-1SPECI FI CATI ON COPPER COWLEXES AND PROCESS FOR FORVATI ON OF \)
COPPER- CONTAI NING THIN FI'LMS BY USING THE SAME 5 [Field of Invention] The(
priesent invention relates to a copper conpl ex which is advantageously

enpl oyabl e for producing a thin metal filmconprising copper or copper
alloy or a thin 10 metal film conprising a conplex netal oxide containing
copper by chem cal vapor deposition. The_ijnvention fur- ther relates to a
process for producing a thin netal film conprising copper or copper alloy
or a thin netal film conprisgng a eorplex wehaly gxXiglg; contai ni ng copper
from 15 the above-nenti oned copper conpl ex. [Background of Inveptlon] A
nmetal lic copper thin film(hereinafter sinply re- ferred to as "copper thin
film) is enployable as_a co 0 r circuit of a silicon sem conductor. A

- 2 e
metal oxide thin fitRreBht Q‘Pﬁ%ﬁxf@ ppEP 8%0@@8@@10& ﬁwlﬁm?oie'
L?BL?gr??igzl fgﬁgg$%§%#§ﬁ%ﬁﬁ;§%§;ﬁﬁnﬁﬁ$§.ﬁgéﬁgﬁgpﬂﬁiggggbgéf%#Mﬁroducing

the coppers thin film 25 or conplex oxide thin film containing copper oxide
by vapor deposition procedure, various processes are known. A
representatidéjﬁﬂéb fngrentafant cal vapor deposition process (CVD
proce;s) conpri si %et ef_"esstee S i(%Ivetn ejrorkalalﬂé/laggscot Ogl cr:] ppaegoggr?lg?.gx
contai ning a copper atom under

which is advantageously employable for producing a thin

metal film comprising copper or copper alloy or a thin

10 metal film comprising a complex metal oxide containing
copper by chemical vapor depositidn. The invention fur-
ther relates to a process for producing a thin metal film
comprising copper or copper alloy or a thin metal film
comprising a complex metal oxide containing copper from

15 the above-mentioned copper complex.

[Background of Invention]
A metallic copper thin film (hereinafter simply re-
ferred to as "copper thin film") is employable as a cop-
20 per circuit of a silicon semiconductor. A metal oxide
thin film containing copper oxide (hereinafter simply re-
ferred to as "copper oxide thin film") is expected as
material for high-critical temperature superconductors.
As the processes for producing the copper thin f£ilm
25 or complex oxide thin film containing copper oxide by
vapor deposition procedure, various processes are known.
A representative process is a chemical vapor deposition
process (CVD process) comprising the steps of thermally
decomposing a compound containing a copper atom under

30 specific conditions and depositing the decomposition®



30 specific conditions and depositing the deconposition . -2 product on a
substrate to produce thereon a copper thin filmor a copper oxide thin
film For the production of a copper thin filmor a copper oxide thin film
in the CVD process, R-diketonato copper 5 conplexes are general ly used.
JP- A-5-59551 describes a process for producing a copper thin film(to be
used as a copper circuit of a silicon semyconductor) using a 13-diketonato
copper(l) as a copper source. The 3-di ketonato copper(l) is advanta 10
geously enpl gnashhac i Supj 0, gdLspro- _paortionatian
reaction, to deposi t%m?aélél%ﬁc%%%g%regkg%&gsgFH??BRIalsasﬁgﬁ’pgrdé:ﬂ“el& t hat
t he j 3-di ket dtidtmo cwopperoprdy dsidderhthl Fiwast abl e, and that sone of

J3-di ketonato copper(l) deconpose when these are heated to vaporize in 15
the CVD process. A%%giltalPxRdugehen 13f di kevppat ot bdppéi lmonpl ex cenppe oyed
in the CVD process is dipival oyl methanato cop- per(l1) conplex. This copper
conpl ex i s nmFeGh&tHa I‘{jll“%t]ébll'el"léﬁ HaYP tieoepow af edi k@t dhiebonappecopper

conpl ex. 20 }i%rxessiar}%e%%pj}%/?dé)%inet hanat o copper(l11) conplex has

such a high nel ting point ely deposits in a CVD system and
pl ugs the product ien Al-isre9s@ihelesdydl 3 hkstonat Pofﬁé?ﬁ&uSQHB' gxes also
i t

have the sane problem Moreover, since the dipival oyl anato~cop 25
per (11) conplc&®PEAd t&iRe £ ikitbvira Dealilesdres & coppeer colrcpiexes have a | ow

vapor pressure, .the thin film produc-
silicon semiconductor) using a B-diketonato copper(I) as

a copper source. The B-diketonato copper(I) is advanta-
10 geously employed because it can be subjected to dispro-

portionation reaction, to deposit metallic copper. How-
ever, it has such a defect that the B-diketonato copper

(I) is thermally unstable, and that some of B-diketonato

copper (I) decompose when these are heated to vaporize in

15 the CVD process.

A typical divalent B-diketonato copper complex em-
ployed in the CVD process is dipivaloylmethanato cop-
per(II) complex. This copper complex is more thermally
stable than the monovalent B-diketonato copper complex.

20 However, since the dipivaloylmethanato copper (II) complex
has such a high melting point as 198°C, it likely deposits
in a CVD system and plugs the production line. Other
known B-diketonato copper complexes also have the sSame

problem. Moreover, since the dipivaloylmethanato cop-

25 per(II) complex and other known B-diketonato copper com-

plexes have a low vapor pressure, the thin film produc-

tion rate is low. Accordingly, these known f-diketonato



tion rate is low_ Accordingly, these known 13-di ket onato copper conpl exes
are not appropriate as industrially enployable copper sources.

JP- A- 2001- 181840 descri bes a J3-di ketonato copper(l1) conplex having the
following formula (I1): 10 which is liquid at roomtenperature and sol ves
the prob- lens of the known material. 15 The above-nenti oned 3-di ketonato
copper(1l) conplex exists as a viscous Lpquid at tenperature. Therefore,

it is easily supplied in the CVD systemand free fromthe problem of

pl uggi ng. Neveppbel esmplichkes! ialde Hhaws, 44 r Hele e, and

t her ef ore, songpof tﬁﬁgbroblenseaoi|1té%§€g%ké%%?%% %ggﬁgggﬁﬁgé&ére still
unsol ved [ Di §8péskpblef coppent isomlrdds i s an object of the present invention
to provide a copper conplex which has a low nelting point and is 25
thermal |y stabl e, JEoAt-R&O1i-f8{18 40adersatrt beesd Brahlle=tasnat Beceppper 1gur ce
in the CVD process for producing a_ copper thin filmor a copper oxide thin
film It is %ﬂ%?%@? gﬁfgﬁg Eﬁet%Ql#@W%ﬂH(ﬁPﬁ%FkﬁoVFHb:a process for
produci ngsa copper-containing thin filmsuch -4 as a copper thin filmor a
copper oxide thin filmin which the above-nenti oned copper conplex is
used. The present inventors /have dhgeQuered that a copper conplex having
J3-di ketonato |igands cont cphn ¥yl 5 ether linkage can solve the
above-nmenti oned probl ens. 25

=Q.
-Cu (11

A 0
10 HaC .
H3C CH3

which is liquid at room temperature and solves the prob-

lems of the known material.
15 The above-mentioned B-diketonato copper (II) complex

exists as a viscous liquid at temperature. Therefore, it
is easily supplied in the CVD system and free from the

problem of plugging. Nevertheless, it still shows a low
film production rate, and therefore, some of the problems

20 in the production workability are still unsolved.

[Disclosure of Invention]
It is an object of the present invention to provide
& copper complex which has a low melting point and is
25 thermally stable, so that it is favorably employable as
the copper source in the CVD process for producing a
copper thin film or a copper oxide thin film.
It is another object of the invention to provide a

process for producing a copper-containing thin film such



The present inventors have been conplete based on this discovery.
Accordingly, the present invention resides in a di- val ent copper conplex
havi ng O-di ketonato |igands con- 10 taining a silyl ether |inkage. The
invention also resides in a nethod of formng a copper-containing film by
chem cal vapor deposition using a copper(ll) conplex having J3-di ketonato
| igands contain- ing a silyl ether Iinkagg_as a copper source. 15 As the
J3-di ketonato |igands containing a silyl ether |inkage, a conpound

ted h ARV ferred; 20. (1) 3.Rb_..Ra-OSi( RG
Iref)rles)en\ Ed ?ﬁ a,higgégégiugﬁégh;)%rllggé)nlp;eocsﬁpcﬁerano}éjrc%ll)tk@ﬂ%u&?ﬁv?‘ﬂg I1( 25 El

carbon at omsyhXchsthegabuperepheseeal dypgdie digmia {4-hdegin Which Ra is
a linear or branched al kyl ene group having 1-5 carbon atons, and each of

Rb, Rc and Rd i ndébepprgeanty inyeatdmedaver diranshacedl Kyht gaodpppavi ng
1-5 carbon atons; and Y is a linear or branched alkyl group -5 having 1-8
carbon at ons“IFPheyr bapirgpPedéhesonnra He gandemdantdidingia shigh Ra is a

R R and’ R chonaiR §afs ST AR Ghoyermaned aned brpeigne
- The present inventors have been complete based on this
discovery.
Accordingly, the present invention resides in a di-
valent copper complex having p-diketonato ligands con-
10 taining a silyl ether linkage.
Thé invention also resides in a method of forming a
copper-containing film by chemical vapor deposition using
a copper(II) complex having B-diketonato ligands contain-
ing a silyl ether linkage as a copper source.
15 As the B—diketonato’ligénds containing a silyl ether

linkage, a compound represented by the formula (I)' isg

preferred:
X
o . ' b
20 . R
g \ (1) —gr-o-gl—re (17D
o) : \Rd
Y.

in which Z is a hydrogen atom or an alkyl group having 1-
25 4 carbon atoms; X is a group represented by the formula
'(I-I), in which R® is a linear or branched alkylene group
having 1-5 carbon atoms, and each of R®, R® and R? inde-
pendently is a linear or branched alkyl group having 1-5

carbon atoms; and Y is a linear or branched alkyl group



5 having 1-5 carbon atons. As the copper conplex of the invention, a
conpound represented by the fornmula (1) is preferred: 10 (1) Rb
_'Ra.O-Si/-Rc (I -1 )\ Rd 15 in which Z is a hydrogen atom or an al kyl
group having 1- 4 carbon atonms; X is a group represented by the fornula
(I-1), in which Rais a linear or branched al kyl ene group having 1-5
carbon atons, and each of Rb, Rc and Rd. _gnde 20 pendently is a |linear or
branched al kyl group having 1-5 carbon atons; and Y is a |inear or
branched al kykv@neup -ghawy - t r represented by the
formula (1-1), in@uhich égﬂ?gﬂéﬁffﬁ%ggpa€ %?%%@hggpg%§§$§e§n Yg% havi ng
1-5 carbon afemsulandIeddh dh RibidR &fd 125 Rd dimdependetdchsg aal kpgar or
branched al kyl grouB having 1-5 carbon atons. In the fornulas, It 1s
preferred théf‘exgirg Phioying 1a$ varbqst etteomdl yand eathnefir Rdy BF ancded

al kyl group phavj - on_atons. Ra preterably js _an _al kyl ene 30 group
of 1-3 carbon Z?%ﬂ%p%%?%ﬁ@%gygﬁa%rgggﬁgropr |3939§éﬁ RBAKYSuEEP¥Rient s.

Parti cul aél yhaveher ne8 carbbat a€oms . hydrogen and each of Rb, RO and Rd is

met hyl. [Brief Description of Draw ng] .
As the copper complex of the invention, a compound

represented by the formula (I} is preferred:

10
Rb
(I) __Ra_o;_Si_{__Rc (I-1)
Z AN d '
R
15

in which Zz is a hydrogen atom or an alkyl group having 1-
4 carbon atoms; X is a group represented by the formula
(I-I), in which R® is a linear or branched alkylene group
having 1-5 carbon atoms, and each of R®, R° and R% inde-
20 pendently is a linear or branched alkyl group having 1-5
carbon atoms; and Y is a linear or branched alkyl group
having 1-8 carbon atoms or a group represented by the
formula (I-I), in which R® is a linear or branched alkyl-
ene group having 1-5 carbon atoms, and each of Rb, R° and
25 RY independently is a linear or branched alkyl group'
having 1-5 carbon atoms.
_In the formulas, it is preferred that X is the same
as Y. Y preferably is a linear or branched alkyl group
having 1-8 carbon atomsg. R® preferably is an alkylene

30 group of 1-3 carbon atoms which may carry omne or more



5 Fig. 1is a schematic view of a CVD system which can be enployed for the
copper thin film production, wherein 1 denotes a glass anpul, 2 denotes a
heater (vaporizer), 3 denotes a reactor, 4 denotes a heater (reactor), 5
de- notes a trap, 6 denotes a heater (for pre-heating), 7 10 denotes a
substrate, and 8 denotes a copper conplex source. [Detailed Description of

| ivention] In the invention, exanples of the j3-di ketonato 15 |igands

containing a silyl ether |inkage include the conpounds of the follow ng

formi a5 (11 b} A0lALVA L1020 L1)1).,, 0,0, ME3SL O0SI M3, 25 M. MeSSIO R

0 0 30 (Viol
hydrogen and each of R®, R® and R? is methyl .

[Brief Description of Drawing]
5 Fig. 1 is a schematic view of a CVD system which can
be employed for the copper thin film production, wherein
1 denotes a glass ampul, 2 denotes a heater (vaporizer),
3 denotes a regctor, 4 denotes a heater (reactor), 5 de-
notes a trap, 6 denotes a heater (for pre-heating), 7
10 denotes a substrate, and 8 denotes a copper complex

source.

[Detailed Description of Invention]

In the invention, examples of the B-diketonato
15 1ligands containing a silyl ether linkage include the -

compounds of the following formulas (ITII)' to (XIV) '

O 0 ‘0 o

20 MesSIWK Measio\,)\/“\
| amy avy
o o Mso o o
. €20l .
Me3SiWSiMe3 ’ MOSIMEB

25

Vv vy

O O , o O

Me;,SiOMOSiMe_; MQSEW\K

20 - (Vi



0 (X)' 10 O0 M3SIO\ 00 (XII1)" i5JOOM3SIO OSiM3. (XY (XIVY
The above-illustrated (3.-di ketone conpounds can be obtained according to
the belowillustrated schene, in which a silylated ketone is reacted with
a silylated 20 organic acid ester in the presence of a base, or a
silylated organic acid ester is reacted wwth a ketone in the presence of a
base, and the reaction product is treated with an acid. The acid-treated
product was puri- fied by distillation or colum chronatography. O her 25
known processes also are utilizable 30 -8 O CH3CO2H Ove + NaNH2

10

15

20

25

30
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The above-illustrated B-diketone compounds can be
obtained according to the below-illustrated scheme, in
which a silylated ketone is reacted with a silylated
organic acid ester in the presence of a base, or é
silylated organic acid ester is reaéted with a ketone in
the presence of a base, and the reaction product is
treated with an acid. The acid-treated product was puri-
fied by distillation or column chromatography. Other

known processes also are utilizable.



Na O O + MeOH 10 The O-ketonato copper conplex, i.e., a copper com plex
in which an enol ate anion of j3-diketone is coordi- nated to copper, can be
obtai ned by a reaction between 13 15 di ketone and copper hydroxi de
(belowillustrated process 1 for copper conplex synthesis) or a reaction
between an enol ate anion of O -di ketone and a copper salt such as cupric
chloride (belowillustrated process 2 forgcopper conplex synthesis). The
synt hesis can be perforned in 20 nost organi c solvents such as hydrocarbons
(e.g., hexane and toluene), ethers (e.g., tetrahydrofuran (THF) and

di mret hoxyet hane), nitriles (e.g., acetonitrile), hal oge- nated hydrocarbons
(e.g., dichloronethane), alcohols (e.g., isopropanol), and esters (e.g.,
ethyl acetate). 25 Water produced in.the process 1 caﬁ«h@ distilled off

t oget her the solvq$t (e.g., to

such a SOHM? as JIlHE i s use er is rend¥edC{rg tiQnixfure
by distillation Mer éduced{pressure at room t ogether wth
the -9 5 10 so¥vent- Ot herw Se,' wat er be re ehy- drating

agent such as anhydrous sodi um sul fate, anhydrous magnesium sulfate,
anhydr ous copper sul fate, nol ecul ar

Q CH .

" CH3COzH Me:iSiM
— - -

10

The B-ketonatc copper complex, i.e., a copper com-
plex in which an enolate anion of B-diketone is coordi-

nated to copper, can be obtained by a reaction between B-
15 diketone and copper hydroxide (below-illustrated process

1 for copper complex synthesis) or a reaction between an

enolate anion of B-diketone and a copper salt such as
cupric chloride (below-illustrated process 2 for copper
complex synthesis). The synthesis can be performed in
20 most organic solvents such as hydrocarbons (e.g., hexane
and toluene), ethers (e.g., tetrahydrofuran (THF) and
dimethoxyethane), nitriles (e.g., acetonitrile), haloge-
nated hydrocarbons (e.g., dichloromethane), alcohols
(e.g., isopropanol), and esters (e.g., ethyl acetate).
25 Water produced in the process 1 can be distilled off
together the solvent (e.g., toluene) by azeotropic dig-
tillation. When such a solvent as THF is used, water is
removed from the reaction mixture by distillation under

reduced pressure at room temperature together with the



si eves, or nonionic water-absorbing polymer. (Process 1 for copper conplex
synthesis] 0 Me3S§OOWe + NaNH2 0 OH O H Me3SiO/ CYUOH) CC A~ _/
Dehydrating 15 agent 20 [Process 2 for copper conplex synthesis] Na 0 ow +
NaNH2 cua2 + NaCl + McOH + McOH -10- The produced copper conplex can be
purified by col- umm chromatography using commercially available silica
gel for chromatography or a dehydrated sihica gel which

10

15

20

CuCly

solvent. Otherwise, water can be removed using a dehy-

drating agent such as anhydrous sodium sulfate, anhydrous
magnesium sulfate, anhydrous copper sulfate, molecular

Sieves, or nonionic water-absorbing polymer.

[Process 1 for copper complex synthesis]
_ o ' Na\
o .
) ‘ O
Me3Sio . Me;SiO ?
OMe + —— 7 + MeOH
- NaNH,
. OSIME;’,
Me,Sio 1 o
i
CH3CO,H 3 _Z Cu(OH),
' Dehydrating
agent

[Process 2 for copper complex synthesis]

Na

N\
. o O ‘ O (o) :
Me;Si Me3Sio
s Aaw + SO — At o
NalNHz

OSMe;

+ NaCl




i repared by dehydrating the commercially available 5 silica gel, or by
h?s?ifﬁation,yor bg theLrgconbination. An exanpl e of the copper conplex
having the silyl- ether type P-diketonato |ligand i.s represented by the
following formula (111) : 10 15 The copper conplex of the formula (111) is
a copper conplex having a f3-di ketone enolate anion |ligand of the
aforementioned formula (111)" which corregponds a com 20 pound of the

af orenentioned formula (1) in which Xis (CH3) 3SiOC (CH3) 2-, Yis (CH3)

(25,5 i merhyl 27 Pt 11T B R BaPYy “Eeby el
conpl ex [heremnatheomaeb@nayhﬁ(héﬁhélbdeéEBiéﬂI% 4081 Papdlketgnes, o €

i d_fornulas (I 25 to (XIV)1 give the belowillustrated
228;2? Qt)lrrglng%ésfo(fl V)‘lrpgla\(é)mgv)a,ph}espeoi idegtydravhed hshaveaagegn@hate ani on

i -di - iMe3 OSi Me3, (lv Vi | Val) (X
of the Corre§g?ﬁg§ggr%§ %&k%% @%rafghéjihe commerciéll; évai agle
(XI1) (X1v) I
5 silica gel, or by distillation, or by their combination.
An example of the copper complex having the silyl-
ether type f-diketonato ligand is represented by the

following formula (III):

10 ‘ ' OSiMes

(11D

15

The copper complex of the formula (III) is a copper
complex having a P-diketone enolate anion ligand of the
aforementioned formula (III)' which corresponds a com-

20 pound of the aforementioned formula (I) in which X is
(CH;) ,Si0-C{(CH,) ,-, Yris (CH;),C-, and Z is H, namely, bis-
(2,6,6—trimethyl—2~(trimethylsilyloxy)—3,5-heptadionato)
copper (II) complex [hereinafter referred to as Cu (sobd),] .

The B-diketones of the aforementioned formulas (IV) '

25 to (XIV)' give the below-illustrated copper complexes

(IV) to (XIV), respectively, which have an enolate anion

of the corresponding PB-diketone.



Me3Si O (XI'l) -12 The copper conplex of the invention can be enpl oyed for
produci ng a copper-containing thin filmby chem cal vapor deposition in

t he knowmn CVD systemas illustrated in Fig. 1. 5 The vaporization of the
copper conplex in the chem - cal vapor deposition process can be perforned
by directly supplying the copper conplex into a vaporization chanber, or
by diluting the copper conplex with an QH‘[ppriate sol vent (e.g., hexane,
tol uene, or tetrahydrofuran) and 10 supplying thus produced solution into a
vapori zation chanber. The deposition on a substrate can be perfornmed by

t he known CVD process. The copper conplex is thermally deconposed under
reduced pressure or in the presence of 15 an inert gas. O herw se, the
copper conpl ex @gmege de- conposed andhglgppsited in the presgsmfe,of a
reduci ng gas h s hydrogen gas. so eypl oyable is

i hydrpgen gas to gdeposit netwllic coppef.
0 per conplex i
~ 0l oyed for depgsitioneef a copger oxigde thr
her illustrated by § [ ‘ .

~ ]
o
g

(v

(xun

{ Xiv)



(1) Synthesis of 2,6-dinethyl-2, 6-di(trinmethylsilyloxy)- 3,5-heptadione
[represented by the fornmula (V)', herein- after referred to as "dsobd"] -13
In a 50 nL-volune flask were placed 1.80 g (45.0 nmol) of 600 sodium
hydride and 9.83 g (51.7 mmol) of nethyl
2-(trinmethylsilyloxy)-2-methyl-propionate. The resulting solution was
heated to 120C, and to the heated 5 sol uthgn was dropw se added slowy a
solution of 3.00 g (17.2 mmol) of

2-(trimethylsilyl oxyd- goﬁE%PyEO%PE taneney, | 1nvepuﬁ%&vé%hﬂzﬁf é&@%& ggfor

dropwi se addition was coO reaction mx

one hour. Subsequesfhyinghe £eppeioRoft%luiagWesi¢0iah R, MbdOm
tenperature and made weak acidic by the addi t| on of an acetic acid-tol uene

m xture. The VRRRY ﬁﬂ@ﬁ@%ﬁtéwl ium theekabwnwa¥Dr eystreth g fiilllirsatriamnsdt o
obtain a yel I%{v ?ﬁ) |on The obt ai ned sol uti on was concentrated and
purified 15 by cof unm’ chr omat ogr aphy usi ng dehydrated silica gel, to give

1.20 g (3.61 mol ,Tié ebsb3t0Yaef ohherdegir n i}
2, 6-di net hyl - 2, 6-di (trlérjr%t hyl si I?/lltlogf/ Eﬁ% ggﬁggk P Fu)(iglkl't'Ln th%ducl}eml
i dentifi ed byca%ﬁ¥a9¢¥ Gepo . icn pfbﬁhﬁ&(éﬁﬁlBé peSf@r&éd(&y'Qtﬁrecﬁh
(s, 9H) , 4.00 (s, 0 @ 6.43 (s, 0.8H), 15.55 (s, 0.8H) IR (cm3): 961
1605 (br) , SZ%%’ YR, TR 40PRAD  CRIPL Rk e}t 0382 VARPrREaFACR: iChRISler,

Cu(dsobd) 2 [ Ris (3, Qiﬂd@i[ﬂyltl‘?e Saopper complex with an appropriate

solvent (e.g., hexane, toluene, or tetrahydrofuran) and
10 supplying thus produéed solution into a vaporization
chamber.

The deposition on a substrate can be performed by
the known CVD process. The copper complex is thermally
decomposed under reduced pressure or in the presence of

15 an inert gas. Otherwise, the copper complex can be de-
composed and deposited in the presence of a reducing gas
such as hydrogen gas. Also employable is a plasma CVD
process using a hydrogen gas to deposit metallic copper.

Further, thermal decomposition or plasma CVD of the cop-
20 per complex in the presence of oxygen can be also em-

ployed for deposition of a copper oxide thin film.

The invention is further illustrated by the follow-

ing examples.

25
[Example 1]
{1) Synthesis of 2,6-dimethyl—2,6—di(trimethylsilyloxy)—

3,5-heptadione [represented by the formula (V)', herein-

after referred to as "dsobd"]



25 di (trinmethylsilyloxy)-3,5-heptadi onato) copper(ll) com plex] Since
production of the desired O-di ketone was con- firned in the above-nenti oned
procedure, the desired copper conplex was prepared by addi ng a copper
source to 30 a product prepared in the sane manner. -14 In a 50 M.-vol une
flask were placed 1.80 g (45.0 mmol) of 60% sodi um hydride and 9.83 g
(51.7 mmol ) of nethyl 2-(trinethylsiIylggg)-z-nethyl-propionate. The
resulting solution was heated to 120C, and to the heated 5 solution was

dr opwi dded sl ti 47,2 mml ), ofy 2 -
ropwi se added S| oyhy, 2 ¢ yf?g?%ﬂé 2100k Owell /o a0 b o & o(ge o

(trimethylsilyloxy) - utanone In uen

dropwi se addidmeh) ves eoRpiedtumt hpareast haa Bl gbuge (was 7heaiad aje 120C for
one hour. Subsequentl the reaction m xture was cooled to 10 30C. There

was produced MEPB Y %3¥%Hi@ﬁt@ﬁlﬂiBYbbﬂﬁih?kmethyl—propionate. The

2,6-di (trinet i1yl oxy)+ 3. 5-hept adj onat odiumsalt. . To the reaction
sol ution was %ﬁ%ﬁif%%%&g%ﬂqug% ﬁ%%l eﬁgechBr?goéiio??@e?OTFEergﬁéFﬁén

sol ution vas ddledicu ahds dEpedsd Oadask 81661y Theo3akybihoRFMaS g
continuously 15 stirred at 80C for 2 hours and cooled to roon1tenpeé% ture.
Then, the reaClt7ch wodlit ioh wast wasdedy s i hyhakel - 2 -hehoht ai-bed aeiagani C
portion was dried, and purjfied b col unn chr omat ogr aphy usi ng dehydr at ed

silica gel, t%Pgﬁ(ﬂ?]?%if?}?%ﬁ%Q_%%%W?ry?%?ddBBDW}EﬁséédéﬁiPﬁeW@ﬁbunt of
20,6101 S SNSqHgIce! SUS( L0 Bo 28 ALY 1207 ror one
hour. Subsequently, the reaction mixture was cooled to
10 room temperature and made weak acidic by the addition of
an acetic acid-toluene mixture. The precipitated sodium
acetate was removed by filtration, to obtain a yellow
solution. |
The obtained solution was concentrated and purified
15 by column chromatography using dehydrated silica gel, to
give 1.20 g (3.61 mmol, yield 21%) of the degired main
product, i.e., 2,6-dimethyl-2,6-di(trimethylsilyloxy) -
3,5-heptadione,
The product was identified by NMR, IR, and MS.
20 "H-NMR (CDCl;): & 0.15 (s, 9H), 1.41 (s, 9H), 4.00
(s, 0.4H), 6.43 (s, 0.8H), 15.55 (s, 0.8H)
TR (cm™): 2961, 1605(br), 1252, 1198, 1048, 842
MS {(m/e): 332
(2) Preparation of Cul(dsobd), [bis(2,6-dimethyl-2,6-~
25 di(trimethylsilyloxy)-3,5-heptadionato) copper(II) com-
plex]
Since production of the desired B-diketone was con-
firmed in the above-mentioned procedure, the desired
copper complex was prepared by adding a copper source to

30 a product prepared in the same manner.



The product was identified by IR and el enental anal ysis. IR (cm).: 2978,
1567, 1498, 1414, 1252, 1197, 1045, 25 842 El enental analysis for
C30H62(8Si 4Cu Found: C 49.0% H 8.990, Cu 8.6% Calculated: C 49.60, H
8.600, Cu 8.74% :
j 3-di ket one di sappeared, and a peak of 1,567 cm1 as -15 signable to
dirket onato was observed. Accordingly, it_was confirmed that the desired
copper conpl ex was produced. This copper conplex is a new conpound. 5
[Exampl e 2] (1) Symhhassy @f-Zofufiel BB Chbd Rt Wl Iy ok)g
3,5-heptadione [represented by the fornula (11'1)", here-" 1hatter referre
to as "sobd"]™rald 60 ADSvebdienf hyskide. 46idg 9(.B3. & nwal )7 Gfmeodios 10 um

am de and 1.20
t ol uene, and TH

In the IR spectrum a peak of 1,605 cm 1 assignable 30 to

S

2,0 mmol ) of pinacolin were sus- pended in 3 nlL of
ghﬁ ar ¢ Fhgmet

ByéRdilgh oXas 2stetiwd -Pao@®nsts . atTheom

tenperature. §@§§fﬂ£ﬁ§tsoiﬁt% nSQEHthBQt%?eEbOQg%ﬁé?6%gggpggﬁggagﬂggg%4

2-(tri- methylsilyloxy)-2-nme

yl -propronate 1n

dropwi se alldesobhoiby. wabt @érophesdr apweaesaddili ansotas ieMletL, o d

m Xture was sgf%e
reacti on m xt

cted to reaction for one hour at roomtenperature.” The

- 5810t heff nAdét nbmrthyldicyhiokl) ad -meehiyd -acidr i diene

mx- ture. The, py e Pt af ofl,s9di umacetatg was removed by

complete, the reaction mixture was heated at 120°C for one

10

i5

20

25

30

hour

30°C.

- Subsequently, the reaction mixture was cooled to

There was produced 1.28 g (3.61 g) of 2,6-dimethyl-

2,6-di(trimethylsilyloxy) -3, 5-heptadionato sodium salt .

To the reaction solution was added 0.24 g (1.78 mmol) of

cupric chloride. The reaction solution was immediately

turned to dark green. The solution was continuously

stirred at 80°C for 2 hours and cooled to room tempera-

ture.

The

Then, the reaction solution was washed with water.

obtained organiec portion was dried, and purified by

column chromatography using dehydrated silica gel, to

give

1.10 g (1.52 mmol, yield 85%, based on the amount of

cupric chloride) of bis(2,6-dimethyl—2,6-di(trimethyl~

silyloxy) -3, 5-heptadionato) copper (II) complex.

vysis,

842

to B-

The product was identified by IR and elemental anal-
IR (cm™): 2978, 1567, 1498, 1414, 1252, 1197, 1045,

Elemental analysis for C30Hg20:,51,Cu
Found: C 49.0%, H 8.99%, Cu 8.6%.
Calculated: C 49.6%, H 8.60%, Cu 8.74%.

In the IR spectrum, a peak of 1,605 cm* assignable

diketone disappeared, and a peak of 1,567 cm™’ as-



20 filtration to give a yellow solution. The obtained solution was o
concentrated and purified by colum chromat ography using dehydrated silica

gel, to give 0.83 g (3.21 nmml, yield 610) of the desired main product,
i.e., 2,6,6-trimethyl-2-(trinmethylsilyloxy)-3,5- 25 heptadi one.
was identified by NVMR, IR and MS. 1H NVR (CDC13) 0.14 (s, 9H) , 1.17 (s,

9H) , 1. 3 9 (s, 6H), 3.86 (s, 0.3H), 6.(_)9?(_3, 0.85H), 15.72 (s, 0.85H)

IR (cm1)

2966, 1600 (br) , 1252, 1197,

ronat o) Copper

prepared by adfthCPRIppermBIE¥ cEStd nawprodpoungr.epared in the same

manner. In a 50 ni-volune flask, 0.40 g (10.3 mmol) of sodi-

and 1.20 g (12.0 mmol ) of pinacolin were sus- pended in 3 nL of toluene,
and the resul tEgysluspensi on was stirred for 30 mn. at room tenperature.

Subsequent -

met hyl si | yl ox
added sl ow Y3 %f
subj ected to r'ea

10

15

20

25

30

ly, a solution of 1.00 g (5.25 mmol) of methyl 2-(tri-

&//1))_ 2-FRHYE S ¥ opf 0Nak £6 + or Smethpl - Lol veneethyMas 190 eRMHSE
{ﬁ%&ﬁ#&%ﬁgéHW%epresented by the formula (III)', here-
inafter referred to as "sobd"]

In a 50 mk-volume flask, 0.40 g (10.3 mmol) of sodi-
um amide and 1.20 g (12.0 mmol) of pinacolin were sus-
pended in 3 mL of toluene, and the resulting suspension
was stirred for 30 min. at room temperature. Subseqguent-
ly, a solution of 1.00 g (5.25 mmol) of methyl 2-(tri-
methylsilyloxy)-2—methyl—propionate in 6 mL of toluene
was dropwise added slowly. After the dropwise addition
was complete, the mixture was subjected to reaction for
one hour at room temperature. The reaction mixture was
then made weak acidic with an acetic acid-toluene mix-
ture. The precipitated sodium acetate was removed by
filtration to give a yellow solution.

The obtained solution was concentrated and purified
by column chromatography using dehydrated silica gel, to
give 0.83 g (3.21 mmol, yield 61%) of the desired main
product, i.e., 2,6,6~trimethyl-2—(trimethylsilyloxy)—B,B—
heptadione.

The product was identified by NMR, IR, and MS.
"H-NMR (CDCL,): & 0.14 (s, 9H), 1.17 (s, 9H), 1.39

(s, 6H), 3.86 (s, 0.3H), 6.09 (s, 0.85H), 15.72 (s,
0.85H)

IR (em™'}: 2966, 1600 (br), 1252, 1197, 1045, 841

e desired copper conplex was

10 um am de

se addition was conplete, the m xture was

The product

30

; 045, 841 -16 M5 (me) : 258 (2)
Preparation of; d 1 -t hyl - 2- . )

(tr et hyl si | y:IL%:é/}??%, %ﬂé?’t‘%aﬂgtg %ugsngbsgﬁvfafj‘coﬁ‘ﬁlcé’ﬁdmrgelé’r'esje%t"é%ls by
the fornul a (¢dnjirbedi nhat pthdudtioreaf cbﬁge@%bﬁ@deﬁg’w@sk% con-
firmed in the apbove-nentioned procedure, t i



one hour at roomtenperature. To the reaction solution was added 0.22 g
(1.60 mmol ) of cupric chloride. The reaction solution imediately turned
to dark green. The 20 solution was continuously stirred for one hour at
room tenperature. Then, the reaction solution was washed with water. The
obt ai ned organic portion was dried, and puri- fied by colum chromatography
usi ng dehydrated silica gel, to give 0.891 _(1.38 mml, yield 86a, based on
the 25 amount of cupric chloride) of bls(l?j 6, 6[tr|n$Lhyl;gaug:rké;

met hyl si | yl oxy) - 3, x&- dio 0) copper conpl ex. ep

iden?ifieé byy?R Jﬁg gﬁgé hta?génal ysis. IR (cm-"): 2960, 1561, 1501,

1198, i 8400£1 ta bysl §_f ot 0G6Si 2Cu

Found: ¢ 5.8 H 8 B G ITs, CHEPERTL I Leeg val B LoinGE R 15 0o.
In the | R spetE¥imgthybeinky bqaxm—soa—heptaa;tshgglabl ?o%_fthﬁégoaﬁ%h@,
i d, d k.aof 1,561 cm1_as-_signable to diketo
SLEZF’E’SS‘T eThi]gg ro%sp%ée‘?%%gwe'%heiéoamﬂé% éFﬁ}Sg&n?. 3[Exarr:p|;a g] ﬁg (1)

[ f 2, 6-4i hyl - 2- (tri et hy| si oxy) - - .heptadio )
[S?lglto? gzleflt%d by the 1{% r%‘f%‘?‘%‘gﬂ??,oﬁeli?né??l%@? 5@%#;%811@0‘@38 'S¥pd"] I n
a 50 niL-vol un®i daskin G190 Sbdd-ReAPPLAe8l p38dLau® aghde sand Q45 9 (5. 22

nmmol ) of 3-nethyl - 2- but anone
copper complex was prepared by adding a copper source to

a product prepared in the same manner.
In a 50 mL-volume flask, 0.40 g (10.3 mmol) of sodi-
10 um amide and 1.20 g (12.0 mmol) of pinacolin were sus-
pended in 3 mL of toluene, and the resulting suspension
was stirred for 30 min. at room temperature. Subsequent-
ly, a solution of 1.00 g {(5.25 mmol) of methyl 2-(tri-
methylsilyloxy) -2-methyl-propionate in 6 mL of toluene
15 was dropwise added slowly. After the dropwise addition
was complete, the mixture was subjected to reaction for
one hour at room temperature. To the reaction solution
was added 0.22 g (1.60 mmol) of cupric chloride. The
reaction solution immediately turned to dark green. The
20 solution was continuously stirred for one hour at room
temperature. Then, the reaction solution was washed with
water. The obtained organic portion was dried, and puri-
fied by column chromatography using dehydrated silica
gel, to give 0.80 g (1.38 mmol, yield 86%, based on the
25 amount of cupric chloride) of bis(2,6,6-trimethyl-2- (tri-
methylsilyloxy) -3, 5-heptadionato) copper (II) complex.
The product was identified by IR and elemental anal-
ysis.
IR (cmd): 2960, 1561, 1501, 1412, 1252, 1196, 1047,
30 840



15 were suspended in 1.5 g of hexane, and the resulting suspension was
stirred at ESC for 30 mn. Subsequently, a solution of 1.20 g (6.31 nml)
2-(trimethyl- silyloxy)-2-methyl-propionate in 3 g of hexane was

of net hyl

dropwi se added slowy. After the dropw se addition was 20 conplete, the

m xture was subjected to reaction at 15C for one hour. The reaction
ni'xture was then made weak acidic with ap;acetic acid-toluene m xture.
tated sodium acetate was renoved by filtration to give a yellow

25 The Q@ighgﬁgafoéH%ig?%ga§ogop %f 6%56 d,and purified by colum

preci pi -

sol uti on. (
chr omat ogr aphy usi ng dehydrate

Ica ge gﬂvg 0-91 g (3.71 mmol,

yield 71% of the desiredumatn prod|c54_eg¢.H 8.20%, Cu 11%.

2, 6-di et hyl -
identified by NWVR

U 6H) , 1.39 (s,
'S oo s 9(75(1-8&

(s, 0.3H),

f cu(sopd) 2
[bis(2, 6o 0] metm 5 e é%r%af}%%ei‘rz %‘x(%ﬁdprgg 2818750268 Bopmr (1 1)
rean@mﬂﬁkﬁi&n/dikéﬁdﬂé@&awééqb$%ér§%&ce @ﬁ@guﬁbggﬁproce Hex

conpl ex,

desired f3-diketone was 10 confirned in the above-nention

desired

10

15
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- [ duct was
2- (trlnet ox%) 3, 5- hept adi one. "30 The pro
%@Hcmzéte

ure,
is a new compound.

[Example 3]
{1) Synthesis of 2,6~dimethyl-2- (trimethylsilyloxy)-3,5-
heptadione [represented by the formula (VIII)'!', hereinaf-
ter referred to as "sopd®]

In a 50 mL-volume flask, 0.50 g (12.8 mmol) of sodi-
um amide and 0.45 g (5.22 mmol) of 3-methyl-2-butanone

were suspended in 1.5 g of hexane, and the resulting

suspension was stirred at 15°C for 30 min. Subsequently, -

a solution of 1.20 g (6.31 mmol) of methyl 2- (trimethyl-
silyloxy) -2-methyl-propionate in 3 g of hexane was
dropwise added slowly. After the dropwise addition was
complete, the mixture was subjected to reaction at 15°C
for one hour. The reaction mixture was then made weak
acidic with an acetic acid-toluene mixture. The precipi-
tated sodium acetate was removed by filtration to give a
yellow solution.

The obtained solution was concentrated and purified
by column chromatography using dehydrated silica gel, to
give 0.91 g (3.71 mmol, yield 71%) of the desired main
product, i.e., 2,6-dimethyl-2- (trimethylsilyloxy)-3,5-
heptadione.

The product was identified by NMR, IR, and MS.

The

8 zEr NVROECDEL8) 7156 (1‘11(141(3) 125)1) ,317%4
0. 85 64-2. 69
H%)h%z 441% ,gm aop§|%_2§|> %Rl(éﬁplfm AFALIngoke (br) |

t he



| ex was prepared by adding a copper source to a product
SSEBSFeSOrE t he sang ngnner. Yn a 50 nL-volune flask, 0.50 g (12.8 mmol) of
sodi - umanide and 0.45 g (5.22 nmml) of 3-nethyl-2-butanone 15 were
suspended in 1.5 g of hexane, and the resulting suspension was stirred at
15C for 30 mn. Subsequently, a solution of 1.20 g (6.31 mmol) of mnethyl
2-(trimethyl - silyloxy)-2-methyl-propionatg_in 3 g of hexane was drop- w se
added slowy. After the dropw se addition was com 20 plete, the m xture was

jected to reactt A5C far ne hour. To the reaction solution was
Zggjegco.e% g (1. 86&#’?@%) ilcgl?dcﬁrfr isg %cHi‘orisde S Hhe I et {on &) utlolt':\_9 vvaz
' diately tygneggio dank_gregn.,,Ih tign.vas, .continyous stirre
;S?Eone hoﬁr g%'rg%%{tgn%grgfggeﬁmQS%Tﬁgﬁ?’t%é6ﬁggcfﬁbn“§ol_%%ﬁva%-%&shed
with water. The, ©b3B) ned.orgasicopest)onivasidrised,y aagypurified by coI-I
um chr omat ogr aphy_usi ng_.dehydrated silica gel, to give 0.86 g (1.56 nmol,
yi el d 840, based offt h€Manvun299f cdmaec(eni,oriafs), cf199, 1045, 842

. . . . ) ] ) . )
b 2, 6-diget hyl - 254t hyl yl - 30 oxy)-3, 5-hept adi onat o) copper (
cgﬁélex. -%S TKe é?%d&%?g&as ?%éntified by IR and el emental anal- ysis. IR

(cm 1) : 2965(2n592reﬁ@ﬁétidﬁ2§f_é&%gopéi/zwﬁﬂsogﬁ;6—§ﬂ?§16§i§g§{l%%:i—t 4 C
anal ysis for C24H4606Si 2Cu Found: C 53.2% H 8.530, Cu : culrate
52.40, H 8. 4X%thoylaylywbexy) -3, 5-heptadionato) copper (II) complex,
represented by the formula (VIII)]
Since production of the desired B-diketone was

10 confirmed in the above-mentioned procedure, the desired
copper complex was prepared by adding a copper source to
a product prepared in the same manner.

In a 50 mL-volume flask, 0.50 g (12.8 mmol) of sodi-
um amide and 0.45 g (5.22 mmol) of 3-methyl-2-butanone

15 were suspended in 1.5 g of hexane, and the resulting
suspension was stirred at 15°C for 30 min. Subsequently,
a solution of 1.20 g (6.31 mmol) of methyl 2- (trimethyl-
siiyloxy)—2—methyl—propionate in 3 g of hexane wasAdrop—
wise added slowly. After the dropwise addition was com-

20 plete, the mixture was subjected to reaction at 15°C for
one hour. To the reaction solution was added 0.25 g
(1.86 mmol) of cupric chloride. The reaction solution
was immediately turned to dark green. The solution was
continuously stirred for one hour at room temperature.

25 Then, the reaction solution was washed with water. The
obtained organic portion was dried, and purified by col-
umn chromatography using dehydrated silica gel, to give
0.86 g (1.56 mmol, yield 84%, based on the amount of
cupric chloride) of bis(2,6—dimethyl-2—(trimethylsilyl—

30 oxy)-3,5-heptadionato) copper (II) complex.



In the IR spectrum a peak of 1,606 cm 1 assignable to f-diketone

di sappeared, and a peak of 1,592 cm 1 as- 10 signable to di ketonato was
observed. This copper conplex is a new conmpound. [Exanple 41 (1) Synthesis
of sopd by different process 15 In a 50 nL-volune flask, 13.7 g (0.351 nol)
of sodi- um am de was suspended in 200 nL of hexane and then 26.7 g (0.140
nol ) of methyl 2-(trinmethylsilyloxy)-2-nethyl- propionate was added. To the
resulting solution was dropwi se added 12.1 g (0.141 nol) of

3-net hyl - 2- but anongpe gPo@RdetP8sNMiILHEE rWRS KoPERALNES Gl b dt e anal-
devel opment of reaction, production of gaseous ammoni a was observed? The
reacti on was ¥x®hsi nued at 15C for one hour. The reaction solution was then

nmade weak acidic with acgtic _acid. The obtai ned hexane portion was washed
with water 25 and tFi EdPovér 2fkydr 368 sodiah s H4te. dk1 29, pbP44ti on
was distilledgpas 101C/ 8 nmmHg, to give 18.8 g (0.770 nol, yield 550) of the
desired 2,6--dinethyl-2-(trinmethyl- silyloxy)-3,5-heptadi one. The product
was identified by INMuenthl amdaMesis 2603 & NMYRSEDEL3) @ S 0.14 (S, 9H
1.14 (s, 6H) , 139 (s, 6H), 2.44-2.50 (m 0.85H), 2.64-2.69 (m O0.15H),
3.77 (s, 0.3H), 5.97 (BouwdgsH), 15C533¢8%,0H88HF3FR Cemll®). 2971, 1606

b , 1253, 1199, 104 o_ M ;2441 g bel oy degcribed (2-1
Eor%Z-S), a copper E%af%%&ate&@ (Hfg%.4a, H Q.&Hu, Su %&.%s. ( )

In the IR spectrum, a peak of 1,606 cm ' assignable

to P-diketone disappeared, and a peak of 1,592 cm* as-
10 signable to diketonato was observed. This copper complex

is a new compound.

[Example 4]
(1) Synthesis of sopd by different process
15 In a 50 mL-volume flask, 13.7 g (0.351 mol) of sodi-
um amide was suspended in 200 mL of hexane and then 26.7
g (0.140 mol) of methyl 2-(trimethylsilyloxy)-2-methyl-
propionate was added. To the resulting solution was
dropwise added 12.1 g (0.141 mol) of 3-methyl-2-butanone,
20 and the mixture was kept at 15°C. In the development of
reaction, production of gaseocus ammonia was observed.
The reaction was continued at 15°C for one hour. The
reaction solution was then made weak acidic with acetic
acid. The obtained hexane portion was washed with water
25 and dried over anhydrous sodium sulfate. The dried por-
tion was distilled at 101°C/8 mmHg, to give 18.8 g (0.770
mol, yield 55%) of the desired 2,6-dimethyl-2- {(trimethyl-
silyloxy)-3,5-heptadione.
The product was identified by NMR, IR, and MS.



conpl ex of Cu(sopd)2 was prepared by three different processes. 10 (2-1)
Preparation of Cu(sopd) 2 by azeotropic toluene dis- tillation dehydration
g 100 mi-volune flask were placed 4.43 g (45.4 mmol) of copper hydroxide,
22.2 g (90.8 mmol ) of 2,6 15 dinethyl-2-(trimethylsilyloxy)-3,5-heptadione,
and 50 nL of toluene. The resulting m xture was heated to 130C, and water
produced by reaction was dehydrated by azeg- tropic toluene distillation.
The amount of the produced and distilled water was confirnmed by receiving
and nea 20 suring 4t in a water receiver. The reaction was conplete wthin

approx. one hour. THa™bt'&GHed! daPkOgrléerSsoPl it ilod4wd$ /f i9H)er €6- 3hd t he

filtrate was nc raed, t i a,Vi us.,dark.green_sol uti . L

sol uti on was F%i s?e@h e%'%% %7@% éﬁS Q‘O?rgﬁ?b gzgi'\% 506§ Sm('sé’.-g‘%}m j‘g%r,
yiel d 81% of (4 heo dessj y esl. eppper ©o8pheX, 19anel Y5, bbsesH)
(2,6-dinethy|-2-(trinethxlsiIgloxy)-3,5-heptadionato) copper (11) conpl ex.
(2-2) Preparation B @sopd) 2274t 66 (banpedatdrne IAPITHE 040l v@h2 - 21 The

desired sopd) 2 n, be pre d by reacting
2,6-dinefﬂél-Z-(tr@ékﬂWé%giI??%gy)-B,S-heptadione with copper(Ill)

hydroxi de in an organic solvent such as ether, acetonitrile, alcohol,
ket one, ester, or hydrocarbon at 5 roomtenperature. The following is a
preparing procedurEl the below-described (2-1) to (2-3), a copper

complex of Cu(sopd), was prepared by three different
processes.

10
(2-1) Preparation of Cu(sopd), by azeotropic toluene dis-
tillation dehydration

In 100 mL-volume flask were placed 4.43 g (45.4
mmol} of copper hydroxide, 22.2 g (90.8 mmol) of 2,6-

15 dimethyl-2- (trimethylsilyloxy)-3,5-heptadione, and 50 mL
of toluene. The resulting mixture was heated to 130°¢C,
and water produced by reaction was dehydrated by azeo-
tropic toluene distillation. The amount of the produced
and distilled water was confirmed by receiving and mea-

20 suring it in a water receiver. The reaction was complete
within approx. one hour. The obtained dark green solu-
tion was filtered and the filtrate was concentrated to
give a viscous dark green solution. The solution was
distilled at 179°C/0.5 Torr to give 20.2 g (36.8 mmol,

25 yield 81%) of the desired copper complex, namely, bis-
(2,6-dimethyl-2- (trimethylsilyloxy) -3, 5-heptadionato)
copper(II) complex.

(2-2) Preparation of Cu{sopd}, at room temperature in THF

solvent



in a THF solvent. In 100 nlL-volune flask were placed 4.50 g (46.2 nmmol) of
copper hydroxide, 22.6 g (92.3 mvol) of 2, 6-
dhﬁgthylyz-(trinethylsilyloxy)-S, 5-heptadi one, and 50 nL 10 of THF. The
resulting mxture was stirred for one hour at roomtenperature in the
absence of a dehydrating agent. The resulting dark blue solution was
firltered, and the THF solvent was distilbed off to | eave a viscous dark
green solution. The solution was distilled at 15 179C/ 0.5 Torr to give 21.1

. |, vyiel 3 : ire e | ex, nanely,.
gi g?? g- glr:nr)ret hiﬂ ?Z?h%tg%%rlet?%% g????ﬁ%i ‘ga’ga‘ﬁ‘gp‘t[”é %ﬁ%&o?%’dﬁﬁ&ﬁ%%
conpl ex. (2-3), Prapaeahybn of t Cingeong) 21811 bROMN-BEBPALMWEE it with

di met hoxyet hane sol vent 20 The preparation in di methoxyethane solvent is
de- scri%ed Héqmﬁri%lbdllﬁ@rqm‘gﬁeml%\@komaélpl soévent1Gugh( bk uhmt) of

hydr oxi .00, g (2 1),.0f 2, 6-dimethyl -
COPPEr Yot Do 008 (20 S L) 8o S ARV ccocnsat e, The

resul ting 5 xtate v@sostdtied. f orne rbPUsHiaG Q0N peapsrabur € dtddG o
absence gf a dehydrating agent. The result?%g darkbbgge soluti on was

filtered, anrd tthelHH makioxyet hane sol vent was distilled to | eave a

vi scous dark green salution. The solution was distilled 30 at 179C/ 0.5 Torr
to give 4.57 g (85§b]ﬁ#EﬁE%ﬁQikP%l-%%§koWex?Zp%ﬂée@eérEedgcdﬁﬁeﬁ conpl ex,

nanel y, bis(Zm@ndi B Wdpder (hydPeEINd S1y! @x¥) 13255 hgRL gl gpato),
copper(11) conpl ex.
dimethyl—2—(trimethylsilyloxy)—3,5—heptadione, and 50 mL

10 of THF. The resulting mixture was stirred for one hour
at room temperature in the absence of a dehydrating
agent. The resulting dark blue solution was filtered,
and the THF solvent was distilled off to leave a viscous
dark green solution. The solution was distilled at

15 179°C/0.5 Torr to give 21.1 g (38.3 mmol, yield 83%) of
the desired copper complex, namely, bis(2,6~dimethyl-2-
(trimethylsilyloxy) -3, 5-heptadionato) copper (II) complex.

(2-3}) Preparation of Cu(sopd), at room temperature in
dimethoxyethane solvent

20 The preparation in dimethoxyethane solvent is de-
scribed below.

In 50 mL-volume flask were placed 1.10 g (11.3 mmol)
of copper hydroxide, 5.00 g (20.5 mmol) of 2,6-dimethyl-
2-(trimethylsilyloxy)-3,5-heptadione, and 15 mL of di-

25 methoxyethane. The resulting mixture was stirred for 2
hours at room temperature in the absence of a dehydrating
agent. The resulting dark blue solution was filtered,
and the dimethoxyethane solvent was distilled to leave a
viscous dark green solution. The solution was distilled

30 at 179°C/0.5 Torr to give 4.57 g (8.30 mmol, yield 81%) of



The copper conpl ex produced in (2-3) above was iden- tified by IR and

el enrental analysis. 5 IR (cm1l) : 3458 (br) , 2963, 1568, 1518, 1422, 1251,
1196, 1035, 889, 841 Elenental analysis for C 4H4601, S' 2CU Found- C 53. 0%
H8.39*-., Cu 11.5-.. Calculated: C52.4-0., H8.42% Cu 11.5% 10 Mp.
620C The products of (2-1) and (2-2) showed al nost sane elenental analysis
data. In the IR spectrum a peak of 1, 60§,cm:' assignable to O-diketone
di sappeared, and a peak of 1,568 cm 1l as- %5 signabl e to di ketonato was
observed. Th 0, ved in-the vicinity . of 3,400 cm1 is

assi gnabl e tgtlgé %%gg@égf 8§§§£§ afqunIi)%F fCOnnéngrnLéﬁ’ngtlgof:itfé_tq?é“%ﬁb]e‘rztom

pl ex. This br ¢atipeakyVasl Pobxphser ved ; e esﬁgi j ust
after the distillatid%, né%elyygnder ggﬁggéﬁhggﬁéig?%%§§y§§§) apé?ﬁgx'
Deposition Test ThHEl€oppeiperonpinekesf p€adsopd) 2n[ represanicet: Mad hiaden -

formula (M 11)J.pr aref%in anple 3 S subjected to vapor depoSition
t est accordir%f%%?éikyp cdRe, ¢ m@?ﬁﬁiggnPHESFFs filmforming property,
For conparg son, theg sgiE?)vapahseqpesi t et egt- as o rqf orﬂa%jz usj
bi s(G et hyl - 2, 2-di net hyl - 3, 5-decandi onat o) 'copper’ c%ﬁb’ex 0 th%ggl'
af orenmenti onedl9@r MO (1899, Téelt est was perforned using the apparatus
illus- 30 trated iq‘Fig. 1. The copper conplex 8 placed in a va
Elemental analysis for C,,H,,0.S1i,Cu
Found: C 53.0%, H 8.39%, Cu 11.5%.
Calculated: € 52.4%, H 8.42%, Cu 11.5%.
10 M.p.: 62°C
The products of (2-1) and (2-2) showed almost same
elemental analysis data.

In the IR spectrum, a peak of 1,606 cm ™ assignable

to B-diketone disappeared, and a peak of 1,568 cm ® as-
15 signable to diketonato was observed. The broad peak
observed in the vicinity of 3,400 em® is assignable to a
water of crystallization coordinated to the copper com-
plex. This broad peak was not observed when the product
was examined just after the distillation, namely under
20 good conditions.
(3) Vapor Deposition Test
The copper complex of Cu(sopd), [represented by the
formula (VIII)! prepared in Example 3 was subjected to
vapor déposition test according to CVD process, to exam-
25 ine its film forming property. For comparison, the samer
vapor deposition test was performed using bis{(6-ethyl-
2,2-dimethyl-3, 5-decandionato) copper complex of the
aforementioned formula (II).
The test was performed using the apparatus illus-

30 trated in Fig. 1. The copper complex 8 placed in a va-



-23 porizer (glass anple) 1 was heated by a heater 2 for va- porization.
The vapori zed conpl ex canme out of the vapor- izer together with helium gas.
The gas coming out of the wvaporizer joined a pre-heated hydrogen gas
supplied 5 through the hydrogen gas |ine, and entered the reactor 3_ The
center portion of the glass reactor could be heated by the heater 4. The
copper conplex introduced into the reactgf_reductively deconposed and
produced a netallic copper on a surface of a substrate 7 which was set at

the 10 t h d Lned t t '
oduci ng. Al MESRET S THe Jhe BBer ho ollt Sof CERE. PYalt BFARAS. exFAISCE {0

at nospheri ¢ apdoridutoLgh. t ehé regpbridbe eenpeex’ thie! ouFBLIFOR HACRARS, ON
the vapor depo- 15 sition conditions such as the copper conplex
vapori zat i on 13ngergather anbth heebibst gase t Ehpegaturemiligbbatl cthasse t he

d it ondi ti | din_t t est d the result f film
ot onos! Wb eond) e B Y eat b Aot 6ot o58s SuRmLLes v 20 - o4

Table 1 5 50 thhr- A8 Sro SOPPEs CPIRL Xana EHESPRA) Zhe reactor 3.

The center portion of the glass reactor could be heated
by the heater 4. The copper complex introduced into the
reactor reductively decomposed and produced a metallic
copper on a surface of a substrate 7 which was set at the

10 center'part and heated to the predetermined temperature
in a reducing atmosphere. The gas coming out of the
reactor was exhausted to atmospheric air through the trap
5.

The copper film-formation depends on the vapor depo-

15 sition conditions such as the copper complex vaporization
temperature and the substrate temperature.

Table 1 shows the vapor deposition conditions em-
ployed in the test and the results of film formation.

The substrate is a rectangular substrate of 7 mm x 4 mm.

20



Condi tion of vapor deposition Vaporization tenperature: 140C Substrate:
Ta- N/ 5102/ Si  Substrate tenperature: 230C Vaporization period: 60 mn.
Pressure in the reaction system atnospheric H2 flowrate: 36 nL/mn. He
flowrate: 5 nb/mn. Characteristics of formed film Filmthickness: 200
nm Specific resistance: 4.5 S2 cm Appearance: Snooth gl ossy netal surface
Conpari son Exanple 1: copper conplex -- QEEQG-ethyI-Z,Z

di met hyl - 3, 5- decandi onat o) copper conpl ex”™ "Condi ti on of vapor deposition
Vapori zation tenperature: 140C Substr%;a&:} Ta- N/ 5102/ Si  Substrate
tenperature: 250C Vaporization period: Siln. Pressure in the reaction
system atnospheric 25 H2 flowrate: 36 nL/mn. He flowrate: 5 nL/mn.
Characteristics of fornmed fiIm A WOST no 1 mis produced.—30—=25—Fhe—
above- ment i orfetemebal 3 s | coppat ecohplekhe- Cu(sepd)2 of the invention shows

an excellent fil méoréﬁ ng
onditron of vapor deposition

5 Vaporization temperature: 140°C
Substrate: Ta-N/Si0,/Si
Substrate temperature: 230°C
Vaporization period: 60 min.
_ Pressure in the reaction system: atmospheric
10 H, flow rate: 36 mL/min.
He flow rate: 5 mL/min.
Characteristics of formed film

Film thickness: 200 nm

Specific resistance: 4.5 uQ) cm

15 Appearance: Smooth glossy metal surface

Comparison Example 1: copper complex -- bis(6-ethyl-2,2-
dimethyl-3, 5-decandionato) copper complex
Condition of vapor deposition
20 Vaporization temperature: 140°C
Substrate: Ta-N/S$i0,/Si
Substrate temperature: 250°C
Vaporization period: 60 min.
Pressure in the reaction system: atmospheric
25 H, flow rate: 36 mL/min.
He flow rate: 5 mL/min.
Characteristics of formed film

Almost no film is produced.

30



property, as conpared with the previously known copper conplex. 5
[Industrial Wility] The copper conplex of the invention is a dival ent
copper conplex which is thermally stable, as conpared wth the thermally
unst abl e nonoval ent copper conplex, 10 and is resistant to therma
deconposition in the vaporiz- er. Accordingly, it is advantageously

enpl oyable for industrially preparing a_&gpper-containing filmby chem -
cal vapor deposition. Further, the copper Tonplex of the invention can

produce a film at reater.than that.15 shqwn by the previously known
di val ent copper c&ﬁ% 2%@0&%H$%n 3ﬂ§8tﬁﬁ?u%ﬁﬁ EBPPERTEORPREX t8 t he

| nvention Is corRsdcaldy i aiAgRolss, ashd Nl LhSe £PBRET £ ERMPEEXLQE, the
invention is favorably enpl oyable for the preparation of a coppéer P

wi del y great IBrapdftivedasscetpacedcuith @henprevialsol keoi@ordpgiars. - 26.
VWhat is clained i.s: 1. A divalent copper conplex having O--di ketonato 5

| i gands contéFWﬂHj”%rsilyl et her linkage. 2. The copper conplex of claiml1,
wherein the O0- diketonato |igands containing a silyl ether |inkage is
represented by the formula (1)': 10 R0 { 1) ' -Ra-OSi( Re { I -" I )

[Industrial Utility]

The copper complex of the invention is a divalent
copper complex which is thermally stable, as compared
with the thermally unstable monovalent copper complex,

10 and is resistant to thermal decomposition in the vaporiz-
er. Accordingly, it is advantageously employable for
industrially preparing a copper-containing film by chemi-
cal vapor deposition. Further, the copper complex of the
invention can produce a film at a rate greater than that

15 shown by the previously known divalent copper complex.
This means that the copper complex of the invention is
practically advantageous, and that the copper complex of
the invention is favorably employable for the preparation
of a copper film widely greatly utilized as the circuit

20 material of semiconductors.



R Rd 15 in which Z is a hydrogen atomor an al kyl group having 1- 4 carbon
atons; X is a group represented by the formula (1-1), in which Rais a
| knear or branched al kyl ene group 20 having 1-5 carbon atons, and each of
Rk, R and Rd inde- pendently is a linear or branched al kyl group having 1-5
carbon atons; and Y is a |inear or branched al kyl group having 1-8 carbon
atons or a group represented by the formgya (1-1), in which Rais a linear
or branched al kyl 25 ene group having 1-5 carbon atons, and each of Rb, RC
and Rd independently is a |linear or branched al kyl group having 1-5
carbon atons. 3. The copper conplex of claim1l, which is repre- 30 sented
by the formujgaf!ls 24ifkk RB. -Ra_O Si/ RC (I-1) "\ Rdin which Zis a
hydrogen atom or an al kyl group having 1- 4 carbon atonms; X is a group
represented by the formula (I1-1), in which Rais a linear or branched
al kyl ene group 10 having 1-5 carbon atons,. and each of Rh, Rc and Ra inde
pendently is a |ihear-8rdbvahehéd cappdr grampl cxatiangirdg -5 dCeebonaabons;

and Y is | j near _.or branched al kyl rou havi ng 1-8 carbon atons or a
gr oup reﬁ?esLHQ%ﬂdﬁyc?ﬂEagngng a %if%l é%her linkage.

2. The copper complex of claim 1, wherein the [-
diketonato ligands containing a silyl ether linkage is

represented by the formula (I)':

10
x . .
o R”
. (1)’ —Ra—O-—-Sié——Rc (I-1)
- d
\ o R
15 Y

in which Z is a hydrogen atom or an alkyl group having 1-
4 carbon atoms; X is a group repfesented by the formula
(I-I), in which R® is a linear or branched alkylene group

20 having 1-5 carbon atoms, and each of RP, R° and R? inde-
pendently is a linear or branched alkyl group having 1-5
carbon atoms; and Y is a linear or branched alkyl group
having 1-8 carbon atoms or a group represented by the
formula (I-I), in which R is a linear or branched alkyl-

25 ene group having 1-5 carbon atoms, and each of RP, R® and
R? independently is a linear or branched alkyl group

having 1-5 carbon atoms.

3. The copper complex of claim 1, which is repre-

30 sented by the formula (I):



formula (1-1) , in which Rais a linear or branched 15 al kyl ene group

havi ng 1-5 carbon atons, and each of Rb, R and Ra independently is a

| tnear or branched al kyl group having 1-5 carbon atons. 4. The copper
conmplex of claim2, wherein Y is the 20 same as X. 5. The copper conpl ex of
claim3, wherein Y is the same as X. 25 6. The copper conplex of claim 2,
wherein Y is a linear or branched al kyl ,group having 1-8 carbon atoms. 7_
The copper corrpl ex of claim3, wherein Yis a linear or branched al kyl
group having 1-8 carbon atonms. 30 -28 8. The copper conplex of claim 2,
wherein Ra is aff agtkyl epe group having 1-3 carbon atons which can have one
or nore al kyl gJubsti .5 9. The copper conplex of ghaim 3, wherein Ra
is an alkyleng gro ving 1-3 i@rbon at ons whi ch c;g have o(n213 qry mor.e
al kyl substit yem— cﬁgpp e onpl ex of—gPaig-Bilwhiein Z is a 10
hydr ogen at om| and , Rc and Rd is nethyl. I%_g4rhe copper conpl ex
of claim3, wherein a hydrogen atom and each of B, Rand Rd is

met hyl . 15 12. \A n®t hod form ng a copper-containing filmby chencal
vapor depositioh using opper conplex of claim 1 as a copper source. 13.
A nmethod of form ng a copper-containing film by

in which Z is a hydrogen atom or an alkyl group having 1-
4 carbon atoms{ X is a group represented by the formula
(I-I), in which R® is a linear or branchéd alkylene group

10 having 1-5 carbon atoms, and each of R®, R° and R? inde-
pendently is a linear or branched alkyl group having 1-5
carbon atoms; and Y is a linear or branched alkyl group
having 1-8 carbon atoms or a group represented by the
formula (I-I), in which R® is a linear or branched

15 alkylene group having 1-5 carbon atoms, and each of Rb, R°

and RrY independently is a lineaxr or branched alkyl group

having 1-5 carbon atoms.

4. The copper complex of claim 2, wherein Y is the

20 same as X.

5. The copper complex of claim 3, wherein Y is the

same as X.

25 6. The copper complex of claim 2, wherein Y is a

linear or branched alkyl group having 1-8 carbon atoms.

7. The copper complex of claim 3, wherein Y is a
linear or branched alkyl group having 1-8 carbon atoms.

30



20 cheni ca
source. 14.

vapor deposition using a copper conplex of claim 2 as a copper
A nethod of formng a copper-containing filmby chem cal vapor

deposition using a copper conplex of claim 25 3 as a copper source.

10

15

20

25

-28-

8. The copper complex of claim 2, wherein R® is an
alkylene group having 1-3 carbon atoms which can have one

or more alkyl substituent.

9. The copper complex of claim 3, wherein R® is an
alkylene group having 1-3 carbon atoms which can have one

or more alkyl substituent.

10. The copper complex of claim 2, wherein Z is a

hydrogen atom, and each of R®, R° and RY is methyl.

11. The copper complex of claim 3, wherein Z is a

hydrogen atom, and each of R®, R and R® is methyl.

12. A method of forming a copper-containing film by
chemical vapor deposition using a copper complex of claim

1 as a copper source.

13. A method of forming a copper-containing film by
chemical vapor deposition using a copper complex of claim

2 as a copper source.

14. A method of forming a copper-containing f£ilm by
chemical wvapor deposition using a copper complex of claim

3 as a copper source.



