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Copper films formed via ALD or CVD processes are useful in many
applications, including the production of electronic devices, catalytic
surfaces and decorative effects.

K. Yeh and R. H. Parker, Inorganic Chemistry, 6, 830-833 (1967),
disclose the synthesis of 2-pyrrolealdimines and the corresponding copper
chelates. B. Emmert, et al., Berichte, 62, 1733-1738 (1929), disclose the
synthesis of 2-pyrrolealdmethylimine and of its copper complex.
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A third embodimernit of this invention is a process for preparing Cu(ll)

complexes of a 2-acylpyrrole comprising:
a) combining a source of Cu(ll), water, and a 2-acylpyrrole,

O
N

\J

where R8 is C; to Cy¢ alkyl, to form an aqueous mixture; and
b) adding a base to the aqueous mixture.
A fourth embodiment of this invention provides Cu(ll) complexes
comprising:
a) a copper atom; and
b) two pyrrole ligands bound to said copper atom, wherein said
pyrrole ligands are independently selected from the group
consisting of 2-pyrroleald-n-propylimino, 2-pyrroleald-i-butyl-

2



10

15

20

25

WO 2004/ 015164 PCT/ US2003/ 024117 i m no,
2-pyrrol eal d-n-butyl -i mno, 2-pyrroleal d-2-ethyl hexyl

WO n00ao15124 pyrrol eal d-mtri fl uoromet hyl phenyl - i PETYOS2083/024117

pyrrol yl al d(2-i sopropoxycar bonyl et hyl )i m no,
2- pyrr ol hipod Py r@ﬂémmhcwppmhstMy)ﬁomdlmzaétﬁylhexyl-

2 oL s D lea et ro el syl 2

d S pos |b It |n pyrrolytaii@risopropogytzrbonaylethyd)iminios Qrm/rrcm)lald(Zl-eX
of st r oot PeaeRY R fctind SRRty iR
V\,herel n: llgerm 0, and R8 is C1-Cl10 al kyl or substituted
al ky'Hﬁﬁ e%cﬁm%@oﬁfhﬁ@ inveRti |sséjgﬁ§dets§tf8|ddéﬁdgltmgo

IS selec romthe ‘grou
6@%"%‘? ﬁél@ﬁtr@@C@PRW'n@r substituted alkyl; C6 to

Cl2 ap |a§§orfbu’f55¢)|hfoté Sebg¥rate at Rldsy bhe nybémbllé%f

and NR4R5 %Hf i , R4, and R5 are independently
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6ButinreC12= aryl or substituted aryl; and b) exposing

t he absorbed conplex to a reducing agent to form
copper netal. A sixth enbodinment of this invention
provides a process for 2%=depositing copper on a
substrate, conpriging,hegti in the presence of a
substrate a reducl ax%e’n nd at | east one Cu(ll)
conpl ex of structur \ Structure | = RB XN CQu NX
2083/ 024117 wherein: X is
0, and R8 is Cl-CINQ _alkyl or substituted al kyl, or C6
to C12 aryl or substituted aryl; or X is NRL and R8
is H

wherein:

Xis O, and R8 is C4-C4q alkyl or substituted alkyl, or Cg to Cq aryl
or substituted aryl; or

Xis NR? and R8is H;

R1 is selected from the group comprising C4-C4q alkyl or
substituted alkyl; Cg to C45 aryl or substituted aryl; allyl; benzyl; NHR3;
and NR4R5; and

R3, R4, and RS are independently selected from C4-Cg alkyl or
substituted alkyl, and Cg to C45 aryl or substituted aryl; and

b) exposing the absorbed complex to a reducing agent to form

copper metal.

A sixth embodiment of this invention provides a process for
depositing copper on a substrate, comprising heating in the presence of a
substrate a reducing agent and at least one Cu(ll) complex of structure 1,

structure 1 =
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5 Rl is selected fromthe group consisting of Cl-C10
al kyl or substituted alkyl; C6 to Cl2 aryl or

waemmgitit ed aryl; allyl; benzyl; NHR3; and NRARES20a5024117

R3, R4, and R5 are independently chosen from Cl-C6
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These 30 conpl exes can be deconposed in the presence
of appropriate reduci agents to form copper netal.
The pyrrol eal d| m no nd pyrrol eket o copper (I11)

conmpl exes ar & epared in good yield in
aqueous nedi a fronn eadily available 4 WD 2004/015164
PCT/ US2003/ 024 pts. For exanple, the
pyrr ol eal di m (e I gands can be isolated from the
reacti on of 2- | pyrrole with the appropriate
prlnary am ne, and then reacted wth a source of
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R1 is selected from the group consisting of C4-C alkyl or
substituted alkyl; Cg to Cy5 aryl or substituted aryl; allyl; benzyl; NHRS3,
and NR4RS; and

R3, R4, and RS are independently selected from C1-Cg alkyl or
substituted alkyl, and Cg to C45 aryl or substituted aryl.

DETAILED DESCRIPTION

It has been found that pyrrolealdimino and pyrroleketo complexes of
copper are especially useful as volatile copper precursors for ALD and/or
CVD processes. These complexes are air- and moisture-stable, thermally
stable and volatile under ALD and/or CVD process conditions. These
complexes can be decomposed in the presence of appropriate reducing
agents to form copper metal.

The pyrrolealdimino and pyrroleketo copper (1) complexes are

easily prepared in good yield in aqueous media from readily available
4
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The preferred molar ratio of 2-formylpyrrole to primary amine is
between about 1:1 and about 1:10. The preferred molar ratio of copper to
2-formylpyrrole is from about 10 to 1 to about 1 to 10, more preferably
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RIDF deszed prades Tate. | Theeésy unadssrbethapoppptite (fxb%
[ redl
SRR OB i o R
Adserhed metal complenisstbeniposed tagartucing réagentdd d
WreSsurBf URbAdximStely 9 @8"769‘?ﬂmlt§ﬁ' Whi cﬁ%é'u@b% HE cbMplex to
c] ean deconposition ? he conﬁ
ecompose to copper and free ligand. The substrate is held at a
temperature between approximately 50 °C to 300 °C during reduction.
Reducing agent exposure times may be from about a second to
several hours. Finally, the ligand and/or the products of its transformation
are removed by evacuation of the chamber.
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5 CVD process, the substrate is heated to
approximately 100 Cto 300 C. The ligand and/or the
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evacuation of the chanmber or an inert gas sweep.
Suu t ablrea )3 pradess, thercapper AlrD is prbdivBd wherethsegapor of a

E\ngecc%g%?@g co F@!é}i &er?cﬂﬂp&?%% Eéntef&'i ﬁﬁtﬁ Ira"?‘f‘?éé(ted
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t WQﬁ’&fﬂiﬁq A.gaﬁrpjwserreduerﬂg|agm 680 @B@ﬂdﬂdtwltmﬂ”le volatlle °°
gébﬂpgésﬂscg)snﬁ;ﬂéié% f&llﬂﬁé&ﬁ@b&é@ﬂﬁ%ﬁgﬁéﬁbﬁﬁﬂtr@/&mplex Ina
e piacks s, s BRIZIoLS doatel b SpPREImAEh 1RiTG ge 300 °C.

ke lugaﬁd aBdRiBhe bayduets oﬂltél;dét@hpozlﬁbuméwemoved by

DY Bph e pabPer bl AR o AE KR! 20°

Ammoni Sulighblecybatraiestiar the AnlQ atideCW }snolcamsarnelude glass,
plﬁféft%f S‘?\ﬂ coer%?%fse Bfeﬁfgréb‘i’spgﬁ&?ﬁ Whe)fer%cHH%rtgd(ﬁ/ﬁhféDBaH%? Idyer

rocesses I'S invention 1nclud
bPugpas fitanip nilridaer fgntalumiz)tabim aitlide.) |
bi s( 2- SMItélﬂb)flbéledéngi' entmfér%emehulc)vo processes of this
a

b5ty dlidR Snfictin B A RPhBYRBES! Mijtires, dysiragine,
E@O/bycjrbgedmlxtnmdagllg BBhbbowmrdlhydrobenzofuran pyrazoline,
b#%f@%ﬁnrbh%%gllsg% lJty YIQMA‘% ngsijj‘f’#“% argi S'lafe

mr@qnyla Vi m@qryrmimur@@) s pe are preferred

bi s( 2- PVéféﬁbM'c%bﬁér"@l) complexes for use in the ALD and CVD

L icERors PE By PRI BB S PyTol idmetnyfidiinoeopper(in,
bbis(Zpatelyldidathylirhinb)coppeet)) bis(2- aﬁrr&Wld:’hES dUnI ess

. e
BBy i) BR5e L BN SBh i mRigich iR, BT
spynolylaid-peruigimiagicopae(ll) vrms@apyrprdylekht-hg@hmmo)copper(lI),
%%@Pg{rbgﬁlﬁgo%tgm%gc&%eﬁg@ gzet hyI amne (40% 4

dr&t%whmm egppar(iPy bw@2 pvrrotv gldiiry| pyrrol e

(tgrﬂggrcﬂ'hetrhgfrﬂﬁhv\zmlgé)ggg ER][I) bigen at room
HeEeldberisy finfioXahmetulgand b aceRmr s hpesdllc o
a soli ds free liquid-IligEXAMPIPB8si c 35 m xture. After
15
111 tor dlleshiothEn SpbcfEa i Emdauds e FRIALES CAllus,
s@lbmﬁessmeaeurementﬁearecmegmms@ andrallegapiutian mergeetag@s are

I ReigPe petdbni@dayre to about 20 nl and kept at +5 C
overni ght. The Whl te crést El S ﬁﬁre col l ected, dried
with a nitrogen / USZOOS/ 024117

f rampleh ¢ corrpound is very volatile), and sublinmed

s Bl U 4 g e
swithlséiring, to 2-formylpyrrole (2.00 g). After stirring for 1 min at room

temperature, a white solid formed. Water (25 mL) and hexanes (150 mL)
were added with stirring to produce a solids-free liquid-liquid biphasic
mixture. After 15 min of stirring the organic layer was separated and
filtered through a short column filled with anhydrous sodium sulfate. The
clear, colorless filtrate was reduced in volume to about 20 mL and kept at

+5 °C overnight. The white crystals were collected, dried with a nitrogen
8




Exanple 2 5 2-Pyrrol eal dphenylim ne. A m xture of
2-fornyl pyrrole (5.00 g), aniline (5 nL), and water

W@ 3@401316mas vi gorously stirred at room t enper BATIUS20081024117

10

15

20

25

30

35

air for 3 days. The resulting solid was filtered, _
wlewdthercampaand: is, very drolaiite)e end istblimeddungier vacgimdo give
8, . € ' . . . ) .
S48 4 (AT phnSpeskiBmeR AR Akl uonic
SBRPPS): to Exanple 3 2-Pyrrol eal d(t-butyl)ini ne.

t ERgiplépi ne (2.35 g) was added to 2- fornylpyrrole

i 205 S A

g
WS mLg daledl watdrg 50imlt uwas vigasowssly stirdd @b rodomttemperatare in

LT, §Ye TRYLFs G SR RES RN iy v gl Bh

sHded undehyaewine tovgive@i4p10.(94 %anef spestyoseapicaltyopured
a ) ] . 1 1s k. er 2
N T e R

p to roomtenperature. The yield was 2.98 ¢
( 94%rroldAie (tsutplintiee. WaButylamind (2285 by wiakadted tHYR

CRSFYBRET A DN i A0 Lo 5 Sl
oswithimg | wates (2(Enhypnd hexaines 250 ynlr)ovgriecdditest hithe mixtare

. i - . |
32“?@?"&? ”&‘f?““%ﬁ%“%ﬁ?%aﬁé‘é’ﬁi'wn!é’f’_'ﬁ%%n”?%'%z?ge (s
sB0miay Ths arganie layeriwas separaiade dlieres thiguahea shodn
@KPW'@UWQS%WQF! %(nél gwsﬂreaitéﬂ tbzbgavbidohés’éddd‘sdce%llorlzsns oil.
e Sl1..0N. .
¢ T diypliRE et ph 8578 2 Bt et s Ectyetuing Ster
f warintpyp t feom ésmperatgre. bTImvpiethbd_zlz% gf(@4¥%ar athe
GCQERPut Whs Rbfredbl 1 LOIMLsb Il idiStingiéhable from
f that seperted wdlneas Ghingd\ ofal 1884, vel. 89, p579 ( dar k

crystals began to fpf@araﬁé}qofcgﬁ{\ﬁgxé@th hexanes (25
. After 1.5 h at € dark crystals were

c , washed wth hexanes (3 x 5nL), and dried
UB{ED- mBtieyliyrigd er(l).12 rﬂixtliréfi%z-folﬁﬂnlylpyrrole

PN AL o Y B 0SSUK AR Y s
pforpla’ enindo pirbdirdeya mikky ngactionmenixdued Whichwpiickip furngddato a
SERARYE G, CorteTh) sodd O bRIR fydely St
200dpR was stivet absmenieoperatare naiffore! day. The resulting
Bbedwh Bulid @k Hfikbfed) waishRdI it waleroaipiriel!on the filter, and
P&%@le%'& in %ic%drgmngﬂ)laﬁ’\gsThe solution was filtered, reduced in
volume to 3 - 5 mL (dark crystals began to form), and treated with hexanes
(25 mL). After 1.5 h at +5 °C, the dark crystals were collected, washed
with hexanes (3 x 5 mL), and dried under vacuum. The yield was 1.18 g
(75%), m.p. 168-169 °C.
Example 5
Bis(2-pyrrolylaldethylimino)copper(ll). This complex (m.p. 131-132 °C)
was prepared similarly, using commercially available 70% aqueous EtNH,
(1.75 mL), 2-formylpyrrole (1.50 g), and Cu (ll) acetate (1.72 g) in water
(50 mL).
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added, with stirring, to a mxture of 2-fornylpyrrole
(1.23 g) and water (25 nL). After 1-2 min, when all

w@b@elyddes di ssol ved and a liquid-Iiquid 5 bi phe&T/US2003/024117
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system forned, Cu(QAc)2 (1.40 g) was added. After 20
n‘éumégltatl on, water (25 mL) was added and the

2pyr aIergf |LnYn bb Sl aPrdp?ﬁJMh%’(?I te?é/%s' n

rown sol |

Wagﬁ%‘ﬁ ith ﬁt"\ﬁﬁﬂe’?o a mxtuae péa-foanmlpwrg@cm\?e%g and water
d({ thLDONteha@mlﬁ' hehers @Illalldéhyde&ﬁt dséc)htl/éhcﬁ?ﬁ@ia qua@uin@@id
ol une W xXa

Biph s Syt dormeén G Fa e ] S0t 48aed, REEPAG Tt
bhgitatior; wedea(26 mkj was@ddect e thearnbdurequas Wigproudih stirred
;?Lfbdd?ﬁ ﬁé@é%e‘némz* e §éuftng Bifin SOt Wak tafed.
f wiashed Maﬂ;mmr ajs- nﬁd,serndsdlsmlveden dichlaremethamgindhe v
Csol@i?oﬁ was filtebed; rebucd@in/ volliffe ®t 1 UQtrHL eaﬂ%ﬁﬁeéfé@f\hﬁﬂmd

o eaneh FIoCTY T Ao E Kaang e mihes frchs higt <5 2. ihé black

I eg@tals)wamcobedtéd Owvashedvgaickiydglicrl coM/l Hexanks (2 i mL)cand

SR OB TR B MR 1. 9B By P, 815, 80512, £ Anal

nCalagh. donassHo CalNygs PedC 207 60Ul,‘r6t63rﬁ3é|r6a8 uFeund, %i IC f63r6; H,
16%: N, 1@*?”TW§ %cﬁﬁg\ﬁﬂs)ca\’ﬁ%%@d@fjsi %dcrg/gt%l §(t-r'a§/” ng
sul' r OWn

contlnued nore hours |ng olid
ragtjgn: ered washed with water, air-dried, and

dEsamiole® i n d| chl or onet hane. The dar k-green sol ution
V\Eb S :é_l E 1reigg !and ev?ﬁorat ed th!J \ésgp\ﬁ/!ﬁmmfggecgw_)was
dadded witly sfimingpid a rrgxi%e bé gtfarmylpptole(d (06 gpanchwatdre

I
mﬁsdﬁ%u. Bregnls CHOPACT 8620 g7 s deRl™ he HBlire was
udireed abmmiemmﬁr@tlyneencalm 119 mthyn(vg@t% (5thimb.) was added
18Ad %ﬁésﬁmn@&%ﬁ'ﬂh@e@f&'?%@%ﬁ% yirpé Peélﬂl*ﬂ#ﬁ W¥tdviR B8lid was

< OEre e e W VAER b o0 Rt spgesibdoncsg Ak
\/\Hherdarl(-gﬁemiéc;luﬁkﬁrt aasTiltered ?b% @@tép?l%ééd’{cﬂéagis W@Eshei\pr?d
PPER or/effis"re i Btittval Yoo SRRba Ly TATRGIR tlife
sheplaneg@nsothen coeting the Solntior tha6r°C. Theelage Wackairystals
"Vﬁ‘/%ré Wa%ﬁé u&kﬁﬁﬁﬂe%ﬁ g@s(_?,r ngénod(Fr‘iéﬁjun@é}%acuum.

ISSO ve or onet ution was

fi h?é’i@@l“@#‘d" Q/Qp@?e@em Po %ﬂf R8s&. Met hanol (10 ni)
V\Eiam gd to the residue and t he dark sol uti on was

K C o_ at o t 5 N o4 A Cct)wurr Y Tm\/\ﬁllglangaﬁﬁhm&gl ack
rradﬁmhohlth aﬁn‘dngrtomll rruxtdeas ofladuunylpiﬁinelexn S8dg narsd agd ¢
(B, a0 ORLEALS PR D RRRAG o ey
7s1;g'reqk|at n®nstemperature in air for 3.5 h, then water (25 mL) was added
and the stirring continued for 3 more hours. The brown solid was filtered,
washed with water, air-dried, and dissolved in dichloromethane. The
solution was filtered and evaporated to dryness. Methanol (10 mL) was
added to the residue and the dark solution was kept at about 5 °C for
4 hours. The well-shaped black crystals were separated, quickly washed

with cold methanol, and dried under vacuum. The yield was 2.32 g (88%),
10
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Found, % C, 59.8; H 7.1; N, 15.5. Exanple 9
Bi s(2-pyrrolylald-t-butylimno)copper 11).
5 with sti rPCTYgSZ(l)ﬁ024117

a mxture of 2-for yrrole (1.00 ) and wat er
iT).D. OMOBEC. SAMING %@f@rc%wzmm@? VBe5odaba 7.5 16.5.

ITFéhHae%V\@S5§t8 r].qemaﬂ 15@pm tenmperature in air for 1
ter (25 ml) Wwas added and the stirring

overm ght. The resulting green solid was

BE zrhl ol Iaﬂdt&f]tﬂﬂ lihin ] F nI at-Bu@larﬁlﬂlef(alfUtirrﬂL)W added,
or one ane. 0 | er e

. gé st 0B AR 2 iyt 1 U anpabieh e il

t Aﬁer 6anithy Euf@Ac)hd .20 g) was adaledk efte mxtum was @tlrred at

qU| c 'tgrlﬁber%u% mt% ﬁﬂfol de‘ﬁgQg’%‘%{éF 6553’“&23‘% vacuum

Tﬁ%rrmgeqqmtlwagd ovemight; 4w resulting areen sekd @yasﬂﬂtered

SWa%ﬁgg:vﬁth\ﬁéte? OAlf- Uhgﬁdaﬁd’ dilsBEkE-if ditHstomsthade. The
i

Bﬁe'fy%oawﬁr'w%q* Bhaayapoiatar fo fegsse: Heanes (10 mL) were

I aBdéd tatheves(diie/and Jhenaixtadowds kepi atcests ¢ bagrmight. ahe
APEsIGeRh cFsidlt W8S aldgh 89& %}s?@%&‘%&%ﬁ kol s,
wdged undeeviacuum.r dom ieldpyeasi0 $8eg (46%), mpoi 53-1H61°C. The
t BRiciiRd §Fa? Q:%ﬁflmaéd W?%lﬁ{;lgﬁﬁyﬁitﬁﬂxtrg)ﬁ ditftadfidd." i ng

cont 1 nye nor e e resulting solid was
f Examplg 10 washed with water, air-dried, and dissol ved

l Blsélziii%r@lwmetsbbn hmTrhW@ coppér(ll @JBLmﬁémf né (237 @ﬁiL) was added,
RN 8 AR oo iy btzyu"z%ol 1§ E308 M e ISR,

cAﬁer almlnyxéueOAs)yo(arm gYiwasasived. ithehmbdueneas S8rred &t

R E“%PQH“T%AW@E?%% i fHerRafbl £33 bl weEdddad dn the

%stu'@ngs@n inugd far marxe hoors. The dgsulting salid was diltered,

7 whish&l withvater, iREREE éﬁd dissolved in dichloromethane. The

Bi Sé‘ﬁPE rrol | 8l dwﬁ&gqg%ﬁﬁé 3151 %l; ﬁg?re%tea with

2héxaimgd mrmb) eAfter 3kou)s atabeut § 50, th‘e)bla@ﬂd'ys@lt( @éc% 2

So@ereia, VR nBbEP e Rand SR BHER Bl i thirvelmd

viTbeyigld sias 2007 ¢h(8A&6), Mpn194 RAPBIGhI AnalaEhled. for h

W@ﬂglr-l @uﬁi“’%"@dSQW ¢ eihﬁol(lw@%hel?ﬁmda ¢j59.8r ad7.2; N,
6‘?1 hort silica gel plug trate Wwas

e\'}ﬁéorated to |l eave a dark 35 oil which was dried
ugstampi@¢yum over ni ght. The y| eld was 3.65 g (66% .

],CA 1??.5%59‘)“’ 9 a{ n.,a.c st alline | %B‘?f t t}%pr oduct

Cathythexytaming §81824)., RdforityIp@rroRb(2020 gl waed (50\mlJ,1am‘d

E@%%@%Qﬁ%s stirrell-at robn ingérathie }Ppalg%}% Biyd-64he
aqueous phase was decanted off of the dark viscous oil which was then
thoroughly washed with water, dissolved in dichloromethane, and filtered
through a short silica gel plug. The filtrate was evaporated to leave a dark
oil which was dried under vacuum overnight. The yield was 3.65 g (66%).
Attempts to obtain a crystalline sample of the product from hexanes or
methanol were unsuccessful. Anal. Calcd. for CogHs2CuNy, %: C, 65.9;
H, 8.9; N, 11.8. Found, %: C, 65.7; H, 8.9; N, 11.8.
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Exanpl e 12 Bi s(2-pyrrolylal dphenylim no)copper(l1). A
m xture of 2-fornylpyrrole (3.00 g), water (50 niL),

(I'l) acetate (3.00 g) was added, and the m xture was
$hiahfigle 12t 5 room tenperature in air overnight. The

LA SR ¥ g Sl

43 60 @)y watar{aAenL)TRedsasiling GO00a-)mwas @tr&fi fasrlod gring
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raemdgmpesaijse ) air mg&?@m 5@@ @&U'tﬁaﬁe}ﬁ"\m'ﬁ %%&ﬁ'ﬁ%’&d
ehdhadwith Waler, ardiridd @ethefiesr, sed dissolvEddnyi el d was

Sioroihage B MBS sl G S LHOR 5 ol o

rsdupecinivdlume to 3-5 mL, and treated W|th hexanes (50 mL). After

dzh S REED e é‘aﬁé@“a%% St Qf%*fd’%%“ Rekanep e
((35< oL,), 3nd dried wd@rm«aﬁwran Ihendeld wass4 $B %), M.p.
f or 287 tE! )I'h%quFLﬂ,‘t@re(\ﬂ‘aQQoﬁﬁmY@ﬁby smgrénug}s&alst-ray ed

days. The solid was filtered, washed with
velfgction, - dr| ed on the filter, and dissolved in
CE)@nh @oumt hane. The solution was filtered through a

il P&neﬁ{‘yﬁb' %‘ﬁ% )f?ﬁlﬂbﬁ;%pb%r(‘j’ﬂ Y 73\ urss 2-

UrsSssSul've T velut £ZU

ﬁﬁbtmyipyrrﬁlemzﬁo aF vGter (25 o), k3-trrfbwprae§hymllm .85 g), and

cc%ép%ﬂlﬁdaceﬁ%fﬁ?b %\zvg? ‘Mﬁldil l')@?@'tlrréﬂ ‘f'oldIB 'd993 'T'ﬁé%ﬁé
vwa%flﬁ%rsdr weshed withavaies. @lﬁé@?g éﬁ% ﬁlteFr d §l¥ '}aﬂle@/é{&
ldieRlotbrhéthdthe. ATha! sol%ﬂ@asﬁﬁéré&tﬂakﬂmﬁ@é&lﬁéﬂ Sticayel plug

widevaiaratbel o Arness,aThe 1 fesidle Wasiti:dssdlied In ey

10a*y|L)i| Afterat.biloat +5 E€ati daar:k43rown crystals were collected,

%%I%%WIB@ %P)q ﬂe@ﬁgr%'@ ngléé‘oi-l%QQH%gfd I_&SL) 'ﬁ/a@ XddEE After

b‘e hatlniGdhe zn@malg)wavgsseﬂarated @nsisiriesblnger Vaceéﬁb efhe
)%uépd @56%8@5% Ahal"@al@djq’éﬁcz %CJF%NR >% AUCE5BSH,

|rred

D N0 o o509 B G0 4 e L1
f¢dﬁfﬁm@d bWﬁﬁQI@CbrystthWayeﬁffraatmn drl ed on the filter,

ag ‘ s,FEI ved in dichl oronet hane. The sol ution was
hrough a short silica gel pl ualéand

@@memwre of Bfeemupyele
o@’@ﬁé& ﬁﬂ})h TEéﬁi é&ﬁn étéﬂlh‘éd%mbmh
vaonper () eretats 4449 9) WP aﬁ%%’%% rs&vé:SOW o

yo@ i vmeﬁ(mnm (&8%Addetnahd ﬂs‘@bﬁmngfcuntmaaéwerzmm The
%
5re§ult|qg sogg was fi’l%eréd wasf";’eé) with WAy er aif-dfed Bhthe flhjer and
dissolved in dichloromethane. The solution was filtered through a short
silica gel plug and evaporated to leave a dark viscous oil. Hexanes
(50 mL) were added to the residue and the mixture was kept at +5 °C for
2 h. The dark crystals were collected, washed with hexanes, and dried
under vacuum. The yield was 2.80 g (60%). Anal. Calcd. for
Co4H2oCuUNy, %: C, 67.0; H, 5.2; N, 13.0. Found, %: C, 67.0; H, 5.2; N,
13.0. '
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nm.), R-alanine ethyl ester hydrochloride (1.50 g),
abxamplepth (II) acetate (0.65 g) was stirred for 5
2.Hya8l hoRicABehllethyBirdiho)tb (A’Smmuaem

Sf%wtpypr@#%(M%.g) WELSE A STL)36 SANING Gy atRkhyaFeehioride
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SwhichNhe vbkatides WéreEéeamdnete’kﬁunder vacuum to produce brown oil.
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? g; prepared as described in Inorg. Chem, 1986,

25 . 1956), and copper (I1) acetate (1. 90 Q)
V\E&ﬁﬂlﬁigd for 10 mn. A 20 solution of NaOH (1.60
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1o 27y (R0, dnd R efDRLETE Ml i o 1R

es@thwrapéulaOfm 1.6849) duwatey (\ﬂ@smu) @ e&ne&(%mm Were
géﬂ%fgﬂrg{ tﬁ%ﬁh%ﬂ{lﬁ \@é@gﬂa}ﬁé@f&q é Iﬁ@uFQ The GBBSF’heﬁfﬁeeFayer
oWEREEParaled By BIP SARET il CHIGEVEULEs srgacied
wamp gﬁbhbrbhé‘thaﬂaez xomld\knﬂ'lrerﬁﬁxlulﬁ)dﬁLg V@hewombihed extracts
(gt 4 syt 0 o A
6was dissolved inlceo 3 mkafdichlarpnBitezre avdthexppes (5§ mL)
CORR&. (M(‘tﬁ ?"P\dﬁl‘ré(ﬁm-ﬁ ftgg‘b?gndﬁdi?ré@gﬁat%a n%he?r?or of well-

copper acet at e eq(’fh
sehapeashbrwn eysiale W@F%Sfmﬁra'%ﬂdr Wwashed thh h\exanes and

satied uRdePYadaf (me e wasn %tge(esg(/ép Ahal) Cafcdl. detded

TRadabifid % C?%%@SH B N Gk B P 1

dNi, dd.,9.and di ssol ved i n dichloronethane. After

fE! éltng“?p the solid-free dark green solution was

vol unme to ca. 10 nL and treated with
3 myaratyl s(1k ¢ mbdurgees acsiipyroladd 4 g), copper
(1) acetate (2.04 g), and water (75 mL) was stirred at room temperature in
air for 1 h. A solution of NaOH (0.83 g) in water (10 mL) was added and
the stirring was continued for 2 more hours. The resulting solid was
filtered, washed with water, dried, and dissolved in dichloromethane. After
filtration, the solid-free dark green solution was reduced in volume to ca.
10 mL and treated with hexanes (100 mL). The mixture was kept at about
13
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The resulting green crystals were separated by

waolewanisasd on, washed wi th hexanes, and dri ed uPCOBRDS2003/024117
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vacuum The yield was 1.74 (67% mp. 205 C. The
st-biCtavasnight Ebafresultiog Igyeen enybtals wey@sapamieedaby

dhé%érﬁéﬁd)r? Masﬁn%@ﬁﬁ'h‘%ﬁéﬁes %ndodprled lzlndgr vacuum. ﬁ gleld

rro LM No

oWagHe %QL(@@ °)c6hB4 vier d hgrsd W&? 8"!%?)5‘?‘3‘”@1 Yﬁ'“ﬂ‘%

fb?@tm b@faﬁ}‘dlfﬁéctﬁnw gorously stirring m xture of
rrole (20.0 g), CuCl2.2H20 (19.7 g; 10%

nd water (200 nL), was added 40% aqueous
nBtsi@Jpamohﬂalﬂma‘lliﬂlmmb)(mMedﬂb eTwoabatthes oithe aude

&ﬁ g{bg(\%fqe mggré&ge[? r%% nlﬁ"ﬁfeeﬁrsﬁt?f "Eo)a v@tohously

nsttrrlugénme cétz-ﬁqrrwlnvmol@ 20@@93;, CuGlo- %HzQI (19.7\@i10%
S BR&IRY eshPWatdr! (RDBTHIO)) wabariRe 40% dé%h@rmetﬁv%rﬁ’lhé ed

db
'n b @naaf@?pﬁsagyﬁ@y@%? '02?53\'6(@91(&8 é/)lnus' ngr
mL ). Ad81%eK-brevin @pecipitate fiyrnded geickRo Avtgr,thamoixture was

: {rﬁéd Eqroﬁﬁev@ofoe% aftclicBivat JeliRtetid pyimEatty), ki wih

emtesrcandldrmdtm aini nihe 2né batchfwas peepared simitarbh usingi 2-a

Dbyl 1998 T oTRY SorR6 (9R.6 IR vRiEF o 13, A0sBoed
| afgeAuUS MiekylamineSspbdcanda setufies of N?é)lrlmiﬁrﬁhﬂw@er
wess( inll) e hdQwei drlids ldrd>d‘4ﬁ:t§ﬁlere e&wnédwsn@wm@d b9 l$oxhlet

¢ ERen i W sefhariteud fTOiin B7odor ica G4 Golide tBole

\rl]\ISEﬂDIp heheapresiucb@as rplacecblndhk ermerlthlmble wtictbaials denterad
LT
" shJéﬁ% %rgégf @%Y&“ 561‘?%5‘558& i dB%(A%eZﬁH Igﬁﬂ(r/%m% Uﬁg filled
ghith siicaze). éffteritee pytractinrouas poml%tpde&&ra@ﬁ coloriese) the
e e S R B ST e

&rgﬁ%@ Qme ). canel keRlith ABrica E@tﬁfog 24 fi Rrown

tadx welf@sapattted dwasiiedPwith 8&&hes ($1rI150 rﬁab ceuhd drigd

55n€|é[r4 Y%Jcﬁimbto/owvgﬁf’ é g %}Eﬁgpge R@%ggoEvapgra‘t"oﬂ of%%e
Beeinpinegr mothdrdiquet Bt washingse tpioweld) by fesrystalligatiaued the
SPééﬁgdé‘ﬁBg? ?‘l&ufo‘goﬂgtl%mef -%é%'n% %Z@&@e&%édiﬁoﬂél 6.4 g of the
70Y5eaeRMBBIeX- ﬁfé}tﬁw alﬁh RE. 9(%861{) ARal- Gl af%@hzk'mS?rPN#
NegXE, 4129; 9, §)1; IN) 2082.eFoiA@0%hE) 514 1H6r4.0hK, 202t ur e

was Stll‘l‘sd for 3 hours, the bl ack-brown product was

se byflltratlon washed with water, and 35
dBi lalde .dr (saodlgm'dushy stlrrlng mixture of 2-

PRI 85 AL 0s £ MR v
t hdded \K,ngheque@ummﬂmﬂmrrm@@wah anq‘mertarmiui@«m of NaOH
F(24.0%)  #2Lr@80I 0P Aféfthe mixture was stirred for 3 hours, the

black-brown product was separated by filtration, washed with water, and
dried. The crude product was dissolved in dichloromethane (500 mL), and
the solution was filtered through a short silica gel plug which was then
washed with dichloromethane. The combined filtrate and washings were

evaporated to a thick paste of the complex in a small amount of
14
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evaporated to a thick paste of the conplex in a snmall
amount of 14 WD 2004/ 015164 PCT/ US2003/ 024117

and treated with hexanes (30BCTri$2003/024117
After 2 h at +5 C the black crystals were separat ed,
wdishletometiranes eaddregted withhexanes 4360 nl)i dftariikat +5 °C

G@N%k }gi}t/%né %&éri]lg %fepbpcﬁeé‘r\@%é/ﬁéci:@‘th Bhe%lhss %37 SrryoemL)N%ﬁld
sqried ume'sV@Guum 18eyelgof fe an%'Y% %’ puss, CPmnl?X wag.68.0 g
94%§ 2Ando GRltd. HOYCOIH{JDRNDBPET, SBOPHE8D: N 18.30Fodnd,

vOmd/l(ﬁgLﬁscg’g@ ﬁ‘é Z\| q% ri bed above sublime under vacuum

\E\Sllh_s(ﬁ pyrrolylal VO@tleDfﬁlhE:@dpbBﬂMﬂ):demxer (1),
nl E Ecri] eJr(llf&%(ﬂg@&(EEtdets@@ig%cL rgéb'v%oulglﬂﬁe k31?1de vacuum

di stil
viazhi;m drgsuapesition. oBl&(ﬁr@yfrcﬁrgald@dgthvme)(yl)tﬂr@p@)c@apngr(uh

t Wﬁldﬁ% laneolpét éMSle‘?ﬁ' BRsthpéra@ire, 8an bB%léﬁl%%deWéduced

exanp TESSUTE ra

bP"se(SQUB%/r Penghtlana rk‘iﬂ‘i“h'f*h@?lé‘g?i% 9? fhe C%ﬂwrdée\éary
(dé;hdrhdlﬁ B, thEtnatureRsf, thESubﬁﬂheﬁwﬂl theeligdrernFor étample, in

S Aol U542 CROEBY D PAROhbert

Decpmplaxeer(akkyl Shppdrt, Met,&fr, Bul) sublirag algandy 2085-120 °C.

. . % )
CERAT RS ERBAAN i 8240y 100 -

&2rQi1dPimane (0.2 nL) were 20 placed in a gI ass tube
under nitrogen. %dsithfﬁ M@O@Im&aanmnghen gradual | y
heated t9.210 C and a t al
f'm%z—(thl n film was noticed ono;/ﬁe Fﬁﬁg?rmnﬁg
oDidthgsilarieas the RegdlueindAgento Bis(2Hy dr ogen as t he

E@?HSP%WVL”]"%%%@;’&S@SQ (rrug nd dlqthy(ISI? "zq)were

pplaced in 8 g{a@s unctﬂwltrqg@ tT ttmswaeéee@
n};adual Ay PeatddBrornmh) HE. (c\@%olw@ °MVah8 abobg, &@%ﬁé‘ﬁﬁé@fe

y. bei rai sed om120 Cto 22
afﬂﬂmayeoéth'@ﬂﬁg}wﬁ@p%@ﬁ 8n ﬂa%wﬁrw%lﬁ 'a%emed in
tﬁgm fathln fllmonthelnner wal | of the

B S(2ByLL Y | 1) 3 d
biBiinon o e A ARRIETLL L e best
f pymlylaldnlkyjmpebcomver(dib cdmplmq (t3|-1>®| mgimasplaced i a glass
db?ez eewéé' lﬂﬁéﬁa uﬁdér% :tn I@H %ﬂﬁﬂ‘?e?ggdét 1:1 W|th
ace pyrro copper(

Hisplemperatuse QiU eaﬁ%l r@gb??%t Cdo 2209k |/§:t 180 %
| 8ME abbe8PBeIbHhStiorhbPeBhet #letll ocalrekh in the form of a thin

film on the inner wall of the tube. Bis(2-pyrrolylaldmethylimino)copper(il)
and bis(2-pyrrolylaldethylimino)copper(ll) gave the best films. For copper
metal deposition, ammonia-hydrogen mixtures were superior to either pure
component. Bis(2-acetylpyrrolyl)copper(ll) underwent reduction to copper

metal with ammonia-hydrogen at a slightly lower temperature, around
160 °C.
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clainmed is: 1. A process for preparing

w@oroldaad di m nes, conprising the steps of: 5Ped/US2003/024117
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reacting 2-fornylpyrrole with a primary am ne, RNHZ2,
in an aqueous solution, (HAIMS Ris Cl to C10 al kyl

OVVha?%pélbirgé@%q al kyl, or G to C12 aryl or

substituted aryl; b%} addj nﬂya tgr-,i nm sci bl.e organi c
Compouhd AL fah PrepaDE Ry TiolSAIdIMIRES PTBPTRIRG U Steps
phfase; and 10 c) isolating the organic phase. 2. The
process of, Caim.1l erein Ris thyl or pheny -
e pr ocedl dPagiie PG avEy Brle i sybiias JHFEY Ry inan
organi ¢ conpaguebusssobdion wdetréindinis B¢ tgiCagmlkyl or

consi sting of ; | Qra n d ; .
cycl oal kanes,sgdrfslﬁg‘rggr%la |_’c&$¢&_€)te§ %?&1@95.&6811%’[3&30%%33
of C ai mB) whedding awaterdmanisqiblgicsganiccomparngiiadoin an

sel ected fromdioud HeRcEHIPAS bldhi® phRSEAHE
hexanes, hept a@?s, chl orof_orEq di chl or onet hane,
RPGHNE At

car bon tefkad dhe ofgANiGBEAR®Ine, cycl ohexane,
benzeng, dhelpradessrst Claim TiwehereincR s nafthyllariphehyl.

o mary abieerodesf lnt LS GeRaBKihREAg organic
Teempoune issselectedfrom the graupeconsisting efrplkanas, chlorigated

bgik4REs, c%y%tl)%‘lﬂar%s(,:aﬂﬂ‘ér aHE sdRBhRts. /- An aqueous
process tor preparing Cu(lLl) conplexes of 2-pyrrole
| i gand$- cbRPPraGass ey Agvharelndhe walerimmi ol

2chrapBUh@YE s6lbEteddroth ths grRUp/cenBisting ?‘ﬂeﬂéﬁt&ne,&{@ﬁaﬁes,
ed fro e

spurce of Il rein s _sele
PR et o S5 Satehank, e BpR TR o
atWgbdperiéne ocyCichexank, benzanes enddoleenar yl ; al | yl ;
benzyl ; : : 4 mﬂq e
i ndepe%'den V%“ge{%géﬁé%gﬁ?} g?nwﬁﬁ}eg%}%rgn 0 aﬁ@ o?:?- C6
aforytylpyirole s pimaneamineipl betwaan @boub 1@1andiaboutar: 1.
fgbst | § UL BHe ProtessDf CTéilﬁn P! RABRSN e ?ﬁﬁpéﬁafure"t@ BeRbden
e pr ry amne is. selecte romthe group
c%?%‘i”sd %&vngfarg%&ﬁ?aaén ne, ethyl am ne, propyl ani ne,
i sopr opy| Ania@eons prdogssfonpreparingtGu(Hircomplexes of 2-pyrrole
i e, 2- V. nidd |
St B og feadhB A aiedl bRy A R myeingle, 2
3pricvagy amiims RNIY), anct @ sourne GGuil).amherein 9. The
process ogf1 ANRY i ).
fornyl pyr'?olg‘sleg(?lgb 1%rdi mar ;ﬁ%%rﬁﬁf?gﬁ%@m% gﬁb% tCOJQ:a_ilCkyl %3_
adieatityted@ligdCe fe C1agnd or sipstitutad agh Ayl gnzyl; NHR®S;
2ah@NRARD/Ehdl € is fromabout 10:1 to about 1:10.
R3, R4, and RS are independently selected from the group of

C4-Cg alkyl or substituted alkyl, and Cg to C, aryl or substituted aryl.

8. The process of Claim 7, wherein the primary amine is selected
from the group consisting of methylamine, ethylamine, propylamine,
isopropylamine, n-butylamine, t-butylamine, isobutylamine, 2-
ethylhexylamine, aniline, 3-trifluoromethylaniline, B-alanine isopropyl ester,
B-alanine ethyl ester and benzylamine.

9. The process of Claim 7, wherein the molar ratio of 2-
formylpyrrole to primary amine is from about 1:1 to about 1:10 and the

molar ratio of copper to 2-formylpyrrole is from about 10:1 to about 1:10.
16



16 WD 2004/ 015164 PCT/ US2003/ 024117 10. The process
of Caim?7, wherein the tenperature is fromabout 0 C

W(Dmoalomlm 100 C. 11. An aqueous process for prE@HUSIﬂg3/024117
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Cu(ll) | exes of 2-pyrrole ands conpri si ng

react 1ag E wr@gﬂsg;qua@ znwharq;m%m e.lﬁfr@m ebout
apdc 1B-arAifi100 °g. source of copper(11) and aI | owi ng the
mxturiég react to formthe Coﬁﬁél&ht Iex

The pil bceA8 aSUeeHS PHRCPSSREPEPRT beblies of 2:pyrole
Chiggris(¢dmptiisingsel ected from the group consisting of
copper hydrOX| d | | o.chlori

i trate. Boppipctind PABENVPREr o 7 Helity SRRET water; and
car boxyl i b. acadding aasuﬂrc@pbeopmr@b)mmjeallovmeg tmixture to

process of C g aquolfoim;q%‘%ogggr(ﬂ g) of copper(ll)

i s CO per acet a I oC Caiml
wher eil - t hide poesass oSClaigp fewpergin tlae sqtsrcgd}jp‘r@pper(") is

a§@b@@@ frbtn th 'E.hQroBP%ﬁ’é@tlﬁgo@b@pﬁéﬂhyd%BﬁiH@' Soppea(ll)

ctlon is con
V\}él? QFldgﬂﬁ:ﬁ@@rml SRRREE su ﬁ%ogﬁepergg) s&% %&%%gyhc acids,
pand esppéoalkpxidpar i ng Cu(l1) conpl exes of a 2-

o s Bou e PRodiss Urtlahy 1 WEBRf by Todosief dbBper s
2¢coppermaetalece, 0 N |1 R8 where R8 is Cl to Cl10 al kyl;
and 254b Tﬁé‘ w@éssrcﬁ@ﬂa.gpazt\wEeﬁéiH%@omcétd%spw(n)@

base. e process daim1 wherein the
ZCWFW@% is 2- acetylpyrrole. 18. The process of

A aims7, TM@@r@ésstdifelam ar whatdin tied réactionysd pyndwdted iro
1.to about ,1:10 and the

Phiepresafith BF aiyvatel- RIS shaanit SofPRbre 1o From

about 160: Antamuabus prdcess. fod prepahiag @ utie semptex@saifm 2-6,

BB rd R oo o Tom about 0 € to about

atom andal7 e@nta mggeaomlmsg@gga@guwm (lo 1) with a
2-acylpyrrole,

where R8 is C4 to C4q alkyl; and
b. further reacting the agueous mixture with a base.

17. The process of Claim 16, wherein the 2-acylpyrrole is 2-
acetylpyrrole.

18. The process of Claim 17, wherein the molar ratio of 2-
acylpyrrole to primary amine is from about 1:1 to about 1:10 and the molar
ratio of copper to 2-acylpyrrole is from about 10:1 to about 1:10.

19. The process of Claim 16, wherein the temperature is from about
0 °C to about 100 °C.

20. A Cu(ll) complex comprising:

a) a copper atom; and
17
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b) two pyrrole |Iigands bound to said copper atom
wherein said pyrrole |ligands are independently

2- pyrrol eal d- n- propyl i m no,
pyrrol ealfo) i tmm@urrqlmlgand&bpymd tn saidcopppuetam, wherein

t2 5f onr rol ef"hﬁlé’r FrBllﬁé IRk drg‘lﬁﬂbpe%d@)‘mﬂ abRatdl fiom the
' sopr ggggg‘iar%’eﬁpw&ﬁiﬁg\% R R @ﬁmlﬁo 2-
gt hoxyclar bﬁgy%wtdwfémumuﬁyi -imivgb, 2-pyrroleald-n-butyl Clg}énlol )2-
rrol ea en
co%l ex sel ect¥tP %?Ig'r#p?ﬁ‘&lmﬁ ggh%]pgl{'%ﬁeg@l T i s( 2-
Eyr E gl yl al dI ririfluonpyethylpbeodgping,|2-pyrrolylald(2-
is rro r
bi s( 2- Bzr r ol z%%%pBX%%}PMbYIQI%;rﬁmBDQ NrroS))I%ldg% 2-
pyrrol yl al d( @%omaﬁmryylgeﬁhwi)mp@@@ez -pyrrpleald-benzyl-imino
bi s( 2- pyrrol wit

! ;/:r ]; lo ﬁlﬂ f hen%@sﬁ% %)ﬁ)e( érl()u’p c%nségs%nglg%f bis(2-
bpméiyla}d-hqimbyiirdxha)copper (1), bis(2-pyrrolylald-n-

b#@% % rﬁ' i B&/H%/Faq@ QSB&M |)mno)copper(ll) bis(2-

I BWIMI@M(? Yibﬁwlhmmﬂ)wmefﬂ})cbtsﬁ%rpyrrolwald(md bi s( 2-

f
RSO
aByEelptaldp H‘OQW ebig{2-pyly Cu(l1) conpl ex

Oétho&yéamt:nylethyl)ummb e(ID, bis(Bpyfrolyla@(2-/ N X R8
erein kyl or

1-C
< B BartmniB i @6?%0%&5 At BT subst i t ut ed
aagetylpyrrokillsoppdr(lnd R8 is H Rl is selected fromthe

gr oup,g0ngi

a1yl 22eh ok Bt dppocitil Bofer o  stbsfretidrhiisio
benzyl NRR3; adw@nm&sa Abstnts amas%me ﬁg(lb)r@mplex of
|ndependentlystﬁgjtl§e,@t1ad fromthe group of C1-C6 al kyl
or substitut d al kyl, and C6 to Cl12 aryl or

substi t ut , Sand 18 WD 2004/ 015164

PCT/ US2003/ 024117 b) exp05| ng sai d absorbed conpl ex
to a reducing agent to fo copper netal. 23. The
process of C aim 22, V\,hee/ the Cu(ll) conplex is

sel ect ed 5
wherein:

Xis O, and R8 is C4-C¢ alkyl or substituted alkyl, or Cg to C¢o
aryl or substituted aryl; or

Xis NR1 and R8is H;

R1 is selected from the group consisting of C4-C4¢ alkyl or
substituted alkyl; Cg to C45 aryl or substituted aryl; allyl; benzyl; NHRS;
and NR4RS; and

R3, R4, and RS are independently selected from the group of

C4-Cg alkyl or substituted alkyl, and Cg to C4» aryl or substituted aryl; and
18
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bi s(2-pyrrol eal d-iso-propylimno)copper(ll), .

bi s( 2- py)ol expasingisaid pbserheyicoppiex ke # regueipg agent to
pyrrol eal dphqﬁgﬁcﬁ 'gg’gﬁ&)ﬁ,@pép_er (r 1),

bi s(2- I | d-n- 1), _

o 2428 s AN o g SR ) i seeced
E_Y(Sthhél br@\juﬂbclsﬁdl?%ﬂrtd ?ﬁﬁiﬁ@)—p\ﬁrﬁﬂealﬁkﬂéthylimino)copper(lI), bis(2-

i s(2-pyrrol.ylald(m . , o
eSS RSB, i@ pypplspics>-PppYpmincIcopper(
ryis (2epyrraledldertaytyliminoddappapgh)( bisf2- and f

- ie . (| T

e anBhdp N BlobpbsRp oGy dald e, B°F Po ) e
grropplirimeseannend) dris@-ewrsolylatd-arytriminedsanpesdl), kine-
wrr&ﬁam\i@i‘m}?imiﬁ@ﬁbﬁg%mls,fbig(zqwr{dr!ﬁéld(@yer- 15 25& _
Seuerse YRR YIMipRIGR0RED) BAY of ammoni 8,
Wlardbbgzggﬂhogﬁp’p@dﬂ|¢,Sand1bi@(29c:be’glpyfi@iyh)odppgﬁ(rl).

X S,9: .
oy ot e osers BL CFHim.22 YA BRF e tcRBte is selected from
ehieydreup snssistinghehglass) metsls and osramics, and spieon weers
PERRES Sithl a BhRicMA=r. Wherei n the adsorbed copper

conmplex 1S expos to.a reducin gent, at a pressure
of abdut Hhe Pcesdei Claim Z%W'Pq’rﬁg} %’e r&HHCPH@%ﬁ‘Eﬁ rate

E@Aé@tb@i fﬂ{r?] e Qﬁg@@f@idﬁsﬁiggfofAmbnibQ@nﬁnbma/r@@mg teri%oo
rin e re on. : roc r _depositin
CopeSonv e O EogRfmEHRES SEEN Jordigea” || "

r ditlydriobgnagferdan, aydaatineedisthydsitaney flimegthyisiipheetbylsilane,
Sé}ﬁé@éﬂraﬁelandsﬁéﬁjecture 1 =RB XN Cu / NXRein
the ' gres

ente of a substrate, wherein: 30 X is 0, and
RS i s261-Thepewcess obFlaihds. wherein thegdsorbed cappey qomplex

TRt R sy ofoil o St eI sl
 iTgrTo apd dameniasiTatg o nokiatén rapaahurs of 2hpet ) FE: GAS
gétkwmo@e’c duﬁﬁg?twwdxcﬁoﬁ.ubst ituted aryl; Ral Iyl ;
enzyl. : -. . -
ndepBhadheropesaL St Ponssior it oyt toMhsiising
sheatirig aredliciikagentsandl aideast @ie2Cafl) coprplex b sirucities 1,

YlctureB1 =An article conprising a substrate with a
%EJ{Lh 'ju%gon'pl ex of structure 1 adsorbed on the surface

or in or on porosity in the substrate,

in the presence of a substrate, wherein:

X is O, and R8 is C4-C4q alkyl or substituted alkyl, or Cg to Cy5
aryl or substituted aryl; or

Xis NR1 and R8is H;
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structure 1 = RB XN/ Cu NXR8 10 wherein: Xis
O, and R8 is Cl1-Cl10 al kyl or substituted al kyl, or C6
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H, 15 Rl is selected fromthe group consisting of
Cl-C10 alRYis sslectedrigm the gwous gnsistiog afdC£E20 @il obr
Selsetiite ryl to 811 ¥hil oPUBYtutN EL; allgh® RRHREd
R3, 4 g\,)n%g(y&S éaroe ﬂ%d(typendent |t§ sel ectaeg fregﬁ?‘m- Co6
aPRYNRIR®; 308t i tuted al kyl, and C6 to C12 aryl or

\?\EbSt it Utlﬁ@, Rl‘l’,)tfind R@aﬂ?ind@pleﬂdéhly scletted ff]cbrm@ﬁce alkyl or
rein t ubst rate 4 s sel ected.fro e group
c%‘ﬁ%ﬁ@ﬂ?ﬂ@%ﬁ agﬂ&aééto #ﬁ?zﬂr@ oa{r%'%ggﬁgﬁn@@}i' and silicon
waf er 28. chmavditlevcompsisingra sebstratg evith 8Cu(Theompplexads

0 ' rei .t reder | ay L

oL Roo MR il kel ol Mok FOL 8t
t 8ffdeiuied Fantal umnitride. 25 31. The article of
Claim?29, wherein the barrier layer is selected from

the group consisting of titaniumnitride and
A process for

tantal um tantal um nitri de= 32.

preparing aryl pyggol eal dj mmpes, conprising reacting

an aqueous sol ution e‘f’\g_/fo nyl pyrrole with a

wat er -i mmi sci bl e pr!mg/r”x ine, R NH2, wherein Ris C6
—

to Cl2 aryl or subgyithited arggl. 30 20

wherein:

Xis O, and R8 is C4-Cy¢ alkyl or substituted alkyl, or Cg to C42
aryl or substituted aryl; or

Xis NR1 and R8s H;

R is selected from the group consisting of C4-C4q alkyl or
substituted alkyl; Cg to C42 aryl or substituted aryl; allyl; benzyl; NHRS3;
and NR4R9; and

R3, R4, and R are independently selected from C4-Cg alkyl or
substituted alkyl, and Cg to C42 aryl or substituted aryl.

29. An article of Claim 28, wherein the substrate is selected from
the group consisting of glass, metals and ceramics, and silicon wafers
coated with a barrier layer.

1 30. The process of Claim 24, wherein the barrier layer is selected
from the group consisting of titanium nitride and tantalum/tantalum nitride.

31. The article of Claim 29, wherein the barrier layer is selected
from the group consisting of titanium nitride and tantalum/tantalum nitride.

32. A process for preparing aryl pyrrolealdimines, comprising
reacting an aqueous solution of 2-formylpyrrole with a water-immiscible
primary amine, R'NH,, wherein R’ is Cg to C45 aryl or substituted aryl.
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