10 nL hexane in a Vacuum At nospheres dry box under nitrogen to vyield a
royal bl uv&ogdlosaspdn. This solution was placed in a tube amdTiusen3®s87 heat ed
to 120 C under a final pressure of carbon dioxide of 1000 psi. This

tenperature a ' e s cool ed
o T oom t empencpon e Pl €Fes BF U Bloethd Qo Sopiter o iigiin B8 s00s
PCT/ US02/ 3963ﬂ1bede$@|$1etcﬁdher¢opberwadeasrbjrdd‘i@védef\AﬁmdgCOpper powder was
evident in the tube. Sonme of the copper was easily renoved by w ping.

EXAMPLE 4 5 Sol ution Properties of Coggergll) For mat e Conpl exes Thi s
exanple is included to illustrate th “nat i on of solution

concent ratj on by absoggmtgﬂ |§r8 gh{ o é conpl exes
used in this exanple 3 R e—bl ue col or of

the copper (I1) forfﬁ’atseemmbesamlmmmmﬂustﬂ&edl@é démrﬁﬁﬁatm Sfsoh@tiogi | on
concentration %/ l%agro?]t | on spectroscopy thrqough the use of Beer's |aw.
Absor pti on speH; HY IPITBHIRN PREFLERSCORYr SRR 8 KeCamnes crElexas

Packard 8452A,ddHFtAd BRYm @&@W@éﬂ{p&&&m@ ihlelflorchenstat on for

UV-vi si bl e spectroscopy so tware nds were prepared using the
met hods descri bed Theblagpbles of thz ccﬁqden(li)cﬁmnéié copnEexse=parmaits in a dry box

with the ot Qqcol s. d scr . 0.005-0. 015 of conpound was
di ssol ved 8 tfﬁmH:L ﬁfﬁ&m C°”°§|5‘b’@f'?'éb\xéb§°ﬂ@l%'r ?'QFCQF?S\C in quartz

cuvette. PeaktH?Q Egﬁ tr%‘ﬁsélﬁﬂBeBPé%wa%% |'oY1' cﬁ@%fché?{/%ybtl% SnShOW” in
Table 2. 20 TABLE 2. Visible Absorption Copper (

Conpl exes i n weee hbiadhedwiith digwlettFackand )345<2Awm¢g arrvaslspedirophotometer

Ou4: (5 nomy i SIS LERO0Z 10,606 S QU2 0oLk sl NE)REEDD 2 714 80

were prepared using the methods described in Examples 1-3. Solutions

15  were prepared in a dry box with the protocols described in Example 1.
0.005-0.015 g of compound was dissolved in 5-15 mL of methanol.
Spectra were recorded at 25°C in quartz cuvette. Peak positions and
molar absorptivity coefficients are shown in Table 2.

20  TABLE 2. Visible Absorption Data of Copper(ll) Formate Complexes in

Methanol

Compound (solvent) A,nm | g M-tem-
Cu(4-(5-n\onyl)pyridine)z(HCOO)Z-Hp_O 696 54
Cu(2,6-lutidine)>(HCOO), 714 89
[Cu(1-methylimidazole),(HCOO)5]» 654 49
Cu(1-butylimidazole),(HCOO), 654 52
Cu((dibutylamino)propylamine),(HCOO), 656 28

EXAMPLE 5
Synthesis of Copper(ll) Complex of 1-octyl-2-ethyl-4-methylimidazole

25 The ligand, 1-octyl-2-ethyl-4-methylimidazole, was prepared in the
following manner: 2-Ethyl-4-methylimidazole was dissolved in 10 ml

13



Cu(1-butylim dazol e) 2(HO00) 2 654 52 Cu((di butyl am no) propyl am ne) 2( HCOO) 2
656 28 EXAMPLE 5 Synthesis of Copper(ll) Conplex of

1- oct yl - 2wetonyws3s4s net hyl i m dazol e 25 The |i gand, PCT/US02/39637
1-octyl -2-ethyl -4-nmethylim dazol e, was prepared in the follow ng manner :

2- Et hyl - 4- net Wyl 0

PCT/ UéOZ/ 3963%”‘%%9%?%%% t e? ﬁ@“t’?‘ﬁﬂa‘m&o&n c% %%A ﬁ! 9%

i nhi bitor-f resy)dlunSbgidmnie tﬂl.ﬁrIB@eV\(dé alcdgih pwﬁom.d@d dolidP@ brdm,s as a
solid; vigorous evol gt i on of was evident with each addition. The

resul ting haz§VolUlN PHAAS ¥iag:s W&'%@Wh addifors f{hgﬁﬁsullnsmﬁmw ane
(1.568 ni) V‘%IE)\A@QGI%%HW @étw%&f@n @?h”a)‘éﬂéh?od’éﬁéné ﬁgg@%ﬁﬂ)‘g\% Vseveral

hours. The m xture was f| tere i at omaceous ent was
renoved Undeadded alliat Docw afdacmxwewms @ifluxed/farsavedildiaurs.aThen of yel | ow

T PO S o e e LAAS S0
15H); 0.9 (t,undé @&unﬁﬂ”‘bfﬁo‘%é y%%\WQﬂ f\%d@ﬁﬁd%ﬁat%d 5 $&liowoil

approximately 7 met hanol . The i m dazol e derivati ve,

1-octyl - 2-et hmOdlllCﬁétQ*@ﬂn aolotess eil. B NIYRrdata 440@ bz, iGRClh 6165 (s

the 1 or mat & SHIICT 0RO 21 GBS LS €es 17 (MaoFh haepe iradoEbi &8 (Gover oped

i nedi atelgy. JHg mxture was stirred for O. 5 hour s and then filtered _
through di at omaceous earth. Renpval of solvent yielded a blue oil, which
is soluble in hexafBhydroug\iopeatEmele was sirmed io Gipprodmatel 7Hokane

solution. An he . [0y
S0l oy i Ty R Bt G I A iidarel. s scnc
9.15% H and  [Srepatdd aﬂdseecnmti abBve /€. dissolvidd il applofinifiéty$ mLndfr ar ed
spectrum of ne hows stretch at 3333 cm 1, characteristic of lattice
wat er ( Nak an@pﬁ)anol and then added all at once to the formate solution with vigorous
15  stirring. A deep biue color developed immediately. The mixture was
stirred for 0.5 hours and then filtered through diatomaceous earth.
Removal of solvent yielded a blue oil, which is soluble in hexane as
evidenced by the blue color of the hexane solution. Analysis was
consistent with the formation of Cu(1-octyi-4-ethyl-2-
20 methylimidazole),(HCOO),H,0O. Calculated: 58.46%C; 9.15% H and
9.09%N. Observed: 58.36%C, 9.12% H and 9.36% N. Infrared spectrum
of neat oil shows stretch at 3333 cm™, characteristic of lattice water

(Nakamoto).

25 Example 6
Preparation of Cu(1-hexyl-2-ethyl-4-methyiimidazole)>(HCOQ)»'xH-O.

1-Hexyl-2-ethyl-4-methylimidazole was prepared in the following

manner. All manipulations were performed under a nitrogen atmosphere.
2-Ethyl-4-methylimidazole (1.0 g) was dissolved in 10 mL THF. Sodium
30  hydride (0.218 g) was added as a solid. An additional 10 mL of solvent
was used to wash the hydride into the flask. There was a vigorous
evolution of hydrogen. Mixture was stirred at room temperature overnight.
1-Bromohexane (1.568 mL) was added all at once. Mixture was stirred

14



25 Exanple 6 Preparation of

Cu( 1- hexyl - 2-et hyl - 4- et hyl i m dazol e) 2( HCOO) 2- xH2Q.

1- Hexyl - 2wetonys3s84s net hyl i m dazol e was prepared in the fol [PORIUSg2/3968NNer .
Al'l mani pul ati ons were performed under a nitrogen atnosphere.

2-Ethyl -4-met hyl i m daz 1 d i um 30

hydri de (0. nggb ﬁg‘gng@gé}orﬁg @bgﬁﬁr éli&ﬂ{e gr%ﬂhg%%?or‘%vg{'ﬁo o%ggl vent was

used to washRdetibHhixdleeivicsdied bhatken Titered thesugh CGelifer®iss Sodwesitut i on of

hydrogen. M xture was stirred at roomtenperature ove(rlj)r;(i W Br onbhexane
/

(1.568 m -) m%tdl@qd@meava@watom% yiseoUR yedlpw Qi 053895
PCT/ US02/ 39637 r t: xed for
sever al hour P ecﬁé@c ionm 3% r'SeE%%{gglol e(‘}%aﬁgstteﬁgﬁnijpl%?gpﬂcﬁjhrough
Celite 545. Seirviagt-biumsolsdxanepFHisumikdurevaasiused withoet punfications, yel | ow
oil. Proton NVR spectrum (El 02868-78) is consistent wth indicated
forrr:cjl ation and 5 starti ng 1- bronohexane. This m xture was used w t hout
purification. rfr,‘?j‘@l) %ﬁ(ihéﬂ‘oltd%ﬂn %émrng manner.
Anhydr ous copper for (?@e( 9‘8%\1\)%Sprg xed | i n about mL. "nmethanol. The
yel Ihow Icn I Ij rmﬂhyfdln@uampﬁerpfoapata(t(] @70 ghwadinsized eabout Apduinethanol1o

met hanol and _t hen adde at _once to t r r on to
yield a deepl hﬂY@'%PﬂtfmghtherﬂléO\feeB'iﬂpr’%&Wﬁ? stg mvlggqgtaﬁpr%'gg%%r five

m nut es gpd ‘%E fech haasy al abBhté & Er@sturiréwfo?mavesuuman tsyidipped t o
yi el d bl 32 oﬁ‘g o éhﬁéﬁ%h 15 Prep aaratlon of Cu(1-oct v

5- di net hyl pyradeépbﬂd—mloa Tharwtmg-ml)ﬁu@w ﬁ?’lr%ﬁ sz'IeemMe?)PBﬂar ed in

the foll Al |
at mospher e. | Snsn e fpgl TRUREORS T sl RE SiRRd 3R phed. oo
round-bottomflask wth a magnetic stir bar and dissolved in 50 nL

tetrahydrofuran. A 20 condenser and stoppers were added. Sodiumnetal (1.2
g) was added in pieces. Hydrogen ev s evident. M xture was

stirred aéer oom tepperaLire PRI NoBli-2. S ARDRG iR i @ICBD)yas then added

all at o
1-Octyl-3,5-dimethylpyrazole was prepared in the following manner.

All manipulations were performed under a nitrogen atmosphere. 3,5-
Dimethylpyrazole (5 g) was placed in a 100-mL 3-neck round-bottom flask
with a magnetic stir bar and dissolved in 50 mL tetrahydrofuran. A

20 condenser and stoppers were added. Sodium metal (1.2 g) was added in
pieces. Hydrogen evolution was evident. Mixture was stirred at room
temperature overnight. 1-Bromooctane (9 mL) was then added all at once.
The mixture was brought to a gentle reflux for seven hours and then stirred
overnight at room temperature. The reaction mixture was filtered through a

25  sintered-glass frit to remove a white precipitate. Solvent was removed
under vacuum. Product was distilled under vacuum. The fractions distilling
at 65-70 °C were collected and used in subsequent preparations.

The copper(ll) formate complex was prepared in the following

manner. Anhydrous copper formate (0.185 g) was stirred in 10 mL

30 methanol in a 50-mL Erlenmeyer flask. 1-Octyl-3,5-dimethylpyrazole 0.50
g) was added all at once as a methanol solution (3 mL). An additional 20
mL methanol were added. Reaction mixture was filtered through Celite

545. The solvent was removed under vacuum to yield green oil with some

15



The m xture was brought to a gentle reflux for seven hours and then stirred
overnight at roomtenperature. The reaction mxture was filtered through a
25 sinterwo-ogloszsssfrit to renove a white precipitate. Sol yemusezsIssEnoved

under vacuum Product was distilled under vacuum The fractions distilling

t 65-70 C . i t t T
2opper (rn) maffﬂ@g{cegﬁﬁ%gng@u@%82?%8@3533%82?‘%%@3%89‘5-%%H@Y?“e%hydr ous
copper for matsléht LHved Iqm 6it. Mhegstotass! Pields BB titetdbamsbx witha 50- i

Erl enmeyer flask. 1-Cctyl-3,5-dinmethyl pyrazole 0.50 g) was added all at

once as a net3fiignal pyiazda o incpmpleteaactiarowith ceppehiormaiadivs wer e
added. Reacti j i t ljr eljte 545. The sol vent was

r enoved underméﬁﬁﬁ%@téﬁﬁd dgeﬁog’resﬁggicﬁcwgﬁr@néé 15 WD 03/ 053895

PCT/ US02/ 39637 particulate. The m xture was dissolved in hexane and
filtered. Renoval of solvent gave a green oil. The process yields the
title conplex with additional pyrazole frominconplete reaction with copper
formate. This material is suitable for deposition of copper films. 5 16 WO
03/ 053895 PCT/ US02/ 39637 CLAIMS What is clainmed is: 1. A conposition
conprising copper, two formate ions coordinated to the copper, and two
aromati c nitrogen heterocyclic ligands 5 coordinated to copper through
nitrogen, wherein the aromatic nitrogen heterocyclic |igands are sel ected
fromthe group consisting of Cl0-C20 al kyl-substituted pyridines, C9-C20
al kyl -substituted pyrazoles, C9-C20 al kyl- substituted i m dazol es and

C9- C20 al kyl -substituted triazoles, in which the Nl position of the
pyrazol e, imdazole and triazole |igands are al kyl 10 substituted. 2. The
conposition of Claim1l wherein the ligand is selected from

16



the group of pyridines of Formula I: R3 2 ::x: N1 15 For mula |I wherein
Rl and R5 are selected fromthe group consisting of Hand Cl1-C4 al kyl; 20
R2 and R4warog/osabect ed fromthe group consisting of H CleCA/ssor/aaeght -
chain al kyl, and C6-Cl5 branched al kyl conprising at | east one branch of at
| east four carbons; and R3 is selected fromthe group consisting of H,

Cl- Cl15 straight chain alkyl and C6- CIELAMSBched  al kyl with at | east one
branch with aWH\ﬁ&@'cleﬁ@@d ig@b carbons in each branch with the proviso tEat
at | east one of R2, f 5 are each H,
then R3is a G - Cl15 straln?ﬁ odif 'gé%&éﬁﬁmp cogg)er T fgﬁn%frégﬁg ed al kyl,

where at | east:oonmnatédttbéhebcappéleandcbwba!romaat mtfc&mthétemcycmf hgansds 30 if

h ' h h H, f R3 H C1,
Chen at | cht CRABIRAICAZ0 SHabRI Y ugs PGS whPr 1Ehaamalgioon co. Cis
branched al kYHetelfacW@CQ@’aﬂﬁg%Qés@@&é&ﬁ@%&ﬁéﬁouécoﬂ@l@?ﬁ@@@?& @3%0” of daim

| wherein the Is selected fromthe group of pyra es of formul a
11: 5 R4 jz1 alkyf-subgtuted pyridines, Co-Cop alkyl-substituted pyrazoles, Cg-Cyp alkyl-

substituted imidazoles and Cg-Cyg alkyl-substituted triazoles, in which the
N1 position of the pyrazole, imidazole and triazole ligands are alkyl-
10 substituted.
2. The composition of Claim 1 wherein the ligand is selected from
the group of pyridines of Formula I:

R3
R4 R2
=
RS N R?
15
Formula |

wherein R" and R® are selected from the group consisting of H and C4-C,
alkyl;

20 R?and R* are selected from the group consisting of H, C4-Cy straight-
chain alkyl, and Cg-C1s branched alkyl comprising at least one branch of at
least four carbons; and
R® is selected from the group consisting of H, C4-C1s straight chain alkyl
and Cg-C15 branched alkyl with at least one branch with at least four

25  carbons in each branch with the proviso that
at least one of R?, R® and R*is C4-Cys;
if R", R?, R*, and R® are each H, then R® is a Cg — Cs straight chain alkyl
or a nonyl branched alkyl, where at least one of the branches contains at
least four carbons;

30 ifeither R"orR%is G, alkyl, then the other is H; and
if R® is H or C4, then at least one of R? and R* is C4-Cs straight chain alky!
or Cg-C15 branched alkyl.

17



R2' Formula 11 10 wherein, R' is selected fromthe group consisting of M
and C6-Cl7 straight-chain alkyl and C6-Cl7 branched al kyl, wth branches
of at | eawD oBosasotarbon atonms; R2, and R4' are sel ected fPcamsona9egr oup
consisting of H Cl-C4 straight- 15 chain al kyl, and C3-C4 branched al kyl;
and R3' is selected fromthe group consisting of H Cl-C4 straight-chain

al kyl, C3-C4 branched al kyl, C6-Cl7 straight-chain al kyl and C6-C17

bran_chedt halt kyl, with bramiee@d Rﬁoﬁmoﬁ@a@tﬁlmo%m@aélg%eg%? {Sé/&léﬁf&lhgo
provi so tha ar n is straig

chai n al kyl ﬂ%?% ?\C‘?'Véﬁz%{?f’( ff%m‘{&? ranches of at |east 4 carbon
atons. 4. The conposition of d ai ml wherein the ligand is selected from
the group &f imdazoles of formula Il1l1: 25 R R4" NR2" RY N 18 WO
03/053895 PCT/ US02/39637 Formula |11 8 whereinpiR"" is selected fromthe
group consi sting of Cl1-C8 straight-chaNa al kyl /and C6-C8 branched al kyl
with at | east one branch of at least fo car ons; R4" is selected from
the group consisting of H Cl-C8 straigh n al kyl, and C6-C8 branched
al kyl with at |east one branch of four ,Ar bon and 10 R2" and R3" are
selected fromthe group consisti ng'Q strai ght

Cl1-

R?
Formula li

10  wherein,
R" is selected from the group consisting of Me and Cs-C47 straight-chain
alkyl and Cg~C47 branched alkyl, with branches of at least four carbon
atoms;
R? and R* are selected from the group consisting of H, C4-C, straight-
15 chain alkyl, and C3-C4 branched alkyl; and
R® is selected from the group consisting of H, C4-C4 straight-chain alkyl,
C3-C4 branched alkyl, Ce-C17 straight-chain alkyl and Cs-C47 branched
alkyl, with branches of at least four carbon atoms;
with the proviso that if R*, R* and R* are H, then R" is C1,-C7 straight
20 chain alkyl or Cs-C+7 branched alkyl with branches of at least 4 carbon
atoms.
4. The composition of Claim 1 wherein the ligand is selected
from the group of imidazoles of formula ll):

25
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chain al kyl, and C3-C4 branched alkyl, with the provisos that at |east one
of R and R4" is C6-C8; and if R2" , R3" and R4" are H then R'' is

C6- C8 br awoledsabkyl with at | east one branch of at | eastcraiso2s®msbons. 15
5. The conposition of Caim1l wherein the ligand is selected fromthe
group of triazoles of Fornula I '05@ m NNL "R R3 Formula IV 20
wherein, Rlis selected fromth é !ﬁa of CB8-Cl8 straight chain al kyl and
C7-C18 branched al kyl with at |east one branch of at |east four carbons;
and 25 R2and R3 are selected fromthe group consisting of Hand Cl-C2

al kyl. 6. The conposition of Claim?2, wherein the pyridine is selected
fromthe g?ouwhﬁﬁﬂ@bsti ng of 4-(5-nonyl pyridine) and 4-t- butyl pyridine. 7.

e S A
et hyl hexyl ) pyiGaz0} brantheebalky! vith- at 1easttdng uheh df et Rzt folrdarbehy:azole. 19
WO 03/ 053895 PGT/ US02/ 39637 8. The conposition of Claim4 wherein the

i mi dazol e is $elBcelerted fion e giovppransisingtafiy G Cs straight chain alkyl,
ﬁegﬂ 3” _2-2 ot mélngdcneent% W%%éﬁfgiﬁﬁgs”iﬁ%f 'f§§%§@$¥%“&hh°f|f9ﬂr- CHLPRS1 M dazole. 5
9. A prociss fRF aepRSidreaelartedrébal fheqyroappensisting of bh€t<@f straight i n or on
a porous soll ((j::halcnoal {/Ii, girlg%g-c4 branched alkyl, with the provisos that

at least one of R" and R* is Cs-Cs; and

if R%, R and R* are H, then R"" is C4-C; branched alkyl with at least one

branch of at least four carbons.

15 5. The composition of Claim 1 wherein the ligand is selected
from the group of triazoles of Formula IV:

R2 ]

A

N/

N

R3 m Rl "

Formula IV
20
wherein,
R" is selected from the group of Cs-C1 straight chain alkyl and C,-C1g
branched alkyl with at least one branch of at least four carbons; and
25 R and R*" are selected from the group consisting of H and C4-C, alkyl.
6. The composition of Claim 2, wherein the pyridine is
selected from the group consisting of 4-(5-nonylpyridine) and 4-t-
butylpyridine.
7. The composition of Claim 3, wherein the pyrazole is
30 selected from the group consisting of 1-octyl-3,5-dimethylpyrazole, 1-(2-

ethylhexyl)pyrazole, 1-hexyl-3,5-dimethylpyrazole and 1-octylpyrazole.
19



a. contacting the substrate or porous solid with a copper conplex of Cdaim
1 to forma copper conpl ex-coated substrate; and b. heating the copper

conpl ex- cwatms@smsabstrate or porous solid to about 10 70 @ctrasabsess7 200 C
to forma deposit of netallic copper on the substrate or porous solid. 10.

The process of daim@, f Y a,step .of dissolving the copper
conplex in a non-pol a%.sﬁ\%gﬁﬁﬁﬁg&ﬁpﬁb@%m%i\{fﬁeﬁgﬁ t'f'ﬂ&“@%ﬁgtér'éte or porous
solid with th%veroﬁOl!ﬁ‘@l@ﬁéupb@n%ﬂa_ﬁnahﬁ1m&ﬂ®éﬂ1§§-4%éihmﬁﬁhazﬁl@rﬁi n the
non- pol ar solvent conprises supercritical carbon dioxide. 12. The process
of Claim 11, Wstyibenie2edhvidomethdisnidazele, and diexytdmihylsks a co- sol vent

sel ected fromrﬁé}ﬁyl%%ao%onsi sting of nethanol, ethanol, propanol and
but anol . 20 '
5 9. A process for deposition of metallic copper on a substrate or

in or on a porous solid, comprising
a. contacting the substrate or porous solid with a copper complex of
Claim 1 to form a copper complex-coated substrate; and
b. heating the copper complex-coated substrate or porous solid to about
10 70 °C to about 200 °C to form a deposit of metallic copper on the
substrate or porous solid.

10. The process of Claim 9, further comprising a step of
dissolving the copper complex in a non-polar solvent prior to contacting
the substrate or porous solid with the copper complex.

15 11. The process of Claim 10, wherein the non-polar solvent
comprises supercritical carbon dioxide.

12. The process of Claim 11, wherein the non-polar solvent
further comprises a co-solvent selected from the group consisting of

methanol, ethanol, propanol and butanol.
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