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; N COPPER COMPLEXES. AND PROCESS FOR FO?MANMW”’%MI’MER CONTAI NI r\(r;, \)
"THI N FI LMS BY USING THE SAME 5 [Field of Invent ent inventio
relates to a copper conplex which is advantageousl y+em oyabl e for 10
- producing a thin netal filmconprising copper or copper alloy or a thin

net al filmconprising a conplex netal oxLPe contai ni ng copper ?grchenlca
-vapor deposition. The invention fur- ther'relates to a process

roducing a thin netal film _c copper or_copper alloy or a thin
getal fi?n1 conprising a co gﬁgﬁéf kﬁdgjtdﬁt%ngﬂg copper from 15 the

above- nenti oned copper conplex [ Backgr ound of InventLon] A metallic '
copper thin film (hereinafter sinply re- ferred to as "copper thin fllm)I

i s enpl oyabl e as aC@BPER2COMPLEXESC AND GRGUERY Ko EeRmAPhgNChHer . A neta
oxide.. thin filmcgntainin co er oxide (hereinafter sinply re- ferred to
as "copper oxide AEFPERT BYpcEH B BELMRpBYr USINBoMHE GAME i ti cal

t enper at uyf e super conduct ors. As the processes .. for producing the copper
thin film 25 or conplex oxide thin filmcontaining copper oxide by vapor
deposi tion fdfieddurct Narémtisoy ocesses are known. A representative process

is a chem cal vapor deposition process (CVD process) conprising the steps
of thermally he present invention relates to a copper complex .
- 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 cbntaining
copper by chemical vapor depositien. ‘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 metalllc copper thin film (herelnafter simply re-
ferred to as "copper thin film") is employable as a cop—'
20 per circuit of a silicon semiconductor. A metal ox1de
thin film containing copper oxide (herelnafter simply re-
ferred to as "copper oxide thin film") is expected as
material for high-critical temperature superconductors.
As the processes for preducing the copper thin film
25 or complex ox1de thin film contalnlng copper ox1de by
vapor depos1t10n 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™

T
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"deconposi ng a conpound contai ning a copper atom under 30 specific
condittons and depositing the deconposition' 11121212 (L0 vErer et rennl
FLELL 11D VITD *coQOOR* -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 filmin the CVD process, _

- J3-di ketonat o copper 5 conpl exes are generally used. JP-A-5-59551 descri bes
a process for producing a copper thin f?rn1(to be used as a copper circuit’

of a sili c%noglelrri conductor) using a -di ketonato copper(l) as a copper
source. TheP§o4Pks: SRafo Sé‘&{?&e?; 4§ tQ pErdwEa theyeousky campeayarhhecause

it can be syhigChedat @By Qe R tionat i reaction, to deposit netallic
copper. How ever, iat k? ?%gjéﬁua éde hel(: ]%ﬁg“f"the 0- di ketonato copper  (I)

is thermal |y unsFalpl eheapsddt@it i ©fa 13550 ket 0f:60pper (1) deconpose
when these are heated t'opgapori ze in 15%%%09%%(:5%38‘ _%t ;(?picéjﬁper
di val ent a- dkkéeohhin €apmerinCaid evreBradayed praibec SYD:-Br ggg)i%lj )

di pi val oyl net hanato cop- per(11)- conpl ex. This copper coonex I'STor e

t her mal | § SPUBL exefafrehgensr@ldlyentsed .- di ket onat o copper conplex. .20

However, since thg gipi | met hanat o copper(I1) conplex has such a high
nel ti ng poi nt asﬂgdgc, #?Esxk 7 dep5s s PRaresoViysyRredvantgphugs the

production topper Ghen £knAWE63pdl kalenato £ omplexes also have the
sanme problem Moreover, since the dipival of/il menrgtégrc%%lé 015 a

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-
portiona;ion 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—dikeﬁonato

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

15 the CVD process.

A typical divalent B-diketonato coppér 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.

_29 However, since the dipivaloYlmethanato copper (II) complex
h;s such a high melting point as 198°C, it.likely deposits
in a CvD system and plugs the productidn line. Other
known f-diketonato copper complexes also.have the same

problem. Moreover, since the dipivaloylmethanato copF

25 per(I11) 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 B-diketonato



25 per(11) conplex and ot her~-known (3-di ketonato copper com plexes have a
| ow vapor pressure, the thin filmproduc- tion rate. is |low Accordingly,

t hese known (3-di ketonato -3- copper conpl exes are not appropriate as
industrially enployable copper sources JP-A-2001-.181840 describes a

f 3-di ketonato copper(ll) conplex having the following formula (I1): 5 C4H9
CH5 "CU (I'I') 0 10 H3C H3C CH3 2 which is liquid at roomtenperature
and solves the prob- lens of the known material. 1.5 The above-nenti oned

f 3-di ket ona, ) exi sts_as _a viscous |jquid, at
terrperature.&8 g?gfe{?r ,l%){e%sre%a%? y2BBPpPPEEE Hen 3che NS k2 bhvand free
fromthe peaplepabhepldsggery.sdNevesshel ess, it still shows a low film
production rate, and therefore, sonme of the problens 20 in the production
wor kabi lity are gpi-kl-20036h8ad40 [déSE)r9BHEE 08 ' ldoyd j ect
of the present invention to provide a coppe? Eoﬁgfggkﬁﬁﬁ%%<%g§§%9?%9_
mel ti ng poi F*MRAAEX| Bayinghé&henlfiol lsvwing, fepmtihat (iItr)i:s favorably

enpl oyable as' the copper source in the CVD process for. producing a

(1D

HiC

10 .
. H3C CH3
which is ligquid at room temperature and solves the prob-
lems of the known material.
15 The above-mentioned B-diketonato copper(II) complex

exis;s as a viscous liquid at temperature. Therefore, it
is easily_suppliéd 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
a.copper complex which has a low melting point.and is
25 thermally stable, so thét it is favorably employable as
the copper source in the CVD process for.produciﬁg a
copper thin film or a copper oxide thin film.
It is another object of the ihvention to provide a

process for producing a copper-containing thin film such



"copper thin filmor a copperi oxide thin film It is another object of the

i nventton to provide a process for producing a copper-containing thin film
such -4- as a copper thin filmor a copper oxide thin filmin- which the
above-nenti oned copper conplex is used. The present inventors have

di scovered that a copper conplex having O-di ketonato |igands containing a
silyl 5 ether linkage can solve the above-nentioned problenms. The present
inventors have been conpl ete based on thfs di scovery. Accordingly, the
present invention resides in a_di- valent copper conplex having - -

P- di ket onat®®® 13 g%‘PfEEercEaﬁlnlﬁltlﬁi PG Fapey exhde thikagélmThHe i nvention

al so resi deg,jd, %ﬁ@t&%jvgfmgg %)dacoofﬁ%o er-co aining filmby chem cal

vapor dep03|t|on using a cop Olﬁlkéﬁénato | i gands

contain- ing a sfiy/lpetbent! hﬁkvéﬁ%o%% %anéOlQﬁr
0- di ket onat o Ilgandépcontalnlng asilyl ether Tin age §§€5a copger-_

r epr esent ecduplidie Hor it 3B {&) ket dSnaRehalg=fis ZﬂarQaﬁQu C (é 11 "R - os
RRd . Yinwich Zis a hydrogen atom or an al kyl group haV|ng } 25 4

carbon &t offhex |1sll'd<aﬁ%Lrpame§©é§entt@@ o atviee nfeortniidreed (prodleds . Whi ch Ra

is alinea r _hranched. aIk ene group
h? Q esent inventors ave been complete based on this

discovery.
.According%y, the present invention resides in a di-
valent copper complex'having_ﬁ—diketonato ligands: con-
10 taining a silyl ether linkage.
The invention also resides.in a hethod‘of forming a
copper—containing film by chemical vapor deposition using
a copper (II) complex having B- dlketonato ligands contain-
ing a 51ly1 ether linkage as a copper source.
15 As the PB-diketonato llgands containing a silyl ether

linkage, & compound- represented by the formula (I)' is

preferred:

: . R
20 (1)° /

Z a . (o (I_—I)
—R4-0—Si—R
| \ - —R N

in which Z is a hydrogen atom or an alkyl group having 1-
25 4 carbon apoms; 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 Rb; R° and RY inde-
"pendently is a linear or branched alkyl gfoup having 1-5

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



having 1-5 carbon atons, and-each of Rb, Rc and Rd inde- pendently is a

| inear *or branched al kyl group having 1-5 carbon atons; and Y is a linear
or branched al kyl group -5- having 1-8 carbon atons or a group represented
by the formula (I1-1), in which Rais a |linear or branched al kyl - ene group
having 1-5 carbon atons, and each of Rb, Rc and Rd independently is a
linear or branched al kyl group 5 having_%-S carbon atons. As the copper

conpl ex of the invention, a conpound represented by the formula (1) is
preferred: ) R, - . C~ I --Ra_p-Si/ Re (I - 1) Zo~Rd Y 15
in mhich_Zqéygéﬁyﬁf%ggﬁngon?ngﬁ%9£I&M PR pr Ry RGN Eed byarttdsn at ons; X
“is a group fepnesgntediby thewhoemuka ;6! 5l i |,ch Ra i | Lnear or
branched al kyl ene group having 1-5 ca% oﬁ gﬁé%%?Mg%gqgﬁ% C% gRB?Qﬁ%dnd Rd
inde 20 perfightdyows havingal - br chirboohed aiky|amd oadchayEngr 1-g gagbon
atons; and ¥ i.s a linear or branched al kyl group having 1-8 carbon atons
or a group’ epPESBRNEENRLY He & obiRear(Prl Pranchedi ellk3d igraupi near or
branched alowingne. groyp,bhavipg,d- 5 carbon atons, and each of Rb,. Rc and
25 Rd independently is a Tinear or "branched al kyl group

As the copper complex of the invention, a compound

represented by the formula (I) is preferred:

. 10
- R®
(1) —R?-0-gilge (I-1)
Ngd
15

in which 2 is a hydrogen atom or an alkyl group having 1-
4 carbon atoms; X is a group répresented by the formula
(I-I), in which R® is a linear or branched alkylene group
having 1-5 carbon atoms, and each of RP; R° and Rd.inde—
20 pendently is a linear or branched alkyl group.havingll—s
carbon atoms; and Y is a linear or branched alkyl group
having 1-8 carbon atomé Or a group. represented by the
formgla (I-I), in which R® is ‘a linear or branched alkyl¥
ene group having 1-5 carbon atoms, andleach of Rb, R® and
25 R 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 atoms. R? preferably is an alkylene

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



‘having 1-5 carbon atons. In the formulas, it is preferred that X is the
same’ as Y_ Y preferably is a linear or branched al kyl group 'having 1-8
carbon atons. Ra preferably is an al kyl ene 30 group of 1-3 carbon atons
~which may carry one or nore -6- al kyl substituents. Particularly preferred
is that Zis hydrogen and each of Rb, Rc and Rd is nmethyl. [Brief :
Description of Drawing] 5 Fig. 1 is a schematic view of a CVD system whi ch
can be enployed for the copper thin filFfproduction, wherein 1 .denotes a
gl ass anmpul ,_ 2 denotes a heater (vaporizer), '3 denotes a reactor, 4
denotes a heHf¥} FHBEEASUENTS de-Pawtbsubartuppréfdemedes sa theat ez { Eor

pre-heatin d tes - a s i at @, and _§ denotes a copper conpl ex
source. [De %ﬁ%%égﬁeggriSPf%hcﬂ$ nveént ABA] R ni€h@ethydnti on, exanpl es of
the O-di ketonato . 15 |igands containing a silyl ether |inkage include the

conpounds of the following formulas (1I1)" to (XIV)': OOOOM3S 20
Me3Si O (I 11Brigf \PesOrQpOiOnMeFSIDR6hidd) M3Si0° SiMe3a 25 N)' (M)’

5 Fig. 1 is a schematic view of a CVD system which can
be employed for‘thé copper thin film production, wherein
1 denotes a glass ampul, 2 denotes a heater (vaporizer),
3 denotes a re;ctor, 4 denotes a heater (reactor), 5 de-
notes a trap, 6.deﬁotes 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 PB-diketonato

15 ligands containing a silyl ether linkage include the -

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

o) o) | ‘0 o
MeaSiO.
20 e3$|(><“\/5< MeasiON
ay avy
| o o M'so 0 o
. . e |
- | Me:,SiWSiMe;, o MOSW'%
25 | |
\%3 - | VI
O © , - O O

30 VI vy



"0 0 OO M3SiO Osi M3 Me3Si-0 111)' (V3 0 MY -7- OO p Me3SiO M3SiO 5
Tl* (X)) (X)' OOOO M3SIi0 M3SiOOSiMe3 10 (XI} (XI') Op M3SIOOO
Me3SIiO (XIT1Y (XIV)' 15 The above-illustrated R-di ketone conpounds can be
obt ai ned according to the belowillustrated schene, in which a silylated
ketone is reacted with a S|Iyl ated 20 organic acid ester in the presence of
a base, or a silylated organic acid ester is reacted with a ketone in the
presence of a base, and the reaction prbauct is treated with an acid. The
acid-treated product was puri- fied by distillation or colum

chr omat ogr.aphy. Gt her 25 known processes also are utilizable. 30

10

oy S ' (Xiv)y

15

The abeve—illustrated ﬁ—diketone compounds can be .
obtained according to the below-illustrated scheme in
Wthh a silylated ketone is reacted with a 51lylated

20 organic acid ester in the presence of a base, or a
silylated organic acid ester is reacted 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 Oor column chromatography. Other

25 known processes also are utilizable.

30



"-8- 0 0 Me3Si0O ONa O Me3Si -OVe + + MeOH NaNF{Z O OH CH3COZH Me3SiO 10
The O-ketonato copper conplex, i.e., a copper com plex in which an enol ate
anion of (3-diketone is coordi- nated to copper, can be obtained by a
reacti on between f3 15 di ketone and copper hydroxide (belowillustrated
process 1 for copper conplex synthesis) or a reaction between an enolate
ani on of O-di ketone and a copper salt such as cupric chloride
(belowillustrated process 2 for copper'860nplex synt hesis) The synthesis
can be perforned in .20 nost organic solvents such as hydrocarbons (e.g.,
“hexane and toluene), ethers (e.g., tetrahydrofuran (THF) and dine

t hoxyethane) , nitriles (e.g., acetonitrile), haloge- nated hydrocarbons
(e.g., dichloronethane), alcohols (e.g., isopropanolNa_ and esters (e.qg.,
ethyl acetate) 25 Water produced in the process 1 can Bhgdistilled of f

together the solwent (e.g.,_tolluene) by azepb{sipi C illation. Wen
such a sMevel Eﬁﬁéls-use wat er—s—enoved
under

by distillati red pr essWaiHat room oget her with
the -9- solvent. O herwi se, water can be renoved uSing a dehy- drating
agent such as anhydrous sodi um sul fate, anhydrous magnesium sulfate,
anhydr ous copper sulfate, nolecul ar

' O OH .

The B-ketonato copper complex, i.e., a copper com-

‘10

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 hydrox1de (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 wmost organic solvents such as hydrocarbons (e.g.) hexane
and toluene), ethers (e.g., tetrahydrofuran (THF) and
dimethOxYethane), nitriles (e.g., acétonitfile), haloge-
nated hYd;ocarbons (e.g., dicthromethaﬁe), alcohols
(e.gf, isopropanol), and esters (e.g., ethyl'acetafe).

25 Water produced in the process 1 can be distilled off
together the solvent'(e.g., toluene) by aZeotropic dis—
tillation. When such a solvent as THF 1is 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 polyner. 5 [Process 1 for copper
conplex synthesis] N\a OOOO M3SI Ow + ~ Me3SIiO + MeOH NaNH2 10

OSiMe3 OOHCH COH M3SI O Cu(OHh Cu Dehydrating O 1 agent 2 [Process 2

for copper conplex synthesis] 20 N\a OO OO Me3S M3S i0 ow + + MeCH
NaNH2 OSMe3 -O. cua2 "Cu + NaCl 2 -10-

-9-

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.

5
[Process 1 for copper complex synthesis]
' Na
0O ' o
Mes&()ﬂ/u\OMe + >(“\ M83SJO
/ _ NaNH, + MeOH
10
Meét) 1 ™
CHaCOH | Mes™ - Cu(OH),
' Dehydrating
a

15 gent

+ MeOH

Cuaz
4 NaCl




'The produced copper conpl ex ean be purified by col um chromat ography using
comercially available silica gel for chromatography or a dehydrated
silica gel which 1is prepared by dehydrating the commercially available 5
silica gel, or by distillation, or by their conbination. An exanple of the
copper conplex having the silyl- ether type (3-diketonato ligand is

represented by the following. formula (JL1): 10 GSIM3 O .. - C" (IIl) O
15 The copper conpl ex of the formula (I1 &f"'i s a copper conplex havi ng a
(3-di ketone enol:ia.}lg_ n ligand of the aforenentioned fornula (I11)’

whi ch corresponds a o (HPRSTT t HRMPaPSr €BnPRo e Hforedil by (¢pLin

which X is utHehrdmbPo§r&EH3) & and.Z.,i.s H. hanely, bis-
(2,6, 6-trinethyl - 2 (tri rret ?F@m I yll%sg ?é%rﬁ%%epsa i gxgtl&)ablceo@]eﬂ(? )

conpl ex [hegel nﬁbrechrematbgd-atmlyasom ma}atgae391Q|clée esqipf cf,he

af orenentioned formulas: (I1V) ' 25 to (XIV)' give the bel ow Iustrated

copper conpt®xRECPRIGY by drbydratdgiecihe etgmmencihlhgvevarlendlat e ani on
of t_he Cé)”_sefPQQQ'SQﬂ 3 di Bﬁt %tlljlatl%sxll MES %yhfgegl Iggglbcl:lillacgjlorg cu

An example of the copper complex hav1ng 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 B-diketone enolate anion ligand of the
aforementioned formula (III)' which correspohds-a com-

20 pound of the aforementioned formula (I) in which X is
(CH;) 38i0-C(CHy) ,-, Y is (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 B-diketone.



"\ O\ O' 2 OSiMe3 2 SiMe3-2 (lvy (V) (M) OSi Ml. OSi Me3 OSi M3 Cu
(*cu (*cu OsSi Me3 222 (VIl) (Val) (I X) Me3Si OSiMe3 M3SIOO O (:cu
(rcu 2 22 M3Si0 (X) (XI) (XIO OSiMe3 GSiMe3 OCu Cu 022 (XII)
(XIV) -12- The copper conplex of the invention can be enployed for

produci ng a copper-containing thin filmby chem cal vapor deposition in
the known CVD systemas illustrated

-11-

(vin

Me;SiO

Xl :
(xtm ( X1v)



"in Fig.1l. 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
wi-th an appropriate solvent (e.g., hexane, toluene, or tetrahydrofuran) and
10 supplying. thus produced solution into a vaporization chanber. The
deposition on a substrate can be perforqg%_by t he known" CVD process. The
copper conplex is thermally deconposed under reduced pressure or in the

presence of 15 angjpe i erw se, .the copper conplex can be ‘de-
conposed and depos??eggpﬁg?ﬁgcﬁﬁé§3%é§?5%“éJfb thgRgaen BecrmRd aRit ogen

gas. Al so enpbpypbbeutsng Bl @ePpcPVdon¥0GH5%% Usi{W ﬁif¥d599ﬁﬂe9§$ 4o
deposit netallic copper. Further, thermal deconposition or<plasmha of
“the cop- 20 Y@POEoRpPesikaonhénptbseknownl VD) gsnstean H6 2l $0sewacloyed
for ‘deposition of a copper oxide thin film The invention is further
illustrated ﬁ? fﬁ%‘f%tlomf ing exanples. 25 [Exanple 1] (1) Synthesis of 2,

oAy 2 € e bRl e A L LS B
flask were ptaketrioB0depéd5tDompipcets60Uns o WaHEihale BPdaPrBacgy (51 7
mol ) of nethyl. 2-(trinethylsilyloxy)-2-nethyl-propionate. The
supplying the coOpper complex into a vaporization chamber,
or by diluting the copper complex with an appropriate
solvent (e.g., hexane, toluene, or tetrahydrofuran) and
10 supplying thus produéed solution into a vaporization
chamber. |
The deposition dn 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"]



‘resul ting solution was heated to 120C, and to the heated 5 sol uti on was
dr'opwi se added slowy a solution of 3.00 g (17.2 mmol) of
2-(trinmethylsilyloxy)-2-nethyl-3-butanone in 9 nL of toluene. After the

- dropwi se addition was conplete, the reaction m xture was heated at 120C
for one hour. Subsequently, the reaction m xture was cooled to 10 room
tenperature and nade weak acidic by the_qgQition of an acetic acid-toluene
m xture. The precipitated sodium acetaté was renoved by filtration, to

obtain a yell ow | ut T. ai_ned, sol uti on was.concentrated and
purified 15 by co d%négﬂ?%nggégggpﬁgaﬁﬁ mfﬁﬁﬂékﬂ%ﬁ%dlsgpiaa(ﬁérp to give
1.20 g (3. 6wy ,ofi €% 238 ukf hi/heidesined g N. duct i, e, _

2, 6-di met hyl - 2, 6-di (trinet hy|1§i|y§’ox§)- 375. r?[er?}j;d‘?oﬁgef#h@mﬁ%dﬁgt was
identified BN 3R tabmesyl20lyHoMyR-RCREERy L - frdhildndse . OHrhe 1. 41
(s, 9H) , 4.00 (s, 0.4 .6.43 (s, 0.8H), 15.55 (s, 0.8H IR (cm1) 2961,
1605 (br) , rﬁ%ﬂtﬂ%ﬁﬂi‘b%?%%?g ReatrfleFo 339°C2) apdepar athorhasited
Cu( dsobd)®? [dej1sftZich -wHSRE Fopbwr 2 8- -

di (trimethylsilyloxy)-a 5-%%‘%’%‘3?0%%?3? SEOWEY (P PO &F BifRed
product i on o1} sl r exf (2 i keioeehywas i tooxli) - Bedhdihhe ahove;ggat i oned
procedure, the desired copper conplex was prepared by addi ng a copper
source to 30% HrEuRh tRepRed iALERE Sheedrannése atukitirom Wk nl- vol une

flask were @d%ﬂ%éﬁéﬁ“%ﬂk dée@ion mixture was heated at 120°C for one

hour.” Subsequently, the reaction mixture was cooled to
10 room temperature and made Qeak acidic by the addition of
~an acetic acid-toluene mixture. The precipitated sodium
acetate was removed by filtration, to obtain a yellow
solution. |
The obta'ined solution was concentrated and pufified
15 by column chromatography using dehydrated silica gel, to
give 1.20 g (3.61 mmol, yield 21%) of the desired 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 (CDC1,): & 0.15 (s, 9H), 1.41 (s, 9H), 4.00
(s, 0.4H), 6.43 (s, 0.8H), 15.55 (s‘, 0.8H) |
IR (cm™): 2961, 1605(br), 1252, 1198, 1048, 842
MS (m/e): 332 P
| (2) Preparation of Cu (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.



-

mmol ) of 60% sodi um hydride and 9.83 g (51.7 mml) of nethyl
2-(trimethyl silyloxy)-2-nethyl-propionate. The resulting. solution was
heated to 120C, and to the heated 5 solution was dropwi se added slowy a

solution of 3.00 g (17.2 mvol} of _
2-(trinethyl silyloxy)-2-nmethyl-3-butanone in 9-nL of toluene. After the

‘dropwi se addition was conplete, the reaghgion m xture was heated at 120C
for one hour. Subsequently, the reaction m xture was cooled to 10 30C.

There was producegh Ja 28 Guf 3vEiugd iaék%&@ﬁﬁ%&g 1.80r g (45 8.0t on

2,6-di (trinmethylsilyloxy)-3,5-heptadi onat o 'sodfum’s
sol uti on waswadded .60k gs¢did8 ny@t)def anaupr Ba. ghl(ri Ge mridie) rgaction
solution was imediately turned to dark green. The sol ution was
‘cont i nuous| Yei8Yet i3 e 8uG § bly bonplr 2 -mathydepedptionsae t eTmper a-
ture. Then, theraagti ol ution was_washed with water. The obtai ned
organi ¢ portion vvascgtﬂrl ed‘ﬁg)lac% ‘%%Sr Yﬁ?%@%thO%MCFﬁ‘%FQQFQEhP%%
dehydr at & sidi wad Grdpwisd ddadq (4158198 soYLEi 883 PaRpd, on th
ehydra Solutd e lwad @rdpwssd - &d (810wl oYl 'g ! on €
amount of 20 cupric chlorfg%) of bis(2,6-ding?§yf-¥,g- P(Er methy19
si | yl oxy) - 3,(87hépmasilanatfo)2 cOppeame iyl sohpl exy) ThemptAYUCE -Was dridand i fied
by IR and el. ntal anal - ysis. IR (cml).: 2978, 1567, 1498, 1414, 1252,
! S SRR i, demrimensiacs
1197, 10.45, 75"842El& - addi§RY st rdxapprossidtripoumas C 49. 00, H
8.99% Cu 8cbRpletal Chat edade ih %x{‘!.fx%qgégs %‘3%46' % t’%e R
spectrum a peak of 1,605 cm 1 assignable t%)? =i Ret 28 igaﬁpQB?ed,
p p
and a peak bPut.56Bubseguamtly, the reaction mixture was cooled to
10 30°C. There was produced 1.28 g (3.61 g) of 2,6-dimethyl-
2,6-di(trimethylsilyloxy)—3,5-heptédionato 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 |

15 stirred at 80°C for 2 hours and cooled to room tempera-
ture. Then, the reaction solution was washed with water.
The obtained organic portion was dried, and purified by
column chromatography using dehydrated silica gél, to

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

20 cupric chloride) of bis(2,6—diméthyl—2,6—di(trimethyl—
silyloxy) -3,5-heptadionato) copper (II) complex.
The product was identified by IR and elemental anal-
ysis.
IR (cm'™*): 2978, 1567, 1498, 1414, 1252, 1197, 1045,
25 842 |
Elemental analysis for C30Hg,0,81,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

30 to B-diketone disappeared, and a peak of 1,567 cm™' as-



'-15- signable to diketonato was observed. Accordingly, it was confirned

t Hat the desired copper conplex was produced. This copper conplex is a new
conpound. 5 [Exanple 21 (1) Synthesis of
2-,6,6-trinmethyl-2-(trinethylsilyloxy)- 3,5-heptadi one [represented by the
formula (111)', here- inafter referred to-as "sobd"] In a 50 niL-vol une
flask, 0.40 g (10.3 mml) of sodi- 10 umam de and 1.20 g (12.0 mol ) : of

pi nacolin were sus- pended in 3 nL of toldene, and the resulting suspension

was stirred diQma3d &M, erature. Supsequent- |y, a solution of
1.00 g (5. 251(r§r’rr?n|) of ne%%?@%%?%sng 8% 0 BBCPHRBLYY - pibpersat e
in 6 m of tonfenemdd wiest diRpWiSSi 2ddedoshW Yoorlhitsl J.1e dropwi se-
addition was conplete, the mxture was s% iect et tés{é%£ iBCT9F%%ne hour
at room t enpEiSt HPPEheCoeRkex ohs nd xhewe compounden made weak acidic with
an acetic acid-toluene m x- ture. The precipitated sodi um acetate was
-renoved by 20 filtration to give a yellow solution. The obtai ned sol ution

was concent nakeshpaked Jgurified by col um chromat ography using dehydrated
silicagel, to give 0.83 g (3.21 nmol, yield 610) of the desired main

product, i.él1) 2ﬁ@n&nasmmkﬂymﬁExa#&fmm@&hiéLyLQ§¥im§th%%%£?%g€?§pne.
‘The product was identified by NMR IR and . 1IH NWR (C : 0.14 (s,
oH), 1.17 (3:°offPtediene Jrepyesentgsi (y CheHfor6ulag ((371)0. 8Hdre 15. 72

(s, 0.85Hinafter referred to as "sobd"] |

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. Subseqﬁent—
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 fof.
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 remo&ed by

20 filtration to give a yellow solution.

The obtained solution was concentrated and pufified-
by column chromatography using dehydrated silica gel, to
give 0.83 g (3.21 mmol, yield 61%) of the desired maiﬁ

| product, i.e., 2,6,6—trimethyl—2-(trimethylsilyloxy)—3,5—

25 heptadione. o

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

"H-NMR (CDC1,): & 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)

. . -1 ’
30 IR (em ): 2966, 1600 (br), 1252, 1197, 1045, 841



"30 IR (cm); 2966, 1600(br), 1252, 1197, 1045, 841 -16- M5 (me) : 258 (2)
~ Pr'eparation of Cu (sobd) 2 [bis (2, 6, 6-trinethyl- :
(trimethylsilyloxy)-3,5-heptadi onato) copper(l1) complex, represented by
‘the formula (111)] 5 Since production of the desired (3-di ketone was con-
firmed in the above-nentioned procedure, the desired copper conplex was
prepared by adding a copper source to a,product prepared in .the sane
manner. In a 50 nL-volune flask., 0.40 g (10.3 nmmol) of sodi- 10 um am de

and 1.20 g (12. Olqgmm f . pi Qggol in were sus- pended in 3 nL of toluene,
and the resulting suspensmn was stirred for 30 mn. at roomtenperature.

Subsequent - (2), @mPaitaoionfof. 6Q (80b&) 25[HTBL 2, @f 6Tty 8y 1(1 1 -
met hyl si |l yl oxy) - 2-met hyl - propi onate in 6 nL of t ol Uene 15 vvag dropw se

added sl owl yltrAmeashylrs kit opwy se3 alldhepbadinas todnuopper (1B M ohpl €x)\as
subj ected t ctl our roomtenperature. To the reaction
sol ution vv%s PiG CI:(?C{Z;))@ 'i eG% fﬁ’ &fL&pric chloride. The reaction
sol ution |nned|a§@ dark 9L £€N4 The 50 salﬁ i on was continuously
stirred for one hour a roo Aot atif edeshERd PreikesoneowasolGiton was
washed wi t h £ iweiear 1nT|tQ1é3t§1%\FE?Qné¥it9§6‘h&d FHEQRLYRS dhlke nd puri- fied
by col unn chr omat ogr aphy usi ng dehydratedplglllcguwa gh QF§§ gxg g (1.38

mol , yi el d C@PPEThEOTPlec tws pibpammmtbpfaddpngCacbbppeeroq&ce to
bIS(2 6, 6- trlnet I-2 tri- t hyl si | yl oxy) - 3, 5- hept adi onat o) copper(11)
conpl ex. Th& BFS \B& i¥1 D ySTRE ARANBEErENt al anal -

In a 50 mL-volume flask, 0.40 g (10.3 mmol) of sodi-
10 um amide and 1.20 9'(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 et room
temperature. Then,_the reaction solution was.washed with
water. The obtained organic portion was dried, and puri-
fied by column chfoma;ography 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 (Cm-l):- 2960, 1561, 1501, 1412, 1252, 1196, 1047,
30 840 '



'ysis.. IR (cm1): 2960, 1561, 1501, 1412, 1252, 1196, 1047, 30 840 -17-
él ‘ermrent al ginal y)si s for C26H5006Si 2Cu Found: C 54.80, H 8.200, Cu 11%

Cal cul ated: C 54.001, H 8.710, Cu 11.00. In the IR spectrum a peak of

1,600 cm 1 assignable 5 to O-di ketone disappeared, and a peak of 1, 561
cm 1l as- signable to di ketonato was observed. This copper conplex is a new

conpound. [Exanple 3] 10 (1) Synthesis of7- .
2, gPdi met hyl - 2- (trinet hyl silyl oxy)-3,5- heptadione [represented by the .

la (MI11)", i r 0 aS~"Sopd’] In a 50 ni-vol une
sk, 050 g (155 o). of s+ S OBt TR g (5. 22 ol ) of

3-met hyl - 2- but anone 1¥Faweda: suspendedsangs, SHY goboliexane, 1 ppd the resul ting
suspensi on was stirred at 15C for 30 mn. oSubsequent ly, a solution of 1.20
g (6.31 nmml) of methyfakeykatemt hyF-54i Pyl oy B- Z18st IGd -Tx opt onate in 3 g

i . Af th i .addition was 20
conpl et e, the m ari etk ot St 18 PERK: PbnLafOPsEm f oReBhENABAR. The

conpl ete, the m xture was ] ec

reacti onsm xpuBe Mas acidic_ with an_acetic acigd-toluene
mixture. 5Th)egop!}eci pi -tto?%?e SO um adc’_et%'gaé ?Na%e?lérrBSe&'l?f]f i9% r a®Fon to
give a yel lsdgnsbilet iten dikd ckhe Ohigd NesssPLEE1 ONTHRS %%g)‘i;%f}lt r@é@ﬁ&{‘d
purified bg col um chromat%graphy usi ng dehydrated silica“gel, t

S a new compound. .

[Example 3]

10 (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 -

15 were suspended in 1.5 g of hekane, and the~resulting

suspension was stirred at 15°C for 30 min. Subsequeﬁtly,'
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

.20 ¢omp1ete, the mixture was subjected 'to reaction at 15°C

for one hour. The reaction mixture was then'méde weak

acidic with an acetic acid-toluene mixture.. The precipi-
- tated sodium acetate was removed by filtration to give a
" yellow solution. | |

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

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



"give 0.91 g (3.71 nmml, yield 710) of the desired main product, i.e.,
g,'G-di et hgl S2-(tri nmet hyl sil yl oxy) -3, 5- heptadi one. 30 The product was
identified by NMR, IR and Ms. -18- 1HNWMR (CDC13) : S 0.14 (s, 9H , 1. 14
(s, 6H , 1.39 (s, 6H), 2.44-2.50 (m 0.85H), 2.64-2.69 (m O0.15H), 3.77
(s, 0.3H), 5. 9.7 (s, 0.8511), 15.51 (s, 0_85H) IR (ecm1}: 2971, 1606(br),
1253, 1199, 1045, 842 5 Ms (me}: 244 ( )8_Prepar ation of Cu(sopd)2

[ bis(2,6-dinethyl-.2-(tri- nmethylsilyloxy)- 5- hept adi onat o) copper(I1)

conpl ex, repres by for Ia(VIII)] Slnce roducti on of the B
degip'r ed Ji- d:oket g‘%?\&% (éﬂécﬂnfl fed 4 n‘st'he9%)b-ov3b n{Eeon&H) pr dfé!(,ﬂ:ll’ e, the
desired copper ggnplex repar ed o_ a
_product preggfed in t%e4%§%e5§agﬁer% ¥ &5? % voI F‘ﬁ a@ g§)5039 7(712 8

mmol ) of sodis, um 3 des agd 0545098(551)221@1@3) @, I n@idy! - 2- but anone 15
were suspended in 1.5 g,of hexane, and the resul ting suspension was
stirred at 15C f ofR 30cmi h.: SQBgéquérﬁtqu(br)a, s?5i3 ) ohl99, 119a5g @231 mmol )

of nmethylg 2-(tri S|Iy XY)-2-nethyl -propi onate in 3-g of hexane was
dr op- vvlyse agidedrp?% o(‘\fw Aft% 1t he dropwi se addition was .com 20 plete, the

t S bj chf op ¢ f peshqu ea,ctl on-
;nof(u'ltjirgnWawasmz;dldggIt 2%%1&@1&% %’?r%ogjé ?‘Eﬁ ?c (G:hﬁo{nfeai@]‘r q: fdetion
sol ution vva@ﬁhﬁiexﬁla{lehw)ttﬁn@dheptddnbngteﬁncoﬁb@ﬁ(qlmt | IpBSx

for one hour at_room tenperature.
Contlnuously stﬁggé%{eé) the formula (VII I)

Since productlon of the de51red B-diketone was

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

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 6f 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-(tr1methyl—
511yloxy) -2-methyl-propionate in 3 g of hexane was drop-
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.



"25 Then, the reaction solution was washed with water. The obtained organic
portion was dried, and purified by col - um chromat ography using dehydrated
silica gel, to give 0.86 g (1.56 nmol, yield 840, based on the anount of
cupric chlorlde) of bis(2,6-dinethyl-2-(trinmethylsilyl- 30

oxy) - 3, 5- hept adi onat 0) copper (I'l1) conplex. -19- The product was identified
by IR and el enrental anal- ysis. IR (cm1%).2365, 1552, 1501, 1428, 1252,
119.9, 1044, 847 5 Elenental analysis for C24H9606Si 2Cu Found: C 53.20, H

R L e L

a peak of 1,606 cm 1 assignable
1,592 cm' @$1su)5|gnable to di ketonato was observed. This copper conpl ex

is a new conpound. [Exanple 4] (1) Synthesis of sopd by different process
15 In a 50 ml-volke! Cfnl\ggk 2365 gl602351503,) Ief2&o0di252um arbde a4,
suspended iy ,200 L of hexane and then 26.7 g (0.140 nol) of nethyl
2-(trimethylsilyloxy)-2-nmethyl- propionate was added. To the resulting

sol uti onswas dr g sl ech A2, di & erlélg’még)Slo&us nmet hyl - 2- but anone, 20
and the m xture was kept at 15 I'n the dévéfo pmént of reaction,
production of gaseous Bownshi a was obs®3ved, HTBeSBeacCuomlwas continued at
15C for one hour. TheC reagylon solutlon was then made weak acidic with
acetic alculated: 52.4%, H 8.42%, Cu 11.5%.

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

- to B—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. 1In the development of
reaction, production of gaseous 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 Watér
25 ‘and dried over anhydrous sodium sulfate. The dfied»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.



"acid. The obtained hexane portion was washed with water 25 and dried over
arthydr bus sodi um sul fate. The dried por- tion was distilled at 101C/ 8 mmHg,
to give 18.8 g (0.770 nol, yield 550) of the desired
2,6-dinmethyl-2-(trinmethyl- silyloxy)-3,5-heptadi one. The product was
identified by NVR IR and Ms. -20- 1H NWR (CDC13) 0.14 (s, 9H , 1.14 (s,
6H) , 1. 3 9 (s, 6H), 2.44-2.50 (m 0.855!%),_ 2.64-2.69 (m 0.15H), 3.77 (s,
0.3H), 5.97 (s, 0.85H), 15.51 (s, 0.85H)“IR (cm ) : 2971, 1606 (br) , 1253,
1199, 1045, 842 5 M5 (me) 244 In the bel owdescribed (2-1) to (2-3), a
copper conpl ex off-BMRsdF® 2 hasdpPepdr dé bYW hr de 1di f fer edil) , progesses. 10

(2-1) Preparati qn;of Cu(sc azeqgtropic toluene dis- tillation
dehydr ati on (4 'an-\/oﬁSS%(W)’?‘fl E{ék é/egéH Face8422489% (5. Q. 158D} ) 30777
copper hydr @si,de,. 328. 2 1 (A0S g0g3upfl 256515

di met hyl - 2 (tri met hyl'si 1yl oxy) - 3, 5- s 5585 (5049858 of toluene. The
resul ting m xturdRwvesenheht ed2291 130606 (xd waters ,priaduced dysreggbi on was
dehydr at sd by azeo- tropic toluene distillation. The amount of the produced
and distilled wa WS GonfA%hed by receiving and nmea 20 suring it in a

wat er receiver. The reaction was conplete wthin approx.. one hour. The
obt ai ned dark green solu- tion was filtered and the filtrate was

concentrated to Igi \taeabeilmaeldféstiﬁfib@dGW—ipwéi @f‘~35rbea5%|o?ﬁqie(}n was
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—z—(trimethylsilyloxy)—3,5—heptadione, and 50 mL
of toluene. The resulting’mixﬁure was heated to 130°C,
and wa;er 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'reéeiver. The reaction was complete
within approx. one hour. The obtained dark green solu-
tion was filtered and the filtrate was éoncentrated to
give a viscous dark green solution. The solution was
distilled at 179°C/0.5 Torr to give 20.2 g (36.8 mmél,

25 yield 81%) of the desired copper complex,'namely,'bis-
(2,6—dimethy1—2—(trimethylsilyloxy)—3,5—heptadionato)
copper (II) complex.

(2-2) Preparation of Cu(sopd), at room temperaﬁure in THF

solvent



"distilled at 179C/0.5 Torr to give 20.2 g (36.8 mol, 25 yield 810) of the
desi red copper conplex, nanely, bis- .
(2,6-dinetﬁSl-Z-(trinethylsiIyIoxy)-3,5-heptad|onatp) copper(11) conpl ex.
(2-2) Preparation of Cu(sopd)2 at roomtenperature in THE ,solvent -21-

The desired Cu(sopd)2 can be prepared-by reacting
2,6-dinethyl-z-(trinethylsiIonxy)-3,5-h§RLad|one with copper(ll)
hydroxi de in an. organic solvent such as™é&ther, acet$ﬂ|t¥|:F, alco_holéjl

, Or. d rhon_.at 5 roomtenperature. The following is _
or epar | ng. procediis SeEEFSRRCRlpORAT: 4 1BS RESUOFaeDN FSRCtE bl aced
4.50 g (46. 2, eviine Oy TOPPEE r IMEERY1 981 y28x§) 9 3( %Z-h%ﬁm%]aﬂo&é 41 P5, and 50
mL 10 of THF. The resulting mixture was stirfed for orie hour at” room
t enper at ur e GoPRETe( Bhbs dnedrotide dbhyanadbrggniagenl vehite sieguldd nardagk bl ue

lution was filtered,., and the THF sol vent was dist!lled off to leave a
\Snosgghg daP SR St e | SHCORNE: JoPLPR8n. eR&STdi SFi hyddomart®n 7900 0. 5

Torr to giv Dl , 7yyd : -%h i red _copper conplex,
namely. B S(SoR demRe T T AL kG 557 BERbpEato R aTe
copper(11) conpl 8HF (D3)erlr epar ati on of Cu(sopd)2 at roomtenperature in
di net hoxyet hane sol vent 20 The preparation in di methoxyet hane sol vent is
‘de- scribed bel o™ P BHIMAH ¥agkskwere eplpreded. 5018 g4612 3 mol)

mmol) of copper hydroxide, 22.6 g (92.3 mmol) of 2,6-
dimethyl—Z-(trimethylsilyloxy)—3,5—heptadipne, and 50 mL

10 of THF. The resulting mixtﬁre was stirred for one hour
at room tehperature in the absence of a dehydrating
agent. The resulting dark blue solution was filtered,
and the THF solvent was distiiled 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 cbpper 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 preparatioh in dimethdxyethane.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, aﬁd 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



‘ ‘ r hydroxide, 5.00 g (20.5 mml) of 2,6-dimethyl -
gf(ffpggtthS|lyloxy) 3, 5- heétadlone and 15 nmL of di 25 methoxyethane. The
resulting mixture was stirred for 2 hours at roomtenperature in the
absence of a dehydrating agent. The resulting dark blue solution was
filtered, and the di nethoxyethane solvent was distilled to | eave a

Vi scous dark green solution. The solution-,was distilled 30 at 179C/ 0.5 Torr
to give 4.57 g (8.30 nmol, yield 810-) of 4 -22- the desired copper

6z h r| t hyl si.lyl oxy) - 3. 5- hept adi onat o)
Comperti 1t 158 e SR Kot DN M4 021 et ey
tified by |R tantheteyesi by1oasa)ysi,s- h@?t%dl@ﬁa]t)o) %ﬁﬁef@i% cHPI el 268

8, 1422, 1251, 1196, 1035, 889, 841 El enental analysis
gimesoasmcu FoUFhe @Bgeawompsew%rocucmam (Cad cudlbbed: w§s52dé@1. H

hovwed al nost
8.420, Cu 1 % C ucts of (2-1) and (2-2) s
sanme el emek% angalf ‘2%‘3‘5 © ?‘He Iﬁr’?}}é@ﬁ%m a peak of 1,606 cm1

i 1 15
assignablse to O-gh k ,pﬂ di gqg@q@ﬁqd Zaﬂgj %‘?é( 3 .
S|gngble to dlketona§% mgs observed. ‘Th r'oad peak o%sérvég 1?%&
vicinity of 13,9400 1d35, 889 as84gnable to a water of crystalllzatlon

d when
rdinated to t copper. com_plex.. This broad peak was not observe
fﬁg pr oduct iﬁi&ﬂéﬁﬁﬁﬂj%&? 1%#18r fPReCaithtP4diaCuon, namel y under.

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 ana1y51s data.
In the IR spectrum, a péak of 1,606 cm™ asSignable
to PB-diketone disappeared, and a peak of 1,568 cm™ ' as-
15 sigﬁable to diketonato was observed. The broad peak
observed in the vicinity of 3,400 cm™® 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.
ro (3) Vapor Deposition Test _

The copper complex of Cu(sopd), [represented by the
formula (VIII)] prepared in Example 3 was subjeétéd to
vapor déposition test according to CVD process, to exam-

- 25 ine its film forming property For comparison, the same
vapor deposition test was performed u81ng bis(6- ethyl—
2,2-dimethyl-3, 5- decandlonato) copper complex of the
aforementioned formula (II).

The test was"pefformed using the apparatus illus-

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



20 good conditions. (3) Vapor Deposition Test The copper conpl ex of
Cu((sopd)2 [represented by the forrmula (VIII)) prepared in Exanple 3 was
'subj ected to vapor deposition test according to CVD process, to exam 25
ine its filmformng property. For conparison, the sane vapor deposition
test was perforned using bis(6-ethyl- 2,2-dinethyl-3,5-decandi onat o) copper
‘conpl ex of the aforenentioned formula (44). The test was perfornmed using
the apparatus illus- 30 trated in Fig. 1. The copper conplex 8 placed in a

va t -23- pophzer I _ e y.a heater 2 for_va-
‘pori zati on. g%lﬁé%\?arf)g(rgfliisdsacr%h %)i %"g@n%goﬁ%gg?gt RE dafSAteL & G¥geYder with
- hel i um gas. pird zgas cvoni MheoWapdrifed cHARPLEKZBAMEOLNE] & Ries heated.
hydrogen gas supplied 5. through the hydrogen gas line, and entered the
reactor 3. 1FRE @@S@éﬂl%m#tﬁhg}mllm ghrass Thacygses coulitgheureaifdhdy t he
heater 4. T r. conpl ex introduced into.the reactor reductively :
deconposed g%&%%ﬁ%%&eé&%%ﬁt%ﬁﬁ%‘ %%_'b%‘i&%ﬁr‘agéﬁr9é€eSBPP&19%strate 7
whi ch was sehral: hh%h@lﬁm e p et ern ned
tenperature in g reduci ng at n%rg%atesr ?%I' 'e(’j‘glgla‘idgl %@%%gdoéﬁgo%%taﬁgoﬁ exct or
was exhaust edheocentespipenitdca roft lrtouglldde te¢@Prob. cIHRACBBPReated
fil mformati'Pon 8ep_gnds on the _vapor depo- 15 sition conditions such as. the
copper conpPExVEpBFREEE n (W &ORRAR erePiee bubseducedt énper &her e.

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 temperafure
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 Qapor deposition conditions eﬁ;
ployed in the test and the results of fiim formation.

“The substrate is a rectangular substrate of 7 mm X 4 mm.

20



'Ta,ble 1 shows the vapor deposition conditions em ployed in the test and
the results of filmformation. The substrate is a rectangul ar substrate of
7mMmmx 4 mm 20 r , -24- Table 1 Exanple 3: copper conplex -- Cu(sopd)?2
Condi ti on of vapor deposition 5 Vaporization tenperature: 140C Substrate:
Ta-N Si 2/ Si . Substrate tenperature: 230C Vaporization period: 60 mn.
Pressure in the reaction system at nosphcigli_c 10 H2 flow rate: 36 nL/m n.
He flowrate: 5 nb/mn. Characteristics™f formed film Filmthickness:
200 nm Specific resistance: 4.5 S2 crqé%%pApeﬁear ance: Snoot h gl ossy netal
surface Conparison Exanple 1: copper i -- bis(6-ethyl-2,2-

di net hyl - 3, 5- decandi onat 0) copper conpl ex Condition of vapor deposition 20
Vaporization tenperature: 140C Substirate. Ta- N SioR/S—Substr+ate

't enperat ur e:Exx8u@ e \Bipor ¢eppeoncpepiled: -60Cui(gopdngssure in the reaction

system at rmsphe_réc 25 . H2 flow rate: 36 nL/mn.
ondition 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 pQ cm

15 Appearance: Smooth glossy metal surface

Comparison Example 1: copper compléx -- bis(6—ethyl—2,2—
dimethyl—3,S—decandionatd) copper complex
Condition of vapor deposition |
20 _ Vaporization temperature: 140°C
Substrate: Ta-N/Si0,/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



"He fiowrate: 5 ni/min. Characteristics of formed film Al nost no filmis
produced. 30 -25- The above-nentioned results indicate that the Cu(sopd)2
of the invention shows an excellent filmformng property, as conpared
with the previously known copper conplex. 5 [Industrial Uility] The
copper conplex of the invention is a divalent copper conplex which is
thermally stable, as conpared wth the_%ggrnally unst abl e nonoval ent.
copper conplex, 10 and is resistant to thernal deconposition in the
industrially

vaporiz- er. Acc ' it is.advantageously enpl oyabl e for

preparing a coppgég%gﬁ%%Y%iﬁ%né%?ﬂ$ yrSEBEFﬁ g8ﬁ1€§§6¥‘ﬂﬁﬁbs¢h¢on. Furt her,
the copper can@aa)f dfhehd RYRAH ML ath 2 ylmat a.rate greater
‘than that 15 shown by the previously knoﬁ%hg%§gl%%?é%%58§rf&&ﬁﬁﬁgignlqﬁis
neans that PFRORIPHOS aﬁnqﬂmpaxédtwbtthBetpﬁévﬁéusmyaﬁﬁdwﬂ!db?per
advantageou%%wgpd that the copper conplex of the invention is tavorably

enpl oyabl e ‘preparation of a copper filmwdely greatly utilized as
the circwit .20 material of sem conductors. 1. J -26- Wat is clained is:

.1. A divalent copper conplex having 13-di ketonato
[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.



".5,;liFgands containing a silyl ether linkage. 2. The copper conplex of claim
1, wherein the Q diketonato |igands containing a silyl ether |linkage is
represented by the fornula (1)': 10 XRob OZ (1) ' -Ra-OSi/ Rc (I - 1)
ORd 15 Y in which z is a hydrogen atomor an al kyl group having 1- 4
carbon atons; X is a group represented by the formula (I-1), in which Ra
is a linear or branched al kyl ene group 29, having 1-5 carbon atonms, and each
of Rb, Rc-and Rd inde- pendently is a Ilnear or branched al kyl group havi ng
1-5 carbon atonms; and Y is a linear or branched al kyl group having 1-8
carbon atons or a group represented by the fornula (I-1), in which Rais a

| i near or bWlaamchéd alllkymedd igne 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 atonms. 3. The copper conplex of claiml1l, which is repre-. 30
sented by the formula (I): -27- -0. Ro ""Q Il RaO Rc (I -1 ~ o~Rd 5
Yy 2 1. A divalent copper complex hav1ng B-diketonato

'S5 ligands containing a silyl ether 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)’ —R?-0-siZ—g° (I-1)
\ ol “gd
15 Y

in which Z is a hydrogén 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 llnear or branched alkylene group

.20 hav1ng 1-5 carbon atoms, and each of R R® and R® 1nde—
pendently is a linear or branched alkyl group having 1-5
carbon atoms; and Y is a linéar 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 R 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):



‘iniwiich Z .is a hydrogen atem or an al kyl group having 1- 4 carbon atons;
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 Rb, R and
Rd inde- pendently is a linear or branched al kyl group having 1-5 carbon
atonms; and Y is a linear or branched al kyl group. having 1-8 carbon atons
or a group represented by the formula (l-51), in which Rais a linear or
branched 15 al kyl ene group having 1-5 ca hon atons, and each of Rb, R and
- Rd independently is a linear or branched al kyl group having 1-5 carbon
atons. 4. The gopper coyplex of claim2., wherein Yis the 20 sane as X .
5. The copper fconplex of\ claim 3, wherein Y is the sang as X 25 6. The
_copper. conpl g , mherziﬁkY is a linear or branched al kyl group
having 1-8 cgr tons.-xg.' Thd opper camp®xcpt L@* 3, WHerelp vV is a
| i near or brgnched\al k .gr%up having 1-8 carbon atong. , 30 -28- 8. The
copper conpl ek of , Wherein Ra is an al kyl ene gRgup having 1-3
carbon af ons i clr.can ve one or nore al kyl substituent. 5 9. The copper
conplex of clalm3, whér&in Ra is an al kylene group having 1-3 carbon
atonms which can have one or nore al kyl substituent. 10. The copper conpl ex
of claim2, wherein Zis a 10 hydrogen atom and each of Rb, Rand Rd is
net hyl . 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 atdmsr and each of RE If and R? inde-
pendently is a linear or branched alkyl group having 1-5
carbon atoms; and Y is a linear or brénched-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  alkyiene group having 1-5 carbon atoms, and each of Rb, RS
and R? independently is a linear or branched alkyi 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



! - The; r conplex of claim3, wherein z is a hydrogen atom and each
é%ng?ehgoggg Rd FE methyl. 15 12. A method of form ng a copper-containing
filmby chemcal vapor deposition using a copper conplex of claim 1 as a
copper source.. 13. A nethod. of formng a copper-containing filmby 20
cheni cal vapor deposition using a copper conplex of claim 2 as a copper
source. 14. A nethod of form ng a copper- %fntalnlng filmby chem cal vapor
deposition using a copper compl ex of cl 4Pt~ 25 3 as a copper source.

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.

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

or more alkyl substituent.

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

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

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

hydrogen atom, and each of Rb, R and R?Y is methyl .

15 - 12. A method of forming a copper-containing f£ilm 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
20 _chem1ca1 vapor deposition using a copper complex of claim

2 as a copper source.

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

25 3 as a copper source.



