WO 03/ 095701 PCT/ US03/ 01846 Tl TLE VOLATI LE COPPER(I1) COVPLEXES FOR
DEPCSI TI ON OF COPPER FILMs BY ATOM C LAYER DEPCSI TION 5 FI ELD OF THE

| NVENTI ONwOhes/qes@sent i nvention relates to novel 1, 3-dii M/ cSHpPEs46
conpl exes and the use of 1,3-diimne copper conplexes for the deposition
of copper on substrates or in or on porous solids in an Atom c Layer
Deposition process. This invention al spTpeovi des a process for naking 10

e s

described by M Ritala ardLMS B¥SKEORICLAVERMEPOBBTICYer Deposition” in
Handbook of Thin Film Mterials, H S Nalwa, Editor, Academc Press, San
Di ego, 2001, Volune 1, Chapter 2. Such filns, especially netal and netal
oxide filfs, are critical cowrﬁﬁé:ﬂ;QFiWEHEVEMd.&ﬁhct ure of electronic
circuits and devie pid3eAflindeRis RASES b HovErPSsdilning eppeer filns, a

copper precursor and reduci ng agent are alternative i ntroduced into a
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pr ecur sonot o ardbofiptines appeovekdraincaindnes.f ree form of the ligand. This
cycle can be repeated if needed to achieve the desired filmthickness.

This process differs fromchem cal vapor deposition (CVD) in the
deconposi tion chenistry of thMWMWD process, the
conpl ex decomposesrianap MG ferBpottidi pRoddsstb (Befitordagi red film 30

Sur face. Rat IREPAIGTPHEND M as 4T PPHEY N B BRAE by LERT A RMicof
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must be especially metal and metal oxide films, are critical components in the

manufacture of electronic circuits and devices.

'In an ALD process for depositing copper films, a copper precursor

20 and reducing agent are alternatively introduced into a reaction chamber.
After the copper precursor is introduced into the reaction chamber and
allowed to adsorb onto a substrate, the excess (unabsorbed) precursor
vapor is pumped or purged from the chamber. This is followed by
introduction of a reducing agent that reacts with the copper precursor to

25  form copper metal and a free form of the ligand. This cycle can be
repeated if needed to achieve the desired film thickness.

This process differs from chemical vapor deposition (CVD) in the
decomposition chemistry of the metal complex. In a CVD process, the
complex decomposes on contact with the surface to give the desired film.

30 In an ALD process, the complex is not decomposed on contact with the
surface. Rather, formation of the film takes place on introduction of a
second reagent, which reacts with the deposited metal complex. In the
preparation of a copper film from a copper(il) complex, the second reagent
is a reducing agent.

35 To be useful in an ALD process, the copper complex must be
volatile enough to be sublimed without thermal decomposition. Typically,
trifluoromethyl group-containing ligands have been used to increase the

volatility of the copper complexes. However this approach has drawbacks
1




vol atil e enough to be sublinmed w thout thermal deconposition. Typically,
trifluoronmethyl group-containing |igands have been used to increase the
vol ati | i t woods/oobmi1copper conpl exes. However this approach r@Esusisawdaacks 1
WO 03/ 095701 PCT/US03/01846 in the preparation of interconnect |ayers,
since halides adversely affect the properties of the interconnect |ayer.

The |igands useRe iphepdratihDf pitoronnest laysis, sinse Hides abilerseiyt Affedtahpect to
deconposi tion_and .be desorg fromthe conplex in a 5 netal-free

e.t.0
form Fol | owi W&p?glﬁ?cc?fﬁhﬁ IYPrGHECHNEE  the Iigand is Iiberated and must
be renoved from t hEhglighrdeused jr treehltD iprecasses npustaismbe istabde whth et al

| ayer being f ; rJ @W i , 3-diimne
co)[;per co?rpl'feéégggﬁtr?%e resltgﬁg%ﬁ&(;Pgt?y rg)%%%[rgef orm_cg%@g!é.%hﬁls pat ent
al so 10 desdpeirddrasnforms Eobewingaeductinmel Bemedpesdhelligrrd is libera@tkni cal

Vapor  DeposidridPmuzt BEG8MIVRH fRIrA s biifladRPSevahti8 MeBHFdrbByS int&kh« 202889
describes the u%c? of ’3-5£5a|(§m ne nmetal conplexes to deposit coatings,
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preferably vi'@® B§C- Deposi tion process. Deconposition of the
met al conpl exes i nU8 5,464 @66glestnibsy tiey decdrhppsitidre obub)ydiitheagspperi s

di scl osed. S chj j Jour nal 1 St 4 -1912
(1968), descrqmgggﬁg?@y% %@glggg%?ﬁfy%%&eﬁﬁ? ﬁ%@%ﬁ@&%‘;{lﬁ[s %agﬁﬂﬂglg s of
such | i gdAds.deschbebdhaiuseaid, Sdiimineagippsricomplexes irayehenkitalfapoges, 1(4),
20 658, descr ; figetsls 38r B d%bir@@' 1 A s s with
unsynmmet ri cal Q@oﬂ?@?g I hydrrgz(_)i nes to H;?r%{)%ﬁ%@r&hg?d@aéﬁkyl hydr azones) .
SUMMARY OF THE | Rvi2e i descpben thenseieb - gissing petat 68mpiesestier ni ng
copper deposidgpddit cbatiAgs Spieféradlyevia @Dhémidal Vapor DepbaitibhPodessubst rat e
wi th a copper.conpl ex.,. % to forma deposit of .the cosprﬁ]er conpl ex on the
substrate: a tﬁé}%@g&f_@ ‘thq\mqtﬁ ggmplexes in a reducing atmo
15  preferably hydrogen, is disclosed.
S.G. McGeachin, Canadian Journal of Chemistry, 46, 1903-1912
1968), describes the synthesis of 1,3-diimines and metal complexes of
( y p
such ligands.
N.A. Domnin and S.I. Yakimovich, Zh. Organ. Khim, 1965, 1(4),
20 658, describe the reaction of aliphatic beta-diketones with unsymmetrical

N,N-dialkylhydrazines to produce bis(dialkylhydrazones).

ere,

SUMMARY OF THE INVENTION
This invention describes a process for forming copper deposits on a
25  substrate comprising:
a. contacting a substrate with a copper complex, (l), to form a deposit of
the copper complex on the substrate; and
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3 L4L4 R3 (1) 2 WD 03/095701 PCT/ USO3/01846 b. contacting the deposited
copper conplex with a reducing agent, wherein Rl and R4 are independently
sel ect ed Wwooosovsm1gr oup consisting of H Cl- 5 C5 al kyl, awd/asoamidayl am no;
R2 and R3 are independently selected fromthe group consisting of H Cl- C5
al kyl, phenyl, benzyl, and 4- pyri di nyI, with the proviso that the total
nunber of car bons in Rl R4 is - and t he reduci ng agent is selected
fromthe gro consi sti N, borane r obenzof ur an,

pyrazol i ne, ggtqw %qtqngntgg C&pﬁé{tﬁgpgi’?%ﬁé’m@?ﬁwm 9 LRHCINGA060Y s | ane,

phenyl si | ane vaimstefri | ane. I n anot her enbodi ment, this invention provides a
1,3-diimne C . I
wherein R5 a %gé 4ea?gﬁﬁ§%hﬁyfd§h1}m§!§%§g%j ﬁgnggeﬁa%%og?étlﬁ%ﬁgéﬁegt I i/
sel ected frork4 dlsylgeodplimetiyylamineg of H, Cl- C5 al kyl, phenyl, benzyl, and
4- i di nyl, RS - R8
pyridiny!. i b Fecyer H&éﬁéh@telaag 35@%&&6{11 thBUTBEp c%si%ﬁﬁ 8RR, Y-

is 4 -14; or are'rn ect romt e group consisting

of H G- 5 G4y, plé‘ﬁﬂ)"dbﬁﬁ?ﬂy?%ﬁrwr' éﬂ‘/&t with te pirayisRAngt testofalct ed from
the group congirfibémer édrbbhs HLRCR Ak kyl12; plaenyl , benzyl, and 4-pyridinyl,

with the proviso that eith 4-pyridin rovi so that

t he total rT’b@rr Q?C'eg%ﬁg'ﬁ ?B?q?éed '?rlggnﬁ'ée Qf'p(}ﬁffoqs?{?@ﬂo(ﬁ%d?bm&?%nt

this i nvemtl adihydrobedesfuaan, gyrazdlime, diethylsilane, dimethylsilane, ethylsilane,
methylsilane, phenylsilane and silane.

In another embodiment, this invention provides a 1,3-diimine copper

complex, (I1),
R R R RS
o
I
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15

wherein
R® and R® are dimethylamino; and

20 R®and R’ are independently selected from the group consisting of H, C+-
Cs alkyl, phenyl, benzyl, and 4-pyridinyl, with the proviso that the total
number of carbons in R®- R%is 4 -14; or
R5 and R® are independently selected from the group consisting of H, C4-
Cs alkyl, and dimethylamino; and

25 R®and R’ are selected from the group consisting of H, C4-Cs alkyl, phenyl,
benzyl, and 4-pyridinyl, with the proviso that either R® or R is 4-pyridinyl,
and the proviso that the total number of carbons in R°- R® is 4 -14.

In another embodiment, this invention provides an article

comprising the 1,3-diimine copper complexes, (ll), deposited on a

30 substrate.



conprising the 1,3-diimne copper conplexes, (ll), deposited on a 30
substrate. 3 WO 03/095701 PCT/US03/01846 | n another enbodi nent, this

i nvent i onwaraswosies a process for the synthesis of diinm neTcuswmpoisEsng: a.
contacting an al kylim no-nonoketone, (I11), with an al kylating agent to
formthe correspondi ng O-al kyl ated derivative, (IV); R1IO R11 RIO R11 T r
X- HN 9 ~H O K In(anotR&Rembotinhént, {Hid/)nvebtion pnbvides agprobessfoalthey| at ?d
derivative, (I : : ] : rimary al kyl amne, NH2R13, to form
o sﬁqtvg%'%i?%ﬁﬁﬁd?gﬁléﬂﬁﬂgngn NH HN K R13 (V) 10 c.
contacting tha icentaatingamalkylinino-mpnekefpnepbfllwivtith an stkyatigglagent tto f or m

the correspondi igrred EGirediBritiing O-BRylald éleri\géﬂtﬂ/efgg); YY1 NH N~ R7 Ris

(VI) wherein RlQ and R11 are I ndependently selec fromthe group
consi sting of HR Cil- RI1 [ R10 ]
Rll
/ \
’ | X
NH 0O
9

(1ID) av)
b. contacting the O-alkylated derivative,(IV), of step (a) with a primary
alkyl amine, NH2R'®, to form an immonium salt, (V); and

X

V)

10 c. contacting the immonium salt,(V), of step (b) with a strong base to form
the corresponding neutral amino-imine (VI):

RIO

(V1)
wherein
R and R" are independently selected from the group consisting of H, C4-
15  Cs alkyl, phenyl, benzyl, and 4-pyridinyl;
R'?is Me or Et;
R® and R are independently selected from the group consisting of H and
C4-Cs alkyl, with the proviso that the total number of carbons in R®, R,
R and R%is 4 —12;
20  the alkylating agent is selected from the group consisting of dimethyl
sulfate, methyl benzenesulfonate, methyltoluenesulfonate, diethyl sulfate,

4



15 G5 al kyl, phenyl, benzyl, and 4-pyridinyl; R12 is Me or Et; R9 and R13

are i ndependently selected fromthe group consisting of Hand Cl1-C5 al kyl,
wi th the woonsims7ot hat the total number of carbons in RO, RMAyusoRbis4and R13
is 4 -12; 20 the alkylating agent is selected fromthe group consisting of
di rethyl sulfate, nethyl benzenesul fonate, nethyltol uenesul fonate, diethyl
sulfate, 4 Vﬂ%@%ﬁ@%ﬁ&ﬁ'&t@%l@dﬁﬂﬁorc@é&bbéﬂl]ﬁﬂ%@bﬁdmﬁhﬁ

methyl trifl uof % H{ te and ethyl toluenesul fonate; and X- is an
ani on derived c%rrom e a ating agent. |In another enbodi nment, thi s

i nvention pro |t§e%nﬁ6t¢@|d%rmadcfr¢rmthéglkylm ®Ht] NH N 14 R ~17

VI | Vi), wher r e group
gons?stfng of H, Cgia%§%§IEﬁﬂ¥ﬁﬁﬁgﬁg?#§thy g%ﬁﬁﬁ&h §$%§ggﬁg c%@ﬂh&g are
sel ected fromthe group cdpsisting of H gI-C5 alkyl, phenyl, benzyl, and
4-pyridinyl, with the provi ' B‘RlS or R16 is 4- pyridinyl and
the proviso that the total nu arbons in R14- R17 is 4 - 14. 15
DETAI LED DESCRI PTI ON Appl i cant{s have {li scovered an atomic |ayer deposition
(ALD) process suitable for crgp f copper films for use as seed |ayers
in the formation of coppep/(nterconnetti%gn integrated circuits, or for
use in decorative or catéﬁ§t|c applications. This process uses copper(11)
20 conplexes that are volatile, thermally stable and derived fromligands

(Vi)

(VIl), wherein
R™and R" are independently selected from the group consisting of H, C+-
Cs alkyl, and dimethylamino; and

10 R"™and R" are selected from the group consisting of H, C4-Cs alkyl,
phenyl, benzyl, and 4-pyridinyl, with the proviso that either R'® or R is 4-
pyridinyl and the proviso that the total number of carbons in R'*— R is 4 -
14.

15 DETAILED DESCRIPTION
Applicants have discovered an atomic layer deposition (ALD)
process suitable for creation of copper films for use as seed layers in the
formation of copper interconnects in integrated circuits, or for use in
decorative or catalytic applications. This process uses copper(ll)

20 complexes that are volatile, thermally stable and derived from ligands
which contain only C, H, and N. The ligands are chosen to form copper(ll)
complexes that are volatile in an appropriate temperature range but do not
decompose in this temperature range; rather, the complexes decompose
to metal on addition of a suitable reducing agent. The ligands are further

25  chosen so that they will desorb without decomposition upon exposure to a
reducing agent. The reduction of these copper complexes to copper metal
by readily available reducing agents has been demonstrated to proceed
cleanly at moderate temperatures.

In the process of this invention, copper is deposited on a substrate

30 by means of:

a. contacting a substrate with a copper complex, (1), to form a deposit of
the copper complex on the substrate; and

5



whi ch contain only C, H and N. The ligands are chosen to form copper(I1)

conpl exes that are volatile in an appropriate tenperature range but do not
deconposewiowstoks®1t enper at ure range; rather, the conpl exea@cwapesie

metal on addition of a suitable reducing agent.
chosen so that they wll

to

reduci ng agent. The reduction of these copper conpl exes to copper netal
readily avail abl e reduciﬁg agenRs hRd beenydenonstrated to proceed cleanly

at noderate tenperatures.
deposited on a substrate
copper conplex, (l), to fohma Y -
substrate; and 5 WO 03/ 095701 P&T/AJS03/
i copp

5 wherein RL and R4 are i

fromthe group consistin

4-pyridinyl,

In the prjocess pf this invention, copper is
nean of ;
i t he copper conplex on the

The ligands are further 25
desorb w thout deconposition upon exposure to a

by

a. contacting a substrate with a
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R3 (1) b. contacting the, depos d conplex with a reduci ng agent,
r\{ly sefected fromthe group consisting of
H Cl- C5 al kyl, and dinet [ NojN nd R3 are independently sel ected
of H] G - kyl, phenyl, benzyl, and
wi th the proviso if:at pe t | 10 nunber of carbons in R1-R4
is 4 -12; and the reduci ng agemt* i sRsel ect'ed fromthe group consisting of

9- BBN, borane, dihydrobenzofuran, pyrazoline, diethylsilane,
di mret hyl si | ane, ethyl sil ane, phenylsilane and silane. The deposition

process of this invention inprove$
art by allow ng for

In the copperb.dgé)nqg&tlr;go& process of this i nyentj on, the copper can

5
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15

20

25

e deposited copper complex with a'reducing agent,
wherein

R" and R* are independently selected from the group consisting of H, C+-
Cs alkyl, and dimethylamino;

R? and R?® are independently selected from the group consisting of H, C4-
Cs alkyl, phenyl, benzyl, and 4-pyridinyl, with the proviso that the total
number of carbons in R'-R*is 4 —12; and

the reducing agent is selected from the group consisting of 9-BBN, borane
dihydrobenzofuran, pyrazoline, diethylsilane, dimethylsilane, ethylsilane,
phenylsilane and silane.

The deposition process of this invention improves upon the
processes described in the art by allowing for lower temperatures and
producing more uniform films.

In the copper deposition process of this invention, the copper can
be deposited on the surface, or in or on porosity, of the substrate.
Suitable substrates include copper, silicon wafers, wafers used in the
manufacture of ultra large scale integrated circuit, wafers prepared with
dielectric material having a lower dielectric constant than silicon dioxide,
and silicon dioxide and low k substrates coated with a barrier layer. Barrier
layers to prevent the migration of copper include tantalum, tantalum
nitride, titanium, titanium nitride, tantalum silicon nitride, titanium silicon
nitride, tantalum carbon nitride, and niobium nitride.

This process can be conducted in solution, i.e., by contacting a
solution of the copper complex with the reducing agent. However, it is
preferred to expose the substrate to a vapor of the copper complex, and
then remove any excess copper complex (i.e., undeposited complex) by

6

upon the 15 processes described in the
| ower tenperatures and producing nore uniformfilns.



be deposited on the surface, or in or on porosity, of the substrate.

Sui tabl e substrates include copper, silicon wafers, wafers used in the 20
manuf act uwe® asfoosdoira | arge scale integrated circuit, wafercTpussparsad wt h
dielectric material having a | ower dielectric constant than silicon
dioxide, and silicon dioxide and |ow k substrates coated with a barrier

| ayer. Barri evacuuayer putging befaratexpbeingithe alcposited compfesstol anehpeieoft ant al um

tantal um nitgi d | ' VTP e Ay Si L | trd de,

totani um i 11 Eoast RO Al R ihe opd @Bt G o0 e

This process iberdigesadmaidee reydoved yial @ouomn), purging, hgatngntriastrionyittia sol uti on

of the copper%&fgmé §6Iv‘é’hf,'brtah€orﬁﬁiﬁ'alﬁ?ﬁ‘8f§lgﬁpéte owever, it is preferred to
p

expose the substrate to a vapor o e copper conpl ex, and fhen renove any
excess copper conpl @ RrPcess cambepereated t%gh'ﬁqj @pﬁﬁwyeelw DAY WAL
PCT/ U503/?184ﬁrtovémnﬁt@pinmlgé.ngf bef ore exp_osi ng the deposited conplex to
freo form of the 1 hgdaoRlin ol 11 hibndr SriPeRe hical arABcera g "
rinsing wth $20 80i {Tadd edsictiore bf theocoppet eotriplet isdypichlls calriestapgsaat 5 Thi s
process can b&ﬁ{ilgp?e%ﬁgratttgre%ub!tgﬂ% ordf”ui cker layers of copper, or to

ol es- e 0

elimnate pin- ~deposiTion the copper conplex is typically
conduct edllat 0 to AggEssiveTigducivgiaganisacs needed ispiedtice dhpicerpers typical |y

carried out atompieRiruBidl STREDAINIERE. RedindBobntsiAubass oemtiearieduci ng
agents are needed to reduce the co&ger c? e rggllgl%/ gnd cor‘g)l etely.
Reduci ng agend@ PR, 8N Keatingd.ahhey Ayis %ébﬁ%e UFReRERIUAY They nust
al so be of lsuﬁcf)\ialélimifetarcerbmdjlp?)ﬁw cEmett wich ﬂ@a@df pﬁe&%bd‘lpteﬁdep@ﬂte@b@_ % Yvith t he
copper conpl ex deposited an e caopper,_surface. rou tabl e
reduci ng agen ?@P@r%g{ﬁ%?ﬁ %@Hf?i&isé'gaﬁlﬁaﬂaa}‘{g'\?g %Q%P?Spﬁgg‘% ngljl]y been used
for coppery | | pentiiect thaiave ret prévidugly beessisedrfer ¢eppar(ly refluctirsia areagent s
:S the presenﬂ?Dﬁiro?eQéob?\@ feg@EQrofth-g%% r%ﬁggﬁ@tis%bré%%n?@lo‘?at ofdrnsfer at
east one electrdn to reduce e copper 1on of the conplex and at | east
one proton todprest orhe eagené mysiheablateiransier atigastane elaptgdat and t he

protonated | iga@detHs copBef RALIRe @BAIIdX ARdaY Rést bREprOBnIEPréenalf the
newy formed &%plpg%rnd. The oxidized reducing agent and the protonated ligand must
20 then be ’easily removed from the surface of the newly formed copper
deposit.

Suitable reducing agents for the copper deposition process of this
invention include 9-BBN, borane, dihydrobenzofuran, pyrazoline,
diethylsilane, dimethylsilane, ethylsilane, phenylsilane and silane.

25  Diethylsilane and silane are preferred.

In a commercial embodiment of the copper deposition process, the
copper complexes are added to a reactor under conditions of temperature,
time and pressure to attain a suitable fluence of complex to the surface of
the substrate. One of skill in the art will appreciate that the selection of

30 these variables will depend on individual chamber and system design and
the desired process rate. After deposition on the substrate (e.g., a coated
silicon wafer), the complex vapor is pumped or purged from the chamber
and the reducing agent is introduced into the chamber at a pressure of
approximately 50 to 760 mTorr to reduce the adsorbed copper complex.

35 The substrate is held at a temperature between approximately 0 to 120 °C
during reduction. This reaction must be rapid and complete. Reducing
agent exposure times may be from less than a second to several minutes.

The products from this reaction must then leave the surface. The preferred
7



deposit. Suitable reducing agents for the copper deposition process of this
i nvention include 9-BBN, borane, dihydrobenzofuran, pyrazoline,

di et hyl si Wan®/osstiomet hyl si | ane, et hyl sil ane, phenylsil ane awd/ssoBamas 25

D ethylsilane and silane are preferred. In a commercial enbodi nent of the
copper deposition process, the copper conplexes are added to a reactor
under condi t i ragents aeniher canpes 1,3-diimineacomplexs(s urieeren BY tR}, mna Rtiateabl e

fluence of coppl %dt?ZhE{m‘éQ[)fﬁﬁ%lg{hglélgﬁesubst rate. One of skill in the

art will appreciate 30 these variables will depend on
i ndi vi dual chanber TBREORPSIENCaBPINEsHseiuliméheieappasdiaposiiondroaess Ol t er

deposi tion ontHisimventish fat mtd m&ﬁate@ﬁﬁén%tlﬂ@se%ﬂﬁ SpRmedice lig aﬁdl,e forml ex
vapor is e C er u gen IS

|nfr oduce &g"ﬁ]eé)@[]% )%{{Q OpfP &d y@sy(grpmeg'b:'gq ﬁ%"ﬁ%{@ Oaf‘Q/OfGO mror r
to reduce theRéM@?)b@ue@oppera|poompmxes&githwmnsma1aganmaifeeé@hd;ﬁ] a

te erature ctlion | S

entti on mist L SONARRIERIG e Ll ?h%a é’fééfsﬁql ﬁﬁng 5 KRB 1y be
from | ess thal tbeé\égbﬂwthyi dasivativé, iniwhicke R'=Rf#ist and RieRE I‘fﬂeoHonver

reacti on nust @\%g # o) 70
PCT/ US03/ 01840 re%“gﬂt‘é?c‘a"?ﬁg?m%@e toy\ﬁe Ricf; Fokle %%'ﬁg‘e%é % wherein R,

R3, and R4 ari@diq@ed gy dhedower Wﬁ'ﬁtpndﬂ@p@fﬂﬂfﬁll Epr gmpfﬁn@“%opper(l 1)
conpl exes useéylhmemnééle\l Nﬂﬂlwﬁ Id}%@ﬂétl\flé 88n PECRMHMRS at 49Yos50 e tion fall

hose wi ﬁahﬁf%%efqrf eaqssauregavwa%r ShRde M-t GV derbafve R gbr (119

conpl exes witR e:)aéuhhnwmiscaaaé kbt 180 niTot. THeouwngeadetidafit i ity

and stabilit r di et hyl
derivat i ve, 190 ME%X%E%ﬂéfeﬂféd HEP byttt Ruferantnd thAR AR o1 ol

| i gands tlénd deyivad/somosyenmetrigal ll@armﬂr@emmto amld@dvmﬁe:ma@dom;'suhle | ower
subl i mation t@é@ééé&hgb&mﬁ%uﬁ‘é exSymetrical N, N -diethyl

derivative can be to at 100 nmilorr pressure, whereas the
N—rr:e;/hy: YN'-et hyl @EEF@@%P% %mvﬁﬁﬂmémﬂ%‘; 8!@1%%%@6% 25 C
at 100 mlor r.cddyper gi(tpl  conpl exes can be used at a | ower operating

tenperature than those
RS R® R’ RS
L
\ X /
N/ \N
’ Ls LS R’

)

20

wherein
R® and R® are dimethylamino; and

25 R®and R are independently selected from the group consisting of H, C;-
Cs alkyl, phenyl, benzyl, and 4-pyridinyl, with the proviso that the total
number of carbons in R®- R%is 4 -14; or
R® and R® are independently selected from the group consisting of H, C4-
Cs alkyl, and dimethylamino; and



15 derived fromsymretrical |igands, helping to avoid adverse reactions
such as deconposition of the copper conplex. In another enbodinent, this

i nvent i onwor @vwiost®s novel 1, 3-diimne copper conpl exes, (IHQT/USB/HOIS4R5 | RS
REC NNNN 788 R7 20 (Il) wherein RS and R8 are dinethylanno; and 25
R6 and R7 are mdependently selected fromthe group consisting of H G- C5
al kyl , phenyl R®izewizR| areaseieé’fe[dyfmrdlthgbroup tdndistingofod] So-Oslaltyl, Jtlﬁeﬁyq)t al

nmb f nde en
ggl eg{ eg frcf)lr B?ﬁ%yll %'%‘!’Sg R ons"hé’t | 'r%ﬁ ﬁ?ﬁ p& %th%@%nt@%@ﬁ Srg ’am no;
and 8 WD 03/ 096d(b|16 pmmssﬂmrt@hm@al menbetoiRaraoes HBR@eRBuB ﬂr—tbm t he group
consi sting of H, Cﬂfh%o@lek&%ppmﬁlex(%??ﬂfﬂre L@gﬂﬂ (35 w th the

proviso that either R6 he pro 'S0 that the
total nunber ggpggp%ﬁgoq%s@tblsqurglom I@ferﬁtﬂ)é ﬁﬁo@@ﬂ Re@$Ber conpl exes,

(1), are usea‘alimhetlh@;zlavhlﬂnaoc@rﬁ)cwea6 arfel Héa@smmrawqgﬁﬁﬂw@[;rd\m&thbw@tIOn
Pref erably, d R7 are C1-C5 al kyl,

with the prov%%I rELHQF?eEﬂ carn 8P§Fnﬁun§gﬂséf—@ rbons in R5 - RBis 5 -10. In
anot her enbodi nent |n ahother prdadirnenty this imesntian paovides @n artiolpr i si ng

1,3-diimne coppg rrl*sﬁr%nphedff@ne(cbéégr %?%X@%ﬂ%@ %&%aﬁn% EW%‘(%’%UCF\ as.

copper, silicon rs u ure o rge scal e
i nt egr at el ci sueh 88, copgress siligereyaferd, watets dsed étthe manufasturelof ultai ng a

| over di el ect f3rge %@é‘l%tlﬁiggrét*é@rbn%bhé C\I\?Qfe?é Prdpifed With GibleciRmdidial de  and

the m arat i onMernggupeer PG OB tIAM SiFmAGds ePacdcondaitam

and low k substrates coated with a barrier layer. Barrier layers to prevent
the migration of copper include tantalum, tantalum nitride, titanium,

15  titanium nitride, tantalum silicon nitride, titanium silicon nitride, tantalum
carbon nitride, and niobium nitride.

A new synthetic method for the preparation of amino-imines

(precursors to 1,3-diimine ligands) has also been discovered by the
Applicants. The literature procedure described by McGeachin requires

20  use of an expensive, unstable alkylating agent (triethyl oxonium
tetrafluoroborate). A more practical, commercially scalable process must
proceed with high yields and use stable, lower cost reagents. Applicants
have found that dimethylsulfate and other inexpensive alkylating reagents
can be used in place of the triethyl oxonium tetrafluoroborate salt. These

25  alkylating agents yield the desired amino-imines in high yield, as shown in
the examples below. The present process also improves upon the
processes described in the art by not requiring a co-solvent, and
simplifying the isolation of the desired product.

30 Applicants’ process for the synthesis of amino-imines comprises:
a. contacting an alkylimino-monoketone, (lll), with an alkylating agent to
form the corresponding O-alkylated derivative, (IV);



15 titaniumnitride, tantalumsilicon nitride, titaniumsilicon nitride,
tantal um carbon nitride, and niobiumnitride. A new synthetic nethod for

t he prepawatismasmi ami no-imnes (precursors to 1,3-diim reTuspancay has

al so been discovered by the Applicants. The literature procedure described
by McGeachin requires 20 use of an expensive, unstable al kyl ati ng agent
(triethyl oxonium tetrafluoroborate). A nore practical, comrercially

scal abl e process must proceed with high yields and use stable, |ower cost
reagents. Applicants have found that dinethylsulfate and ot her inexpensive
al kyl ating reageniis can be used |n pl ae eupf the triethyl oni um

tetrafl uoroboratexsalt, ese 2B!h kyl gt #0g agen{s vyi elghit he desired

am no-imnes in high el oW The present
process al so i nprove rt,-by not
requiring a co-solve sinplifyi rg t helli sol atijon of the%em red
product. 30 Appll ss for thg synth@bis ofyam no-fi m nes
conprises: a. acting an al kylim no- k& one, (TN With an

al kyl ati ng agent to formthe correspondi'hg 0-al kyl ated"der|i vative, (1V); 9
WO 03/ 095701 PCT/US03/01846 Rio Ro R/ RI HNH O 9 +OR12 (I11l) (1V)
5 b. contacting the 0-al kyl ated derivative, (I1V), of step (a) with a primary
al kyl amine, NH2R13, to(Mdrm an inmmoniumsalt, ({V) and RI0O R'1 /NH HN <9

“RIS (V) 5. 6OBbARICNG tho© LIRTRAb BoAfkive @Wofeegsg%@asﬁmbapmntabya strong

base to form the corr |n neutra
aI‘(yI amine, ?\ﬁf"% orm an lmmonlum salt (V); and

X"

V)
c. contacting the immonium salt, (V), of step (b) with a strong base to form
the corresponding neutral amino-imine (V1):

RIO Rll

=

10 (VI)
wherein
R' and R"" are independently selected from the group consisting of H, G-
Cs alkyl, phenyl, benzyl, and 4-pyridiny!;
R is Me or Et:
15 R%and R™ are independently selected from the group consisting of H and
C+-Cs alkyl, with the proviso that the total number of carbons in R®, R'°,
R and R™is 4 —12;
the alkylating agent is selected from the group consisting of dimethyl
sulfate, methyl benzenesulfonate, methyltoluenesulfonate, diethyl sulfate,
20  ethylbenzenesulfonate, methyltrifluoromethanesulfonate and ethyl
toluenesulfonate; and
10



R1I0 R11 N 6NH ~Ri 3 10 (VI) wherein R10 and R11 are independently
sel ected fromthe group consisting of H Cl- C5 al kyl, phenyl, benzyl, and
4- pyri di nwg o3Re270is Me or Et; 15 RO and R13 are independemdyusehesased from
the group consisting of Hand Cl-C5 alkyl, with the proviso that the total
nunber of carbons in R9, R10, Rl1l1l and R13 is 4 -12; the al kyl ati ng agent
is selected fXolhamangnadsgsivesrfsonstthealkylatiigrageny! sul fate, met hyl
benzenesul f onat e, )
WfH@’éE&}élﬁﬂ&%é +?&rﬁ%€arlﬁ%esulc§ ittt dalky?qrr‘lno

et hyl benzenesul f ona [trifluoro onat €’ an
t ol ﬁenesul fonﬁloé‘oli]‘ﬁiﬂi’efgla %g/rewmvaﬂebiafs@@/tbwa@ctm pithgB-ani on deri ved
from the al kytiketorgsagignamihes.t The phsfeereB eSS I/ alﬁ*iuﬁéaNH?E”a"Q no-im nes,

di | th
Feaction ot HEeRBIRSE BRete %h*%{ﬁﬁ"?éﬁfre i BB AR ol eyl
ami ne, NH2R13pereyI£nmel e'ﬁ1&as|trcbmg)ba$dﬂcs splecteddms ittsd graypodorisidtingl ¢ ne,
et hyl am ne, aé?gdlu ogé@?n%tﬁ&ﬂge Qb% gﬁhﬁ?’ﬁ@{@%ﬁ%t he group

consi sting of | um rre
tert-butoxi de. In Hhaneiaer @Fﬂb@@lirﬁ@m thls Itn\@n‘tlnn@m@wdas pouel ateinorioviees,
am no-imnes, R15 R16 | EHHN 14 R~17 R 10 (M1I) (VIl), wherein Rl14

and R17 are independently "sgl ect from RKe group consisting of H, Cl-

10 (VI
(VI11), wherein
R and R'” are independently selected from the group consisting of H, C;-
Cs alkyl, and dimethylamino; and
R and R'® are selected from the group consisting of H, C4-Cs alkyl,

15  phenyl, benzyl, and 4-pyridinyl, with the proviso that either R'® or R'® is 4-
pyridinyl, and the proviso that the total number of carbons in R'*~R'" is 4
—-14.

Preferably, R™ and R" are dimethylamino, and R'® and R are C;-
C, alkyl; or R" is 4-pyridinyl and R™, R'® and R'” are C4-C, alkyl.

20 The amino-imines, (VII), wherein R™ and R'” are independently
selected from the group consisting of H, C4-Cs alkyl, can be made by the
process for making such ligand precursors, as described above. The
preparation of amino-imines wherein R'* and R"” are dimethylamino and
R and R'® are methyl is given in Example 7; analogous dimethylamino

25  ligands with other R™ and R'® substituents can be similarly prepared.

11



C5 al kyl, and di net hyl am no; and R15 and R16 are selected fromthe group
consisting of H Cl1-C5 al kyl, 15 phenyl, benzyl, and 4-pyridinyl, wth the
provi so twatosgoster RL5 or R16 is 4- pyridinyl, and the prrviis3pist the
total nunber of carbons in Rl4- R17 is 4 -14. Preferably, Rl4 and R17 are
di et hyl am no, and R15 and R16 are Cl- C4 alkyl; or R15 is 4-pyridinyl and
R14, R16 and R1l7 are Cl-C4 al kyl. 20EMrMPROESO-i mines, (VII), wherein R14

T o @ oo S bR SHihlc rSEGTL 20 SRR S IR PR o (oS
descri bed aboPeul Avenugridipsaakaen ¥WhHiUSH). nGoppemraboxitleveasipiRthased R17 are
di nmet hyl am nofrngAlf%% gpg}ﬁgnérﬁ@%ﬂ@ﬁ"d Eﬁ'k%}’(gﬂﬁh Exanpl e 7; anal ogous

di met hyl am no ot her stituents can be
simlarly prepared. 11 WD 03/ 095701 PCT/ US03/ 01846 EXAMPLES Al |l organic
reagents are available from Si gma- Al @XNMPLE@ W St. Paul Avenue,

M | waukee, W, 1 Aesar (30
Bond Street, Qﬂ@;dct i on of

Bi s(N-et hyl - 4- et hyI i ni no- 2 penteneamnamdmabeb(prper(I I) 10 The
1,3-diimne |ligand, CH3CH2N=C(CH3) - CH2- C( CH3) =N CH2CH3- HBF4, was prepared
accordl ng to a literature procedure (MGeachin). The Cu(ll)corrpl ex was

pr epar ed Iﬁl react i dhedf,3diimine bgand £33 GHoN=CHEtg) (G ii»-GieH@)=Nde i n
met hanol . QCCFW% Lg‘?/vésopr%?%r&) ac&@r@luﬁﬂo@%rétﬂ%’p@m&@u Erl enneyer

fl ask. Amagntl Q@{ anij anol were ad The free |igand
was prepar ed 6@??ﬁ'é‘n)t Gullhseewirawas pagrared ygegstion of hecie®n wit h

sodi um met hoxpgsg vsﬁth&:opp%?(m xhetRoRide Uh nfEthAes!. M@wrﬁrﬁlethmx@éctorzﬁs\@ﬁ (0. 105
g) slowy to net hano ol uti on t once
2o the rapi di YasorsiepEy) fﬁaao%ﬁl e ERERAeE e AL magnalE i o T Bt s ona
5 nL net hehol melBarolpyerpl aldeol Thedred I«'ganeﬂm’asrpmpeaeétfmm fhee m xture was
stirred for 1 fouf o¥borate salt (1.00 g) by reaction with sodium methoxide; the

methoxide solution was prepared by adding NaH (0.105 g ) slowly to 5 mL

methanol. This methanol solution was added all at once to the rapidly

stirred copper methoxide solution along with an additional 5 mL methanol.

20 A purple solution formed immediately. The mixture was stirred for 1 hour at

room temperature. Solvent was removed under vacuum. The resulting

solid was mixed with hexane; the resulting mixture was filtered through a

sintered glass frit with a bed of Celite 545. The cake was washed with

hexane until the purple color was no longer visible. The solvent was

25  stripped under vacuum. Sublimation at ca. 100 mTorr pressure and
temperature range of 40-115 °C yielded a solid with a melting point of 98 —
100 °C. A sample of this material (ca. 0250 g) was sublimed at 70 - 80 °C
at about 100 mTorr pressure onto a glass cold finger cooled with Dry Ice.
A purple film was obtained on the glass surface. After cooling, the kettle

30 containing the copper complex was replaced with one containing
diethylsilane. The apparatus was heated under vacuum at 50 °C. The
purple color of the copper complex faded to white and then to a faint
copper color, indicating reduction of the starting copper complex to metal.

35

12



room tenperature. Solvent was renoved under vacuum The resulting solid
was m xed with hexane; the resulting mxture was filtered through a
sintered vloasmswit with a bed of Celite 545. The cake waorvasseedisast h
hexane until the purple color was no | onger visible. The solvent was 25
stripped under vacuum Sublimation at _ca. 100 mflorr pressure and
temperature range of 40-115 C yiel de&EXAMBLE®R with a nelting point of 98 -

100 C. A sanple of this nmprepatiohcs.MOCHEMHBE)¥8EICIHO)Maed at 70 - 80 C at
about 100 nmTorr pressure onto a glass cold finger cooled with Dry Ice. A
purple fil mwas obtained on the glass surface. After cooling, the kettle 30
cont ai ni ng t he coppeueocusphethylaatne ¢pdhgedO%iintwates veamadded,drop-wise,

di et hyl si | : .C.. Th |
Cotor of the 108 LB edETe "R SHoHOR Has AR BBincthiCndC | TP €
col or, indi cagfidigongaiscwpemdiyistethto keep thalgmussptire bebpeerxabeuindd and 35 12

VD 03/ 095701 BETEUGE SAGAIEXAMR-EorRpRIERAE et B T hNERRLZCHC( =) Ve
Aqueous net hyl am ne ( 0% i n vvattgge S\é\@s adde d

100 g, 40% , drop-w se, to 100 g
2, 4- pent anedi 8iged FHy %tdagm eRRRISI® A @C%%Ed'%ﬁaﬁ'@m-omer ate
wgz_ adj ust ed sull biemasm@ﬁt@nu@d?tpmﬁah@tml an Eabhuhataﬁeam@t qiéiﬂlagiogl&;u].ﬂter t he
addi ti on was ¢onpl et t esul tin 0 q S .. stirre r at
oo t empl at (nESuBly Lty LERs VB Al ahamia o ATertRS et e 1 " ot was
heat ed under pemoved, thaclistitationstast diatontimeetli ridte ehrdentisiaftthepotut 10
(presumably . oAt i A areat hi i was
renoved, them%%’ﬁsi{lﬁ??ggls 8%%%g&dpgé“owﬁ?%u&sléfh§ tgl%n@toznrécgﬁﬁwtg ﬁe pot
sol i di fi ed up6htaited (1P % uritrRNEhig 9esdsyieldHe997)l e conpound was obt ai ned
(>95% purity) and in good yield (>90% . 15 EXAMPLE 3 Preparation of

[ MeC( NHVE) 5~CHC( OVe) Me1[ MeGSGB I n t he ?%@BEEE 3
4- (met hyl am no) - 3- pent ene-2-one (1.0 Exanpl e 2 was di ssolved in
CH2Cl 2 (2 nL) and wa<Prepaestion ¢ffMeal(MtiMe)-QHEEDBeiMeRle®)SOJhe m xture

initially fornmed a yellow solution, 20 cool to the touch, but over the
course of an hour, Imtitedeybokj ¢kmeithylaming)t3pentene-2-one (1.00 g) from

Example 2 was dissolved in CH,ClI; (2 mL) and was mixed with
dimethylsulfate (1.00 g). The mixture initially formed a yellow solution,

20  cool to the touch, but over the course of an hour, made a thick slurry with
some warming. The slurry was filtered and the solids rinsed with CH2Clop,
with an isolated yield of 0.90 g (47%, based on dimethylsulfate). The NMR
of the solid product was consistent with title compound.

In the drybox, 4-(methylamino)-3-pentene-2-one (1.08 g) was mixed

25  with CH2Cl2 (0.5 mL) and the slurry combined with dimethylsulfate
(1.00 g). The resulting solution was initially cool to the touch but over the
course of an hour it solidified, becoming warm to the touch. This mixture
was allowed to stand overnight on the stir plate at ambient temperature,
then used for the subsequent reaction below. The in situ yield is nearly

30 quantitative based on NMR analysis.

EXAMPLE 4
Preparation of [MeC(NHMe)=CHC(NHEt)Me][MeOSO3]-

35 The solidified mixture of [MeC(NHMe)=CHC(OMe)Me][MeOSO4],
dichloromethane, and unreacted excess MeC(NHMe)=CHC(=0)Me,
prepared by the method in Example 9, was treated first with 2 ml THF then

13



sonme warm ng. The slurry was filtered and the solids rinsed with CH2Cl 2,
with an isolated yield of 0.90 g (47% based on dinethylsulfate). The NMR
of the soWwodsmwsmuct was consistent with title conmpound. IrCTVIS®3dI8AbOX,

4- (met hyl am no) - 3- pent ene-2-one (1.08 g) was mxed 25 with CH2Cl2 (0.5 nl)
and the slurry conbined with dinethylsulfate (1.00 g). The resulting

sol ution was withtd @il Eyhydarainet @M bthylaoniok ib detratwelrofunan). Chhe mudtfngan hour it
solidified, b e u d to stand
overni ght on SREVAVEs S 18 piPEasit e IBeflclie faBou8l 60 RS, e

subsequent reﬁl&YEQrﬁr@bdrdﬁd tOTWéki h68ig offyihitessdlids ndYIRyis cgosigtemimithat i ve

based on NMVR @Ay I
[ MeC( NHMe) CHC( NHEt P Lé%rg af%vgga}lﬁgut% iers, b but absolut? purity was
[ MeC( NHl\/E) Q\Jﬂ @ﬂe oveyr 'ﬂo(lﬁ’tgwﬁ{(élf@. thﬁﬁ@emﬂ&n Bxcess

Me C( NHVe) CHCS*%) msedwmm&ldylbmmtée met hod in Exanple 9, was treated
first with 2 m THE then 13 WO 03/095701 PCT/US03/01846 with 6 mi

ethyl am ne (2M ethyl amine in tetrahydrofuran). The resulting slurry was
stirred 15 min at stir plate terrperaEMEblEcﬁJt 30 ©), then filtered and

dried to yiel q:’rje!gg?at%rp&f Blﬁ!trﬁ%fﬁg title
conposition pr

not
establ i shEd. Crude overal | isolated vyi eld for the title conposition is

3.1;/% I\Eﬁ;teg lon dg?ﬁ?ﬁ&'ﬁ@gflﬁﬁﬁe l\ﬁéémﬁlaezq §§E§N’I—Et}lﬂé}é%080€}] gr1 6g,
1,3-diim ng [W@@F‘%ﬁé{kﬁ& AR RS disgo e@’ @ﬂ)ﬁ}eé@?%@ descri bed

lt nbE?arrplje ?éwmmtd‘nagoﬂ:mdsuum %Eaﬂﬁxud@(t()hm was\éklubdsm Whitegzrecﬂpmslsl um |
ut oxiI de | e an
was r emoved: biPr PR oo e e disy ﬂh’ffﬁﬁéﬁ afie? o BN & 0 . “The
whi t e preld pi taane temperatlie. NMRe syhitetpreciptaztias & o NIMRespechiunh [ OF OSC8] .
The filtered éBﬁéféﬂe‘ﬁPmX’tﬁ%[M&zéég Wﬁ@fult&é‘d%ﬁﬂ& \gvgs‘f%]a@éd wipe resulting

purple slurry stirred nperature e solvent was
renoved, the Fe&PEis)ads. 4&@)r Jbteéasulﬁiﬂ@ purple slurry stirred overnight at room

temperature. The solvent was removed, the residue was extracted into
hexane, and insoluble material removed by filtration. The hexane was
20  removed by evaporation to leave the title compound as an impure purple

paste. The material was purified by sublimation under vacuum (ca.
0.02 torr) at room temperature onto a Dry-Ice-cooled glass surface, or at
elevated temperature (ca. 100 °C) onto a room-temperature glass surface.

25 EXAMPLE 6
Evaluation of Reducing Agents with Copper(ll) 1,3-Diimine Complex
In a dry box, the selected reducing agent (10 equivalents) was
added drop-wise (via syringe) to a deep purple solution of the copper
complex described in Example 1 (ca. 7-16 mg in 5 mL toluene). The
30 reaction mixture was gradually heated from room temperature to 100 °C.
If there was no observable change, an additional 10 equivalents of
reducing agent were added at 100 °C.
a) 9-BBN (0.5M solution in THF). The deep purple solution turned
grey/black with heating at 80 °C. A black precipitate eventually
35 settled. The black precipitated indicates formation of small
copper particles.
b) Borane (1M solution in THF). The deep purple solution
immediately became clear, then tan/brown, followed by
14




hexane, and insoluble material renoved by filtration. The hexane was 20
renoved by evaporation to leave the title conpound as an inpure purple
paste. Theowstoesioal was purified by sublimtion under vacwranWismanigds02
torr) at roomtenperature onto a Dry-Ice-cool ed glass surface, or at

el evated tenperature (ca. 100 C) onto a roomtenperature glass surface. 25

EXAWPLE 6 Eval uati on?.@fy/g?@dupw;m SuHtthearing kit gePIBe thé bplulioR tllinedl ne Conpl ex
In a dry box, the se i val.ents) was added

t (1
drop-wi se (via syri nlélg)c:f‘tegvé% ; I}ﬁ’ngg%?‘g’r? 'Pﬁ?ﬁ%gpﬁlr'\é?dt he copper conpl ex
descri bed i n Exama) eDihydeabenzofirang Tihe deep ptipleisolejion Deead@ daget i on
m xture was gradual léfp&‘?ﬂ%‘é@ri\é LOTH quqﬁﬁerﬁg&ﬁ{i?ﬁéﬁrﬁ é@uiaglgaﬁgﬁﬁla‘ddtegere was

no observabl e change,"an a rona urvalents o g agent were
added at P00 C. a) 9amBihe solelpr graguadly besamer damheopresealeiegl e sol uti on

tur and g_rl_ﬁy/ B: act V\éémti&lﬁ%ﬂh@taﬂ:%@eip@ateﬁ_\ bl ack precipitate eventually 35

settl ed. e ack precipi.tat I ndi cates formation of |1

prt e, 5 s e Tediad ntibrhy T B il

i i y becane ciueas ! *CY,

PCT/ US03/ 01846 graylgreen.. Wth gli m)t/]( ti ’ atn@y.ee oree olﬂtg(i:Bon

turned black. Event W’Ia fyaﬂyygﬁov&?@@@ pﬁ?aﬁggpggﬁégﬂ&&f&nﬁe&

Di hydr obelzof ur an.e) Thietdgeitarnzur Ypen hiebting ¢F0 b80£RR, albtdakringjoometent i ng at

100 C. An additional thjeOYiS%H&%?%&.é"ﬁﬁe B?;ﬁﬁéjr-?oﬁo%@%h%. SObikon gradual 'y
o] sol ut'i a d)

becane a dark copper-colore on w an precipitate.
Pyrazol i ne. Upon heaPfasipitaiewagedisep@sbl e sol uti on gradually turned bl ue,
then green/grey (77 C), then green/copper color (85 C), and finally yellow

(100 C). Atan precipitate fornmed. 10 M&g&dsilane. Upon heating (70 -
80 C), a black ring forned on the via by a fine copper-col ored

mrror. APl acRregaratiombf BistNvdimetihdamnired4 -diiaiyRidminoimino-2-pentene-2-
aminato)copper(ll)

A mixture of 4.0 g pentane-2,4-dione and 6.0 g N,N-
dimethylhydrazine was stirred overnight at ambient temperature. The
20 liquid was then vacuum-distilled at a pressure such that the main distillate
was collected at 89 — 90 °C. Then 0.92 g of this distillate was mixed with
0.31 g copper(ll) methoxide in 5 ml methanol and stirred for 3 days at
ambient temperature. The solution was filtered and then evaporated to a
purple oil, soluble in hexane and sublimable (ca. 100 °C, 0.015 torr).

25
EXAMPLE 8
Preparation and Reduction of Bis(N-methyl-4-methyliminc-4-phenyl-2-
butene-2-aminato)copper(ll)
30

The 1,3-diimine ligand, CHgN=C(CH3)-CH2-C(CgsHs)=N-
CH3-HBF4, was prepared according to a literature procedure
(McGeachin). The Cu(ll) complex was prepared by reaction of the free
base with copper(ll) ethoxide in tetrahydrofuran; the free base was
35 prepared by reaction of the tetrafluoroborate salt with sodium methoxide
(Example1). Copper ethoxide (0.408 g) was weighed into a 50-mL flask. A
magnetic stir bar and ca. 30 mL were added. The free base ligand (1.00 g)

in several mL tetrahydrofuran was added all at once to the rapidly stirred
15



15 Preparation of Bis(N-di nethyl am no-4-di net hyl am noi m no- 2- pent ene- 2-

am nato) copper(ll) A mxture of 4.0 g pentane-2,4-dione and 6.0 g N, N

di met hyl hwdr@zmosmiwas stirred overni ght at anbi ent tenper aawesosdisae 20
liquid was then vacuumdistilled at a pressure such that the main
distillate was collected at 89 - 90 C. Then 0.92 g of this distillate was
m xed with Oc8fiper etbppride(ddiutivet. Bopumée a’sasiuﬁonnforrrmmlmrmédlateiysﬂ'nered for 3

d t mbi t t ed
to'a “purpl e HrE RSt ovel e ol or? rfBRdin Sl ad B IRGeBI SPr 07
25 EXAMPLE 8 tbrr@pgln & sioierechalamsdiitwitba ked of Celite 545. The solvent was

Bi s(N-met hyl - énfﬁ%bayddd@r%ce}umwb sBH&Wb%@dé%gﬁeﬂa‘S%%B%ﬁ Gt ch) 30 The

13d||mneI|8 d~E C% par ed
according 1o A0 EeHRIpEs e@@éldameratmm o) 110rfig0 &(M@Iﬂee@fﬁﬂl@lx was
prepared by I‘Wﬁﬁta freliig pdsmt breg—1bese. wi th copper(ll) ethoxide in
tetrahydrofuran; t free red reacti.o

tetrafl uor oborat e Sﬁ?tcmpﬁﬁ SBW%@@tigg N Y'apéﬁﬂ%wa& hoxi de
(0.408 g) wasthes gheddnmadube SmentubefWasheateed ot 5EtC withta nitrogengad ca. 30
m. were added d of uran
was added all f'OWE‘r'{EE‘:{ th%l?l rr'%ﬁsﬂ%gﬁ%m%%%ﬁé%/ 01846
copper et Hoxi gelessl AtSQﬂ@ndKOﬂ?@rlpIﬂ@e auftoward therdt fromdbe duke)washe

m xture was Shid“ﬁt‘éﬂwéb‘/ﬁtrmmm e éé’;ﬁ’d@rts%rr‘?ﬁ’fﬂé%hiérﬁearfﬁbrﬁ‘@ﬁe i) Zohkt ered
t hrough a sintered s f{lt wth a bed o Oellte@lS. The sol yent was

stripped undePN9&ER ﬁ1 in heaCQﬂl?/r%Qﬂq @S\ﬁé’éd%lﬁeglt% © RyYBle dRRASH Pt ca. 5
100 niforr pr etrnvellsoétHectiuber The ppasatgs weis vidudidl hy trdestlafiltsel id with

| t t 8 =100 Th [ I 0.018. I d
"0 viar, "aniih YaEYSIAER. Sicabfr ASRE fypbo iR et uate el " 6 °C
with a nits 0920 zyae, adlevidenicat dty thealisappeasande oitthe)purpleecadoni andgthessur e
fromthe tUbedgﬁéloéﬂbéﬁ{%% cfb%p@l:—cb%?éd dépé&f:ond zone in the tube (toward

e) was

the exit fro

EXAMPLE 9
Preparation of N,N’-Diethyl-2.4-pentanediketimine

20 In the drybox, a 250 mL round bottom flask was charged with 4-
(ethylamino)-3-pentene-2-one (30.0 g, 237 mmole) and dimethylsulfate
(30.0 g, 238 mmole). The reaction solution was stirred then let stand (12
h) to give a viscous oil. A 2M solution of ethylamine in THF (150 mL) was
added with vigorous stirring. The solution was stirred (1h) until it solidified.

25 The intermediate salt can be isolated (as described by the method in
Example 4) or used directly.

A solution of NaOMe (12.8 g, 237 mmole) in MeOH (40 mL) was
added to the intermediate salt (vida supra) and let stir (1h) at ambient
temperature. The solvent was removed (in vacuo) to give an oil that was

30 extracted with pentane, filtered and concentrated to give a crude yellow
oil. The product, N,N’-diethyl-2,4-pentanediketimine, was isolated by
fractional distillation to give a yellow oil (28.6 g) in 72% vyield based on the

starting 4-(ethylamino)-3-pentene-2-one.
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mai nt ai ned at 100 C. The copper sanple sublined fromthe initial zone and
deposited in the cooler zone, as evidenced by the purple deposit on the
wal | s of woeostoab®@1 The apparatus was evacuated and then backydsoBbesds wth
di et hyl sil ane. A copper deposit formed on the glass walls in the 100 15 C
zone, as evidenced by the disappearance of the purple color and the
devel opnment of a copper-col ored deposi ELABABMPLE 9 Preparati on of
N, N - Di et hyl - ijketimne 20 In the drybox, a 250 nL round bottom
flask was char ﬁﬁqa?Fﬁ%ge %ethylanlno) 3- pent ene-2-one (30.0 g, 237 mvol e)
and dlnethylsulfate (30.0 g, 238 mmol e). The reaction solution was stirred
then let st and ﬂ\lﬁocéésfd?fgﬂn\f f Q:o‘{)bé?@éﬁoélts' on és%%ﬁ@ﬂe%drﬁﬁné]ﬁ ethyl am ne
in THE (15 t orous stirrin he_so |o% was stirred
(1 ) Cunt T |8 SORBAIRS Epubslyate it A ChvecamPISRi(D. Kulorien feppsit 661 ( as
descri bed by tﬁecmmméradammexﬁnathplsebéﬂraty; anded directly. A solution of
NaOwe (12.8 g, 237 mole) in MeOH (40 nL) was added to the internedi ate
salt (vida supra) and let_stir {1 h)jat ambient tenperature. The sol vent
was renoved (in vacuo) tB.glve n of! thatRias 30 extracted with pentane,
filtered and concentrated\to gijlve ajcrude/yellow oil. The product,
N, N - di et hyl - 2, 4- pent anedi et| ne was A sol ated by fractional
distillation to give a yel /% ) in 72% vyield based on the
starting 4-(ethylanno)-3 penteﬁb 16 WO 03/095701 PCT/ US03/ 01846
CLAIMS What is clained iy rocess/for form ng copper deposits on a
substrate conprising: 5 a. contaét ng a//ubstrate with a copper conpl ex,
(I'), to forma deposit of e Nop npl ex on the substrate; and R2 Rl
RUR2 NN\/ NN 3 L

4 4
0

-one.

R3

10 b. contacting the deposited copper complex with a reducing agent,
wherein :
R" and R* are independently selected from the group consisting of H, Cy-
Cs alkyl, and dimethylamino;
R? and R® are independently selected from the group consisting of H, C-
15 Cs alkyl, phenyl, benzyl, and 4-pyridinyl, with the proviso that the total
number of carbons in R'-R* is 4 —-12; and
the reducing agent is selected from the group consisting of 9-BBN, borane,
dihydrobenzofuran, pyrazoline, diethylsilane, dimethylsilane, ethylsilane,
methylsilane, phenylsilane and silane.
20
2. The process of Claim 1, wherein R', R® and R* are methyl and R? is
phenyl.

3. The process of Claim 1, wherein the substrate is selected from the
25  group consisting of copper, silicon wafers and silicon dioxide coated with a
barrier layer.

4. The process of Claim 1, wherein the substrate is exposed to a vapor of
the copper complex.

17



L4L4 R3 (1) 10 b. contacting the deposited copper conplex with a reducing
agent, wherein RL and R4 are independently selected fromthe group

consi sti nyooi3/oes70C1- C5 al kyl, and di met hyl am no; R2 and B Taw®3/01846

i ndependently selected fromthe group consisting of H Cl1 15 C5 al kyl,
phenyl, benzyl, and 4-pyridinyl, with the proviso that the total nunber of
carbons in RI-R4 is 4 -12; and the reducing agent is selected fromthe
group consisting of 9-BBN, bora i robenz furan razal.i-ne,

di et hyl si | ane? ghﬁ@{‘ﬂ?ﬁ%ﬁ ‘i’f(g'é'm Mgheg?'néﬁ%depﬂa IR0 1% PR ,O%r‘f‘érﬁ’;}Psi | ane and
silane. 20 2.12th&Cprocess of Cla| m 1, wherein Rl, R3 and R4 are nethyl and
R2 is phenyl. 3. The process of C ai m 1, wherein the substrate is selected
fromthe 25 group consisting of copper, silicon wafers and silicon dioxide
coated wi h 5. BhemprecessagicClaim 1, Whergindbe sedudingpgewi is SIIARBISI n t he
Substrate is %é{?@,mg Lo a vapor of the copper conplex. 17 WO 03/095701
PCT/ US03/ 0184 . He process of Caim1l, wherein the deposition is
carried out at 0 to 120 C 5 6. The process of CQaim1l, wherein the

reduci ng agent A9 Zilimie @dsppedlce,ﬁmyléﬁl(lngne 7. A 1l,3-diimne copper
conplex, (I'1), R6 R5 R5 R6 NN7 L8R/ s 10

e

(I

10

wherein
R® and R® are dimethylamino; and

15 R®and R are independently selected from the group consisting of H, C4-
Cs alkyl, phenyl, benzyl, and 4-pyridinyl, with the proviso that the total
number of carbons in R%-R%is 4 -14; or
R® and R® are independently selected from the group consisting of H, C-
Cs alkyl, and dimethylamino; and

20 R®and R’ are selected from the group consisting of H, C4-Cs alkyl, phenyl,
benzyl, and 4-pyridinyl, with the proviso that either R® or R’ is 4-pyridinyl,
and the proviso that the total number of carbons in R®- R% is 4 -14.

8. The 1,3-diimine copper complex of Claim 7, wherein R® and R® are
25  dimethylamino.

)

9. An article, comprising the 1,3-diimine copper complexes, (ll), of Claim 7,
deposited on a substrate.

18



(1) wherein RS and R8 are dinethylam no; and 15 R6 and R7 are

i ndependently selected fromthe group consisting of H ¢- C5 al kyl,
phenyl , bewzoslogsamnd 4-pyridinyl, with the proviso that thedmusaboisaanber of
carbons in, RS - RB8is 4 -14; or R5 and R8 are independently selected from
the group consisting of H G- C5 alkyl, and di methyl am no; and 20 R6 and
R7 are sel ect &0. flihenartible gfr@apn )mdiesein ilge stibstrat€lis €Bleztdd/frompiheny! ,

benzyl, and 4: j Cki oyl $Q:: . el .8

Aoyt di i . ORAR 8 Bperibibéort Rt A Syt RIS Sl P el s - o
is 4 -14. 8. Imyer1, 3-diimne copper conplex of laim7, wherein R5 and R8
are 25 dinethylamno. 9. An article, conprising the 1,3-diimne copper
conpl exes,_(I11), of Caimz7, .deposited on substrate. 18 WO 03/ 095701
PCT/ US03/ 051846%- 16 atigle5Glaina 185 Whessin{oe ariardayer i selegtast Fandhes

sel ecéed_ f Longtdup c_:cgfswtlmgod)f tentmﬁ, tag}irtlélhmﬁitri@}ﬁ, ﬁt?iumﬂﬁtﬁi%mmﬁdéi OXi dﬁ
coated with a er.. layver, 5.11. article.o aim wherein the
barrier | ayertq%zélgh] %‘89%%*??%%%%@'”%?@%&? E%%%?'i“ﬁ@”&fca{%?ﬂ Q'}Pptlffﬁ’ qight al um
nitride, titaniobigmtrittidei umnitride, tantalumsilicon nitride, titanium
silicon nitride, tantalum carbon nitride, and niobiumnitride. 10 12. A
process for the synthesis of diimnes conprising: a. contacting an

al kyl i mi nH! nronoketone, (I111), with an alkylating agent to formthe

corr espondi ng19- & kydcateforthbisyatiass ofldihineSlcompRsild: Rio RII "' ~r X H ~

NH O 9 RI2 a. contacting an alkylimino-monoketone, (1), with an alkylating agent to
form the corresponding O-alkylated derivative, (IV);

RIO 11 [ 10 ]
R R 11
= 7R R
\ x
H
NH o)
{ { ® \R12
15 (1I0) (Iv) )

b. contacting the O-alkylated derivative,(IV), of step (a) with a primary
alkyl amine, NH2R™®, to form an immonium salt, (V); and

<

V)
c. contacting the immonium salt,(V), of step (b) with a strong base to form

20 the corresponding neutral amino-imine (VI):
RIO

(VD)
19



15 (1'11) (1V) b. contacting the 0-al kyl ated derivative, (1V), of step (a)
wth a primary alkyl am ne, NH2R13, to forman imoniumsalt, (V); and RIO
R11 NH jweo03Kys®i3 (V) c. contacting the i monium salt, (POTyuseBioss4ep (b)
with a strong base to form 20 the correspondi ng neutral am no-imne (VI):
R1I0O R11 YY1 NHN | K'-11 R13 (VI) 19 WO 03/095701 PCT/ US03/ 01846
wherein R10 anfieR¥id are i ndependently selected fromthe group consisting of

H Cl1- C5 al kyk henpyl . bepzyl nd 4-pyridinyl: R12 is Me.or FEt: .5 R9 and
R13 are i ndepbnaahi Ty, ot ERpEnHe B sAEB e R kDRt ol Cen - s
al kyl, with t@e gtkybphsnv Hetnzyhandat-pyridiopber of carbons in R9, R10, Rl1
and R13 is 4 Rlﬂi;s I\?lﬁ‘ﬁr%tkyl ating agent is selected fromthe group

me

consisting of di Sul fate, net hyl benzenesul fonate,
met hyl t ol veneRulandiat aredndepsndestly seiested fromethgydroun censisting oh ht and

met hyl tri f | uoponst hrPesithitABPrEviSH thA R total RiHBBESLEIBBAS i RANA!X- is an
ani on derived om .al kyl ating agent. 13. The process of Caim 12,

{ g.al kylz
wherein the aRkyPad Mgi®feild is 15 dimethylsulfate. 14. The process of
A aim 12, whetrgi alkitdlng sigeat Bodedected dront tiee groupcarfsistimgtdfdimetityinyl and

n-propyl. 20 dsad DRl HetZeRts Nt HetnYRSEhSs ifthatd, Ry PERfats

sel ected fron?
10 ethylbenzenesulfonate, methyltrifluoromethanesulfonate and ethyl

toluenesulfonate; and
X is an anion derived from the alkylating agent.

13. The process of Claim 12, wherein the alkylating agent is
15  dimethylsulfate.

14. The process of Claim 12, wherein R'® is selected from the group of
methyl, ethyl and n-propyl.

20 15. The process of Claim 12, wherein the strong base is selected from the
group consisting of sodium methoxide, copper methoxide and potassium
fert-butoxide.

16. A composition, comprising amino-imines, (VII),

RIS R16

=4

NH N
R{ g1

25
(Vi)

wherein
R' and R'" are independently selected from the group consisting of H, C;-
Cs alkyl, and dimethylamino; and

30 R' and R'® are selected from the group consisting of H, C1-Cs alkyl,
phenyl, benzyl, and 4-pyridinyl, with the proviso that either R or R' is 4-
pyridinyl,

20



group consi sting of sodi um net hoxi de, copper nethoxi de and potassi um
tert-butoxide. 16. A conposition, conprising amno-imnes, (VIl), R15 R16
NH N ~17 wbh-03R9s125 (VI1) wherein R14 and R17 are i ndepeudersoByisel ect ed
fromthe group consisting of H Cl- C5 alkyl, and dinethylam no; and 30 R15
and R16 are selected fromthe group consisting of H Cl1-C5 al kyl, phenyl,
benzyl, and Z4amythedproxiso thiat thet fotal prumbesof tohaiore inteY -RE isdt R26 i s 4-
pyridinyl, 20 WD 03/095701 PCT/US03/01846 and the proviso that the total
nunber of carbons in Rl4- R17 is 4 -14. 17. The am no-im ne of C aim 16,
wher ei n R15 i%7.4Tpgrninayimingdf Qpim 181 avhesain RT7s 4rieyrdinytang kyl R 10 21

and R' are C4-C4 alkyl.

10
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