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-1- DESCRI PTI ON METAL COWPLEX COVPOUND COWPRI SI NG

P- DI KETONATO LI GAND 5 FIELD OF THE | NVENTI ON The
present invention relates to a netal conplex conpound
having a S-di ketonato |igand which is favorably

enpl oyabl e for preparing a netal oxide filmor a netal
10 filmby chem cal vapor deposition nethod (CVD

nmet hod). BACKGROUND OF THE | NVENTI ON Recently, "a
nunber of studies and develapnents have 15 been
performed on netal conplex conpounds for preparing
materials enployed in th Lel. sem - conduct or s,

el ectronic el enents and giéél’&%%f@%ents. For

i nstance, conpl ex conpounds. ‘of netals described in,
Per MEAE TEBIELEY | D MR INE dd TIRT aNeTO LIGAND

for manuf kot uring. | E%’%Dﬁ ga@%E i
super - gﬁg gigfaéﬁ;neE F&I‘I 't%formeﬂ%[f

a%ﬁ%ﬁéwa A a@g%ﬁ%%gl'é% WGRRIHE 1 ‘é%ably
@ﬂ? Loyabhe) Tareperprayed antesaddicesd des fidieqm e petal
Bt Imelyf ebewicag veghr- depesitionmgethod (CVD method) .

el ectro-conductive filnms and light-emtting el enents.
Conpl ex conpoun @f((aRﬂﬁfIﬁ QR | ﬁ@ﬂug. riodic
Table I'11B (e. gdgAln um aF'umnutr[n an &8§Iel|un) are

enpl oy, dan st.udi ed as rials for nufacturln
|."Sm 3 g?ﬁ'tt?n u@ﬁ@aP 853654 aRA have
b@%mawﬁ@omeﬁsoaf meEaL- @s@m&mcm@@mdﬁ d‘:ﬁ—‘tl"e Ppreparing
Qanpteda Tonpaphdpedf inethesfdeddsi bfd semiPesimillictors,
T@Idzcﬂ::i"c%&é eelemehits and bpadraar elefpheyed FRfr instance,
di98%- HEAR3 B HELRGH BEECH HOpeRRdEld Viable
fmnl B¢ 35’3 i) eBhEk G aﬁanmggﬁegmeug Urployed
R s é{.ri' § terials for manufacturing ferro-dielec-
trics and super-conductive elements or materials for
preparing & protective film of a plasma display device.
Complex compounds of metals described in Periodic Table

ITB (e.g., zinc) are empléyed and studied as materials

for wanufacturing light-transmitting electro-conductive

films and light-emitting elements. Complex compounds of
metals described in Periodic Table IIIB (e.g., indium,
aluminum, and gallium) are employed and studied as mate-
rialg for manufacturing light- transmlttmg electro-con-
ductive films and insulating films of semi- c:onduc:tor
memory gate.

Complex compoumds of metals described in Perlodlc
Table IVB {e.g., tin and lead) are employed for manufac-
turing light-transmitting electro-conductive £ilm and
ferro-dielectrics., Complex compounds of metals described
in Periodic Table VA (e.g., vanadium) are studied for the
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in Periodic Table VA (e.g., vanadiun) are studied for
the -2- purpose of preparing ferro-dielectrics and
barrier filnms for copper wiring of silicon

sem - conductors. Conpl ex conpounds of netals descri bed
in Periodic Table IVA (e.g., titanium zirconium and
hafnium) are 5 enployed for preparing
ferro-dielectrics (PZT) and bar rier films for copper
wiring of silicon sem -condyctors. Conpl ex conpounds
of nmetals described in Periodic Table WVIA (e.qg.,

chron1un) e enpl ayed for in | ass f.o

BUERERY (e priaeuriri d BT Ao or s il heetiey films
Céﬁ’ﬁ'l é’%’PP@ﬁ?pWEbP J&@%sﬁm%ﬁ%@%u%ﬁr 8di c
Tabl e CetrpAefe apopovamisa e emetazles efedoyidednins Pediiedic
agaPAke TV e of OF tHtRRARINI ﬁﬁﬁﬁﬁﬁﬂrmsﬂhﬂﬁiﬁﬁ?sﬂe

e%}é&q I%(I | (0] -

prgﬁa 'foreﬁs_ tor %Ue. to t e:le?c (Zévgi??gﬁ énd ax

2 3@%?9&? (SeBirgpRuctors.

??‘oﬁm@&%'l d%eﬁﬁr%%l%nd%’%ﬁ‘i?’ g Table
P@IBodﬁ@gTabb@IvnuMHOeaga enmiloked ool qubabariageglass for
satidopdital Fieear Negah ARl ke imn &f |4€081 surface.
SefinptenduehPEontef ofnGiRagia m&%ﬁﬁé@ BEPPSHic Table
nyergl (ge gr AL B %qp%.%fe diﬁ@% 84 28 mate-
%ﬁ]& éofo &%ﬁ Tt obiﬂ Cagle o - Purther

361& sf‘P\F&r &R d?r‘%l?%r{&%dt]fl%?mls"
nBEE a@%r tbﬁé@t md@oméﬁtwmq reFiFtanee rebsbntem-
tﬁﬁﬁﬁtﬁﬁgeaﬁgtEﬂ@ﬁsﬁ@mpﬁ@%tﬁkécmﬁﬁﬁhuﬁmanéuuﬁbmplEX com-
Raowinds 702 5metaly, desouibed dh Fendicell dafsbbeevIIT (e.g.,
avhrloel eshdncebadp) pee EthﬂneEEERHSQm@E filmsigsed

esm! @m@é@nf QémHﬁBBndﬁéEb%' ﬁ E'n( FRes) dé%ll‘i%;@&é
ging

i Eﬁ n
%%%g; %?Eg%gnm i -Jiging layer.

ds o met scr ed in Periodic

Table IB (e g., copper, silver, and gold) are used for
manufacturing electro-conductive wiring for the reason
that these metals show low electric resistance. Particu-
larly, a number of studies have been conducted on a cop-
pex film, because a copper f£ilm is employable for mamu-
facturing wiring of sgilicon semi-conductors. A metal
oxide film comprising copper oxide is paid attention as
material of a high-temperature super-conductive elements.

Rare earth metals (e.g., scandium, yttrium, and
lanthanolds) are paid attention as materials for prepar-
ing high-temperature super-conductive element, high di-
electrics for a gate insulating film and ferro-dielea-
trics for PLZT film. Accordingly, the complex compounds
of rare earth metals are of value for preparing these
materials.
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30 Rare earth netals (e.g., scandium yttrium and

| ant hanoi ds) are paid attention as materials for
prepar- ing high-tenperature super-conductive el enent,
high di- electrics for a gate insulating film and
Ferro-dielec- trics for PLZT film Accordingly, the
conpl ex conpounds 35 of rare earth netals are of value
for preparing these mnmaterials. -3- The netal filns
and metal oxide films are cogiven tionally prepared by
the CVD nethod because the CVD nethod can eaS|Iy

fi | h t K- Th
gl ;/-gr Iaa | n | Ri U%}lgéorm i C E er% 8:11’\{@11-
A afesﬂr% S RIga

ca}%@a@déz%\ﬁ%l % SBIWK%U_G}F\HFO M@awataren#@awt wk-
emeissy.ed Temsfard al matdoiaps efavongbaynetployable in the
Aty eetfimiddizng: fidquiyedhe CVD nethod. The met al

conpl entc Ao YREssRY i tina, Hnété&?t eamplest ectbaandsa

e,

VLI
QO‘I# 'diktéiﬁiﬂa % éﬂd é‘f@ v?r ig@ﬁ.‘o BHORS' ﬁge%&@ls
t

. % %
L@g%;i; %@%% ?%fﬁ%f%@ é% ;ﬁﬁ?wg Bigch I pferon-

a
nbLF. W%cﬁﬁ‘ﬁé& CHHIB AR d ﬁa’{?ﬁﬁﬁlasmces for
(thei Fé‘éfiibﬁmtélqd afifpreseiative avwewple- ofathe f-diketon-
t@h‘@eﬂ-&g@ﬂ@imr@m@mwm@ﬁtmm ngacmbeaaduzez &6, 6-tetra-
Thetbfdr-&,, S-henrsnadidde:&npdwmhet al conpl ex
conpouﬂ:dis igandtieed ratal mit aef ilndhe fealetbagles com-

@ﬁhast Pza%. a?cbml%&idigaw i ﬁfyéi gég éwan ordi-
HoR | gt

a‘gﬁg E% Ust tqfdr%qfe %ge 3@5:5% ex ccm@cmnds

§ne O iable to cause

p uggln the pipe systems for aupply:mg a metal
gource, and is not satisfactorily accepted in industry.

For the.reason mentioned above, a manher of studies
have been made for cobtaining metal complex compounds
having good stability and a low melting temperature. One
of the known improvements resides in the attachment of an
ether honding-containing substituent group to the p-di-
ketonato ligand to obtain a metal complex compound having
a satisfactory stability and a low welting temperature.

For instance, Patent publication 1 and Non-patent
publication 1 (mentioned afterward) describe complesx com-
pounds of strontium (described in Periodic Table IIA)
having the following formilas (a) and (b):
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havi ng good stability and a low nelting tenperature.
One 25 of the known inprovenents resides in the
attachment of an et her bondi ng-containing substituent
group to the R-di- ketonato ligand to obtain a netal
conpl ex conpound having a satisfactory stability and
a low nelting tenperature. For instance, Patent
publication 1 and Mon-patent 30 publication 1
(mentioned afterward) descri4e conpl ex com pounds of
strontium (described in Periodic Table I1A) having

the follow ng f (a) 0 Sr (b)
O2 51t is notfed Yha | ex conpound
of 10 the for B¢ [ gy but

unfortunate-. {tly ure, and that
the strontium
shows good st abi y . tion,
unfortunately hagsa high nmelt- ing goint (235C).
Therefore, it appgars that these corn 15 plex
materials are nojy favorably enpl oyed for the prepa-
ration of a stroktiumfilmby-the CVD nethod.

Non- pat ent publ i.€ation 2 (nentioned afterward) de-

scri begta 1@0&1&-_@@ GOEIO UKL %tﬂ@ii@llﬁﬂ%ﬁ;bi@@ d:@rn}_:)ound of

Pi;:-.;:—;'eo oS! B! IeBlodi i J0Es Al Lo ¢ 5 : tmwlixmlate-;
o5 %P %mﬁ%éwo ke Srrﬁqt> eability
|?ﬂfﬂsgﬁ@ti HgtdGEp| yOuth A EEHRR Bk mﬂ@lhwh melt-

Wing peintodEiBesC) . Therefore, it appears that these com-
Plex materials are not favorably emploved for the prepa-
ration of a strontium film by the CVD method.

Non-patent publication 2 (mentioned afterward) de-
scribes a complex compound of zine (described in Periodic

Table IIB) having the following formla:

It is noted that the above-menticned zinc complex
compounid shows a low thermal stability and easily suffers
thermal deterioration. Therefore, it is not easy to
supply the zinc complex compound with no troubles.

Patent Publication 2 (mentioned afterward) describes
a conplex compound of aluminum (described in Periodic
Table ITTB) bhaving an ether group-containing ligand which
is illustrated below: '
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Patent Publication 2 .(nmentioned afterward) describes
a conpl ex conpound of al um num (described in Periodic
Tabl e I TIB) having an ether group-containing |igand
which 35 is illustrated below -5- 51t is noted that
t he above-nenti oned al um num com pl ex conpound shows
| ow thermal stability and hence easi- |y suffers
thermal deterioration. Ther%fore it is not 10 easy to
supply the al umi num conpl ex“conpound wi th no

troubl es. There are kno no st\udi es in connection
with galli- um conpl exifco and i ndi um conpl ex
conpounds. Patent Publ]catj J( ment i oned aft erward)
describes 15 Sn(dpm) 2{ as conpound of tin
(described in Peri- odkc T It is noted that
the tin conplex com pound\is vary sensitive to water.
Therefore, it is not easyfQo ‘handle this tin conplex
conmpound. As for the | ead/conpl ex conpounds, Patent
Publ i c 20 tipn d (nmentjoned after .

descrig% B Eﬂﬁ § 5#%% che G-meTtions cont-
P, %Olﬁjﬁ%ﬁyﬁh@""ﬁ bEwp EheaTada s Rbddd Y )‘ﬂnd thenge easi-
nbyemfﬁarst thermadnkterdommpaiots - Theeedotiegh ml:ts n@t

] h@uﬁf}@?ethéhaiﬁnﬁﬁﬁﬁd BmHQ BROLH
iTy enpl oyable for he prep ratlon o

ctor
Iea % i 25 by, the CVD od. As for the.co Iex
conpot i?&e% Rshan He-ArrasEs iR ﬁ@%ms&t&osﬁg&ﬂéh galli-
VAY | o kpie W@ﬁoﬁn {ndininogeuplex: compogyds.

descr i Betsenf dpup2ichtiba Bofmenthehetihafteet@mpdgX describes
alss@ sl it GRonfRWAD HP AN - (JdeELi 1883 P eperi -

Srfdpm)d,
tdise el exremrpound 8 Hotcdathafachar iy eMRl-A%k o
B BReRe o

aRhend ofs tIE-PrEORLPLIOR £5 Ravapadi ypLiL
easy to handle this tin complex compound.

As for the lead complex compounds, Patent Publica-
tions 4 and 5 (mentioned afterward) describe Fb(dmp), and -

 bis(1,3-diphenyl-1,3-propanedionato) lead (II). It is

noted that these complex compounds have a high melting
point. Therefore, these complex compounds are not satis-
Tactorily employable for the preparation of a lead film
by the CVD metheod.

As for the conplex compound of vanadlum.(descrlbed
in Periodic Teble VA), Patent Publication 6 (mentioned
afterward) describes V(dpm),. Tt is noted rthat this
complex compound also has a high melting point. There-
fore, this complex compound is not satisfactorily employ-
able for the preparation of a vanmadium film by the VD
method.

As for the complex compound of nickel (described in
Periodic Table VIII), Non-patent Publication 2 and Patent
Publication 7 (mentioned afterward) describe a metal com-
plex compounds having the following formilas (c¢) and (d):
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As for the cpbalt c | ex compou eqit Publ i ca-
tion 8 (nmenyiongd af ierward) destri tal conpl ex
~ 15 conpoun hav e follow ng for @.p 2021t is
not ed t hat bove-Ji nth ed dobakt co iX vﬂ
compound sh ms Ot/hermal stahil_it easi y :

met hod. As for the conpl ex conpound of nicke
(described in Periodic Table VII1), Non-patent
Publication 2 and Patent 35 Publication 7 (nentioned
afterward) describe a netal com pl ex conpounds havi ng
the followng fornulas (c) and (d): -6- 'N (C i (di
52 It is noted that the nickel conplex conpound of
the fornmula (c) shows poor thernmal stability and
easily suf 10 fers thermal dgterioration, and that the
ni:ckel conplex conpound of the fornmula (d) shows a

| ow vapor pressure due to its high nol ar wei ght.

suffers 25\%h eteriorati of. {her ef it is
not easy to sup{yply“the cobalt co X npound Wi th
no troubl es. for the copper conplex- conpound

Pat ent b & té&oﬁhﬁt(ﬁﬁéthﬂaﬁ oﬁ#ﬁ%ﬁh&i%ﬂ? the
Of %gasgco)';c%? congou having aﬁﬁblg and gas:l.ly suf~

S therma detarloratlon, and that the nickel complex

compound of- the formula (d) shows a low vapor pressure
due to its high molecular weight.
As for the cobalt complex compound, Patent Publica-

tion 8 (mentioned afterwarﬁ) describes a metal ccmplex
compound.hamang the following formuala:

It is noted that the above-mentioned cobalt complex
compourd shows poor thermal stability and eagily suffers
thermal deterioration. Therefore, it is not easy to sup-
ply the cobalt complex compound with no troubles.

As for the copper complex compound, Patent Publica-
tion 9 (mentioned afterward) describes a copper complex
compound having the following formula:
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2 -7- in which Ris isopropyl or tent-butyl, Rl is

met hyl or ethyl, and R2 is propyl or butyl it is

noted that the above-nentioned copper conpl ex

conpound shows no inprovenent in its rate of copper

film 5 formation. Therefore, it is not satisfactorily
enpl oy- able due to its |l ow productivity.' As for the
conpl ex conpounds of rare eagth netals, Patent
Publications 10 to 12 describe netal conplex com

pounds having the following fornula: 10 RL REM 15 R2

3 1R GhiciniR che REdbistandd dor tart abatedy t R e ahetdiyeln or
RetHysl, |andUuRy i hrohal Y mmiz:LRZ is isopropyl
'Somﬂ)dt is ﬁb%é& tﬂa@tﬁﬁéﬁﬁﬁbv ~REn per complex

t2 T '5 ndv%ga o %ﬁ#ﬁ%‘ﬁ%ﬁga}%{he‘%yﬁ% é bEY £ilm

ot %ol 1 niS foPht Sahls @CEPF% upRLoy-
oﬁk P & | PR Y1§3+vents Further,

the fi /A8 f@!ﬁd@h@rﬁ@@b@xacwmm@ﬁp@f arare earth metals,
o Rextamito rELkSI0L gt eonrs FUD | t@ at2 ofedor dife An@tdB686Tmlex com-
PatoemtdsPiizioay i e 2foDiewii®P 0F@6Gul#at ent Publicati on

3: JP-A-6-234779 Patent Publication 4:

JP- A- 2002- 155008 Pat gnt Publ hcation 5:

JP-A—2003-226664

R} o
S “REM
R2

in which REM stands for a rare earth metal atom, R is
igobutyl or t-butyl, and R? ig igopropyl, isobutyl, ©-
butyl, 1wethy1penty1 or 2- (E-methoxyethoxya -1, 1'-d1meth~
yviethyl.

Tt is noted that the above-mentioned rare earth
metal complex compounds have a high welting point and is
insoluble or sparingly soluble in organic solvents.
Further, the film formation needs a high temperature
cperatlan

JP-A-9-136857

DE-A-2207866

JP-A-6-234779

JP-A-2002-155008

JP-A-2003-226664

JP-A~2003-49269
WO 01/48130

Patent Publication
Patent Publication
Fatent Publication

Patent Publication
Patent Publication

Patent Publication
Patent Publication

LI T D]

ST Oh LR Lo RN

4 ke
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35 Patent Publication 6: JP-A-2003-49269 Patent
Publication 7: W} 01/48130 -8- Patent Publication 8:

, 7TP-A-2-121944 Patent Publication 9: JP-A-2001-181840
Pat ent Publication 10: JP-A-2003-321475 Patent

Publication 11: JP-A-4-72066 5 Patent Publication 12:

J' P- A-9-228049 Non-patent Publication 1. Zhurna

Neor gai cheskoi Khimii, 36(9), 2279(1991). Non-patent -

‘Publication 2: Inorg. Chem+8%(2), 404(1962) 10-

DI SCLOSURE O? Tf INVk JTION (Problems to be solved by

t he i nvesmtéon] Piblisaphonbgect offpthesingagiiszon to

provi depaebat miB] geaBhey gonpoundsawbioph A3 sad ow

mel tinge Lty t t a heat ,
ond 15 5¥ate SnEicLeiohorht s SLoRplCYShee 100 Ihe
pr épar ata©8nef piBl 8ba€98n 181 ni ng‘ptALGEﬁ%ou@e

et hod 0. bl eust b8 § agsbiesthe pr o eskoi
i S COR

ntion resides ina
991)

having 3-di ket o and mh

alkoxy TRRYRYF g&@ﬁb athelp dlketoﬁHng]lﬁgﬁﬁlofl(z)r
the netal conplex com 25 pound 48é4R8FRY to the
invention preferably has the fol- lowng fornula (1):

X 30 R- (2) whepgsQrissRands: fofE aNVENTION

al koxyal kyl met hyl . having the above-nentioned formula
(%k&kﬂiMQM§h3§Q&@ 1R BY e invention]

It is an object of the invention to provide metal
complex compounds which hag a low melting point, good
stability to water, air and heat, and therefore which is
favorahly employable for the preparation of metal-con-
taining £ilwe by the CVD method.

present

[ITnvention to solve the problems] _

The present invention resides in a metal complex
compound having a f-diketonato ligand which has an
alkoxyalkylmetiyl group.

The f-diketonato ligand of the metal complex com-
pound according to the invention preferably has the fol-

- lowing formula (1):

X

4 M-
\ o : \Ox (2)
Y

wherein X stands for an alkoxyalkylmethyl having the
above-mentioned formula (2} in which each of R* and R®
independently represents a linear or branched alkyl group
having 1 to 5 carbon atoms; Y stands for an alkoxy-
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35 i ndependently represents a linear or branched al kyl
group having 1 to 5 carbon atons; Y. stands for an

al koxy -9- al kyl nethyl of the above-nentioned fornula
(2) or alin- ear or branched al kyl group having 1 to
8 carbon atons; and Z stands for a hydrogen atom or

an al kyl group having 1 to 4 carbon atons. 5 The )
net al conpl ex conpound of the invention prefera- bly

is represented by the formulg (3): X 10 M "Z (3) Y n
15 in which Mstands for a netal atom each of X Y,

gtk Imbﬁaﬂ@amﬁ@ﬁV@gmeﬁﬂﬂoﬂeﬂSf@ﬁmhm&eQQD ek 4 1in-

t%a& Mﬁon@fﬁ&béa aﬁcil Sift@eg bBrbon atoms;
Perpd Cst*% %ée%gﬁ A.? 1! 8r roup having
T re |s an a I

of

At
consi sting gnesi um,
o uﬁ?ﬁ fﬁ% oo Spfdof L pie “DEbehPign, prefera-
g Iy 3R ﬁﬁﬂﬁ@ﬁﬁn e i Gh? erHalaedd) : vanadi um .

ni obium and tantalum Further, M preferably is.a

nmet al atonldescribe is 25 Periodic'TabIe | VA, VIA

VILA, or VIII. It. tic larly preferred that M

is an atom of net from the group

i sti [ Z|rc Maum tlga)fni um chrom um

cob on, ruthenium and

“iridium 30 Furtheynor eferably is.a netal .atom

described in Periddid Tabl ¢ #B,. and n preferably is 1
or 2. It is -particularly preferred that Mis a netal
atom sel ect ed
in which M stands for a metal atom; each of X, Y, and Z
has the same weaning, and n is an integer of 1 to 4.
M preferably is a metal atom described in Periodic
Table TIIA, IIB, IIIB, IVB or VA. It ig particularly
preferred that M is an atom of metal selected from the

. group consisting of magnesium, ¢alcium, strontium, bari-

um, zing, born, alumimm, gallium, indium, germanium,
tin, lead, vanadium, niobium, and tantalum.

Further, M preferably is a metal atom described in
Periodic Table IVA, VIA, VIIA, or VIII. It is particu-
larly preferred that M is an atom of metal selected from
the group consisting of titanium, zirconium, hafnium,
chromium, manganese, nickel, cobalt, iron, ruthanium, and
iridium.

_ Furthermore, M preferably is. a metal atom described
in Periodic Table IB, and n preferably is 1 or 2. It is
particularly preferred that M is a metal atom selected
from the group consisting of a copper atom, a silver
“atom, and a gold atom.

‘Furthermore, M preferably is a rare eéarth metal
atom, and n preferably is 3 or 4. It is particularly
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fromthe group consisting of a copper atom a silver
atom.and a gold atom 35 Furthermre, Mpreferably is
arare earth metal atom and n preferably is 3 or 4.
It is particularly -10 preferred that Mis an atom of
nmetal selected fromthe group consisting of yttrium

| ant hanum cerium praseo-. dymum neodym um
samarium europium erbium ytterbium and |utetium
and nis 3 or 4. 5 The inveption further resides in a
process for pre- paring a netal oxide film which
|ses teps of: heat t al
%‘ﬁ% Eﬁf@ L o 9%&%%%@?@@ the
FROH aFRYFHEFIPE &ﬁoé(’&téfé Ugh-y 2L SEERE g S0

c Sypien, coapdymaUHn d SEnBTiyiT g etepiomy agaium.o yhterbium,
raadt LohethampesnidnnwhiscB a@rsdbstrate is placed; and

bri ngi et havenpdon fuethent aekidash iox yyeromiss thampre-
ipathegreagttal ekadberigndehibeationpriGatecomn 088 of:
tlﬁ@auﬂﬁgrat@eﬁamveb&pa&wcénﬁeabﬂa PoshA @y @Oqi-%n%t%nato

¥1°
Gy gﬁhca 08 %é,
; %g hRPRLoR, "'1?
%ﬁ AU o Doevhinns: oboncaiis
SHFAMRgIA Feearees P@xcb@wb@ﬁnund@# a@a&%ﬁ@ decom-
@9% rithe p%ﬁwq:w@ ukar forvertaingpag sebpdr oxide bewor and
sianvesiting shemeetel hgrideaviporsohyensumfaame ot hdre
soilvergte The i nvention furthernore resides in a
process for 25 preparing a netal film which conprlses
the stppscipt: ab@@éim&tioﬁéaabrée%befoﬁoﬁ%#ﬁﬁ:ﬁ@v 'aﬁ%etal
%ﬂd@'fﬂr&n%ﬂe hbgefdgvBEch H@Eai”céhgb
%ouDséé)p U preferably performed by heatmg a solut:(.on
which is prepared by dissgolving a metal complex compound
in an organic solvent (particularly, an aliphatic hydro-
carbon solvent, an aromatic hydrodarbon solvent or an
ether solvent).
The invention furthermore resides in a process for

“preparlng a metal film which comprises the steps of:

heating a metal complex compound having a p-diketonato
ligand which has an alkoxyalkylmethyl group to give a
vapor of the metal complex compound and supplying the
vapor into a reaction chamber in which a substrate is
placed; and bringing the vapor into contact with hydrogen
in the reaction chamber under heating to decompose the
vapor to convert into a metal vapor and depositing the
metal vapor on a suxface of the substrate.

In the above-mentioned process for preparing a metal

film, the heating of a metal complex compound in the step

1s also preferably performed by heating a solution which
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35

vapor of the metal conplex conpound and supplying the

vapor into a reaction chanber in which a substrate is
30 placed; and. bringing the vapor into contact with
hydrogen in the reaction chanber under heating to
deconpose the vapor to convert into a netal vapor and
depositing the netal vapor on a surface of the
substrate. In the above-nenti oned-process for

~preparing a netal 35 fil m-itthe heating of a netal

conpl ex conpound in the step is also preferably

perf@ @n%mmd h:aﬁatcﬂiwscal\smgpta Qi trdil Cd?o Jlexl Soppepadetn an
S Wi dh i?%ﬁ%g Egﬁfﬁbérbon
SQO&%t'( gn arioérg:l Cc %y ocal boh SO?V n %?CBE tﬁté]P‘er

so ve ) > [Effects of invention] The use of the
ﬁ%b%l cgggle conpound of the inven- tion in the

&8¢ j% netal filmor a netal oxide
f ilmb @S@/@W@@@ﬁblmmprw@n@d et atha oinven-
f LR AT, st Firasasde for mrepdmipgadndidIn film or a metal
chaidet &dilm f cheniQUD mictlice] teretiles i prepare a metal
pEaper aki anmetteds dxide fiamatisweing shesd DEIm athdfacreris-
tties BREEF1DESCR R 1ds @%A\&' repard@ior steps in a

[ deposi'ti on appar at us.
kémé%&%F?%E?Fgggi&g constﬁfti?%% of a deposition

apparatus for pr g a netal oxide f|In1u5|ng

steam 20 1A: GOt THPN &F 1ERAWENGES £ | ow

controller 2: stop valve
Fig. 1 illustrates a constitution of a deposition

apparatus.
Fig. 2 illustrates a constitution of a deposition

apparatus for preparing a wetal oxide film using steam,
1A: wmass flow controller
1B: mass flow controller
2 stop valve
3 vaporizer
4 reactor
5: pressure gauge
6.
7
8
S

3 4

valve
trap
water
i cooler

-10A: pre-heater

10B: heater for vaporizer

10C: heater for reactor

20: fuzed liquid or solution of metal complex
compound

21: substrate
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- 20

25

3: vaporizer 4: reactor 25 5: pressure gauge 6:
valve 7: trap 8: water 9: cooler 30 10A: pre-heater

| OB: heater for vaporizer 10C. heater for reactor 20:
fuzed liquid or solution of netal conplex conpound 35
21: substrate -12- [Preferred Enbodi nents of

I nvention] The netal conplex conpound which has a

0-di ketonato |igand havi ng an al koxyal kyl nmet hyl group
is represented. by the aforenentloned fornmula (1),

and the netal conplex 5 comp mpeand of the i nvention |s

Qﬁﬁ%f é? rﬁqgg- tloned nula (3). In |
T e
KGFOgPolip Kapragented
tﬁﬁ c%ﬁq%ﬁm@twe@, u‘écmaslawe{law axd hyhe mepadpgprplex
|$mpgmnyﬂi Of rizte tihventsichut i r@pb@ﬁgﬁte@rb?eﬁhglafﬁremen—

I%j@ﬂﬁ&ﬂﬂbﬁﬁuléfwgﬁornu|a (2) or a linear or branched

al kyl Q&ﬁ@ﬁ& éiﬁ5%§§fﬂ§fméﬁhyl group

”‘%“”? bﬁﬁm@ﬁiﬁ el ikl S

gF8Ep Oﬁla\ﬁ tﬁi»lﬂh &y srtlatlomsthyich morapyhy| 1eopropyl,

eﬂh%utiﬂ—rplﬂ@@ﬁutylso ir-dptty 1 n-coutpentykobit s |, a ogroup of
the formula (2) or a linear or branched alkyl group hav-
ing 1 to 8 carbon atoms, such as methyl, ethyl, n-propyl,

 isopropyl, n-butyl, isobutyl, t-butyl, pentyl, hexyl,
heptyl, or octyl; Z is a hydrogen atom or a linear or
branched alkyl group haviag 1 to 4 carbon atoms, such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, or
t-butyl; and n is an integer of 1 to 4.

The ligand of the metal complex compound of the
invention, that is, the p-diketonato 119and.hav1ng an
alkoxyalkylmethyl group, can be easily prepared in a
manrer similar to the manmner known for the preparation of
the known p-diketones. Representative preparing process-
es are described hereinafter in Reference Examples.

_ Exanples of the metal complex compounds of the in-
vention which has a p-diketonato ligand having an alkoxy-

alkylmethyl group are illustrated below:




t-butyl; and nis an integer of 1 to 4. The ligand of
the nmetal conplex conpound of the 20 invention, that
is, the (3-diketonato Iigand having an

al koxyal kyl net hyl group, can be easily prepared in a
manner simlar to the manner known for the preparation
of the known (3-di ketones. Representative preparing
process- es are described hejginafter i n Reference
Exanpl es. 25 Exanples of the netal conplex conmpounds
of the in- vention which has a (i-diketonato |igand

; . having an al koxy- al kyl nethyl group are illustrated
, bel ow. - 13- OI\/BNg(tOVBpI\/onx(>I\/9p pI\/Dz
% i 0 10 b p "
Srfo M. '
"Ba 4
-5 ~
Eo




O'"Al
(Ga

0'Zn 0 'Zn 0 "Zn a (Zn 3 n43 %43 O
Al
4-G0 Ga&E@ ~Q'GA G 33!Q31!'Q
b

(o’
Ga _
0

I
030303 Sn Sn 0-.5n

-T14~

"Al
- Al Q'A
i0olIn'

(1>AJ (ill,
In O I n #03'

e 303003 -16- - '
Al
In 01

3
p
In
In

a
3
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(>Sn 0 .2 2 ~PbPb Pb OPb "1 Ox 20Oz z b Pb "Pb
'Pb "Pb ~r zi zz .10 (t21 (4v (Il;v b VO _V

(¢)-VV --33-19- ~QTi Ti -0. .Ti 40 4 4 nmo. (Ti
(oo" Ti /O4 4" O4to4d4, 4n4 0 4 :4zr (zr (tzr O
(zr, O zr (zr ~ ('zr (QZr . ($ 4 4 40n 4 -20- OHf
C(H Q" f f (H . (HHO''H Q('H rbr Gr Qr
(cr (ocr r. M .

-15-




- '""M1 (Qwi M1 is Q'O2 (oM M (OVh "M Oz ~2z O
NN NN NN Oz (ok"NN z . 0i0 z (04 -22- QCOCOO
(Co (tco (Q>COo0 /~x (OFe e 4,Fe Fe Fe .'Fe 'Fe

(eFe 3, ~, -23- 'Ir Ir O" .Ir Ir i03 0. 703CJ
O(C'rr "Irlr Olr O30303RUIRURI"RU /pala
s~pa-~} b3(juul0' uu-24- - " H (t>ui0 Zr r

o_ CO--Fe 0-- MiNi O -

-16~




Ru -25- OCu (tocu /O(c) F, uuOp220-C0CuO
"'cu O '"Cu0OCu-26-. -;Ag QAg\ OAg -O Ag a |
--O g AO ga... "Aga~Ag ,a.a P O.Ag Q@ Ag
0->g a.-Ag -27- M. M. M535a}l}iopMM "MMp P
03 Q15 ([inthe fornulas, Mis a rare earth netal].
The deposition of the netal -containing conpound onto
the substrate can be carried%ut by the known CVD
met hod. For instance, the nmetal conplex conpound is
supplied onto a heated substrate together with an
oxi di zing gas such as 20, oxygen, ozone, "nitrogen
oxide (e.g., Nzp) or a reducing gas such as hydrogen
under atnospheric or reduced pres-, sure, to deposit

an netal,oxide fi r amtal fifmon th tyr at e.
AltefnaiNvely, a onplexX c nd i ed
ontq a , upstrate’tqget her M th=anNi ~In
. in 5 48° ]! o
. Q 3

ea
3
O

I
S

subs
I S
o s {3




25 trogen-contai ning basic gas such as ammonia to
deposit a netal nitride filmon the substrate.

O herwise, a nmetal- containing filmis deposited on a
substrate by a plasma CVD nethod. The process for
preparing a netal oxide filmby the 30 CM nethod can
be perforned by a step of heating a netal conplex
conmpound of the invention t@ggi vé-a vapor of the.
nmet al conpl ex conpound and suppl ying the vapor into a
reaction chanber in which a substrate is placed and a
subsequent step of bringing the vapor into contact
with 35,0xygen or. steam (i.e., water vapor) in-the

afmet
vhapor Phe.
pke by
( _ sper for oY ting
5 conpl ex conpound of the inven give a

:vapor of the netal conplex conpound and supptying the
vapor into a reaction chanber in which a substrate is
pl aced and a subseﬂgent step ofy bringing the vapor

int tact wt ogen | ey eacti
under ngt M 10 poge t apor
i ntjo a Pl apor gBposj t - §1 Rl
as e~pf th ate. \n VD

¢ . .

n
c

netal qonpl ex ¢ ndzis vaporfzed for

formatfon of a thid film The métal .conplexX conpound

ofthe invention can be supplied into a 15 vaporizing

chanber and vaporized in the chanber. Alter- natively,

the netal conpl ex .conpound is diJuted wth an
ap i aje sol r exappl ~
hydr ocdr= QP Cc exang or

hydr oc

(Mo , an alinp
h
P4 0

ho
._C)‘
(B




such as toluene; or an ether such as tetrahydrofuran
or 20 dibutyl ether) and the resulting solution is
supplied into the vaporizing chanber using a
liquid-transporting punp and vaporized in the chanber
(nanely, a solution nethod). The netal conpl ex
conpound of the invention can be 25 converted into a
netal -containing filmin a reaction chanber at a
tenperature of preferably 503 700C, nore preferably
100 to 500C and at a pressure of preferably 1 to 200
kPa, nore preferably 10 to 110 kPa. The netal conpl ex
conpound can be vaporized at-a tenperature of 30
preferably 50 to 250C, nore preferably 90 to 200C
When a netal oxide filmis deposited using an oxi-

di zi ng gas such as, oxygen, the oxidizing gas }s used
in 0 vol . % r

pref er 2 .. 3 |  gmount—oR-.t.he
ga = : Pk i | mY !
.deppsi| [ - used\ i.n.fan “anmount
of : . re prefergbly 10

to 70 Vol .% per a fotal anount ¢ of the gasedgs
m xture. When a netal filmis deposited using a
reduci ng gas such as hydrogen, the reducing gas is
used in,an anount ijpreferably 0 to 95 vgl.

30 to % p
{ WhegTa.aet a
ntai n dic gas
| R as is\u

to 9 . %
vol . % 'per a total 10 anount of .the gaseous m xture.
EXAMPLES [ Reference Exanple 1] (Preparation of nethyl
2- met hoxypr o- :




15 pionate) In a 500 nL-volunme flask equi pped with a
stirrer, a thernoneter and a dropping funnel were

pl aced 100.6 g (1,862 mml) of sodi um net hoxi de and
300 nL of hexane. Subsequently, 300.3 g (1,798 mmol)
of nmethyl 2-bronmopro 20 pinnate was slowy dropped
into the flask under cooling wth ice. The resulting
m xture was stirred for 2. h@frs for carrying out a
reaction. After the reaction was -conplete, 300 niL of
wat er was added to the reaction m x- ture under
cooling with ice. The organic portion was 25
col l ected, washed with water, and dried over anhydrous
sodium sul fate. The dried organic portion was filtered
and pl aced under reduced pressure to distill at 74C
and togive 97.0 g (yie

eld: 46% of; nethyl
2- i opat e _as\ col orf.es Rqui d. he
nmet pr opl omat.g.hdd t @e wing /= .
chatact ¢r#@fics:l ' H @BCIS,_ f 1. ,f
d) ; — 3. 77 (3 L 3. . (AH

VB( 1. 18. *35 [Refefénte Exanpl e @1/
(Preparation of 2-methoxy-6-nethyl -30- {

‘3, 5- hept anedi one (nopd)) In a 200 nlL-vol une flask

equi pped with a stigyrer, a therponeter and a droppi ng
of sodi '

funn :

and/t he : P Q i 5. .

t ol i sk.

(13D 1§t$ 0 3t bt an :
dr oppED..I Q esyl ting

stirred-for. ' he I 'dsk was’

o
3




further dropped 5.65 g (47.8 mml) of nethyl 2-nmethoxy
10 propionate (prepared by the nethod of Reference
Exanple 1), and the m xture was stirred for 30

m nutes for carry- ing out a reaction. After the
reaction was conplete, 50 nL of water was placed in
the flask under cooling with ice. The agueous portion
was taken out, neutralized_ iph 15 acetic acid, and
subjected to extraction with ether. The ether extract
was washed with water, dried over, anhydrous sodium
sulfate, and filtered. The filtrate was concen- trated
and distilled under reduced pressure (41C, 27 Pa) to
give 4.25 g (yield: 520) of 2-nethoxy-6-nethyl-3,5 20

heptanedipne as colorless |iquid. The

2- met hoX¥H- 6-\net hyl ad the
char dcte ¢S m) :
(G_L )! . " .
(0. 9%H ' 59-2 73 q’gl.'é-o
3.37 t2. 3s) 8 (O

(0.95H, s 15.4 (O 9 ,S), | R (neéf, cnr'):
2936, 1607(br) 1462, 1366, 1328, 1210, 1120, {910
805 (the peak at 1607 aril is a characteristic- peak
of P-di ketone), 30 ‘me): 142, {13, 59, 43.

ept nob In a
i 1 3 Mn
oppf ng funn
) of sbdi@m‘am de, ‘an yrged

with -31- argon. Then 80 nL of foluene was pkaced in
the fl ask. Subsequently, 15.1 g. (150.8 mmol ) of .
3, 3-di net hyl - 2- butanone was slowly dropped into the

p 2




sulting mxture was stirred for 15 mnutes. Into the 5
flask was further dropped 5.50 g (46.6 mmol ) of nethyl
2- nmet hoxypropi onate (prepared by the nethod of

Ref erence Exanple 1), and the m xture was stirred for
30 mnutes for carrying out a reaction. After the
reaction was conplete, 50 nL of water was placed in
the flask under 10 cooling with ice. The aqueous
portion was taken out, neut$4rized with acetic acid,
and subjected to extractlon with ether. The ether
extract was washed with water, dried over anhydrous
sodiumsul fate, and filtered. The filtrate was
concentrated and distilled under reduced 15 pressure
(59C, 492 Pa) to give 4.50 g (yield: 52% of  2-

,nethoxy 6, 6- di et hyl - 3, 5-hept anedi one as col orl ess

- 3, 5- hept apedi one

0 'H 13,
(q.

9. ¢7H 0

. . ( .

PR "Ondat | cnz): Q972, 293, Oébr)

1461 1366, 25 1206 1059 886, 809 (the peaK at 1602
cms is a charac- teri-stic peak of (3-di ketone

I\/IS(rrie) AExanmple A-11
(Pr met hyl - 3

(22.\1 - i dg o
solutidn. Into - ution was skomﬂy
dropped 3.80 g (22.1 35 mmol ) of

2- met hoxy- 6- net hyl - 3, 5- hept anedi one (prepared by




the nmethod of Reference Exanple 2), and the m xture
was -32- stirred for 5 mnutes. Subsequently, a
solution of 2.04 g (6.96 mml) of indiun(lIl)
chloride tetrahydrate in 15 M. of nethanol was slowy
added to the mxture. The resulting m xture was
stirred for 30 mnutes under cool 5 ing with ice for

carrying out a reaction. Aftser the reaction was
conpl ete, the reaction m xture was placed under
reduced pressure to distill methanol off. To the

resi due were added 40 nlL of ether and 40 nL of water.
The organic portion was taken out, dried over
anhydrous 10 sodi um sul fate; and filtered. The
filtrate was concen- trated. The concentrated filtrate
was placed under re- duced pressure and distilled at

4 / Ct%rIStICS ( cwo: 2975 93§W

1539, 1515, 1429, 1402 1363 1331, 1230, 1120; 952
914; 809, 554 (the 20 characteristic peak (1607 cnil)
of (3-di ketone has qbsap pear ed,

\6- di
-3, 5- heptanedlonafo)lndlun(lllf In(nDbd)Sf In a
100 m L-vol une fl ask equi pped with a stirrer, a 30

t hernonet er- and a droppi ng funnel, was placed 2,12 ¢
(11. ﬁ }:}




mol ) of 28% sodi um et hoxi de net hanol solution. Into
the ice-cool ed solution was slowy dropped 2.03 g
(10.9 mol) of

2- met hoxy- 6, 6- di net hyl - 3, 5- hept anedi one (pre- pared by
the nethod of Reference Exanple 3), and the 35 m xture
was stirred for 5 m nutes. Subsequently, a solu- tion
of 1.08 g (3.68 mel) of indisum(I1'l) chloride tetra
-33- hydrate in 15 at of nethanol was slowy added to.
the mix- ture. The resulting nixture was stirred for
30 minutes under cooling with ice for carrying out.a
reaction. After the reaction was conplete, the
reaction mxture was 5 placed under reduced pressure
to distill nmethanol off. To the residue were added 40
mL. of ether and 40. M. of water. The organic portion
was taken out, dried over anhydrous sodiumsulfate, -

and ffilt The/fiNrate wa gneant rat ¢d. {h
concentrat e *{4ﬂ rat ¢ W ﬁila ed ‘ eduge
presgure di'still of 180¢, 3} ive

(yi eNd—63% of t\is{2- rfet hoxw- 676- di w5 -
hept anedfbridt o) i ndli u@114) as B yéllows i D

tris(2-nmethoxy-6, 6-di nethyl -3, 5-heptanedi onat©o) -
indium(l11) is a new conpound having the following .
char- 15 acteristics: np: 76C, IR (KBr, curl) : 2975,

2932/, 65\, 1516/ 1420)\ 1383, 1214/ 146
1117f ~1057AQ53,-/888 . D53,

charfct e gj Mheak Nim { of

di saRp e and argcteri sti egdk (15

di keton a

_ ppears), CEl ntal *anfd ySis: foundC
53.8% H 7.69% In 17% calculated (C3oH51®™In): C
53.7% H 7.67% In 17.1x, M5(me): 670, 640, 613,
485, 243, 127, 59. .




25 [Example A-31 (Preparation of

bi s(2- met hoxy- 6- net hyl - 3, 5-

hept anedi onato) strontium(l1) Sr(rmopd)2) In a 100
nmL-vol une flask equi pped with a stirrer, a

t hernoneter and a dropping funnel were placed 0.60 g
30 (5.79 mmol ) of strontiun(ll) oxide and 20 at of
ether. Into the ice-cooled solution were slowy
dropped 40 ng of water and2%-00 g (11.61 mmol) of

2- met hoxy- 6- net hyl - 3, 5- hept anedi one (prepared by the
met hod of . Reference Exanple 2), and the m xture was
stirred for.one hour for carrying 35 out a reaction.
After the reaction was conplete, the reaction mxture
was pl aced under reduced pressure and -34- heated to
180C for concentration. To the concentrate was added
15 nL of hexane. The resulting m xture was stirred
and then filtered. The filtrate was concentrated and -
distilled under 'redyced pressure (240C, 53 Pa), to

bi s(@- -
di onht 0) “u 0
hi s(R- y- 6-
stronti qﬁ%] F) is

characteéeristics: 10 {R (KBr, canx):
1614, 1499,. 1464, - 1435, 1374, 1347, 1208, 1190,
1117, 1089, 1020, 911, 809, 782, 548, 520, 480,

El ement anal ysi s: Ypound: C 50..
cal cpl7ated Y C, , Sr)\: C 50.3
15 ( 67.-%&19 8845; , 5B7,
43. r gm-Ofte dat Ustlr onty
IS }id ;ed tq -Agve trimer

A-4] “(Ppeparation ofObi’s(2- methoxy-




20 3, 5-heptanedi onato)strontiun(ll) - Sr(nmobd)2) In a
100 nit-volune flask equipped with a stirrer, a

t hernoneter and a dropping funnel were placed 0.58 ¢
(5.60 mol ) of strontiun(ll) oxide and 20 nlL of ether.
Into the ice-cooled solution were slowly dropped 40 ng
of 25 water and 2.10 g (11.28 mol) of

" 2-met hoxy- 6, 6-di met hyl - 3, 5-hept anedi one (prepared by
the net hod of Reference Exg ple 3), and the m xture

. was stirred for one hour for carrying out a reaction.
After the reaction was com plete, the reaction

m xture was placed under reduced 30 pressure and
heated to 180C for concentration. To the concentrate
was added 15 nlL of hexane. The resulting m xture was
stirred and then filtered. The filtrate was
concentrated and distilled under reduced pressure
(275C, 32 Pa), to give 0.65 g (yield: 25% of

@I onat o) st or6|urr(ll) %ale

hﬁﬁ€-6,6-'&ﬁﬁ 1-3,5 Aedi ond o ,;Ag

[ new conp havi ng t oM ow ng

chardcteristics: : 130C," 5 I,Q (KBr, (cnv})g 3430,

2970, .2903, 1609, 1502, 1473, 1434, 1344, {1206, 1151,

1104, 1055, 1018, 884 839, 784, 751, 474, El enental

anal ysi s: found: 52. 69@ H 7.51% Sr 19% cal cul ated
C\GZ 4% .48% . Sr 19. 19

a

y73 [Ex le A-5 (Preffaration of
ot M\ nemonMO) c (1)
’ﬁ%&volu eqU|p qomﬂﬁh a
: J
=0, (). —0 ==,
_TAg- “w. e, e
Yo A W &c}fﬁ\g o0
< < 2 A
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15 thernoneter and a dropping funnel was placed 6.56 g
(34.01 mmol ) of 28% sodi um net hoxi de net hano

solution. Into the ice-cooled solution was slowy
dropped 6.00 g (34.8 mmuol) of

2- met hoxy- 6- net hyl - 3, 5- hept anedi one (pre- pared by the
met hod of Reference Exanple 2), and the 20 m xture was
stirred for 5 mnutes. Subsequently, a solu- tion of
2.26 g (16.6 mml) of zinc(=A7) chloride in 20 nmL of
nmet hanol was slowly added to the m xture. The result-,
ing mxture was stirred for 30 m nutes under cooling
with icef carryin ut a reacti After the

i Xt ur

reactio co he reAct iNon

pl aced {und ce U&ﬁ tjo di/STHiL, ,netfhan M
off. Tq th uel wer d {20 exane 3

nmL - of t-ef. The or ' ortio s taken t

over anhydri@dud® sodi um s@ -*fate, ‘andfittered® T

filtrate wAs concentrat’ed. The 30 'céncentrat ed
filtrate was placed under reduced pressure and
distilled at 160C, 27 Pa, to give 4.91 g (yield: 730)
of bi s(2-nmet hoxy- 6- tjl%bl-s, 5- hept angdi,onat 0) zi

as vis | ow I/ QN d -\ The
bi s( 2- t hyl - & ppt dnedifonat’opm- 3 M
zinc( 1Y) is) ew cbnpoMr@ihavi [T ow

char-ac- ;- | B, (neat /s 2972, , /2
1582, 1513,91432, 1333, 01711, 1118 812, 805, 558 (the
characteristic peak (1607 cm") of P-diketone has
di,sap r and a aracteristic eak (1582 cnx) of
R-[g-ﬁk@%ﬁ?’é&@ﬂﬁ@ar g],l% %I%te‘aﬁrﬁhéﬂ%@: -found: C

53. 1% THe7 Ag%sitAon @F the atetid bt @thtf3h8H9 08&Mdousd onto

- 58heYpulsTrat® c2m & QarriMi The) bfdhe 488wk’ CUDH-hod.

MEctaiastbheseri theC aRlaX RARRUN Gdifah M is supplied onto
a heated substrate together with an oxidizirg gas such as
oxygen, ozone, nitrogen oxide (e.g., NO) or & reducing
gas such as hydrogen under atmospheric or reduced preg-
sure, to deposit an metal oxide film or a metal film on
§he substrate. Altermatively, a wétal complex compound
18 supplied onto a heated substrate together with a ni-
trogen-containing basic gas such as ammonia to deposit a
metal nitride film on the substrate. Otherwise, & metal-
containing film is deposited on a substrate by a plasma
CVD method. |

The process for preparing a metal oxide film by the
CVD method can be perfoxmed by a step of heating a metal
complex compound of the invention to give a vapor of the
metal complex compound and supplying the vapor into a
reaction chamber in which a substrate is placed and a
subseguent step of bringing the vapor into contact with
oxygen or steam (i.e., water vapor) in the reaction cham-
ber under heating to decompose the vapor to comvert into
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sidered to have a diner structure. 10 [ Exanple A-61
(Preparation of bis(2-nethoxy-6-nethyl-3, 5-

hept anedi orzato)tin (I11) - Sn (nopd) Z) In a 100
nmL-vol une flask equi pped with a stirrer, a
thernoneter and a dropping funnel was placed 4.70 g
(24.4 15 mmol ) of 28% sodi um net hoxi de net hano
solution. Into the ice-cooled solution was slowy
dropped 4.30 g (25.0 nnnllzgt

2- met hoxy- 6- net hyl - 3, 5- hept anedi one (prepared by the

t f Reference Exanple 2)., and the m xture was

o PR oriel e ar semgrting Gheanetabnostde vapor
25 gugtace 9fimible) sufbsttinadd,) chloride in-10 L of
met handhe paocelsswipragdehard ddhe: Metan ei ey the CvD
resthotingam btuper fermedl Iy ed Jidtp Uk Mt d8leal
coophgxwebhpbeeidl oFf teaf H¥haghain 3 ¢ Q}é%xﬁé&?r f the
thetadaebipewas e 3l %n Xt U V\Eg, o
ey e e el

sdQuihe LESHOYR yels, ade 5 ekt .
t t xPur & WRg Pg@ﬂﬁg;ﬁ@@ TTHENQ |qantachasith

AYT At 3 eTCBHESARY S | MRdste head inadedl decom-
: ) RGO EQSEPRVERE AT50i Bl Betadt VBT 3K Reposit-
e e ey yawet don7d%uofabes6? 88e substrate.
met hoxbn Geluetow -de@ndapt eRUh8Rat OLbilikly) RSl s

N zdd efor the Formation of a thin film. . tal
- = e N = =t T ?
B et ) EefeboRara oy il dgto o

W..%fm%hc - SYfanemyicdsys theicharher.
ggio 4t & b omplex " apEoosad tehdiluted with an
aEr eI St (SOEAE - dhor (peumoled )anfal dbiakécohydrasar -
gPQaﬁb@@r 8¢ hepane charcatanes i st srganalkid 1EF8retihon
SHCR. gisk srduene ;appeans )ether such as tetrahydrofuran or
glbutyl ether) and the resulting solution ig supplied
into the vaporizing chamber using a ligquid-transporting
purp and vaporized in i
N e PO 1 the chamber (namely, a solution
The m?tal complex compound of the invention can be
converted into a metal-containing film in a reaction
chamber at a temperature of preferably 50 to 700°C, more

preferably 100 to 500°C and at a pressure of preferably 1
Lo 200 kPa, more preferably 10 to 110 kba., The metal
complex compound can be vaporized at a temperature of
preferably 50 to 250°C, more preferably 920 to 200°C,.

. When a metal oxide film is deposited using an oxi-
dizing gas such as oxygen, the oxidizing gas is used in
an amount of preferably 10 to 90 vol.%, more preferably
20 to 70 vol.%, per a total amount of the gaseous mix-
ture. When a metal oxide film is deposited using gteam,
the steam is used in an amount of preferably 5 to 90
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El emental analysis: found: C 46.8% H 6.61% Sn

25.6% cal cul ated (C18H3006Sn): C 46.9% H 6.56% Sn

25.7% 5 M5(nmle): 462, 403, 291, 151, 113, 59.

[ Exanmpl e A-71 (Preparation of tris(2-nmethoxy-6-nethyl-

3, 5- hept anedi onat o) vanadi un(111) - V(nopd)3) In a 100

nmL- vol une flask equi pped with a stirrer, a 10

t hernoneter and a droppi ng funnel was placed 3.61 g

(18.7 nrnol) of 28% sodiu t boxi de net hano

solution. Into. the ice-cooféd solution was slowy

dropped 3.20 9 (18.6_ .nmol) of

2Vt ﬁ0xW§%@ﬁ?ﬁ‘@r§@méﬁ dre A DAY F e 228 B yotaheamount

Bt hEHSoHARE e RE& Ity | AN ameetal Filnuis demogbted

sufirgdaf sedacHngusess sSulls egudndnogen s othit i oedoding gas

0i83usgd( sn9snmanicluf ofanadifierdbly hlwasise V@l 15, hore

abrefebabagoBowes SI0owon addedyt @t ket 1€ the

r gasedil mitccurieyr ewiRe o ndied st N uiss W Sising a

CADEFAgeil EBnta8nike 1oAY LAY UicR LM AH8E 14 tro-

oty ' i S & Bty 10
%0 st net ha ral

of " Hextem &% P JePta
S ePE  CRehgREREHS RixX5HXE-on was taken out, dried

over anhydrous sodiumsul- fate, and filtered. The
filtrate was concentr at ed. EXREFRBSconcent r at ed
filtrate was placed under reduced pressure and

Ut d b8 e R0 e 41 TBrebBrbYBr? o8 nib ! Fimet Wiypro-

gpfgfﬁgiktqg - 6- et hyl - 3, 5- hept anedi onat 0) vanadi um
LIl i f)é( FELpYeOWHRE| fhngk eauipped with a stirrer, a
t %g@?@%ﬁ%%%%ﬂ@-%E@ﬁ?ﬁp3ng-ﬁepﬂﬁheﬁﬁﬁﬁapdpceﬁoloo.6 g

Vidn&Gmmal) o€ sodéwncoapboriideanidg 300e nioofolicigne .

&MhﬁﬂquaﬂElYpSSOWFB(geal,7987mmol¥955,méﬂﬁg% 2538 omopro-
ISohatid Wis 1SIB0w 1y 1dddopdd 2intd008Be 818sk80Bde206 Looling
(i@ Ghar act@id ské B0 &M s Okl bR S nours

red,, and a char ac-
3 out a reactfbn4 After the reacktion was

complete, 300 mL of water was added to the reaction mix-
ture under cooling with ice. The organic portion was
collected, washed with water, and dried over anhydrous
sodium sulfate. The dried organic portion was filtered
and placed under reduced pregsure to distill at 74%C and
12,236 Pa, to give 97.0 g (yield: 46%) of methyl], 2«
methoxypropionate as colorless liquid.

The methyl 2-methoxypropionate had the following

characterigtics:

*H-NMR (CDCl,, 6 (ppm)): 1.41 (3H,d), 3.40 (3H,s),
3.77 (3H,s), 3.90 (1H,q), .
MS(m/e): 88.59, 31.15.

[Reference Example 2} {(Preparation of 2-methoxy-6-methyl-
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35 teristic peak (1563 cr') of P-di ketonato appears),
El enental analysis: found: C 57.3% H 8.05% V 9.0%
-38- calculated (C27H45MV): C 57.4% H 8.03% V
9.02% WMS(me): 564, 393, 59. [Exanple A-8]
(Preparation of tris(2-nethoxy-6-nethyl- 5

3, 5-heptanedi onato)alum nun{ I11) - A (nopd)3) In a
100 mL-volune flask equipped with a stirrer, a

t hernonet er and a droppi ng-Bdmnel were placed 1.07 g
(6.60 mol ) of aluxninun(lll) triethoxide and 4.20 g
( 24.%-hepidnedioe métdyed )y 6- net hyl - 3 5- hept anedi one

(preparkd Hy230 dibewdBihe drphsRes ' S %i:lrrer, a

Therremithdtiehd dh - at&gfrp%ﬁ% [g (132

CRREN)N GO ok Al %S i} g 5 Qi
Ol'f he 'ﬂf&‘ft | §H) dﬁ?sdf ﬁ%{lit ?‘Bn §ask.

%nﬁ“@ﬁh&%r@ ~Byganone

.f| e é@“’%éﬁ?‘?ﬂ? tjél%st n'%%‘fi‘ﬁ tr%ﬁl@dthﬂ'hEESUitmg

BhaEHTeaMEE f9tiamad e, 1P monttemder Ines dheefilask was
?fugimgig;gﬁ 15 J e Qt(%mgcmmfﬁ?“ ® 3- rﬁéth@xy—
preplo Qg Bt i 5 S a n@le
d s
1pnageyakmd pfl %%13%5 %onato Qicsd £8% carvy-

tEhg( %u&%h

af;ggc:* e i e

fféf?ﬂ oL, mgitggbized with
%tﬁ'ﬁa?‘&éfierﬁgl@ Supastess to] o r@aticst with letlee. The
B sapbEartdwagnyegheamdth martest,i dipieak ¢dS83anhydrous
c?ﬁ’ Jigp pudirbeonand fppeered. EIT&mrﬁ]dltmtaal WS concen-
focmited Gahf. dYstH] 8e41imddl 12 R%edC 1°C, 27 Pa)
(LR iS04l 25 & 80+8%: Hs§-«§9%f é'-mét%%{ey- J 1-3,5-
Hbpt £180i 484 a8680148Tes891 1quid.
The 2-wethoxy-6-methyl-3,5-heptanedione had the
following characterigtics:
H-NMR {CDCL,, 8 {ppm)): 1.17 (6H,d), 1.30 (0. 15H,d),
1.36 (2.85H,d), 2.48-2.57 (0.95H,m), 2.59-2.73 (0.05H,m),
3.36 (0.15H,s), 3.37 (2.85H,s), 3.71-3.78 (1H,m), 3.78
(0.1, 8), 5.81 (O S5H, &), 15.4 (0,95H,s),

IR (neat, cm™): 2976, 2936, 1607 (br), 1462, 1366,
1328, 1210, 1120, 910, 805 (the peak at 1607 cm™® is a
characterlstlc peak of f-diketone),

MS (m/e) : 142, 113, 59, 43,

[Reference Example 3] (Preparation of 2-methoxy-6,6-di-
methyl -3, 5-heptanedione (mobd) ) '

In a 200 mi-volume flasgk equipped with a stirrer, a
thermometer and a dropping furmel was placed 8.20 g (210

mmol) of godium amide, and the flask was purged with
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30 [ Exanpl e A-9] (Preparation of
bi s(2- met hoxy- 6- net hyl - 3, 5- -
hept anedi ona. t o) magnesiun(11) - My(nopd)2) In a 100
nmL-vol une flask equi pped with a stirrer, a
thernoneter and a dropping funnel were placed 0.66 ¢
35 (11.3 mmol ) of magnesiun(l1l) hydroxi de and 15 ni of
1, 2- di net hoxyet hane. Subsequently, 40 nL of water and
4.30 g -39- (25.0 nmol) of _37.
2- met hoxy- 6- di net hyl - 3, 5- hept anedi one (prepared by )
t -ho Ref.erence le 3) were suyccess]vel
ag%%‘%ﬁgow %ﬁrndpgge@.“&rﬁef e, o it (eS8 Sk Flask.
f Youtl% & &acthih. 8 ) tofe 3 Sredbnetbylnas
conEzone tas rsantliyordripged elwgs tiencElnglaf esndbyhe re-
hb‘fa et al;@erfmme ' eﬁcﬂr% 'éhﬁéﬁ% e?ﬁ%f{ethe
PLas : . @.ﬁf‘%@(ﬁ; Mrethyl 2-
g&etgiéxy%o??%ﬁeiﬁﬁ F'oP Pe Wethod of Reference
fip Y axid o idmbay atq o minutes
ggg ng%g_ngg gﬁ@n %f#%%%@ﬁ@ﬁﬁ: a:?'e cat?f:%m wals
bI S P BT hoRY- B2 hggéf%t YA Ransd dinitde flask under
nBgHestEnt S 16 ndWec AAVEENG Bantien mas dialem mut,
HErbEeeirstl withypgetisg ecisl,| Rrgkpubiamtiad to extraction
Fpghpeiherg72TheosBhets XL rEE26 wasl ABEhatB 3, cH A&k er,
1d50ed14%dr S4RydB0ds BOAiuEemradl 28Rl YSiltefQUNd e
G 5B Bdte s 283nobis Bob%1 Salc a&%&&gg G ?g?&g dhicdd

%ggf&sufé%g% “ﬁﬁ-ﬁ)ﬁ’tﬁ%%q Frelad 822 of 2-
co }I]%j?dé%hpa‘a%ﬁel s}?ﬁ%%hgr Pg G0 25 &oﬁﬁrrfess lig-

St yre. [ Exanpl e A-103 (Preparation of

bj s(2-TM h%?‘?"?’(ash‘ﬂ%Yh%E'@}@ehbwﬂaﬁearbﬁme@é@@ahad the
&,R characteristics: '

H-NMMR (CDCL,, 6 (ppm)): 1.18 (0.99H,s), 1.20
(8.01H,s), 1.35 (0.33H,d), 1.37 (2.67H,d), 3.35
(0.33H,s), 3.37 (2.67TH,8), 3.73-3.77 (IH,m), 3.79
(0.22H,s}, 5.91 (0.8%H,s), 15.7 (0.89H,s),

IR ‘(neat, cm®): 2972, 2936, 1602(byr), 1461, 1366,
1200, 1059, 886, 809 (the peak at 1602 om? is a charac-
teristic peak of Pp-diketone), |

MS (m/e) : 186, 156, 127, 59, 43,

[Example A-1] (Preparatiorn of trig (2~methoxy-6-methyl-
3,5-heptanedionato) indium(III) - In(mopd))

In a 100 mL-volume flask equipped with a stirrer, a
thexmometer and a dropping furmel was placed 4.26 g (22.1
mol) of 28% sodium methoxide methanol solution. Into
the ice-cooled solution was slowly dropped 3.80 g (22.1
mmol) of 2-methoxy-6-methyl-3, 5-heptanedione (prepared by
the method of Reference Example 2), and the mixture was
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25 In a 100 niL-volune flask equipped with a stirrer, a
thernmoneter and a dropping funnel was placed 4.50 ¢

(23.3 nmol) of 2896 sodi um et hoxi de net hano

solution. Into the ice-cooled solution was slowy
dropped 4.10 g (23.8 mmol) of

2- met hoxy- 6- net hyl - 3, 5- hept anedi one (prepared by 30

t he met hod of - Ref erence Exagg;e 2), and the m xture

was stirred for 5 mnutes ubsequently, 3.20 g (11.5
mmwl) of lead(ll) chloride was slowy added to the
nkiared fowe 5 ssaabany niSuhassuwentlii @ b huriomeof 2.04
hgrur(6a®6r ool )t exfp dmetime{ T1H) cdnkgriine dmetminedscieonin 15
ArLebrt hetheae13bald FLHRS GRIREHD (e dBadlhton The
”kébtﬂ&:.ﬂ%s mbkiced %%erstﬂﬁ‘?é& ffﬁf%ﬁr&lﬁ Qi cool -
EEﬁLa%& 8 g ég Q t|or§£g--t%'e
(B AR ryelt i el &?&étauq% e o=

f Fededpreds presgurand® Somtdnt - To the
ckpeedueaweyer pidest 40w Qfa@@él%@éld ﬂ&@&e@@ﬂ@tﬁr.
stre angaviist poredont wassCaked Rat ,t dxgiede <Bret0 gnhydrous
(yodidm sEAFRtel and filtered. The filtrate was concen-
bts4Cedet hig- Gonebhyhradcb Fantared aael llerdt dder re-

4y

mico h VI oW g
‘igg“‘“ F'é , ag\Vipcousy yellgsp Ligggsl. 1504
1423, Iha7tr1$228meth6$y—5$m&thy&}6 59héptanadjﬁnato)—

gzﬁgﬂﬁsﬁﬁéo% a&lsglt&.;]:_%gl?at 1%5%:% Ei%a a\;fa 3. .27

- 533 tMeTThRr 98- at Aelsbbapbaal LARAACHE Following char- -
.[éb@%ffé@ﬁ@shas dlsappeared and a characterlstlc

peak (&b n Pz@glse Ay o515, 1429,
%f% ca?cw a%@d é%%ggg@ %) éfg;é}g? %’;Pb(the

isap-
@fd@a%%gtﬁﬁﬁ‘éw Be@kdufacéﬂ& cm?) of B ﬁ
etonato appears) ,
Elemerntal analysis: found: ¢ 51.3%, H 7,25%, Ia 18%,
calculated (Cp,H,0,In): C 51.6%, H 7.22%, In 18.3%,
MS (m/e) : 628, 598, 457, 227, 115, 59.

[Example A-2] (Preparation of tris(2-methoxy-6,6-dimeth-
¥1-3,5-heptanedionato) indium (IIT) - In(mokd),)

In a 100 ml-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 2.12 g (11.0
mmol) of 28% sodium methoxide wethanol solution. Into
the ice-cooled solution was slowly dropped 2.03 g (10.9
mmol) of 2-methoxy-6,6-dimethyl-3,5-heptanedione (pre-
pared by the method of Reference Example 3), and the
mixture was stirred for 5 mirmtes. Subsequently, a solu-
tion of 1.08 g (3.68 mmol) of indium(III) chloride tetra-
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yl -3, 5-hept anedi onat o) bariun(l11) - Ba(nobd)2) In a

100 nmi-volune flask equi pped with a stirrer, a

t hernoneter and a dropping funnel were placed 1.84 ¢

(10.7 mol ) of anhydrous bariun(l1) hydroxide and 40

mL 25 of 1, 2-di met hoxyet hane. Subsequently, 4.00 g

(21.5 mol ) of

2- met hoxy- 6, 6- di net hyl - 3, 5- bept anedi one (prepared by

the met hod of Reference Exanple 3) were slowy

dropped. The resulting mi xBBre was stirred at room
tenperature for carrying out a reaction. After the

r dstdahe vas 1domi3ehimshandile wasactiawlyriadded tasthe mix-
C dmmoent r Jirel rekodtthieng anitcents atees vesiackeR dEE0 B0 minutes
hexdlas: cHd ires Wit & odn Sdti reamasidg |dwef efl. rdaetion.,
fA!f‘tlé&t W&%ﬁiﬁ rﬁ&%o@f&éowtf@é@ti@ﬁ REREBHe was
5% Stid | ethah 2 b nddoPaors .

4
Jrein; 5 ATl
Dnép% filtrate was

heA g HHENB Yok, iced under
clﬁ‘@lﬂb}@ﬂdt @F—"ﬁ@ﬁué’-"@ aﬁdp Listogdesl (o (A88°C, c a1 Fa 3433, give
28766 29dyiele06 637 1434 (2-TREhoxprsR, 6 thyl73, 5~
8B9pt§ﬁ&di¢ﬁatowﬂmm$mmﬂlBﬂyﬂasﬂpalécyﬂiicMEsﬁlfﬂﬁ H
6. 80% THe 2#%s (2caletlioaded , “AR4Ra)3 /5 - Gddededibnato) -

6176%uBI129. 9% a Wcﬁrpcﬁﬁiﬁ Hind Ahe 12011691 nd Ochar-
Féggékmgtygsdata t he bari'um conpl ex conpound is

- consid have a dlner structure [Exanple A-12]

(Prepa
ep 3)26 "%a :1053135 ﬁ) L1383,
i iy %z%;/ T S
he chaxacterlstlc el (1602 cm™ B- diketone has
disappeared, and a characteristic peak (1565 cm?*) of B-
diketonato appears),
Elemental analysis: found: C 53,8%, H 7.69%, Iﬂ.l7f,
calculated (CH,,Q,In): C 53.7%, H 7.67%, In 17.1%,
MS (m/e) : 670, 640, 613, 485, 243, 127, 59.

[Example A-3] (Preparation of bis (2-methoxy-6-methyl-3,5-
heptanedionatoe) strontium(IT) - Sr(mopd).)

In a 100 mL-volume flask ecuipped with a stixrer, a
thermometer and a dropping funmel were placed 0.60 g
(5.79 mmol) of strontium(Il) oxide and 20 ml of ether.
Into the ice-cooled solution were slowly dropped 40 mg of
water and 2.00 g (11.61 mmol) of 2-methoxy-6-methyl-3,5-
heptanedlone (prepared by the method of Reference Example
2), and the mixture was stirred for one hour for carrying
out a reaction. After the reaction was complete, the
reaction mixture was placed under reduced pressure and
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thernoneter and a dropping funnel was placed 4.63 g
(24.0 mmol) of 28% sodi um net hoxi de net hano
solution. Into the ice-cooled solution was slowy
dropped 4.14 g (24.0 mol) of
2- met hoxy- 6- net hyl - 3, 5- hept anedi one (prepared by 20
the nmet hod of Reference Exanple 2), and the m xture
was stirred for 5 mnutes. Subsequently, 1.40 g (7.95
mol) -of galliunm(ll1) chlarjde was slowly added to
the m xture. The resultlngg'"xture was stirred at

on1t§ngerature for one hour for carrypgg out a
rEEREEONCOALBEIC FRF 1R 5iGRs coRpEBEeCOpRENtrate was
radaed ohS et GEchaKang|. ac Sheuresiltdngy ided e sas stirred
tandi dhen| fidtanad. ofhe filthateesiduconuarmited @0l
Miigtibbedmended 8eduobedf pweteurseTHR40PC, g&RI Paper tiogive
Was20 ayefybeld: dekidogvel sdnhyetbdsysadmanhyeil f B-deptane-
afiforhatdpsedont RAmiTY r akepwas genaent Riled. 30 The
Concenm@tjsﬂsf(ztﬁ@?;\hsx%aé bR B”@e« gﬂzﬁfo

fé wing

"Sé‘l{lg?rgﬁ%@ﬁ Isd at 85%&@%%:15ahav

%ﬁ?ﬁ +Ho V"% \%,4_3 5- he t anedi onat o
ellio

gal | i ubit1 (§BT g 97072932, 16]?4 1499, 1464,
¥4 3% 2- Tl hoxI367 nelRQ8. 3155ﬁepﬂ5ﬁf8d| 3Q8&. 01038, 911, 309;
gidi U8 ) 15205 48@Gew conpound having the foll ow ng

char - Elotmzmisal canalglist REGandt, CVBB). 6%,297 @, . (X34 S 20%,
Elul3yd (d38,,01408: @368, 3%331, 71@3%,, 82100 U821,

961 %@ ﬁ%’ P92 té‘@aei‘igggacsgggg éﬁé@g%@ 59, 43.
: F n?_oound is
aép%afp ar%%efr s E %@% SEGHREER o5 % ﬂ”? r5%

2% Calcul ted (C27THA5MG) ., C_55. 6% 8@
1%}@%91 k) (PegparapnonQf bis, (2xt91e[ch%rén&e- imethyl-
Bedmiaptanedtapata) SoroptiunfEl hoxy 85 (Bokd) o)

In a 100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 0.58 g
(5.60 mmol) of strontium(IT) oxide and 20 nl of ether.
Into the ice-cooled solution were slowly dropped 40 wg of
water and 2.10 g (11.28 mmol) of 2-methoxy-6, 6~dimethyl-
3,5-heptanedione (prepared by the method of Reference

- BExample 3), and the mixture was stirred for one hour for

carrying out a reaction. After the reaction was com-
plete, the reaction wmixture was placed under reduced
pressure and heated to 180°C for concentration. To the
concentrate was added 15 mL of hexane. The resulting
mixture was stirred and then filtered. The filtrate was

concentrated and distilled under reduced pressure (275°C,

32 Pa), to give 0.65 g (yield: 25%) of bis(2-methoxy-6,6-
dimethyl-3,5- heptaneda.onato) gtrontium(II) as pale yellow
solid.
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‘met hyl - 2, 4- hexanedi one (nbd)) In a 200 tL-vol ume flask

equi pped with a stirrer, a thernoneter and a droppi ng
funnel was placed 9.74 g (250 mmol) of sodi um am de,
and the flask was purged with 15 argon. Then, 80 nL of
tol uene was placed in the flask. Subsequently, 25.0 ¢
(249.6 mmol ) of 3, 3-dinethyl-2- butanone was slowy
dropped into the flask, andaghe re- suiting mxture
was stirred for 15 minutes. Into the flask mas

urt et GAReEh Mol 99 &- 0 PR%h;?i go5! ? ﬂﬁgmnato)-

hoxyacet an
R ﬁca‘r#ﬁ @emowm L
rg st “Cohpl ete, 50 nL of water was placed in
the fl &8k JAEE, cobling with ice. The aqueous portion
was taken (@R, (cm«s I rad42@d 2OTH, apeOB¢ 2608, aBd2, 1473,
suhpect adadg axio@ctiign 25 M4 h 2ode) . 100e, e8Bel 839, 784,
extnaciapaas mashed with water, dried over anhydrous

sodi Umggahfat 1y%ﬁ e cfd ité@tQH“@SSI% Sr 19%,
cggg@«& "E%Q %: ) %ﬁé rlgd#%g@% PeERY 5=

y I el
nethoxy ’hexanedlone as colorless

liquid. 30 The 1- nethoxy 5, 5-di net hyl - 2, 4- hexanedi one
hdBxetmp lef @—ISovﬁiE:qgepahmta@m rais thics (2 mmwmechyl—a /5=
GhapnhhediobﬁttﬂziﬂdﬁﬂI) L~Iﬁ1( ;i@@) s), 3.39

Syt é)osta.rrer, a

3 cded O
.h&%%%ﬁ ﬂA-éééf% ion.
W, opped
5% 1532$%ﬁ§9 ) ne (pre-
gﬁfgxﬁggﬁ% qsz), and the
mixture was stlrred for 5 mimites. Subsequently, a solu-
tion of 2.26 g (16.6 mmol) of zinc(II) chloride in 20 mL
of methanol was slowly added to the mixture. The result-
ing mixture was stirred for 30 mimites under cooling with
ice for carrying out a reaction. After the reaction was
complaete, the reaction mixture was placed under reduced
pressure to distill methanol off. To the residue were
added 20 mL of hexane and 20 mL of watex. The organic
portion was taken out, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated. The
concentrated filtrate was placed under reduced pressure |
and distilled at 160°C, 27 Pa, to give 4.91 g (yield: 73%)
of bis(2-methoxy-6-methyl-3, 5-heptanedionate) zinc(II) as
viscous yellow liguid.
The bis(2-methoxy-6-methyl-3, 5-heptanediconato) -

zinc{II} is a new compound having the following charac-
teristics:

m;;;
Borom &
2?%.
£
a“%
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trimethyl -3, 5-heptanedi one (nmbd)) In a 200 M- vol une
flask equi pped with a stirrer, a thernoneter and a
droppi ng funnel was placed 8.12 g (208 nmol) of
sodi um am de, and the flask was purged with 10 argon.

"T" hen, 80 nL of toluene was placed in the fl ask.
Subsequently, 20.6 g (206 mmol) of

3, 3-di et hyl - 2- but an- one was slowy dropped into the
flask, and the resulting mxture was stirred for 15

m nutes. Into the flask was3gfturther dropped 14,8 ¢

(112.0 mmol ) of nethyl 2-nethoxy 15 isobutyrate, and

t he mi X@Ruri@emds sty ed2962, 3SR NULES2, f E1Bar LAy 1333,
o214, ,r 44015, 0P 12A t85 t HESE ebiche athanascioent sipl @t peak0 (1607
nmmof) w6 -didsetnbiee dthd rdié@pﬁé@ﬁédunﬂﬁﬁ §0@haraﬁﬁerlstlc

trglﬁlldzq Ssﬁh%n?fb“eé’f‘sﬁ@i &8, neu- "
et L I R e

flltergﬁ 'ﬁﬂhw was concentrated and distilled
under F@ﬁﬂb@@ﬁ Pe gladnee (t88C zi200 cRapleax gtampAn@3ig con-
(pidetedless havie 2 dimer structure.

met hoxy-2, 6, 6-trinmet hyl -2, 4- hept anedi one as col orl ess

25Ekamplé ATB® (Preparation of bls(z—metho -G-T@thyi-B ;5=

tﬁﬁéﬁlénétéotﬁhﬂqﬁﬁyl a edlone Rad
o Hg Fﬁaga&&grléﬁlcs rrer,
E 2&"353@‘1555975’%# g (24 4
g)so 1@@ metfanqlo aptiay. (Rto |

tlc%m: 1§§7§Dlggwn I@@s@dﬂwlmmmzak 30 g (25.0
I@B&lthﬁ 2im$5h08§66-®$2h&ﬂh§ PeliepdarEtidreEal (preemared by
dtiee aveehodt of Refiereficp- Hixkepdeel) ,3arkbBiMe widdke was
Bidfed-ddr 5 minutes. Subseguently, a solution of 2.25
g (11.9 mmol) of tin(II) chloride im 10 mL of methanol
was slowly added to the mixture. The resulting mixture
was stirred for 30 minutes under cooling with ice for
carrying cut a reaction. After the reaction was com-
Plete, the reaction mixture was placed under reduced
pregsure to distill wethanol off. To the residue was
added 30 ml: of hexane, and the resulting mixture was f£il-
tered. The filtrate was concentrated. The concentrated
filtrate was placed under reduced pressure and distilled
at 146°C, 31 Pa, to give 4.36 g (yield: 77%) of bis(2-
methoxy-6-methyl-3, 5-heptanedionato) tin(TI) as vellow
1iquid, _

The bis(2- -methoxy-6-mathyl-3, 5-heptanedionata) -
£in(II) is a mew compound having the following character-
istics:

IR (neat, cm?): 2974, 2932, 1573, 1511, 1411, 1327, .
1210, 1119, 933, 912, 808, 545 (the characteristic peak
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ari son Exanple A-1] (Prepar ation of

i s(1-met hoxy- 5,5-dinethyl -2, 4-hexanedi onat 0) i ndi um

) - In(nbd)3) In a 100 ni- voI ume fl ask equi pped

h a stirrer, a thernonmeter and a droppi ng funnel

was placed 4.48 g (23.2 5 mmol) of 28% sodi um

met hoxi de net hanol solution. Into'. the ice-cool ed

solution was slowy dropped 4.00 g (23.2 mcl) of

1- met hoxy- 5, 5-di et hyl - 2, 4-fexanedi one (prepared by

the nmethod of Reference Exanple 4), and the m xture

wgs sti rre(% for 5 mnutes. Subsequently, a solution of
1607goRy ()7 of4 Bresiseteme has fisagpetred qend a charac-

t‘éﬁréﬁi}dpapéalq r(1§5'3mr_mb1‘) sk Hardl keteenastovwypaassgped

i nt o t Béemextade anallysices daurady @ auss: Wwib 6161% edSn

uRBleb%¢coahilnglaiell i(CH.f@SrdC @ mae.e%,f ¢ &€B6Y) B 25.7%,

out a Medmyedn. 48Dt ershe 2ongaatgon ms eanpl ete, the

reaction mxture was placed 15 under réduced pressure

t Eeispilel Ang] hdPekepaihtitn e trrissiatusthese -agkdast ] -

nk, 9thephancanenabofivadhMeeT1T) The Vm@aid )G ) por tion

was takgnzouho ﬁ‘LL-%J.QM@ FARRYALRNS, hﬁ'ﬁtﬁlﬁfﬁﬁﬂf&r,

aiﬁeﬁhb&éﬁé bRk C Weim .
§ ittt e i

%E& J%gl.lon was Slowly
‘Prgt o %Yaﬁn’é‘ﬁ‘ 1734 Snbephencdioms oprmmared by
ér)m% Re LereBael releTRd, and the mixture was

ﬁoﬁym-‘én'étﬁt?r-ret Aybsgcnenslaned eddagion of 0.93
|md{®;ﬂ1|molb af neanadipoiid Ihavhdgride fiol 1Gnvmig of meth-
crrl Wi aslewlgt added| Bo( nhet mixto¥).: 2966 1re29382ing mix-
Jtﬁﬁﬁe vad 7et 14460 £88330 h3fhted?20hdetl6d01l w19f9§ ice

.«:ﬁg @ﬁ@ra%éabﬁabﬁ pg@%eicléﬂé SRy %t wag com-

ﬁéﬂ_@t %ﬁa
PR T

ortion wagé taken out, dr:l.e over ydrcrus sochwn sul—
fate, and filtered. The filtrate was concentrated. The .
concentrated filtrate was placed under reduced pressure
and distilled at 180°C, 44 Pa, to give 2.65 g (yield: 79%)
of trig (z-methoxy— -methyl-3, S-heptanedionato) vaxmdlum—-
(IIT) as viscous brown liquid.

- The tris(2-methoxy-6-methyl-3,5-heptanedionato) -
vanadium(III} is a new compound ha_v:l_ng the following
characteristics:

IR (neat, cm™): 2975, 2933, 1563, 1511, 1411, 1330,
1211, 1121, 1008, 913, 805, 561 (the characteristic peak
(1607 cm™) of P-diketone has disappeared, and a charac-
teristic peak (1563 cm™) of p-diketonato appears),

Elemental analysis: found: C 57.3%, H 8.05%, V 9.0%,
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M5(mle): 628, 571, 457, 229, 115, 57. [Conparison
Exanple A-2] (Preparation of tris (2 -nethoxy- 35
2,6,6-trinmethyl.-3,5-heptanedi.onato)indium(l1IT) - In
(mbd) 3 ) -45- In a 100 ni-volune flask equi pped wth

~a stirrer, a thernonmeter and a dropping funnel was

placed 2.98 g (15.5 nntol) of 28% sodi um-net hoxi de.
nmet hanol solution. Into the ice-cool ed solution was
slowy dropped 3.08 g (15. 4385 nol ) of

2- met hoxy- 2 6, 6-tri nmet hyl - 3, 5- hept anedi one (pre- pared

b, AT . e

A 522mm|)of|nd|un(lll)

or i tr drateln 15 Qf meth
bl 075 ] (Rebarationf fras (et Bopm Brgethyl-
n"3 P %PWE@W%@ aﬂf@w TRESELAY ~wALHORE)sbr 30
m nut edlif @r 166r vils-wglome Flpskceuippedf wakth e stirrer, a
rebgtonetar sudphetieppphingr fFantiednwaiet placsds 1.07 g
pléacéd wnde) ofdatesincuesIOLe tﬂa.élthbm&ermt'ﬁamlz(}o@ (24.4
Tand b HESE dmetlf.\@fcy-edﬁhedhﬂ HLSOheptbﬁéda._aﬂhéQ efred by

Yehe lRetBbd Jf'eRBE& 'T.e"‘@? ta %g,ulfg&ﬁd mix-

o

% rgr@ne;waﬁrpﬁ% dr:.ed cver axﬂlydrms
ggﬁat %?ﬁinﬁi@ aghﬁalfél}"@ﬁﬁi@\/v“@@l [prcern-

'WW s( zlh@tmugenztaaee tﬁ@teswasmﬁaméd weder re-

atiyeth Hrmgsure mdadnemlbaﬂoahdlﬁﬁ?ﬂngﬂ Heef otbogiveg 3.41
ehatotbili s26%s: o pris (24GtRO:xR6 (KBt riE] 5~-h2PEane -
A tioroluibiEn (141p, 2d 3psle vellow liquid.

The tris(2-methoxy-6-methyl-3, 5-heptanedionato) -
alumimm(ITI) is a new compound baving the following
characteristics:

IR (neat, cm?): 2975, 2933, 1583, 1536, 1457, 1420,
1247, 1211, 1121, 915, 799, 565 (the characteristic peak
(1607 cm?) of p-diketone has d:.sappeared and a charac-
teristic peak (1583 cm?*) of f-diketonato appears),

Elemental analysis: found: C 60.1%, H 8.41%, Al
5.0%, calculated (CH,OAL): C 60.0%, H 8.39%, Al 4.99%,

MS(m/e) : 540, 510, 481, 369, 197, 59.

[Example A-9] (Preparation of bis(2-methoxy-6-methyl-3,5-

heptanedionato)magnesium(II) - Mg (mopd),)

In a 100 mi~-volume f£lask equipped with a stirrer, a
thermometer and a dvopping fummel were placed 0.66 g
(11.3 mmol) of magnesium(II) hydroxide and 15 mL of 1,2-
dimethoxyethane. Subsequently, 40 mi of water and 4.30 g




.10

15

a0

25

- 30

35

1230, 1184, 1133, 1075, 953, 866, 816, 734, 619, 535,

484 . (the characteristic peak (1603 cm-) of

(3-di ketone has di sappeared, and a characteristic

peak (1565 cm ') of | 3- diketonato appears), 30

El emental analysis: found: C 55.8% H 8.11% In 16%

cal cul ated (C33H5709In): C 55.6% H 8.06% In 16.1%
M5(nmie): 682, 513, 449, 313, 241, 115, 73. [Conparison
Exanpl e A- 3] (Prepar ation of bis(1-nmethoxy- 35

5, 5- di met hyl - 2, 4- hexanedi ond®o) strontiun(l1) -

Sr (nbd) 2). In a 100 ni-volune flask equipped with a
st(i25n.€r mmpl)46E thenatdweters -aidratybphi hehépnasediene

pl (@aeghad-esD ly e Iethml Jobd fRefaomde ikigpbydR ) deere
apthc2Rzasivedlyl #hd dIRINeeifiene. undes 2@salgong mixture
am I@ﬁﬁ:&‘ed fﬁ&t 3@9& af yeadedenVaspstew ¥he reac-

O

- 1 e hox %xanedl one@r@%r% pEentrated
W T T R
w&’ atr G ERiEt R S db %‘il for=10°C, 25

cﬁ’ﬁv Ry 3x Testt (Weldy t%}fkrﬁéfrléia%@ﬂﬁem@}cy"ﬁ ~di-
%@ﬂeB Srdepdanedicamtg agresiaan Cohk owt rpadd ygllow

hgé,asﬁg* ol380C under 10 reduced pressure. To the

concent{h&t e -2 nd b drimaihy hexBehepisinédtonato) -

iyl 4 “F!&'ﬁﬁi %%
géﬂgggli le'gne%{jﬁagpcon entrated ":Ir tr:?%ifmgﬁﬁng
g v 3 Pa. it was nerely observed that a

bl ack so I"d {eﬁ@eﬂ(® a %ﬁéﬂ gﬁagﬁnoigﬁ 1&526

bi% z: 218 1150, 1117, 9. 203,
2 6 6. Elﬁw%ﬂl srslsin Savat 6 G i Jﬁ(m%&m

made a

- (6ubl) Zpleolhted 1QQHMOM U F9 2%, cud (RS, Wighsa63%,

stirreMs (a/e) hesmretes, antsg F2opitme f wwel were
pl acedrPodStle MS data, the magnesium complex compound is
congidered to have a dimer structure.

[Example A~10] (Preparation of bis(2-methoxy-6-methyl-
3, 5-heptanedionato) lead (YT} - Pb(mopd),) :
In & 100 mh-volume £lask equipped with a stirrer, a
thermometer and a dropping funnel was placed 4.50 g (23,3
mol) of 28% sodium methoxide methanol solution. Imto
the ice-cooled solution was slowly dropped 4.10 g (23:8
mmol) of 2-methoxy-6-methyl-3, 5-heptanedione (prepared by
the method of Reference Example 2), and the mixture was
stirred for 5 minutes. Subsequently, 3.20 g (11.5 mmol)
of lead(II) chloride was slowly added to the mixture.
The resulting mixture was stirred for one hour at room
temperature for carrying out a reaction. After the reac-
tion was complete, the reaction mixture was placed under
reduced pressure to distill methanol off. To the residue
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(5.00 nunol) of strontium(ll) hydride and 20 niL of

1, 2- di net hoxyet hane under an argon atnosphere. Into

the ice- cooled mxture was slowy dropped 2.00 g

(9.99 mol ) of 25

2- met hoxy- 2, 6, 6-trinmet hyl -3, 5- hexanedi one (prepared by
the nmet hod of Reference Exanple 5), and the m xture

was stirred at roomtenperature for one hour for
carrying out a reaction. After the reaction was
conplete, the reac- tion m4d+tre was concentrated by
heating to 230C under 30 reduced pressure. To the
cwarenfdded Bds riid ddd htbamle eind X aie.offl vatesul t'Thgy or-
NyEhileeppasish Woed taker! idugr eried herdst |AMaf@rad@s sodium
ceateateat adg Faaceeeeent rx%,e@flﬂﬁa[ﬁ %Q«%@&h&f@&d

gsté%:f 51?0 ma’c}?éé%as g F.hg_an e ) (rield:
A & lead-
% gt ?@tnm%@vﬁ) V@an Ao Vil

. ound havi ng t he
foI | oWrRg PeRdRaFRENPITEs TRy - DdsdenRnKbBionE ) -
yleadpEI) 28702 pewr corpornd beyinméhe o llnei ngt FPeATECc-
1@@&;5@2@5, 1178, 1121, 1078, 1052, 966, 858,
789, ' TIR, (4@8t, Ebarnt F97HNalaes, Isemd: 15054 BAR3H 1327,
13389 PL518%1163 aohat,ed4((: caBHUR )539 Q13 AFhathc-
HeS@8let Be $8aRY0(16H( Eﬁ‘ne‘)) ol U1 KHehZond had Qibeepbéieed,
'\éﬂaé cEIe&%Eb.& %&Ep'(?éxsa%o'&?“)”% ]Sﬁ( -GPRstd84ed ap-

a trlner stru ure l'e A1 Conparlson

g % :H’”,‘ |
‘e X 8% gg Y,j& a@%@ﬁ Pbpl??';' 7%,
3@8@5’

.prepar aﬁﬁpe ASL 1,

(Example A-11] (Preparation of bis(2-methoxy-6,6-dimeth-
v1-3,5-heptanedionato)barium(ITI) - Ba (mobd).,)

In a 100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 1.84 ¢
(10.7 mmol) of anhydrous barium(II) hydroxide and 40 wi
of 1,2-dimethoxyethane. Subsequently, 4.00 g (21.5 mmol)
of 2-methoxy-6, 6-dimethyl-3,5-heptanedicne (prepared by
the method of Reference Example 3) were slowly dropped.
The resulting mixture wag stirred at room temperature for
carrying out a reaction. After the reaction was com-
plete, the reaction mixture was concentrated. Teo the
concentrate was added 20 ml. of hexane. - The resulting

mixture was filtered. The Filtrate was concentrated.

- The concentrate was placed under reduced pressure and

distilled at 270°C, 73 Pa, to give 1.25 g (yield: 23%) of
bls(z-methomy>6 6 dlmethyl -3, 5-heptanedionato) barium(ITI)

- ag orange solid.
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_Stabl|llnt%

son Exanple A-1, or Conparison Exanple A-2. The indium
conpl ex conpound was heated to 190C for 15 m nutes

under an argon atnosphere, and its appearance was
observed. 20 The results are set forth in Table 1.

Table 1 Metal conplex Results of thermal stability 25
conpound test - appearance Ex. 1 in(ntpd), No change -

pal e yellow remained pale yellowliquid 30 Com1l

| n(nmbd) 3 Turned to black brown pale yellow liquid

Com 2 1n(nmrbd)3 No change =%%al e yell ow remai ned pal e
yellow solid 35 (mp.:114C) .)n C in 1~\_Ccl (1n

I n(mop@h8 baertRdi@thotm-8), B metyy15 3T e gmarieiionato) -
Tosrkud (LMY gat & heat cbipmde)ll ekveerpatics dblDaile dharac~
hesrastowsael ting point but shows poor thernal _
otbat I n(rm bd)3 of Conparison Exanple 2

an
shows g ql %ergéh:)st5 %|3I3| t%g:%?% F%‘hnﬂﬂl 91434’

goo n‘pf %gﬁl iy% ouRgs |4 St ?EJ:In t oeé:{%j'. Ba 27%,
Exf%/ 0| g@?onpl - éd"npﬁeﬁ IeFpodiFd 29 9% 25

&sk'?i‘vas pPlced2d,36% of the 15 strontium
conpl eEI'@l@n‘pbanHSpdépav ethenbErdnpl ecrpd exCaompound is
paehsieErdnpbehava, aodiferpatinatuBeanpl e A -4. The

ﬂrontl m congl ex_conpound was heat, ed to 235C for 15-
Fraliped fnddl (BHGPREAPLEEsOfe trds (Bametinry s methyl-

abprdicpleancdaenabegnediumidIfds ol & (nowddel forth in

Tabl e 2o & 100 nL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 4.63 g (24.0
mol) of 28% sodium methoxide methanol solution. Into
the ice-cooled solution was slowly dropped 4.14 g {24.0
mol) of 2-methoxy-6-methyl-3,5-heptanedione (prepared by
the method of Reference Example 2), and the mixture was
stirred for 5 minutes. Subseqf.lently, 1.40 g (7.95 wmol)
of gallium(IIT) chloride was slowly added to the mixture.
The resulting mixture was stirred at room temperature for

one hour for carrying ocut a reaction. After the reaction
was complete, the reaction mixture was placed under xre-
duced pressure to distill methanol off. To the residue -
were added 30 ml of hexane and 30 nl of water. The or-
gamic portion was taken out, dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated,
The concentrated filtrate was placed under reduced pres-
gure and distilled at 185°C, 23 Pa, to give 4.05 g (yvield:
87%) of tris(2-methoxy-6-methyl-3,5-heptanedionato) -
gallium(III) as yellow licuid.

The tris(2-methoxy-6-methyl-3, S—heptanedlonato) -
gallium(III) is a new compound having the following char-
acterigtics:
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20 Table 2 Metal conplex Results of thermal stability

25 conpound test - nelting point Ex. 4 Sr(nopd)3 No
change - 130C Com 3 Sr(nbd)3 Turned to black brown -

110C 30 Com 4 Sr(nmmbd) No change 235C Sr Sr 0 Sr 35
Sr(nmobd)3 . Sr(nbd)3 Sr(mmbd)3 -49- The results in

Table 2 indicate that Sr(nbd)3 of Conparison Exanple 3
has a | ow nelting point but shows poor thernal

stability and that Sr(mbdjl of Conparison Exanple 4
shows good thermal stability but has a high 5 nelting
point. In contrast, Sr(nopd)3 of. npl e 4 shows

ood tHRr f@eak: agmT) ¢ 29ﬁ§ h3§3éfl daﬁ?r?m 1537 pdidd6, 1408,
CEahpl £330y, 15240, ALBHL( DLF3b) ( PGH/  B3bs: BPRepaeat (e
stharacerbatie pedk) (160Themdeposi fi-ddkerpme hen disap-
tpeed) endionl dasrapeetbstid pedkg (A5AEt atrYorgd dhedi-
desmpmsichy pepesieg) jn - Exanples A-1 and A-4 to A-12

(i ndi um.@asmtLK mappsmg £hahavPd) QEuS%ferﬂ .o8%, Ga 12%,

Qﬁﬂi&t@l@.@é&ﬁ"p%qms bé)?rﬁi;ﬁ%' ng 7C9BR eggacgg‘p@t%nd
) 2382 |5§§o npound 15" (Sn{nopd)2) .
vana ium corrp‘l ex corrpoun V(m)pd) 3), alum - num

ngx 985088 ™ CARERBK 8T -di -
"Syibbed et 5 Stirrer, a

b Ferdr PG kpeRenphacedr 2-74 g (250
é%rldatqforﬁwbeamﬂefi%oﬁmm@eaﬁlask wag purged with
argon. Then, 80 mL of toluene was placed in the flask.
Subsequently, 25.0 g (249.6 mmol) of 3,3-dimethyl-2-
butanone was slowly dropped into the flask, and the re-
sulting mixture was stirred for 15 wmimutes. Into the
flask was further dropped 10.4 g (929.9 mmol) of methyl
methoxyacetate, and the mixture was stirred for 30 min-
utes for carrying out a reaction. After the reaction was
complete, 50 wh of water was placed in the flask under
cooling with ice. The agueous portion was taken out,
neutralized with acetic acid, and subjected to extraction’
with ether. The ether extract was washed with water,
dried over anhydrous sodium sulfate, and filtered. The
filtrate was concentrated and distilled under reduced
pressure (65°C, 426 Pa) to give 5.90 g (yield: 34%) of 1-
methoxy-5,5-dimethyl-2,4-hexanedione ag ¢olorless liguid.
The l-wmethoxy-5,5-dimethyl-2, 4-hexanedione had the
following characteristics: :
H-MMR (CDCL,, 6{ppm)): 1.17 (1.31H,s), 1.19 (7.70H,

's), 3.39 (0.44H,s), 3.43 (2.57H,s), 3.70 (0.29H,s), 4.00

(1.71H,s), 4.02 (0.29H,s), 5.90 {(0.86H,s), 15.6 (0.86H,
5}, :
IR (neat, om'): 2970, 2936, 1604 (br), 1465, 1365,
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apparatus illustrated in Fig. 1. 'The netal conpl ex
com pound 20 placed in a vaporizer (glass anmpul) 3 is
heated by a heater 10B to vaporize. The vapor passes
through a 25 mass flow controller 1A and cones out of
the vaporizer 3 together with a heliumgas which is
supplied after heat- ing in a pre-heater 10A. The
vapor having cone out of the vaporizer 3 enters a
reactor 4 together with an,Oxy- gen gas which is
supplied through a mass flow controller 30 1B and a

Sif@ {8 PE8SUBE, cm? is
£ ﬁg ér%éaiééﬁﬁﬁ o SRR B Peopege

punp téfed By nfdns of a pressure gauge 5.

T enter rtio | as eac
icte: Froeen pﬁﬁg@i? ol B %éf 025t hPuy -6, 6
'ﬁﬁ?Wﬁﬁ%W' respe HARSS ﬁm- ed into the reactor

oxi datme&riy2a clalqp‘er@ésmenf&ag equdpPPedcwith g stixrer, a
stvstmenetet d0d aedeopphggdEpnselli waswpilabetis8.12 g (208
aralbig eslt | sodhemr eattier ahdt bRecEltkR| wissphirgedand th
egton ed Tieed, PEGORL.eHHT PETutAaPRESt BlachY thetheaangk.

' %Sé@eﬁm apgebaly P%bEembbim efpgsstalﬁaeth ~2-butan-

.%ﬁéﬁﬁé"%& gg %%gga ﬁgﬁere ?u iug

5?3? Olg ul%lng

N P PR ons TAFR. Eg@ Cwas
S s e Ul Wi, o
%K)%E HEXEAEE t VAP ST I YD SFDFS Pemmizutes

BRT CRYTHTG TaMp ot ateret 9 s ubRE EF etaODeaChiets RS com-
M ateactz} nls, SD owgber Depo splacadpéni tde Sbasknundsr cool-
vy gl tixsen dEpe sadriemig f pbrc poapeas ytakdnaoaty - nefi-
Sirs lafzepl et - aested eiddd redndysuBfeonadysbSexaracsebn
with ether, The ether extract was washed with water,
dried over anhydrous sodium sulfate, and filtered. The
filtrate was concentrated and distilled under reduced
pregsure (53°C, 200 Pa) to give 10.23 g (yvield: 46%) of 2-
methoxy-2, 6, 6-trimethyl-2, 4~ -heptanedione as colorless
Jiguid,

The 2-methoxy-2,6,6-trimethyl- 2 4-heptanedione had -
the following characteristics:

H-NMR (CDCl., & (ppm)): 1.17 (0.72H,s), 1.20 (8.28H,
8), 1.29 (0.48H,s), 1.36 (5.52H,8), 3.23 (0.24H,s), 3.24
(2.76H,8), 3.82 (0.1eH,s), 6.02 (0,92H,s8), 15.8 (0.92H,
s),

IR (neat, cm?): 2979, 2937, 1603(br), 1464, 1362,
1181, 1119, 1075, 866, 812 (the peak at 1603 cmt is a

characteristic peak of p-diketone),

MS(m/e): 127, 73, 43.
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forth in Table 3. Table 3 20 Metal conpl ex Vapori zing
Fil mproperty conpound tenperature (filmthickness)
25 Ex. A-15 In(nopd)3 140C I ndi um oxi de (40 nn) EX.
A-16 Sr(nobd)2 220C Strontiimoxide (30 nm Ex. A-17
Zn(nmopd) 2 220C Zinc oxide 30 (50 nm Ex. A-18 Sn
(mopd) 2 :1400C Tin oxide (45 nnm) Ex. A-19 V(nopd)3

~ 160C Vanadi um oxi de (40 nm 35 Ex.. A-20 Al (nopd) 3

.140C Al um num oxi de (35nnm) Ex. A-21 Mg(nopd)?2 1900C
Magnesi um oxi de (40 in) -5%4-Ex_ A-22 Pb(mopd)2 160C

Lead oxide (35 nm Ex. A-23 Ba(rmpd)2 230C Barium
oXtdepat36on e A-27 Cateppdhdida0GrGaldtism-metteny
(855 Lcﬂ;nﬁleah?lr-esm h&éﬂ@&ﬂoﬁﬁt&?ﬁh&;ﬁmm@m ate IH‘(ﬂibd) 3)

the meral §QHPREXGPRRAUPYS TphRACRILON NG B or, o
8@?%@% P o 2P 5 %u%ne Ser Blanen o (23.2
ol ) of 28@— sodium methoxide methanol solutlon Into”
the ice-cocled solution was slowly dropped 4.00 g (23.2
mmol} of l-methoxy-5,5-dimethyl-2,4-hexanedione (prepared
by the method of Reference Example 4), and the mixture
was stirred for 5 mimites. Subsequently, a solution of
2.18 g (7.44 mmol) of indium{III) chloride tetrahydrate
in 15 ml of wmethanol was slowly dropped into the wmixture.
The resulting mixture was stirred under cooling with ice
for 30 mimutes for carrying out a reaction. After the
reaction was complete, the reaction mixture was placed
under reduced pressure to distill methanol off. To the
residue were added 40 wil, of ether and 40 mL of water.

The organic portion was taken out, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concen-
trated. The concentrated filtrate was placed under re-
duced pressure and distilled at 190°C, 15 Pa, to give 3.20
g {(yield: 68%) of tris{l-methowy-5,5-dimethyl-2,4-hexane-
dionato) indium(III) as viscous vellow liquid.

_ The tris(l-methoxy-5,5~dimethyl-2,4 “hexanedionato) -
indium(IIT) is a new compound having the following char-

acteristics: )
IR (neat, cm™): 2966, 2932, 1566, 1%17, 1416, 1383,

1361, 1201, 1163, 1119, 996, 806, 482 (the characteristic
peak (1604 cm?*) of p-diketone has disappeared, and a
characteristic peak (1566 cm?) of p-diketonato appears),
Elemental analysis: found: C 51.3%, H 7.28%, In 18%,
caloulated (G HO.In): C 51.6%, H 7.22%, In 18.3%,

- MS8(m/e): 628, 571, 457, 229, 115, 57.

[Comparison Example A-2] (Preparation of tris(2-methoxy-
2,6,6- trlmethyl -3, 5-heptanedionato) indium (ITI) -
In (mmbd) )

&
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In a 200 nmL-volune flask equipped with a stirrer, a

15 thernoneter and a dropping funnel was placed 10.1 g
(259 nrnol) of sodiumam de, and the flask was purged
with argon. Then, 100 nL of toluene was placed in the
flask. Subsequently, 14.4 g (167 mmol) of 2-pentanone

was slowy dropped into the flask, and the resulting

m xture was 20 stirred for 15 minutes. Into the flask

was further dropped 15.0 g (127 mmol) of nethyl

2- met hoxypr opi onate (prepated by the nethod of

Ref erence Exanple 1), and the mxture was stirred for

one hoidn BoAOfamiytisguog Hasdacquimped Aride ahetirrer, a
r therimometas eodleettrogping i el eva Hlmsadl 2ce8 gn(15.5
theol) ask wademcedain neg:thici4i dec enetizeolaogsebutsiqor t | tnto
wexa_et aken codll e AR 1 RG I %a@’s’%.cﬁvl?'dﬁopﬁétﬂfyrmg g (15.4

o€ ) ag@ QU-ﬁie%?fo%ﬂ/ boée)étjt%‘iﬁﬂé?cﬁlﬂ-tj‘ anea:{@ne (pre-
aﬁ&g e‘ﬁ:’ Veéndt 2
B9§ v%gg#?g% R e ngs a solu-
Eg ng i ot %—B‘EP o2 the
2%?145 i 3Téleo EesHddLee THAE TR Yot | v e UDder cooling

cwathcwﬂ £oircS0 SENIHERVEIToBIY g @m )a reaction.
OAfded. 8Be( 3Haotioh 85s RHpdptd, Gl gL In mixture was
2p28c2d3dniéer’ Mediced plrecsird kBHIIYLikl Jtetlidhs]) , of .
3T60the. 3Hsibzle3wéz4ce( &Hd@)ﬂ. 45} L @ &3S )and UG nil. of wa-
(PeBOH, he b 26 121298 G2 i &8 2dver amhy——

E&Qr éod:u?:ﬂ\ %%EO ffﬂ%&c‘?oz fidee & wa
ob ‘Ei ’fﬁ.kt é Q &c)l under
1 ?. g@% at 15 d %}.
4 % trls (2 —methoxy—z 6 6~ trn.methyl-v

3, 5 heptanedmnato) md:u.um(III) as pale yellow solid. ’

The tris (2-methoxy—2 6,6-trimethyl-3, 5-heptanedion-
ato)indium{III} is a new coupound hav:mg the following
characteristics:

m.p.: 114°C, . :

IR (KBr, cm'i): 2980, 2934, 1565, 1502, 1415, 1356,
1230, 1184, 1133, 1075, 953, 866, Ble, 734, 619, 535, 484
{the characteristic peak (1603 cm?) of p-diketone has
disappeared, -and a characteristic peak (1565 cw?) of -
diketonato appears),

Elemental analysis: found: C 55.8%, H 8.11%, In 16%,
calculated (CyHs;;0xIn): C 55.6%, H 8.06%, In 16.1%,
MS(m/e) : 682, 513, 449, 313, 241, 115, 73.

[Comparison Example A-3] (Preparation of bis (1-methoxy-
5,5~dimethyl-2, 4-hexanedionato) strontium(II) - Sr(whd),)
' In a 100 ml-volume flask equipped with a stirrer, a
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dionato)indiun(lll) - In(nood)3) 10 In a 100 nL-vol une
flask equi pped with a stirrer, a thernoneter and a
droppi ng funnel was placed 5.71 g (29.6 mmol) of 28%
sodi um et hoxi de nmet hanol solution. Into the

i ce-cool ed solution was slowy dropped 5.18 g (30.0 u
nol ) of 2-nethoxy-3, 5-octanedi one (prepared by the
net h- 15 od of Reference Exanple 6), and the m xture
was stirred for 5 ninutesuﬂgybsequently, a solution
of 2.85 g (9.72 mmol) of T¥diun(lI1) chloride
tetrahydrate in 10 nL of nethanol was slowly added to
ttieermatheter dhd bedubboigyg Hudndle was Hlddell .O9 g
0. mwmmiebfcgeb:bﬂﬂlwmmcay&ﬂﬂ = Ca ) @d %L W B 2-

r @BRE+ 88Ky é&h&ﬁetﬂﬁdéﬁaagl %@%gg%gé Wito the ice-
ArR U
uPt @‘?ﬁ@ﬁeﬁﬁ?@r EW&%& ‘s mmﬁw@ &vas

.aﬁﬁl‘enxxeﬁ@ R drOTHe tEMDeratarda€oso mhm&oﬂw@rrymg out

eonesentrabed fAFtest ehwasenbeses wadetonedes’d the reac-

RERSS U t-@Pe Qﬁ%tbbhégnﬁka%%éChylﬂegi 3 B AeOdrger

(Mdghdea sﬁ&g 5. To. the conc gé ﬁ@ﬁ_ dded 15 wlL of
b

rris(2- octanedlo% i trate was

{

1 | E’éﬁ. WxEETen
RGN % ﬁstgéa&ngaroﬁﬁb&}mﬁdtb@( conpeptratech Fil-

ﬁeﬁ%a‘ﬂﬁ- g @he2BBiTovihPahar tetwis smerely| ebzerved
(et a dedagk Decun 2033d zewEin2dl4dn &5ERPlISErion ves-
\e2l7. 1397, 1211, 1120, 957, 808, 543 (the
characteristic peak (1608 col). of R-di ketone has
diCaygpeci son Brampl 85Achar {pkephghicdopealf bis(2-eeithoxy-

.o ewmm D- apseﬁé%taneaﬁgﬁa&bqbtmﬂ@hﬁ(:xmound:

©5 7 24s, In - 18. 2% cal cul at ed
(C27 %@ﬁ%@f%&' g%g.g%’ ehﬂlﬂ)ﬁea(y%llgﬁ( D irrer, a
érmométer dr opping furmel were placed 0.45 g
(5.00 mmol) of strontium(II) hydride and 20 ml of 1,2«
dimethoxyethane under amn argon atmosphere. Into the ide-
cooled mixture was slowly dropped 2.00 g (9.99 mmol) of
2~methoxy-2, 6, 6~-trimethyl -3, 5-hexanedione (prepared by
the method of Reference Example 5), and the mixture was
stirred at room temperature for one hour for carrying out
a reaction, After the reaction was complete, the reac-
tion mixture wasg concentrated by heating to 230°C under
reduced pressure. To the concentrate was added 15 ol of
hexane., The resulting mixture was stirred and filtered.
The filtrate was concentrated. The concentrated filtrate

was sublimed at 235°C, 53 Pa, to give 1.37 g (yield: 56%)

of bis (2-methoxy-2, 6, 6-trimethyl-3, 5-heptanedionato) -
strontium(IXl) as pale yellow solid.
The bis (2-methoxy-2, 6, 6-trimethyl -3, 5-heptanedion-
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' dji?%f)ﬁet ORaf o appgng)Egngﬁt 18,

5 [Exanpl e A-26 (Preparation of

bi s(2- met hoxy- 3, 5-octane- dionato)zinc (Il) -
Zn(nmood),) In a 100 nmL-volunme flask equi pped with a
stirrer, a thernoneter and a dropping funnel were
placed 4.62 g (24.0 nmol) of 28% sodi um net hoxi . de
met hanol solution and 10 6 nL of nethanol. Into the

i ce-cool ed solution was sl awy-ly dropped. 4.11 g (23.9
nmol ) of 2-nmet hoxy-3, 5-octane- dione (prepared by the

Meitsdsaforiieieh ENCP £X aPhew o %tfi&vﬁﬁgi *Iﬂfag g@ilowing .

37,35.: ut es. Subseque n

ﬂ§‘ of zinc(ll) chlorlde in 15 4 nL of
drggged into the mxture. The '

resyl Pred?76r SRE€7nodP0FAt HBOM 1461,

téﬁérat rl,ﬁi%@ obt7% rbheti o078y t BO52 he966, 858,

r &, tA<eh \ﬁé738:corrpl ete, the reaction mxture was

pl aced Bds@ent ﬂjem%t%ssi@@ﬂo QiS4 i3%, Bt haBb%, Sr 18%,

okalcdatied r@€3iue,20 wa s@adoed 307 ndspf g@x;g@eognd

3BSim/ef). ;Walsa, ﬁv@, or73gan| c portion was taken out,

dr| ed oven @Ha_:y e
e L L

i T S
oJers, |

met han

yeI

: bbﬂ‘a%z rre Oi oS g&@@rﬂ%t‘"@%mqq Q.94 g Ry the

agIesk dar droamiles AR Compari-
(Fre|t Exammle hoB3, ozgsanpaarmpnzwc&m;ﬁ??-zlszmhe Ihdium
14Edp1 433dompathd VA29ne082a T30 93¢ é e
charfedeni étinéspﬁe@lé (4688 jeux)y £ mﬁgﬁl&%? prasr
ﬁﬁ‘ pgl ys f

ound: C
53 1% H 7.45% - Zn 16% cq% N§a t-ed (CI 6H33062n) C
53.0% H 7.41% Zn 16. 0% r% 406, 347, 113,

59, Metal complex Results of thermal stability
coupound test - appearance

Ex. 1 In(mopd); No change - pale vellow remained
pale yellow ligudid
Com.1 In(mbd), . Turned to black browm
' pale yellow liquid
Com.2 - In(mmbd), No change - pale yellow remained

pale yellow solid
(m.p. :114°C)

tin{mopd), In(mbd)s - In{mmbd),
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-54- [Exanple A-271 (Preparation of

bi s(2- met hoxy- 3, 5-octane- dionato)tin(ll) - Sn(nood)?2)
In a 100 M.-vol unme flask equi pped with a stirrer, a

t hernoneter and a dropping funnel were placed 4.64 g 5
(24.1 mol ) of 28% sodi um nmet hoxi de net hanol sol ution
and 6 nL of nmethanol. into the ice-cooled solution
was sl ow Jy dropped 4.21 g é24 4 mel) of

2- met hoxy- 3, 5- oct ane- di one4®prepared by the nethod of
Ref erence-Exanple 6), and the m xture was stirred for

-5 mnutes. Subsequently, 10 a solution of 2.23 g (11.8

mmol) of tin(ll) chloride in 6 nlL of methanol was
slowy dropped into the m xture. The resulting
m xture was stirred for one hour at roon1ten} perature

for Carfi ﬂ&sgg.tsame%hw 1. AldBlod

B@S%ﬁggéu m Xt Ur e ﬁm p {r:: r e %’{fg\l.fn
t RRESL
Nes %u? SHPW@dgéé i St hee sddgh

fmﬂféwésa POFRE-f | mgp@tm§tooﬂ@e(mmedofmle 1 shows
cHPednERarealf pebiilstywandphased dosemelédmeepoint.

"pressure and distilled at 160C, 20 16 Pa, to give 3.40

glExample B3] éCobparismat hix rherial stability and melt-
abagnesintabo) SEAGhEIURS cBabe eie bbapolingyi d. The
hi s(2- rthoxs- ﬁ%@igﬁaeéi%ﬁt G t:éd' 3gng

COMRAO L R Re G LA Mﬁﬁ ~ty5Con-
S A131 99§ %25%55‘33@ & &

A FEIYR e Loy 5RTpeend  Was) hepted. gpke 5n@ ﬁag 15 min-
HESH e, re@%@é@ Eﬁasamr@r |(§£l| Eabeaand( isP3appeprahce
@mL | Qernved. aplheesesiilesl anenset doathsin: Thbied?2.C
46.8% H 6.59% Sn.30 25.6% calcul ated (Gj H300g5n) C
46.9% H 6.56% Sn 25.7% Table 2

Mﬂtal complex Results of thermal stability '
compound test - melting point
Ex. 4 Sr(mmpd)3  No change - 130°C
Com.3 Sr(mbd), Turned to black brown - 110°C

Com.4 Sr(mabd) 4 No change - 235°C

Sr(mobd); - | Sr(mbd)3 Sr{mmbl)s




10 -

15

20

25

30

35

M5(mle): 403, 291, 113, 59. [Exanple A--28)
(Preparation of tris(2-nethoxy-3,5-octane-

di onato)alum num (111) - Al(rmood)3) 35 In a 100
nmL-vol une flask equi pped with a stirrer, a
thernoneter and a dropping funnel were placed 4.56 ¢
-55- (23.6 nunol) of 28% sodi um net hoxi de met hano
solution and 6 nL of nethanol. Into the ice-cool ed
m xture was slowy dropped 4.15 g (24.1. mol) of

2- met hoxy- 3, 5- oct anedi one _afgpr epared by the met hod of
Ref erence Exanpl e 6) The 5 resulting nixture was

'St | ”eﬂiéc%; QU Eetﬁe ghlke i Eq 1, of
St%}ng i Aol ‘ﬁal?ﬁagreo g Shows
t

h‘wr%%t ki ePB (rled) ool ffompaThgon
(ﬁb(at@l@aﬁ:tﬂims Ajoed thermahcstabiwisycbapl kas, albigh

ol tHIRE (bt XtﬁﬁecM@r@éﬁcegr r%@% féayrﬁlows
ﬁ;ﬂ'ﬁéﬁﬁaﬂ%i@ﬂl fanc_lrohéé‘earfﬁd.r 14k, 30
hexane and 30 of water e organi ortl on

s taken out, dried over anhydrous sodium sul fate,
al ks 15 e B124) feoonittoncentiar cBrepasation of
dsiedntoeaidsl Filmy ate 15 was pl aced under reduced
pr ess it gebab Hiidn esperi8ae; b 3tiRa, CVD mevhod. Qﬁsg
Eerdadmett Ysiolg ta imdPa eddiapdes, conpound prepared in

g0 Al10) Y A W T S(ﬁﬁhﬂ% 18! Bﬁnd
m € NOX XY 3-3ne3 1 ACH ﬂﬁa M‘f S) hS %mc:
ReL-G [T OW, 1 Ao ClL e?01 C 2

n
| nea gzﬁ 2%875’ %2
(pEdmop f, gi COTPIEX & 0‘715161 é@cmgéﬁf alumi-
%’Hﬁ} &ox é é‘-tc %wmha)) r PTG SORREX. Cot-
émomana aleafaearpdexs cosppuad (Bsdmapd)y)

BErAE Kerpiaro coupgunt siBa aetElaiente gaddliyst siomplex
f:@u@@und Hemdwopd)g) 37%e Avaluate . the film-forming proper-
ty.

The experiment for evaluation was performed using an
apparatus illustrated in Fig. 1. The metal complex com-
pound 20 placed in a veporizer (glags ampul) 3 is heated
by a heater 10B to vaporize. The vapor passes through a
mass flow controller 1A and comes out of the vaporizer 3
together with a helium gas which is supplied after heat-
ing in a pre-heater 10A. The vapor having come out of
the vaporizer 3 enters a reactor 4 together with an oxy-
gen gas which is supplied through a wass flow coritroller
1B and a stop valve 2. The pressure in the reactor is
regulated to a predetemned value by on-off of a valve 6
arranged in a position prior to the vacuum putp and moni-
tored by means of a pressure gauge 5. The center portion
of the glass reactor is so constituted that it can be
heated by a heater 10C. The metal complex compound sup-
plied into the reactor oxidatively decomposes on a sur-
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5. 0%
4.99%

M5(nle):

cal cul ated (C27HA5M0AI):
540, 510, 481, 369, 113, 59.

C 60.0% H

8.39% Al
[ Exanpl e

A-29] (Preparation of bis(2-nethoxy-3,5-octane- 30

d. i onat 0)

nmet hanol .

lead (I1) -
flask equi pped with a stirrer,
dr oppi ng funnel
sodi um et hoxi de. net hanol

Pb (nood) 2)

were placed 4.52 ¢
solution and 6 nL of
Into the ice-coels®d m xture was .slowy 35

(23. 4

In a 100 nL-vol unme
a thernoneter and a

mol ) of a

dropped 4.20 g (24.4 n¥l) of 2-methoxy-3, 5-octanedi one

Biseres

tHe A

by dhe qeLhod 8

n ure wa
&%@ BEREE08. ab gheicentiad positiosy@ugd

 FPPPedLPyr OB

e.6)

B b ﬁ%@wh is

heat -~

- The f||traﬁ@c¥s conce *{%
filtrate V\ﬂﬁ%

@l g0 rg cmre@@ﬁem@ne@swwagawumuby he beatead I4C, S0
rideit e el avyidef filnadeypoajtsutnatheasubaitratfe &1 .

tTee reges taaming wast cofiptke erefibtoredc o rxiExtsiieel Wwarzo the
Easssphecter theoughicg dtpapsIUaRAt 8 Thsii anol

of f. Thd hpappesi€ién ¥»8haiede8f 88eMuetl fRRXRBHARF 30

nL of  wat efFl&kieer:e af”ﬂ{é HQH-?.?E vag ot ?H]ﬁgre n

dried over é
é%l he oncentrat ed
ZHesl WRrR 4f g
distilled é?ermtmepaf %@bat%\ta 664807Gi el d:  76%
of bis(2- @W&@ﬂ%@@@@bnat@ﬂéﬁd?&l) as Vi s-
cous or angdépopidioTheeriod; 30 minutes
bi S(ZTrﬁ fﬁé@uﬁzé @Et&é}@@ié;ﬂﬂféﬂ) kfﬂ%' bropéréy ad analy-
f&ﬁh:’z&biggc%ré Bet

f}%—thf%??ali% chg%@%&ﬁ 22, 1590, 7151
e 1117 1016, 953, 788 (the

characteris- tic peak (1608 cm ) of R-diketone has
di sappeared, and a characUTebilst3c peak (1590nr1) of

(3-dirKetonat o appears), 20 Erementar_anat ysirsTound:
C 39.2% HppdWodfplex Vaporizing Film property

compound temperature (film thickness)
Ex. A-15 In(mopd), 140°C Indium oxide
_ (40 7mm)
"BEx. A-16 Sr (mobd) , 220°C Strontiuym oxide
(30 nm)
BEx. A-17 Zn (mopd) , 220°C . Zing oxide
{50 nm)
Ex. A-18 Sn (mopd); 140°C Tin oxide
' ' (45 nm)
BEx. A-19 V{mopd) 5 160°C Vanadium oxide
{40 nm)
Ex. A-20 Al (mopd) , 140°C Aluminum oxide
(35 nm)
Ex. A-21 Mg (mopd) , 130°C Magnesium oxide

(40 rmm}
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37.5% calculated (C, aH op4Pb): C 39.3% H 5.50% Pb
37.7% Ms(mle): 550, 398, 339, 249, 113, 59. [Exanple
A-30] (Preparation of his(2-nethooxy-3,5-octane- 25

di onat o) magnesiun(I1)'- My(nood)2) In a 100 ni-vol une

flask equipped with a stirrer, a thernoneter and a
droppi ng funnel were placed 0.66 g (11.3 mml) of
magnesi um(11) hydroxide and 20 nL of 1, 2-

di met h: oxyet hane. Subsequemstily, 4.13 g (24:0 mmol) of

2 30 net hoxy- 3, 5-oct anedi one (prepared by the net hod

f. Refer; enc a e 6) were Wy dropped., The
%&%‘ul%t"%?g m fbfﬁ?lg‘g{/\?as St i rr%@aaqq r oom t eNBEFafHEEe
for qQne hour for carrying out a reaction. Af t dB5t FaY
Feacti o was. BR WP et e, t he238%2ti on i xBardumaexide
concentrated under re 35 duced pressure. The (30 nm)
Eohc@ntddat e VEs(mbpd) di stil | epagd@ler reduGellpugssptide

at 230C, 32 Pa, to give 3.31 g (yield: -57- 809%50ftm)
bis(2-nethoxyv-3.5-0ctanedi onat o) magnesi-un(l1) as

Vi scoumhey etd QY d Oéiﬁc%n %Zl 3 1nd1c%‘£?é hat the metal

b\%ﬁﬁo%%aw ng oW Ng ch ‘t.’flcg‘l g1~fcrm-

atEf[m) 2962 2932 2873, 2822, 1610, 1521,
1436 1336, 1212, 1117, 964, 792 532 El ement al

{Reffpsiencef @bt %3 ﬁ.%e 25mé%ox%

oatankatietd( C HddeG5My 59. 0% H 8. 25% 35%

MB( M gh: a5@§)0 %@]—voi%n%e&gfdl':a@fné% stlrrer, a

A G e A
:a@éld dils i Bk gm$ i MCgedl ywith

%&I‘ﬁ@ed) 3?16115 14 0a rL0 @firitodatane Waaqklm:ﬂ phedthet Hlask.
Stbgegueng vt hdrnamet efléandmeldr apbiDpdninnebneasas slowly
feppedsSif8ootheb fiask, and the resulting mixture was
stirred for 1% minutes. Into the flask was further
dropped 15.0 g (127 mmol) of methyl 2-methoxypropionate
(prepared by the method of Reference Fxample 1), and the
mixture was stirred for one hour for carrying cut a reac-
tion. After the reaction wasg complete, 50 ml of water
was placed in the flask under cooling with ice. The
agueous portion was taken out, made acidic by 2.5 mol/L
sulfuric acid, and subjected to extraction with hexane.
The hexane extract was washed with water, dried over
anhydrous sodium sulfate, and filtered. The filtrate was
concentrated and distilled under reduced pressure (35°C,
20 Pa) to give 14.3 g (yield: 65%) of 2-methoxy-3,5-oc-
tanedione as colorless liquid.

The 2-methoxy-3,5-octanedione had the following
characteristics:

H-NMR (CDCL,, §(ppm)): 0.94-0.99 (3H,m), 1.35
(38,4}, 1.6-1.7 (2H,m), 2.29-2.34 (1.7H,m}, 2.51
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mol )' of 28% sodi um net hoxi de; met hanol sol uti on and

10 no of nethanol. Into the ice-cool ed solution was

slowy dropped 4.56 g (26.5 mmol) of

2- met hoxy- 3, 5- oct anedi one 20 (prepared by the nethod

of Reference Exanple 6), and the mxture was stirred
for 5 mnutes. Subsequently, 1.52 g (8.63 nrcnol) of
gal lium(l1l1) chloride was slowy dropped into the

“m xture. The resulting m'xtgﬁe was stirred at room
tenperature for one hour fo

carrying out a reac 25

ti.gn. A;,&Zr the reaction was conplete, the reaction

mi( @ 13 dPHnider I-<dlcky FHeSsurd- T4 G181} 5.79
méCRBEH, =9f.f 1513 t i §8Liklue were added 30 ni of

hexane IRar{ge@t nomt) w267, T22365 g2R7E, pRBRToN16AS8 (br),
t akBB , 00632 ,dNiMd .01 nB0dr oftdis qobaln st 160%, crandis a

fchhetederike 120 al]éfcﬁ.i J@E. kueont rated. The
conceni,]éa(tm f|| s 5191; d under reduced
pressurea dls':It &at 5C7717 Pa, to give 4.07 g

eld: .81 of. |s 2- nethoxy
gﬁiﬁﬂwﬁ ﬁaﬁéa Y %&@%QTWIF@%% 5Thgtane-
FIdcta cgallltm‘r(lll)ls 35
a new é@nﬁo&-ﬁ@ nﬁmv@wnee Fagkwanyaped actth iststirrer, a

| | 8hermainetem )ancﬁ%arcﬁﬁlﬁ&g eIk ﬁﬁ@&d 1@.231 g (29.6

w1488 2840304k dggl%%tfl%ﬁﬁa (thenre
dl@f@%agcet Sgbiéﬁcﬁ%ﬁ_%, }ac gfl §:'TI pe ?%r a§ (30.0
PE¢ GHEES ~Bedr Wt@aé%t(ﬂ el the meth-

fefnat @@@WEH &l 12nd the @@Pﬁ:tt@iﬁ (v stirred
5E0TAS: MEngse6y, HUPSPRMENGAYL2 0BWOLNEQN &)f BE5 g (9.72
,WG8A31) 43F, 168ivhiRxan)| eh14ridd wotrdihtRenesiin A0 ml of
tm@tﬁanﬁleﬁabaERQQQQfad@@dﬁ%EMtHEGMX%ﬂﬂﬂéﬁ The resulting
mixture was stirred for one hour under ccoling with ice
for carrying out a reaction. After the reaction was
complete, the reaction mixture was placed under reduced
pressure to distill methanol off. To the residue were
added 30 nlL of hexame and 30 nml of water. The organic
porticon was taken cut, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated. The
concentrated filtrate was placed under reduced pressure
and distilled at 185°C, 19 Pa, to give 4.01 g (yield: 66%)
of tris(2-methoxy~3,5-octanedionato) indium(III) as vis-
cous yellow ligudid.

The trisg(2-methoxy-3,5-octanedionato) indium(III) is
a new compound having the following characteristics:

IR (neat, cml): 2964, 2933, 2875, 2824, 1572, 1521,
1427, 1397, 1211, 1120, 957, 808, 543 (the characteristic
peak (1608 cm™) of B-diketone has disappeared, and a
Characteristic peak (1572 cm?®) of fi-diketonatc appears),

Elemental analysis: found: C 51.5%, H 7.24%, In
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The deposition experinment by the CVD nethod accord-
ing to the af orenenti oned procedures was perforned
using a netal conplex conpound prepared i n Exanpl es
A-25 to A- 31 (indium conplex conpound (In(nood)3),
zinc conplex com 15 pound (Zn(nood)?2), tin conplex
conpound (Sn(nood)2), al um num conpl ex conpound

(Al (nmood) 3), | ead conplex com pound (Pb(nood)?2),
magnesi um conpl ex conpound (My(nood)?2), or gallium
conpl ex conpound (Ga(nood)}8~ to eval uate the
filmformng property. 20 The deposition conditions

dree, 226t deidhdil et W C,, 100 B o1 Hey camr 7e22%301n 18.3%,
m./mn. Flowrate of oxygen: 20 nl/ m n. Substrate

? Iugg{ ?{ﬁ éﬂ)é)oogzz@ng%%s Lﬁmg'l @fﬁiﬂii‘% ur§9 980 Pa

03|t|on period: 60 mnutes The results of
lico 346 | tRysmpyEtiommef dabs (2-nethoty pd pluoctane-
ﬁb#x&a@gﬂﬁﬁmmmkEIﬁy X8 waddlsils) are set forth in.
Tabl e & a AOOT alfb-eralluvi af 1 asiopt@xiMapdrwvitios Fetirrer, a

heperietedd i uhthd riaintiel (Getd phhcéacsssz g
EEé B‘&ﬁmﬂJnQﬂDQﬁ§§ Rk PR S Gue 4D 8 uckdn and

ggé 4 dlaoqlT?OC ST Sl Do g

?k%%ﬁk%ftw'the method of Reference Example 6),
and the mixture was stirred for 5 minutes. Subsequently,
a solution of 1.60 g (11.7 mmol) of zince(II) chloride in
4 ml, of methanol was slowly dropped into the wmixture.

The resulting mixture was stirred for one hour at room
temperature for carrying out a reaction. After the reac-
tion was complete, the reaction mixture was placed under
reduced pressure to distill methancl off. To the residue
were added 30 ml: of hexane and 30 ml, of water. The or-
ganic portion was taken out, dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated.
The concentrated filtrate was placed under reduced pres-
sure and distilled at 160°C, 17 Pa, to give 4.02 g (yield:

' 84%) of bis(2-methoxy-3,5-octanedionato) zine (II) as vel-

low liquid.

The bis (2-methoxy -3, 5-octanedionato) zinc (I1) is a
new compound having the following characteristics:

IR (neat, cm™): 2963, 2933, 2874, 2823, 1598, 1522,
1431, 1334, 1211, 1119, 959, 796, 537 (the characteristic
peak (1608 cm™*) of f-diketone has disappeared, and a
characteristic peak (1598 cm™®) of p-diketonato appears),

Elemental analysis: found: C 53.1%, H 7.45%, Zn 16%,
caloulated (CH,0,2n): C 53.0%, H 7. 41~s, 7n 16. O’S,

MS (m/e) : 406, 347, 113, 59,
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(40 nm Ex. A-36 Pb(nood)2 130C Lead oxide (30 nm
10 Ex. A-37 My (nood)., 170C Barium oxide (40 nm
Ex. A-38 Ga(nood)3 140C Gal li um oxide (45 nm) 15 The
results shown in Table 4 indicate that the netal
conpl ex conpounds of the invention have a good
filmform ing property. [Reference Exanple 7] .
(Preparation of 2-nethoxy-3,5- 20 hexanedi one (nond))
In a 200 nL-volune flask emdypped with a stirrer, a
thernoneter and a dropping funnel was placed 10.1 g

( |un1an1de and the flask was purged
%1‘54@“‘%”%0% g%ihegg’rf OR Mt Wisdypcrendoaye Jnds-octane-
\&1%%‘:9 £38 (T{he- fﬁ&ékﬂoéﬁb)sequently, 7.40 g (127

meal ) &R @&cdPBnel- VH&umEoﬁﬂyeregpa@pedtWlthea stirrer, a
| Seexoneden andra dnoppéngf Faskelardrthpleesd W ma o
n{34 ut ermel) soEr28% Hodidl methoMtide. mkehankbhe sUl%.%'ion and,
veslf us £ hestHzaeped 1he8 ghélide- &Eehéd%oﬁ% was glow-

b
wwéw@mecé@rwtﬁgd et Bernd Bﬁ&hg ”eg iy

e ”f%ﬁt%@% e’?f’ﬁ@ 2 c#?gﬁrenﬁﬁ

reé%bﬂg wat Bnghes. |§§@@egﬁentky,
ehepion |gnélmmm@é FFctagdEEhsChaeTion in 6
H@Fléﬁ’}iwl e atevly droppadeintoathd, mimturads The

T TBLEREYe cvas ne R thed eRan eondhiaohexatie room tem-
danadsire viest weeheyt m tduned ereadeied, ovafraghyHeousaction.
sedi wonplletsO-thatecagntoh ihigtetde Whe pliEedt an¥BS re-
chueehtpasaen o disdt ]l Pdnendenct edpeed PLESRMEM Lamidue
WeeCadic®B HPHL I9F Hdane. The organic porticon was taken
out, dried over anhydrous sodium sulfate, and filtered.
The filtrate was concentrated. The concentrated filtrate
was placed vnder reduced pressure and digtilled at 160°C,
16 Pa, to give 3.40 g (vield: 63%) of bls(z-methoxy>3 5-
octanedionato) tin(II} as pale yellow liquid. .

The bis (2-methoxy-3,5-octanedionato) tin(II) is a new

compound having the following characteristics:

IR (heat, cw?): 2974, 2932, 2873, 2823, 1573, L1511,
1411, 1327, 1210, 1l1ie, 953 912, 808, 545 (the Gharac—
teristic peak (1608 cm?) of f-diketone has disappeared,
and a characteristic peak (1573 cm?) of B-diketonato ap-
pears),

Elemental ana1y51s found: C 46.8%, H 6.59%, Sn
25.6%, calculated (CuH,0O.8n): C 46.9%, H 6.56%, Sn 25.7%,

MS (m/e) : 403, 291, 113, 59. '

[Example A-~28) (Preparatlon of tris(2-methoxy-3,5-octane-~
dicnato) aluminum (ITI) - Al (mood) 5)
In a 100 wl-volume flask equipped with a stirrer, a

" thermometer and a dropping funnel were placed 4.56 g




10

15

20

25

30

35

9.63 g (yield: 53% of 2-nethoxy-3,5-hexanedi one as
col- orless liquid. 5 The 2-net hoxy- 3, 5- hexanedi one
had the following characteristics: 'H NVR (CDO 3,
8(ppm): 1.30 (0.33H,d), 1.35 (2.67H,d), 2.11
(2.67H,s), 2.26 (0.22H,s), 3.36 (2.67H,s), 3.37
(0.33H,s), 3.70 - 3.81 (1.22H,nm, 5.80 10 (0.89H,s),
15.27 (0.89H,s), IR (neat, cnmi-): 2987, 2937, 2828,
1611(br), 1451, 1368, 1211, 1119, 801 (the peak at
1611 ¢ n¥1l is a char- acteB5stic peak of p-diketone),
MS(me): 114, 85, 59, 43, 27. 15 [Reference Exanple

8123(£”ﬁﬁﬁlﬁtb§”29§ §o§§&ﬂ £ aBepLa INGolution and
(@QHQ £ e % §§§§§ %éﬁg.' Pgﬁ yas slowly
b el e
WhE o9 %ﬁeng@ Eragpleoplene The
W?g’f%ef‘l"%%k‘?’tl%@ np| wimggesg.g Teoghe
@%@%@wﬁ%l@tmyo dtePped (it 32t waol) of
i AR ol 14 k t ¢hboride hin f 1A gkl afidnetbanedsuatidnghe re-
rfud Uiy Welskstre reals fsieitadi st esom Teenpexabreufer car-

wasirep ehed & orddat 8ad, | %&éﬁ%ﬁ@%éécﬂég%ss%émlete,

N sl ST
Tout

e | fo C pPTE %mh@as
%"55 Sth &u%%@fé? waRd faé*é@red
ifé« Zde l}‘ﬁ’H%rC Gdh iTee cqxwée:a*qwé@@ filtrate

C%mmeﬁncedrmma oyl tdigtblled 4t 180°C,
éL@| fgri Ecadive dndPGub) Goieldlt ala) ratt tubs W& thethoxy-3, 5-
dicsemgdieniago) allhenidivet (BT e tae rcaddr e s Wasqubd hed

W th The tris(2-methoxy-3,5~octanedionato)aluminum(TTII)

ig a new compound having the following characteristics:
IR (neat, cmt): 2963, 2933, 2874, 2824, 1585, 1528,

1458, 1414, 1330, 1212, 1121, 977, 796, 552 (the charac-

' teristic peak (1608 cmﬂ) of B dlketone has disappeared,

and a. characteristic peak (1585 mnl) of p-diketonato ap-
pears),
Elemental analysis: found: C 59.9%, H 8.37%, Al
5.0%, calculated (CpHiOAL1): C 60.0%, H 8.39%, Al 4.99%,
MS (m/@) - 540, 510, 481, 369, 113, 59,

[Example A-29] (Preparation of bis(2-methoxy-3,5-octane-
dicnato) lead (II} - Pb(mood),)

In a 100 mL~volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 4. 52 g
(23.4 mmol) of a godium methoxide methanol solution and 6
mly of methanol. Into the ice-cooled mixture wag glowly
dropped 4.20 g (24.4 mmol) of 2-methoxy-3,5-octanedione
{prepared by'the method of Reference Example 6). The
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wat er, dried over anhydrous sodium sul fate, and
filtered. 35 The filtrate was concentrated and
distilled under reduced pressure (32C, 26.6 Pa) to
give 5.60 g (yield: 49% of 2 -61-

nmet hoxy- 3, 5- hept anedi one as colorless liquid. The
2-nethoxy-3,5-heptanedione had the foll ow ng
characteristics: "H NVR (CDC13, 8 (ppm) : 1.08
(0.48H,t), 1.16 5 (2.52H,t), 1.30 (0.48H,d), 1.36
(2.52H,d), 2.38 (1.68H qr562.56 (0.32H,q), 3:37
(3H,s), 3.45 (0.321H,s), 3.71 - 2.81 (1H M, 5.80

R e

TP Jgas ggtiryedsat ygom tem-
‘?E'ﬂ' C(ﬁﬂfiaﬁla‘fi%tqa% %frﬁﬁﬁﬁﬁ'\ﬁ@net%ﬁi?rGth@t Fepction
yas. \eepe el o fdte egaeiom(mixure Grasoptacedlsntlarare-
doged. prsiagare |tes kiiotui Phauetiidtoh SFE(r efo the residue

- weremaddledl Hhdila aff dpptog: dnd®d vesop| waedrs. 58he or-

gadic poticel wRErsogdinmue! xise dREPaaehy8obibi 88d1ium
lsﬁﬂﬁat'éhealﬁﬁﬁq(ﬂe‘i%ém %@%M&@Ws ééﬂe@ﬁérétéé

'2 kc = o
g pres-
%3%?; T Ciona

?%1@4%@ s 0 w T d5l 5 vis-
8?"1? 9? e(ﬂ-l"a’ﬂl I) of chromium(111) chloride
hexah?bﬁ S (R -Tetheso  fetdeimnediamnastollgad ( Dppeils a
ReWt perpioeh davimg thes dialiloyrinick tahiseramsest st ted: f or
30 m ABt decadecncyol ZEINRIB2IH 28R [ 0RER2A r YEHY, 0ULLS,
adleactingn., Abtar, tha7, re@qte 0@5@3 TIPS, chideacteris-

£€8CHRAR LKW en¥as g¥ aned Ug£es: & d a
Ehsibbl pBER3ROLQS - (1%@09&*% & Cgﬁgféﬁa% iér
of megh LylL&Rgq 1985W. P g . Sg 39.2%, H 5. §3§§ PEE

37.5%, calculated (CH,0:Fb): C 39.3%, H 5.50%, Pb 37.7%,
MS (m/e) : 550, 398, 339, 249, 113, 59.

_I

[Example A-30] (Preparation of bis (2-methoxy-3,5-octane-
dionato)magnesium(II) - Mg (mood),)

In a 100 nL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 0.66 g
(11.3 mmol) of magnesium(IY) hydroxide and 20 mL of 1,2-

-dimethoxyethane. Subsequently, 4.13 g (24.0 mmol) of 2-

methoxy-3,5-octanedione (prepared by the method of Refer-
ence Example 6) were slowly dropped. The resulting mix-
ture was stirred at room temperature for one hour for
carrying out a reactiori. After the reaction was com-
plete, the reaction mixture was concentrated under re-
duced pressure., The concentrate was then distilled under

reduced pregsure at 230°C, 32 Pa, to give 3.31 g (vield:
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m xture was then refluxed for one hour, and cooled to

30 roomtenperature. To the m xture was added 40 ni of
wat er. The organic portion was taken out, dried over
anhydrous sodium sulfate, and filtered. The filtrate

was concentrated. The concentrated filtrate was

pl aced under reduced pressure and distilled at 180C,

23 Pa, to give 35 2.54 g ('yi el d: 60% of
tris(2-nmethoxy-6-nethyl -3, 5-hept -

anedi onat o) chrom un{111) ass?/l scous red-violet |iquid.

-62- The tris(2-nethoxy-6-nethyl-3,5-heptanedi onat 0)
cBPBhi of( PLe) 2i-seshouw-8o ﬁpwmmmm‘ﬂmtidjmégﬁiémgr I) as
ctibsaousr yslilow: 1h.§uﬁ.deat cn7l): 2975, 2933, 1568,

1530, TU45pbigda3metho ,,51b&m%r&%)n%&le(gﬁﬁmm is
g&]ammt @@@@tﬁdﬁﬁéﬂ %e %U.h.oh?x

| SAPPER CHeaBN0oR-2

(Bz 8 keignglgt 01§E eai 3_ gen%é ang y5| S. oﬁé 0 1521
el 3“ i

Rk g w% %e%gara{:. MR G 18354, s 663,
bi s(ZDﬁ%fr 65ﬁ%t 073 82,

hep tar@mmrién@ Mr@amsethe)mgmemm):amu&mcb&@oum is
mgnﬂﬂdﬂmdlmkhmlwmﬁn@rt Brgustigeer, a 15
thernoneter and a dropping funnel was placed 2.71 g

(BkekpXard )30f 28% 506k Hﬂ&)ﬂ% 0xi-4g (FefnaR F 3Py octane-

ICGCOE %OUtIOﬂV\BS

oppﬁ?ﬁ%ﬁ@
- met TVaLlung, %ﬁ]éd?@ﬁéppﬁﬁewatbdabﬁtlﬂm‘@r, a
e USERANE  Pyrnahdvasepkacedr 5. G826 . 3

Jf)e@ﬁ &8% sodiure steSibsbidm emetanal seblitit bonoknd 10 w0
of1 getdpar®los il e nkmgaresdéd | $oTht D8 deas slowly
Sevrgertratss ign @6 Ji neloletha el meesos-on ¥-depanedione
i(ptrepthedriog Wi rEtthod St Hd ASrdhXs UsRaMBSeSE) T T 884 the
froictone Rel gHIde e ®RF N minutes. Subsequently, 1.52 g
(8.63 mmol) of gallium(III) chloride was slowly dropped
into the mixture. The resulting mixture was stirred at
room temperature for one hour for carrying out a reac-
tion. After the reaction was complete, the reaction
mixture was placed under reduced presgsure to distill
methanol off, To the residue were added 30 mL of hexane
and 30 mL of water. The organic portion was taken -out,,
dried over anhydrous sodium sulfate, and filtered. The

filtrate was concentrated. The concentrated filtrate was

placed under reduced pressure and distilled at 175°C, 17
Pa, to give 4.07 g (yield: 81%) of tris (2-methoxy-3, 5=
octanedionato)gallium(ITI) as pale yellow liquid.

The tris(2-methoxy-3,5-octanedionato) gallium(IIT) is
a new compound hawng the following characteristics:

IR (neat, cm ) 2963, 2933, 2874, 2823, 1576, 1528,
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with ice for carrying out a reaction. After the

reaction 25 was conplete, the reaction m xture was

pl aced under re- duced pressure to distill nethanol

off. To the residue were added 30 nL of hexane and 30

m. of water, The or- ganic portion was taken out,

dried over anhydrous sodium sulfate, and filtered.

The filtrate was concentrated. 30 The concentrated

filtrate was pl aced under reduced pres- sure and

distilled at 220C, 23 Pa, =g-give 1.60 g (yield: 47%

of hi s(2-nmethoxy-6-nethyl -3, 5- hept anedi onat 0) -

nethtfancb#Q3 ) ) 1330y $2bUs DLBOR DBGUi 801ThE50 (the charac-

I et o ot ipmkﬁ(ne@ayd:mﬂ,) Scife pt-diig@ditonal ks FMeappeared,

rm:!;amenslﬁmate:smtmv?@@m@medsh@mmg dfh?-fcﬂ]de%ﬂa&:o ap-
)terl stics: -63 R (neat, cm1l) 5(br), 2971 :

2932 g 138 &Zlé 53199, H148r,ch0200 199
salille dbat it i,
B 3% 613 Saiis, 659 5 MS(m e): 623, 397, 338,

168 59. Fromthe M data, the manganese conplex .
§ A-3Drie? Rrdl (Depavatiod testst r Breparation of

. WE@‘H})IC@U@% EPepar ati on of

bi s( 2- et fepyos tnidid ye-a3ebimdAt hept BRe divnaiherhbak akbcord-
@y to Ntr(ermmaﬁémxmﬂ:ﬂé@ @&oa@dm@sfﬂvﬁgk éﬂﬂbm&a uging

G!}C com-

?1% @fb@? a) 13t ) Ssn s
m ﬁm%@ et doach pomplancon-
(sl ce“ﬁﬁﬁﬁlﬁﬁllém?&én e(Mgfmood) ,)
S% BRea- 1 AN e soltut |asra]aiate the
Pdd-1 Lt asrrgnbyd { dba)

Ei1e- ferpingy paepigrinf. ni ckel (11) chloride hexahydrate

in 6 filhe depogition conditiong are set forth below:
Flow rate of He carrier: 30 ml/min.
Flow rate of oxygen: 20 mlL/min.
Substrate: 8i0,/8i (size: 7 mm x 40 nm)
Temperature of substrate: 400°C
Pressure in reactor: 7,980 Pa
Deposition periocd: 60 minutes
The results of depogition (£ilm property and analy-
sis of product were performed by XPS analysis) are set
forth in Table 4.

Table 4
Metal complex Vaporizing Film property
compound - temperature {film thickness)

Ex. A-32 In{mood}, 140°C Indium escide
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of nmethanol was slowy dropped into the m xture.. The
20 resulting mxture was stirred for one hour under
cooling with ice for carrying out a reaction. After
the reaction was conplete, the reaction m xture was
pl aced under re- duced pressure to distill nethano
off. To the residue were added 30 niL of hexane and
30mL of water. The or 25 panic portion was taken out,
dri ed over anhydrous sodlugl sulfate, and filtered.
The filtrate was concentra éﬁ The concentr at ed
filtrate was placed under reduced pres- sure and
distilled at 200C, 25 Pa, to give 4.25 g (yiel d40 atdg
G hiA(3B net h@x%@g@tﬁ hyl - 3, 5.8@ft anedi onaZihc36xide
ni ckel (11) as viscous green glassy solid. The (35 nm)
izs.( 2188t hoxyShémmbdly) - 3, 5- heptgwredi onat o) T4 i @&gﬂél I )
is a neM/conpound havi ng t he fO||0MAng charac- (a5

teaf | s mzy 35 IR ( cnﬂ) 34
2072, 2932, 15953 1570, 1430, 1833, 1211, ﬂ‘%‘g a0 4L 1‘1’de
3 4- . El enent al ysi s; fond
%%‘.2‘8%9% %F’("%’ Y2 506 cal kY &t ed (c,,r#%, é ﬂ@b
. 9% 7.54% 6% NB(nie 629, 400,
g%bnéfﬁg VS AQEQPDQ4Q; ni ckel O ex conpoE@éivy ogide
%§23éa red to have a dimer structure. [Exanpl e(4040m)

&t i on B (3. - net hodA®Sret hyl - 3, C%all:mm oxide

heptaned|onato)cobalt(ll) - Cb(nDpd)Z) In a 10045 mm)
dovith-a . stirrer .a 10

t her nBet eesaiden ghooppiing Tabilel 4 vxa:simmot}hﬁklge metal
¢etplexmebjmpat R oD dilem irRkhitd dle Bk a Josa! ﬂilrﬁﬂfoxmv-

- tagoprbherikee- cool ed sol ution was sIomAy dropped 4. 00

g (23 2 mtl) of 2-nmethoxy-6-nethyl-3,5-heptanedi one

(RegEREREPYvample 7) (Preparation of 2-methoxy-3,5-
hexanedione (momd) )

In a 200 mb-volume flask equipped with a stirrer, a
thermometer and a dropping furmel was placed 10.1 g (259
wnol) of sodium amide, and the flask was purged with
argon. Then, 120 wl of methylcyclohexane was placed in
the flask. Subsequently, 7.40 g (127 mmol) of acetone
was slowly dropped into the ice-cooled mixture in the
flask, and the resulting mixture was stirred for 15 wmin-
utes. Into the flask was further dropped 15.0 g (127
mol) of methyl 2-methoxypropionate (prepared by the

nmethod of Reference Exawmple 1), and the mixture was

stirred for 30 minutes for carrying out a reaction.
After the reaction was cowplete, 50 ml of water was

- placed in the flagk under cooling with ice. The aqueous

pmr?ion was taken ocut, made acetic with acetic acid, and
subjected to extraction with hexans. The hexane extract
was washed with water, dried over anhydrous sodium sul-
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the nmethod of Reference Exanple 2), and the m xture
was 15 stirred for 5 mnutes. subsequently, a solution
of 2.70 g (11.3 mtl) of cobalt(Il) chloride
hexahydrate in 20 nL of nethanol was slowy dropped
into the mxture. The resulting m xture was stirred
for. 30 m nutes under cool- ing wiwth ice for carrying
out a reaction. After the 20 reaction was conpl ete,
the reaction m xture was p%%ced under reduced
pressure to distill nethandl” off. To the residue were
added 50 nL of ether and 30 nL of water. The organic
poite orpm@stidkenedut , Thei Eillovetcawhgdrousensodied and

sl $tat Bledndndiert eeddeedhprésbirat ¢6606, COIBRIKRS) to give
- t962dy WbetAnchBY) abEd2 bt hoke- 905 -Rbasnddiader agecol -

dpmp@b@r;@ﬁq@j_@ and distilled at 175C, 67 Pa, to give
4 17 -ﬁlé 0
Yﬁfhétzg 308 nedione had th %lFM?I%%

igs{ 2z et hoxys hyl = 3, 5- hept ane- di onat o)co

as Vi sl i oI t l i
? § 85‘ 01 3B 48 335 ) 12835

%%f %gq 1 Loy CHoBinE he01 0. 258 o) | SuPk

§ m%t?:'& {0} 3B naht , 3chP) -~ 339%( L) 22Hom2, 5.80

OB BOH5D9, %147 (Q489H,9B33, 1211, 1117, 1059, 912

803 SER (Mémt chamap: 2B8Vst 283PeaR8RE60T6Mm (brdf, 1451,
(IBGB ketzute, be19) seppebitied, pask o dsThagact & 3t ichar-

RRAle IO orddic OhF dedﬁeé@ﬁ@ép ap pears), -65-

El ememicpimadipl ypi8: goungh G$3.8% H 7.56% Cc 14.6%
cal cul at ed (‘i 3H30QGC0) : % H 7.53% Co 14.7%

B . Rl i

)E3$<an'pl e B-5 (Preparation of
tet r akits @2 -4R9 Hebyvelywe Wlaslg equipped with a stirrer, a

mm@)mmBzmg\ﬁumal(wmpopmced 8.00 g (205
mol) of sodium amide, and the flask wag purged with

argon. Then, 50 mL of toluene was placed in the flasgk,
Subsequently, 15.0 g (208 mmol) of 2-butanone was gslowly
dropped into the ice-cocled mixture in the flask, and the
resulting mixture was stirred for 10 minutes. The mix-
ture was cooled to 5°C, and Into the cooled mixture was
further dropped 8.50 g (72 mmol) of methyl 2-methoxypro-
pionate (prepared by the method of Reference Example 1),
and the mixture was stirred for 30 minutes for carrying

out a reaction. After the reaction was complete, 40 ml

-of water was placed in the flask under cooling with ice.

The agueous portion was taken out, made acetic with 2.5
mol/L sulfuric acid, and subjected to extraction with
diethyl ether. The diethyl ether extract was washed with
water, dried over anhydrous sodium sulfate, and filtered.
The filtrate was concentrated and distilled under reduced

pressure (32°C, 26.6 Pa) to give 5.60 g (yield: 49%) of 2-
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In a 100 niL-volune flask equipped with a stirrer, a

10 thernoneter and a dropping funnel were placed 1.31
g (5.73 mmol) of titaniumIV) tetraethoxide and 4. 00
g (23.2 mmol) of 2-nethoxy-6-nethyl -3, 5-hept anedi one
(pre- pared by the nethod of Reference Exanple 2). The
m xture was stirred at 140C for one hour for carrying
out a 15 reaction with distillation-off of ethanol.
After the reaction was coqﬂ_ete 20 nL of hexane and
20 mL of water were added.”"The organic portlon was

3 t anhydrou d|u sul f, and
f er% %ﬁ FoF ?i%n B2 e eeéeaﬂ 33
cance epBapeaeetey theq @6’3&0"‘?11’19"
pﬁ@’%? eﬁﬁﬁtﬂﬁ%fl |led at 180C, 27 Pa, to give 1.65 g
(yi el @Qleual(p@mmeﬂh@ﬁy (6-48H,t), 1.16
n&m}RH,&;Br hept@nedi o8 @) | i Lapéule(52Had) dapk3wi ol et

| (lud8H, Fhe 2.56 (0.32H,q), 3.37 (3H,s), 3. 45 (o 32H s),
teiTRk s B0etimxyy 6- mé%yke 3aéﬂh§Pt aﬁsds

tltanlmm £S5 @ulew gg@ougg avb
Q‘LVBEE”S ﬁ a : 3 t CIt‘lTl 'i
6% o@ B

%&E%§% %Brﬁngg E ?’of O di ket one has

di sap 5%9 3ﬁ3te3?stlc peak (1577 cml)

g‘ﬁe@n@f" KGR AR S EEn A Yoo oy
é'%@m%n@@%% chrasrisgn 6L ITVE( rfejmosalls) 435,

369, 50 IJEwmeBes {lrdpaaiimpedfwith a stirrer, a

&y -Brcppiony dhethehatag 201 soad v 5¥) g- (23,7
ﬁrbﬁOOdnﬂ)z&aﬁ%cdlﬁma nﬂéi%dﬂxd@'rh&lﬁﬁﬂ @ﬂh‘t?@@ﬁd W!rhEo

engt 'J.F::éebocﬂ ﬁg«g HANE. 2853 (22.1
Etl'rég.?d “%‘@{é 6-HBt Of% ﬁgp ariddione (prepared by

FRENGX refce and the mixture was
stirred for 5 mirmites. Subsequently, a solution of 2.01

g (7.54 mol) of chromium(III) chloride hexahydrate in 10

il of methanol was slowly dropped to the mixture. The
resultlng mixture was stirred for 30 minutes under cool-
ing with ice for carrying cut a reactionm. After the
reaction was complete, the reaction mixture was placed
under reduced pressure to distill wethanol off. To the
regidue were added 15 mL of mesitylene. The resulting

mixture was then refluwxed for one hour, and cocled to

room temperature. To the mixture was added 40 wl of
water. The organic portion was taken out, dried over
anlydrous sodium sulfate, and filtered. The filtrate was
concentrated. The concentrated filtrate was placed under
reduced pressure and distilled at 180°C, 23 Pa, Lo give
2.54 g (yield: 60%) of tris (2-methoxy—6 -methyl -3, 5-hept -
anedionato) chromium(III) as viscous red-violet liquid.
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the ice-cool ed solution was slowy dropped 4.15 g
(24.1 5 mmol ) of 2-nethoxy-3, 5-oct anedi one (prepared
by the neth- od of Reference Exanple 6), and the

m xture was stirred for 5 mnutes. Subsequently, a
solution of 1.39 g (5.96 mmol) of zirconiun(lV)
chloride in 6 nL of nethanol was slowy dropped into
the m xture. The resulting mxture 10 was stirred at
room tenperature for one Im#= for carrying out a
reaction. After the reaction was conplete, the

r eact i BaenvRigl-nathpkye 6dmentisi -ie Sutethtpreskiormis) -
deleramiuméI Bahois oaf neloctipouesi hueivey ehedded 130y
aofhatmoicerei @intic@9® M. of water. The organic portion was
taken %’éatgfmﬁ)w@@?@”hé@fﬁus 1%%% Ufi”L fé!ﬁf:ts anghys,
fm@:]é eﬁ:az%ﬂ@l "aets 8! eg é@ﬂ er - peak (1607
et %l%é ﬁ? 35" g o gﬁ@efafwbstm
%ﬁ % ;%CIBf tefr Qtﬁ’é‘ﬁﬁ@x ears),

Y%fbﬁl‘uﬁ@lm‘)i a§ p7s@kusty8l.06%, Cr
,dc@g:qiﬁg:ed (CoHsOsCx) : C 57.3%, H 8.02%, Cr 9.19%,

tetraM%W&t}et MG - 3555 pc32dpdBBnat o) zi rconi um (V1)

IS a new conpound havi ng the fol |l ow ng characteris-

%Eﬁém@l% (Eent %’? ¢ 2362 21% 282% geehe 3. 5-
C ég %i )dl ketone has

i % d; t‘?‘&u RA(WEHR enpstixger, a

S NSRS mﬂ bl wagaplaced Rodddg €14.1
BEO4d, Qf ?%%@d@rﬂm ﬂlem@euc&@m@tmummmwa ynto .
@hgslm—qqoiezb%omtlm 84 SDoWBE ndedprpéasa . 303y §90.2
PEsedipos B-mefrepeartiarhyl -3 £ rladgisdRedbbheX YpBebared by
bbieamedhoda od) Mﬁmaﬁdéf)ﬁb:anhgﬂ@vpﬂ) MAnd 'tBe 109 rure was

A T e T,

of methanol was slowly dropped into the mixture. The-

resulting mixture was stirred for one hour under cooling

with ice for carrying out a reaction. After the reaction
was complete, the reaction mixture was placed wnder re-
duced pressure to distill methanol off. To the residue
were added 30 wl of hexane and 30 mL of water. The or-
ganic portion was taken out, dried over anhydrous sodium
sulfate, and filtered, The filtrate was concentrated.
The concentrated Filtrate was placed under reduced pres-
sure and distilled at 220%, 23 Pa, to give 1.60 g (yield:
47%) of b18(2-methoxy— ~methyl-3, S-heptanedlonato)-
manganese (I1) as viscous brown Lliguid.

The bls(z-methcxy; -methyl-3, 5-heptanedionato) -
manganese (IT) is a new conpound having the follcwxmg
characteristics:
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mol ) of 28% sodi um et hoxi de net hanol solution. Into
-67- the ice-cooled solution was slowy dropped 4.41 g
(25.6 nmol) of 2-nethoxy-3,5-o0ctanedi one (prepared by
the neth- od of Reference Exanple 6), and the m xture
was stirred for 5 mnutes. Subsequently, a solution

of 2.00 g (6.24 5 mvol) of hafniumlv) chloride in 10
nmL of methanol was slowly dropped into the m xture.
The resulting mxture was stirred at roomtenperature
for one hour for carrying-63ut a reaction. After the
reacti on was conplete, the reaction m xture was

pl acedlRin@wrat eduadyl : pBBISYbE) t,02901di ebibl, nEdignalsio,
af31,Ta33w, resizyervsos added 20201 9?55 h@iqnes@@d %@s
nL of Mﬂ%ﬂtérileam:g?@iﬁ p@éuhan wagat akeny QU§5° 54" hed
Q\BSP?@”*B@I%@@& . @ngyfikt efeq

filtrate nt 2 5 nc§ tfa ed |Ifra e

was pI §%§§ dggreésu %?% . %ééggfgo%@ound ig
t%’é%% %Wa% RW4ES) haf ni um(1V) as

Vi scous yeIIow I|qU|d The

t[Exmatile( Bt {Rrepdrdte tet amdw@e:mﬁ@@ﬁ@wntwnbthﬁaa, 5-
hgpuam@amanad@yﬂi&kéiwgipl1qmingo pqacterlstlcs

(neat zncar D00 28620 ’f I%gr a

331;%9 T fas °q (23.5

Ru r% rlstCtg' K, :gg%ci %?% é nto

LAl 46t 14/01319 (24.0
g 9 2261 D’%’a'l%m%ﬂ;&ﬁl-( e} diengo{(mwsppred by

vh@owthpdzgﬁ%efm A B9 R) 1k8d Sthe [Eiatpre was
Brix{RBdefarat airaftdset r adisd &Wy "3 Solution of 2.78

=]
Y,

e egi ) \) 00
§)(§ﬂq tl‘? wﬂl%]_ TT) e é%l%(%}aatemGHm
SSS?#% tadhig Jierge The
i éh ure wad Btitred For ofie Mour under dooling
ice for carrying out a reaction. After the reaction

was complete, the reaction mixture was placed under re-
duced pressure to distill metharol off. To the residue
were added 30 mL of hexane and 30 wL of water. The or-
ganic portion was taken out, dried over anhydrous sodium
sulfate, and filtered. The filtrate was concentrated.
The concentrated filtrate was placed under reduced pres-
sure and distilled at 200°C, 25 Pa, to give 4.25 g (yield:
91%) of bis(2-methoxy-6-methyl-3,5-heptanedionato) - '
nickel (IT) as viscous green glassy solid.

The bls(ﬁumethoxy=6 -methyl-3, 5-heptanedionato) -
nickel (IT) is a new compound having the follow1ng'charac-
teristics:

m.p.:  46°C,

IR (KBr, cm™): 3410 (br), 2972, 2932, 1599, 1510,

- 1430, 1333, 1211, 1153, 1117, 912, 806, 566,
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mol ) of 28% sodi um et hoxi de net hanol solution. Into
the ice-cool ed solution was slowy dropped 7.00 g
(48.9 nmol) of 2-nethoxy-3,5-hexanedi one (prepared by
the neth- od of Reference Exanple 7), and the m xture
was stirred 35 for 15 m nutes. Subsequently, a
solution of 3.90 g (12.2 nmmol) of hafniumlV)
chloride in. 20 nL of nmethanol was slowly dropped into
the m xture. The resulting mxture was stirred at
roomtenperature for one F&H™ for carrying out a
reactign. After the_reactign was conplete, the

r eact | OICHTREBLe2RRLVEL B edOURder O BudSa B dodlte MW

514i 3% | Pahevhaher dCihdbNihe CebRdO& Wit § .Sddod NA0 14.6%,
nL of Mhénéak: apd220480, oB5%at BE. The organic portion

was t dRiepm toe, MAr datapvteheanhglehuscaplismesipbatel is
amnsidereddoo Aaeef al diate sasuebneentrated. The
concentrated filtrate was placed under reduced

PIRgssEe apds d(SEébh 8t 2bn 198 Coi 402 1Re BBy -62nitYS1-3, 5-
cf o 'oﬂ&esﬁafécifnré‘?cag {a teChby a2, 5
fzgs]gl ecgﬁ)gé)easw\ilt C%usstirrer, a

met'hoxy- 3, O (Sx edlfnat oi
1o |.%¢ | MypgR-ume.
it e $% - GraIEng EamaRht URAaPARGRAVA), 37 § 422.7
FER oo ARE hERdHgn et horidei negtbanpiceolitioss: Toso
TR fds-ceongd uheticn3es 28K3y1Psd8opnedos . 0628, (23.2
) 1862 - Hoxy-28 AnetiMyD- 3 19BepMdedidie( (beepared by
e arethicet il i Refeedndd Glample )20 8ndi kBEORSxhage was
ditsappebries: 5 antnfcSHar anisddqldgt Deaka (2593c¢8h) of 2. 70

B dilkeoRekI 2 IGE RelG FhTBRE ~kound;
G heharld 5 192 Yo tz%{gﬁ %ﬁ%@%ﬁégﬁio m
. o
a

reg“&%glﬁ% g e 50 ‘mInites WhdEr ool -
éetqr KiS _C%th;?%} , qj.%é%r?’e%ﬁ SRy haRFEHR FOF '
G X f| FE R | HARCH QIR 5B R Phaced
ynder, rgpluced pressure to distill methanol off. To the

residue were added 50 wL of ether and 30 ml of water.

The organic portion was taken out, dried over anhydrous
sodium sulfate, and filtered. The filtrate was concen-
trated. The concentrated filtrate was placed under re- -
duced pressure and distilled at 175°C, 67 Pa, to give 4,17
g (yleld: 92%) of bis(2-methoxy-6-methyl-3,5-heptane-

‘dicnato) cobalt (IT) as viscous dark violet liquid.

The bis(2-methoxy-6-methyl-3,5-heptanedionato) -
C}Dbi?_lt(II) is a new compound having the following charac-
teristics:

IR (neat, cm?*): 3397(br), 2972, 2932, 1599, 1511,
1431, 1333, 1211, 1117, 1059, 912, 803, 563 (the charac-
teristic peak (1607 am™?) of p-diketone has disappeared,
and a) characteristic peak (1599 om?) of B-diketonato ap-
pears) , '
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thernoneter and a dropping funnel was placed 5.90 g
(18.4 mmol) of hafniunm(1V) chloride and 30 ni of

nmet hanol . Separately, 12.1 g (76.2 mmol) of

2- met hoxy- 3, 5- hept ane 30 di one (prepared by the nethod
of Reference Exanple 8) was slowy dropped into 18.0
g (75 mmol ) of aqueous sodi um hydroxide solution (5
nol /L) under cooling with ice. The resulting solution
was dropped into the hafniymchloride methano
solution, and the m xture S stlrred at room 35

tenperat ure f nutes_ for _carr out a

react,| qg‘mWﬂE}ﬁ ctFIndasCe geteﬁ BeShk, of0
1A - %{&J&m@ﬁe e(&nréao@srao)ao G5B Yat Br 7wERE, afoeds . 7%,
The oMfal/@)pore3, cklas338keBSout, dried over

anhyd&sisn ddut MB siddat a;he armbilttemeﬁleiiheompbtmdt &g

wasisideretd rad diavd e diiner ceinetegef il trate was
pl aced under reduced pressure and 5 dlstllled at 205C,

t i - - -
Vi sco el.low J’
rafz*?’s Jﬁ&# ﬁ%%@q%a%ﬂan% fsrrree
Ehett) b SR, BRRGRAL 45

t(ﬁeg?: m!l!@]()n@di tmanma)m(lzma;etzmh@&?de 268334 . 069,
18292 madd), of328met2itiicy-EEMBCIHAT-2S , BAeptdiedidte (pre-
phaedcber ches tistIprRlof Relftatiide miak@tal Ket m@enaectuxe
Whsappeated, a&n d.4oac056faéher h&tiC FBeakq

SRR .

93,

weye @@ﬂlﬁbp@%ﬁa ERP tﬁ{% out, dried
BYSY ] SEEPREL FOAdNms Supfasanammsh Siltenady CHhalefil-
Frage was ccncentrated. The concentrated filtrate was
placed under reduced pressure and distilled at 180°C, 27
Pa, to give 1.65 g (yield: 39%) of tetrakis (2-methoxy-~6-
methyl-3, 5-heptanedicnato) titanium(Iv) as dark violet
liquid.

The tetrakls(2—methoxy—6-methy1 3, 5~heptanedionato) -
titanium(VI) is a new compound having the follow1ng chax-
acteristics:

IR (neat, om™): 2973, 2932, 1577, 1531, 1408, 1328,
1231, 111%, 1065, 915, 803, 601 {(the characterlstlc peak

(1607 cm*) of B-diketone has disappeared, and a charac-

- teristic peak (1577 cn?) of p-diketonato appears),

Elemental analygig: found: C 59.1%, H 8.28%, Ti
6.5%, calculated (CEH@OuTl) C 59.0%, H 8.25%, Ti 6. 53f,

MS (m/e) : 561, 435, 309, 59.

[Bxample B-6 (Preparaticn of tetrakls(z—methoxy—B 5~

- octanedionato) zirconium(IVv) - Zr(mood)d
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The deposition experinment by the CVD net hod was

perfornmed usinga netal conplex conpound prepared in
Exanples B-1 to B-9 (chrom um conpl ex conpound 25 (Cr
(mopd) 3) , manganese conpl ex conmpound (Wnh (nopd) 2) ,

ni ckel conpl ex conmpound (N (nopd)2), cobalt conpl ex

com pound (Co(nopd)?2), titanium conplex conpound

(Ti (mopd) 4), zirconi um conpl ex conmpound (Zr(nood)4),

or hafni um conpl ex conpound. (Hf (nmood) 4, Hf (nond) 4, or

Hf (nmohd) 4) to eval uate 30 the filmforming property.

The experinent for evaluation was perforned using an

appar atys? i 1P Qstkavelmg Figsk eaneppestywehhwasstirrer, a
diptvaieteprandieaf dropping Stnnehewak piladedf Bl.ae g (24.5
ok Wi &R, 28 hesodkpernaehtxide weshanblogolasion. Into
dehet ciometasled aolaphanavds EUswll @sbppbadal n5Fiy0-(24.1
r@noftie oS teanetiasxgaPp) Bysdihnedibge f@@area %he meth-
Rl At Qe Eerdhdd ExdBp1dNg) MeLtak g rred '
E*&Ceﬂ rﬂxﬂzmﬁ:éfépor%e anpu lﬁt g (5 96

apor 8
%ﬁgﬁ% Bl 1 gs%’i st

SR & R dETReEaisiee h@aﬂfe@n@ oRouUThEOLY §PEEYing
Fy TERRE R ofARERE \ilperTeaet Bor ivas scampiateor the
FEFERE M- Rre ove el ayeed winddr | seduped i presiuvegho
distddd. demhenesit refd or U318 trda Bdhe® Wéiéea&déﬁ' 80 th. of
hec@nen arel 30 migask GRitiad N nﬁlét bR A QMY taken
b, mess ek W EARFL S s dd B R e&n&’affitéred.
ﬂh% FHOTSYE '“%i tJEfrJ éé?:ﬁffa% % jltrate

19k %éﬁgé £820°C,

49. %até%r'd%i%r t(-i? oRephoxy -
AR ‘%@ﬁ%ﬁ@%ﬁm W U tasH %‘S@% yel Je%‘f?T haquid.,

heateahgyugﬁﬂahxa(ZHmathﬁxywﬁﬂﬁﬂomnﬂnﬂdmonato)zlrconlum
{(VI) is a new compound having the follow1ng characterig-
tics:

IR (neat, cm™): 2962, 2932, 2873, 2822, 1595, 1526,
1417, 1329, 1211, 1120, 975, 794, 574, 520 {(the charac-
teristic peak (1608 cw?) of f-diketone has disappeared,
and a characteristic peak (1595 cm™®) of p-diketonato ap-
pears),

Elemental analysis; found: C 55.8%, H 7.76%, “r
11.7%, calculated (CyHgOwnZr): C 55.7%, H 7.79%, Zr 11.8%,

- MS (m/e): 603, 113, Ko. ’

[Example B-7 (Preparation of tetrakis (z-methoxy-S 5-
octanedionato) hafnium(IV) - HF (mood) "

In a 100 nl-~-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 4.88 g (25.3
mreol) of 28~a godium methoxide methanol solutiom. Into




i0

15

20

25

. 30

35

conmpound supplied into the reactor oxidatively
deconposes on a surface of a substrate 21 for
recei ving deposition which is arranged in the reactor
at the central position and heated to a predeterm ned
tenperature by the heater 20 10C, so that a netal
oxide filmdeposits on the substrate 21. The gas
com ng out of the reactor 4 is exhausted" ‘into the
at nosphere through a trap 7..and a vacuum punp. The
dep03|t|on conditions are % forth bel ow (Exanples

ta B 16: the pQSItlon apparatus of Fig

?ﬁ % 8&@ PR 0n e Sl drcmmed 4l & (25.6
ggﬁﬁ P 6 32@ “Retanedicns sirenare] dyy Sthe meth-

ef Refprende Fgrolentenatmde tile suibsnnze emsiGicirred

350Pr Esuiinutes. r eSubsequently, Pa sdpsidn of @RI00d (6.24
3ol huoshaEnaom (V) Behlord dB- 18 1oherdeosiddighol was
aphawiyudroppEdgintd whs m&&t@t@d] EH@Nféﬂdiﬂﬂhg*thture
oRasi 6€ir38dnhtNrBom 85 %i{eef@ir %ﬁég or ﬁzmrln

r@%ﬁ1£ restpsbhat eprph{l

re. substrat gress re i SACt Or
%gﬁff& obiaced goder, e c@é?m
? 09 ﬁlon 9p5§?a¥ﬁ§1éﬂek§5155ﬁ@dﬁﬂs30 il of
t @fovaterear Ther crgrnd gpployitigmera taken
4&%@@@@% aphydrouensodiom sailfate, Handafiileoered.
fEﬁesﬁpbtyah@ wagacuncétmatedn. The concentrated filtrate
was placed under reduced pressure and distilled at 220°C,
23 Pa, to give 4.32 g (yield: 80%) of tetrakis (2-methoxy-
3, 5-octanedionato) hafniam (IV) as viscous vellow liguid.
The tetrakis(2-methoxy-3,5-octanedicnato)hafnivm (VI)
is a new compound having the following characteristics:
IR {neat, om™): 2962, 2932, 2873, 2822, 1598, 1528,
1430, 1211, 1120, 976, 795, 524 (the characteristic peak
(1608 cm*) of B-diketone has disappeared, and a charac-
teristic peak (1598 cm?) of p-diketonato appears),
Elemental analysis: found: C 50.1%, H 7.03%, Hf
20.6%, calculated (CyH,0p,HE): C 50.1%, H 7.00%, Hf 20.7%,
MS (m/e): 693, 113, 59. |

[Example B-8 (Preparation of tetrakis(2-methoxy-3,5-
hexanedionato) hafnium(IV) - HF (mowmd),)

In a 100 wh-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 9.40 g (48.7
mmel) of 28% sodium methoxide methanol solution. Into
the ice-cooled solution was slowly dropped 7.00 g (48.9
mol) of 2-methoxy-3, 5-hexanedione (prepared by the meth-
od of Referance Example 7}, and the mixture was stirred
for 15 minutes, Subsequently, a solution of 3.50 g (12.2
mmol) of hafnlum(IV) c¢hloride in 20 ul of methanol was
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10 Substrate: SiQ2/Si (size: 7 mmx 40 m)
Tenperature of substrate: 300C Pressure in reactor

- 2,660 Pa Deposition period: 60 mnutes 15 The results

of deposition (filmproperty and analy- sis of product
were perfornmed by xPS analysis) are set forth in
Tables 5 and 6. Table 5 20 Metal conpl ex vapori zi ng
Film property conpound tenperature (filth thickness)
25 Ex. B-10 Cr(nopd)3 170C Chrom um oxide (40 nm Ex.
B-11 -Mn(npod) 2 180C Mangané&8e oxide (35 nn) 30 Ex.
B-12 N (nood) 2 150C N ckel oxide (35 nm Ex. B-13

%@% ﬁ%@;{% e gx@i%ﬁ s

[ 0

[eW e

c@&plgtﬁ? the
;"gcr'b %:4 f“\’ﬁ%rﬁ’ %% a@ce -gyessure to
AeEtdHd) Ierpmq i kim o5 dde sceairygywere added 20 wl of
hexane and 20 Hisof water. The organic portion was taken
ocut, dried over anhydrous sodium sulfate, and filtered.
The filtrate was concentrated. The concentrated filtrate
was placed under reduced pressure and distilled at 190°C,
13.3 Pa, to give 3.73 g (yield: 41%) of tetrakis(2-
Tethogy—B , 5-hexanedionato) hafniym (1V) as viscous yellow
dcui

The tetrakis(2-methoxy-3,5-hexanedionato)hafnium(VI)
is a new compound having the following characteristics:

IR (neat, cml): 2979, 2932, 2873, 2823, 1559, 1528,
1416, 1362, 1274, 1212, 1120, 1023, 794, 517 (the charac-
teristic peak (1611 cm™) of B-diketone has disappeared,
and a characteristic peak (1599 cm?) of f-diketonato ap-
pears) ,

Elemental amalysis: found: C 44.6%, H 5.92%, Hf
23,.6%, caloulated (G H.OpLHE): C 44.8%, H 5.90%, HF 23.8%,
MS (m/e) - 653, 609, 565, 59. ‘

[Example B-9] (Preparation of tetrakis (2-methosxy-3,5-
heptanedionato)hafnium(IV) - Hf (mohd),)

In a 100 ml-volume flask equipped with a stirrer, a
thermometer and a dropping furmel was placed 5.90 g (18.4°
mmcl) of hafnium(IV) chloride and 30 ml. of methanol.
Separately, 12.1 g (76.2 mmol) of 2-methoxy-3,5-heptane-
dione (prepared by the method of Reference Example 8) was
slowly dropped into 18.0 g (75 mmol) of agquecus sodium
hydroxide solution (5 mol/L) under cooling with ice., The

resulting solution was dropped into the hafnium chloride

methanol soluticon, and the mixture was stirred at room

temperature for 30 minutes for carrying out a reaction.

After the reaction was complete, 50 mL of methylcyclo-
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Table 6 10 Metal conpl ex vaporizing Filmproperty
conpound tenperature (filmthickness) 15 Ex. B-19

Hf (nmohd) 4 140C Haf ni um oxi de (30nn) Ex. B-20

Zr (mood) 4 140C Zirconiumoxide (30 nm Ex. B-21 Ti
(mopd) 4 120C. Titaniumoxide 20 (35 nm The results
shown in Tables 5 and 6 indicate that the netal
conpl ex conpounds of the invention have a good
filmform ng property. 25 [ Reference Exanple 9]
(Preparation of 2-nethoxy-895- heptanedi one (nohd)) In

‘a 200 nL-volune flask equipped with a stirrer, a

tHemmreirel 30dna of oppten deneechdned. pl médozgaﬁlq
(32 w3l ngEken cduPpt @sséd %{reﬂuéﬁKYQﬁouén dobhen kag) E:t

%ﬁjﬁ&;ﬁ%&é&t h frg Oﬁ:u.ll:,r ei* rgié:gd The - con-
and

gi;h%%l%féa'gt 22 0 éﬂ_gm f i fricld: 85%)
o1t at'l'i , i 7 %@%‘“ '868 FHm (V) as

VoE SO r (107 mml) of 2- but anone

was s|ToH % Hped (2 mthmﬂtﬁ eSnaspEasedicnatedbagndumn
SMIpr e ﬁbrﬂe%mmm haviar vpenfoblowingeabarsnteris-
Aficer: the reac- tion was conplete, 70 nL of water was

pl aced@R n(riewt f l@ask) : 73978nd2e3490RBRY, WeBR3i, cas9lhe 1529,
ante,quamt Immﬁgmgmom} smutsﬁl 1€He Whhbacter-
@s‘tl'GCE@%M (8D FPC E alﬁé ogéa 5ORiWhiPeared, and
BELhh et henane o £X@8iketonato ap-

pears),
Elemental analysis: found: C 47.4%, H 6.50%, Hf
22.1%, calculated (G H,0.HE): ¢ 47.6%, H 6.49%, Hf 22.1%,
M3 (m/e): 681, 651, 621, 367, 221, 128, 99, 59.

(Examples B-10 to B-21] (Depogition tests: Preparation of
metal oxide f£ilm)

The deposition experiment by the CVD method was
performed using a metal complex compound prepared in
Examples B-1l to B-9 (chromium complex compound
(Cr(mopd) ;) , manganese complex compound (Mo (mopd).),
nickel complex compound (Ni({mopd),), cobalt complex com-
pound (Co(mcpd)p), titanium complex compound (T4 (mopd) ) ,
zirconium conplex compound (Zr (mood),), or hafnium complex
compound  (HE (mood),, HE (momd),, or Hf(mohd),}) to evaluate

- the film-forming property.

The experiment for evaluation wasg performed uging an
apparatus illustrated in Fig. 1 when oxygen was employed
for the formation of a metal oxide film. Otherwise, the
experiment for evaluation was performed uging an appara-

- tus illustrated . in Fig. 2 when steam was employed for the
formation of a metal oxide film. :
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extract was washed with water, dried over anhydrous
sodi 5 umsulfate, and filtered. The filtrate was
concentrated and distilled under reduced pressure
(77C, 1.26 kPa) to give 10.4 g (yield: 62% of

2- met hoxy- 3, 5- hept anedi one as colorless liquid 10

[ Exanpl e C-1] (Preparation of

bi s(2- met hoxy- 6- net hyl - 3, 5- hept anedi onat o) copper (11)

- Cu(ropd)2) In a 100 nLL- Iune flask equi pped with a
stirrer, a thernometer an a dropplng funnel were

pl ace A 0 dr oxi de zér
*‘Qﬁ%% DRt

#\Tﬁ%o 2 r@i‘?‘@‘?SS aﬁera@%ﬁef{tgv\feﬁﬁn‘éyoﬂ}eﬁhé& and
(RIS O Gt e e eRaAeT o3 2togatherowighdropgddim gas
PR Glesks tsupplied afirer iagasingr tu at precheater 10A. The
et drsurindg ozo® onn-ofit ese foapoai egrng entess a reactor
e deigettherAfwith tde depgén ofa¥egh28hCo8Pkapplibhethrough a
reaed IR ot VS Q@C&*ﬂr@t%pThﬁlvéOQCQm t&) or a
RS THIRE Ryach %dﬂ&é?ﬂl:%ﬁ@%té@tﬂ PiEaS ofbh ¢

PAow Qo1 essure in
& etcgé%ﬁ?d' éiqﬂgeé%&ge ofﬁlnég?fa%ue by on-
6} 1926 Ha R dAeelbhardpriespber the
Ve %@WW@@@ Hey fragansi ©f ahpragsure gauge 5.
ﬂ%ﬁﬁ§E¥ﬁ§ﬂ?mxﬁiHIIOﬂﬁZuhE(gﬁﬁws reddor 3#86¢br fonstituted
2820, i208%n 287 HhedRRY by ) HéaPer 150G, 1788, md834, complex
t24pouhtil upkilied Jto Glle Rfbtdi NS ThaE 26EBY §bbénposes
paalh eleFacenld Digubdtikatone hﬂ‘;%r b €8ep889tdon
ahaeacter 'a&tx‘aﬁlg‘&f‘l&rf v féga dt L K& position

§§C?5E% tgék météi ax%§§é§$ g3251tseon the subs%iite

e gas coming out. of the reactor 4 is exhausted’
into the atmosphere through a trap 7 and a vacuum pump .
The deposition conditions are set Fforth below.
(Examples B-10 to B-16: the deposition apparatus of Fig.

1 was emploved]

Flow rate of He carrier: 30 mlL/min,
Flow rate of oxyyen: 20 nl/min.
Substrate: §i0,/Si (size: 7 mm x 40 mm)
Temperature of substrate: 400%C
Pressure in reactor: 5,320 Pa
Deposition period: 30 mimutes
(Examples B-17 to B-18: the deposition apparatus of Fig.
1 was employed] : '
Flow rate of He carrier: 30 mlL/min,
Flow rate of oxygen: 80 mL/min.
Substrate: Si0,/8i (size: 7 mwm x 40 mm)
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M5(m e): 405, 362, 287, 235, 175, 113, 59. -74-

[ Exanpl e C 2] (Preparation of

bi s(2- met hoxy- 3, 5- oct ane- di onat, o) copper(I11) -

Cu(rmood)?2) In a 100 ni-volune flask equi pped with a

stirrer, a thernoneter and a dropping funnel were

placed 10.1 g 5 (58.4 mmol ) of

2- met hoxy- 3, 5- oct anedi one (prepared by the nethod of

Ref erence Exanple 3) and 36yl of tol uene.

Subsequently, 24.0 g (7. 48 rmol) of an aqueous

copper (11) et at e._sol s sl ow y

dr opped. THE ei rﬁl%éﬁ?%/%ﬁﬁ QGF‘Wg at room

t enper at ur rﬁ:gﬁﬁ far! - g out a
action. F’%S Dré)fé"tjr e,

g‘?‘ﬁ’éﬁ depsid %@Pa%t‘és of Fig.
rU@@d@F‘EﬂW epeat ed tW| ce. The toluene portion was

then washedlam Fae ©f Hel Gendan e d ing degead

pressure. The ceoaoglerarenwasoidren & sl 15 under

reduced pr&isw eagie biDEHe ZaRaert d@f vaphilBing steam:

(yield: 8796) o0 ml,/min,

bi s(2- net hgwysgratest arad paat Q)si?.ﬂpeﬁ ol k) 4@smm> et

solid. Thegj; (3% oF di Ojb’ﬂ‘@ copper (11)

is a newg Vi

BEBgLY, T Sabde ] Do B e

characteri S

3431(br), §s€§> - E5E78% 598 1518 1442,

1366, 1206, 1127, 970,.802, 553, ' 480 (t he

char agher rgﬁllé-tﬁeﬁﬂlf @Wmm (@film propane and analy-
dis apPeprodpcinwesrec pencfonmneds kive R lexEl368i ehvdye ofet
Porth idnkFebiaetoSapmeas), El emental anal ysis: found:
C53.8% H7.43% Cu 15.7% calcul ated (C, 8H3006Cu)

-C 53.3x, H 7.45% Cu 15. 76pan\S(# e) : 405, 346, 287,

235 175 113,.59,.28 30.[Exanple C 31 (Preparation

of bi s(2 met hoxy 3, 5- hept ane-

Metal ccmplex Vaporizing Film property
compound temperature {£ilm thickness)
Ex. B-10 Cr (mopd) , 170%C Chromiun oxide
: , {40 nm)
Ex. B-11 Mn (mmood) , i80<C Manganese oxide
: (35 nm)
BEx, B-12 Ni (mood) 4 150°C Nickel oxide
- {35 1um)
Bx. B-13 Co (mopd) , 150°C Cobalt oxide
, _ ' (40 nm)
EX. B-14 Ti (mopd) . 150°C Titanium oxide
(45 nm)
BEw., B-15 Zr (mood) , 170°C Zirconium oxide
' (40 nm)
Ex

. B-16 = Hf {mood), 170°C Hafriium oxide
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~di onato)copper (I11) - Cu(nohd)2) In a 100 nL-vol une

flask equi pped with a stirrer, a thernoneter and a
droppi ng funnel were placed 5.03 g (31.8 nmol) of
2- met hoxy- 3, 5- hept anedi one (prepared by 35 the nethod
of Reference Exanple 9) and 40 nL of tol uene.
Subsequently, 33.0 g (16.5 nmol) of an aqueous
copper(11) -75- acetate solution (9.09 w.% was
slow y dropped. The re- suL’%i ng mxture was stirred at
roomtenperature for 60 m'fiutes for carrying out a
reaction. After the rez;ct-ion was conpl et e, thg?)gdm)
anj orti was .t aken out con 5 cgntr .
%{ge%"ﬁ' duced pi¥ e The cjo%@%gtrate waSETppuR oxide
distilled under reduced pressure at 160C, 17 P440t 5™
e Bridg g Hf@hdlazey of 140°C Hafnium oxide
bi s. (2- met hoxy- 3, 5- hept ane- di onat o) copper (11) {48 rm)

wviolet salid The

bi s(2- met hoxy- 3, 5- hept anedi onat o) copper(I1) is a 10
new conpound havi ng the fol&bheng characteristics:

mp.: 104C IR (neat, cmnil): 3432(br), 2978, 2935,
2879, 2826Methi6% 18 12074 1h2
008,551, Sbrpyhienal amsigtabeak (i ot brine

ak 69 cm. f..(3- diketo appear El enent al
ooy I;él}’gz ¢ oBfe ey 8% 11 O BR6 G 26 AU Oxide
ﬁgl cul ated (CL6H26QBCu): C 50.9% H 6.93% cu {80898

¢ nPef0 377Zrdwgodisg, 221, WFC 99, 59.. Zoreenim| exide
C4 to C-6)(Deposition tests: Preparation of (3ppen)
Ex| nB-The dePadimopol) sexper i maR0°By t he CVITimdrbamwagide.
performed using a copper conplex conpound prep&r®domn

The results shown in Tables 5 and 6 indicate that
the metal complex compounds of the invention have a good
film-forming property.

[Reference Example 9] (Preparation of 2-methoxy-3,5-
heptanedione (mohd))
In a 200 nL-volume flasgk equipped with a stirrer, a

thermometer and a dropping fummel was placed 25.0 g (223

mmol) of potassium t-butoxide, and the flask was purged
with argon. Then, 100 ml of methylceyclohexanone was
placed in the flask. Subsequently, 12.5 g (106 mwol)

of methyl 2-methoxypropionate (prepared by the method of
Reference Example 1) was dropped under cooling with ice,
and further 7.70 g (107 mmol) of 2-butancne was slowly
dropped. The mixture was cooled to 10°C and stirred for
30 minutes for carrying out a reaction. After the reac-
tion was complete, 70 ml of water was placed in the flask
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25 Exanmples Ci to G 3 (Cu(nopd)2, (Cu(rnood)?2), or
(Cu(nrohd)z), to evaluate the filmform ng property.

The deposition experiment was carried out using the
apparatus of Fig. 1, but a hydrogen gas was enpl oyed
as the reac- tive gas in place of the oxygen gas. 30
The deposition conditions are set forth below. Fl ow
rate of He carrier: 30 nmi/mn. Flowrate of hydrogen:
120 AL/ ma.n. Substrate: SLQ2/Si (size: 7 nmx 40 mm)
Tenperature of substrate: ~380C 35 Pressure in reactor
7,980 Pa Deposition period: 30 mnutes -76- The

nesldrt souflidepesith avd f i | Therapesdys apdranehy waks taken
pieg U eleuteta iatd ariEd Ry=oRS APDHY Shsd 0B éét:edf @;bt Ex~

%&é@%ﬂdﬁf&lﬁ%ﬁﬁéﬁﬁ&iﬁﬁ@i@ﬂ ééﬁ@”e f
Chdrb) ' %{?@r J’% %:»9%%9 e
ng Z%V COpper- 4 @F% mted
; TESBUT G () kpa) to
EFr 9co<;y %) et Ry -3 pb- hﬁEtﬁG@@éF’nﬂ as

kg Gﬁﬁﬁ@ﬁhlsnooth surface. The results shown in
Table 7 indicate that the netal conplex conpounds of
t[Eeatpyentd-an %@Mﬂ'dﬂ“ﬁﬁ (2 -th&Eh, pSLfnéth 3,5-
hESREPIEA 1 Brbleoh ARRAAION Olcu (mopd) ,) . -
tris( %--HEEB%%%EPVU e Flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 0.906 g
(9.29 mmol) of copper(II) hydroxide and 10 mil of mesityl-
ene chloride. Subsequently, 1.57 g (9.12 mmol) of 2-
methoxy~6-methyl-3, 5~-heptanedione (prepared by the method
of Reference Example 2) was slowly dropped. The result-
ing mixture was stirred at room temperature for 90 min-
utes for carrying out a reaction. After the reaction was
complete, the reaction mixture was concentrated. The
concentrate was then distillied under reduced pregsure at
170°C, 63 Pa, to give 1.50 g (yleld: 81%) of his(2-
nethoxy-6-methyl-3,5 ~heptanedlonato)copper(II) as violet
solid,

The bis(2-methoxy-6-methyl-3,5-heptanedionato) -
copper{Il) is a new compound having the following charac-
teristics:

m.p.: 1079 :

IR (neat, cm?): 3436 (br), 2970, 2933, 2874, 2827,
1572, 1513, 1430, 1334, 1242, 1114, 1057, 914, 811, 580
{the characteristic peak (1607 ¢m™) of p-diketome hasg
disappeared, and a characteristic peak (1572 cm™) of j-
diketonato appears),

Elemental amalysis: found: ¢ 53.7%, H 7.49%, Cu
15.6%, calculated (C,H,,0,Cu): € 53.3%, H 7.45%, Cu 15.7%,

MS (m/e) - 405, 362, 287, 235, 175, 113, 59.
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3, 5- hept anedi onat 0) | ant hanun{I111) - La(nopd),) In a
100 M.-volune flask equi pped with a stirrer, a

t hernoneter and a dropping funnel were placed 1.0 g
(3.16 nmmol) of lanthanum(Il1) acetate, 20 nL of

-tetrahydro 30 furan, and 5 ng (21.7 mol ) of aqueous

sodi um hydroxide solution (10 w.9% . Subsequently,

2.0 g (11.6 mmol) of

2- met hoxy- 6- net hyl - 3, 5- hept anedi one (prepared by the.

met hod of Reference Exan‘pl;l? 2) was slowy dropped. The
resulting mxture was stir %d at room tenperature for

90 35 minutes for carrying out a reaction. After the
riExermpde Gvdl c@nepamition okdels 6A-nekhorg-deb-octane-

Bilorested copper (1)t r-at@ asod@dhed with water and

concety af adq ReervdRmes Uﬁﬁis]@r iﬁ)}_ﬁedTﬁﬁtﬁoaCQﬁﬁ.k@é@ a

mﬁmt@ﬁ%ﬂd%ﬁdﬁfﬁm C@ Sr8r838HEl @b.1 g

c%/ﬂ: 16 pf_‘épared by the
aﬁ?

OhF E luene.

IW%%S : la eogs copper (II)
oo CPBPfow Rge Te-

F&ﬁ?g??gﬁgx C?:FP@( '

- Shatdogeristivose was stired RY neeon tm@erauwebfw 20

29681 eR0Tbyr 28FAYI2BR Hut B0 adtsidy, . 1488tet 3Fhe #834tion
ﬂr%99coﬁ@5btell the ¥fMiend QckiGn Shds Qéﬁam%ﬁt 81There-

&880 ‘gg 20/% Qm _
F%ﬁégo %’E&s qgi ﬁ%&ﬂiﬁﬁ %g 2

3.H8C, 276§a(,1rqczq)s{1‘@ 9.6 g

((W.eld [Eﬁan)rploi Ibrmz(ﬂte&ﬂﬁﬁqhm-ejctanedlonato)copper
(s (Asnetbleyr- Gomdichy! -

The bis(2-methoxy-3, 5-octanedionato) copper (IT) is a
new compound having the follcw:mg characterlstn.cs

m.p.: 78°C

IR (neat, cm?): 3431 (br), 2964, 2933, 2873, 2821,
1568, 1518, 1442, 1366, 1206, 1127, 870, 802, 553, 480
{the characteristic peak (1608 cm!) of f-diketone has
disappeared, and a characteristic peak (1568 cmt) of B-
diketonato appears),

Elemental amalysis: found: C 53.8%, H 7.43%, Cu
15.7%, caloulated (CH,0.Cu): € 53.3%, H 7.45%, Cu 15.7%,

MS(m/e): 405, 346, 287, 235, 175, 113, 59, 28,

[Example C-3] (Preparaﬁion of bis (2~methoxy—3,5-heptane—

dionato) copper (I1) ~ Cu{mohd),)

In a 100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 5.03 g
(31.8 mmeol) of 2-methoxy-3,5-heptanedione {(prepared by
the wmethod of Reference Example 92) and 40 wl of tolusne.

Subsequently, 33.0 g (16.5 mmol) of an agueous copper (II)
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3, 5- hept anedi onat o) samariun(l11) - Sm(nopd)3) 20 In a
100 nmi-volune flask equi pped with a stirrer, a

t hernoneter and a dropping funnel were placed 1.0 g
(2.50 nmol) of samariun(l11) acetate, 20 nL of
tetrahydrofuran, and 5 ng (21.7 mmol) of aqueous
sodi um hydr oxi de solution (10 w.9% . Subsequently,
1.72 g (10.0 mmol ) of 2 25

nmet hoxy- 6- et hyl - 3, 5- hept anedi one (prepared by the
met hod of Reference ExanpFé-2) was slowy dropped.
The result- ing mxture was stirred at room

beenal tgcmfﬁoﬁo(gnay w& e@ s CQ:[&’:M 93PHbpdd. The re-

%%&%t m’%&?ﬁ:‘e %&g“ﬁ utlfe for 60
qgé;;%PSpﬂgﬁﬁ concen hde a%ﬁ 2% action
i 1%& S0 e, A con-

\ég P%%Hﬁ% t BRgi Gengengrate was
glsty; smder reduced pressure at 160°C, 17 Pa, to

'gwg( 296t 190X¥i@ Lt W1%)3,5E Hess Edreukomaxy)3, S-heptane-

e ity S atsic e
ris &L i @ - &) copper (II) is a
ﬁéﬁabb%ﬁn@ g?%%%%&ﬁ@va%ré eI‘? oW1

)

- ::-1343 characteris

ST

348°§0/&

.@S@weam@m é;nd @szﬂhaa:@ﬁt@sfa@tnszzpeqhs 159 qrm‘tmf p-

dtheronagEpBIpRar®)87 - 0.99 (3H brd), 1.12 (6Hm),
2.5 (Elempntaloapaliyeis):, foigel: .55 4% HBre)98%100u
5668%; Galculddedr )(C Jhm)e @ o (Freparet 93y, ofu 16.8%,

 tris(#sHryBoxy3975- gaBgness, 221, 161, 99, 59.

[Examples C-4 to C-6) (Deposition tests: Preparatiom of

copper £ilm)
The dep¢smtlon.exper1ment by the CVD methed was

rerformed using a copper conplex compound prepared in
Examples C-1 to C-3 {Cu{mopd),, (Cu{mood),), or
(Cu(mohd),), to evaluate the Film-forming property. The
deposition experiment was carrxied out using the apparatus
of Fig. 1, but a hydrogen gas was employed as the reac-
tive gas in place of the oxygen gas.
The deposition conditicons are set forth below.

Flow rate of He carrier: 30 mL/min,

Flow rate of hydrogen: 120 mL/min.

Substrate: 8i0,/8i1 (size: 7 wm x 40 mm)

Temperature of substrate: 250°C

Pressure in reactor: 7,980 Pa

Deposition period: 30 minutes
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dionato)lanthanunr(lll) - La(nrpod)3) In a 100

M.-vol une flask equi pped with a stirrer, a 15

t hernoneter and a dropping funnel were placed 1.0 g
(3.16 nmmol) of lanthanum(Il1) acetate, 20 nL of
tetrahydro- furan, and 5 ng (21.7 mmol ) of aqueous
sodi um hydroxi de solution (10 w.% . Subsequently,
2.0 g (11.6 mmol ) of 2-nethoxy- 3, 5-oct anedi one
(prepared by the method of;Ref 20 erence Exanple 6)
was sl owy dropped. The resultrng m xture was stirred

at rogpd qsram:ras.su I6F TRip RO i it e85 10k %réféftf NEn@UENALy-

e s

r- and concentrated under reduced 25
pressure The concentrate ngléhen dlstllled under re-

2200 fal
uuucu M1 COOUI T O.l. LIV, LU U r—a, l. U 9I VC V. \J\J

(yield: 2¥Mgradf complex Vaporizing Film (thlckness)
tris(2- et hegnrpnkxPct anedisgst o) | ant g £14) redsstance)

viscous colorless | [a TR d The

E nZv%chﬁéﬂﬂﬁéﬁi’“ ?dﬁét the 1 orvi Hné‘”f:ﬂi?i?%‘éé%r {aboom)

10C IR cr) : 2961 2931, 2873, 2
oC Ps18. C&’z( odz38  120940f¢16 1010, ﬂW?ééOU 1im)

Elenental analysrs found: C 49.5% H 6.99% L&-35
B8 9@r6cal culCat(@ehdlz 27HA5091340°C C 49. 7%coppens59d20 nm)
lmo. 21.3% Ms(mle): 675, 481, 398, 142, 113,35D.

79 ! H- NMR /PW‘1Q Q(nnrﬁ\ 086 (‘2I—I f\ 1.23 (QI—I r]\
RedBris}. 58acBHoD £ oriid tdo 99513253(13&:5 5910.0:;3@57& metal-
3i841uktErdhnd 1hhd GlHnS)rort [slﬁae’z\:sﬁ;i es&tﬂé@epo& tion
test : vReepakAnlen s%mhlaraﬁqh %']%E A8t the metal
deRpIkll OBERAEIITRE (he GBR; W%ood £ilm-form-
ing property.

[Example D-1] (Preparation of tris(2-methoxy-6-methyl-
3,5-heptanedionato) lanthamm (III) =~ La (mopd).)

. In a 100 nL-volume flask equipped with a stirrer, a
thermometer and a dropping furnel were placed 1.0 g (3.16

mmel) of lanthanum(III) acetate, 20 wil of tetrahydro-
furan, and 5 mg (21.7 mol) of agqueous sodium hydroxide

- solution (10 wt.%). Subsequently, 2.0 g (11.6 mmeol) of

2-methoxy-6-methyl-3,5-heptanedione (prepared bLiy the .
method of Reference Example 2) was slowly dropped. The

- resulting mixture was stirred at room temperature for 90
- mimutes for carrying out a reaction. After the reaction

was complete, the reaction mixture was filtered. The
filtrate was washed with water and concentrated under re-
duced pressure. The concentrate was then distilled under
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performed using a | ant hanum conpl ex conpound prepared
in Exanple D1 (La(nopd)3), to evaluate the
filmformng 10 property. The deposition experinment

was carried out using the apparatus of Fig, 1. The
deposition conditions are set forth below Flowrate
of He carrier: 30 nL/mn. Flow rate of oxygen: 120
nm./mn. 15 Substrate: SiQ2/Si (size: 7 mmx 40 tram
Tenperature of substrate: 450C Pressure in reactor:
7,980 Pa Deposition period7-30 minutes 20 The results
of deposition (film property and analy- sis of product
ViEPUGRY fBFRBeUEY XPSRARYT Y R6&)6 Far k@ givet - Ba g (yield:
Tt &f ©FiJFidHeethdkyab-nethyix3YapheprangdEidmmto) -
Prapeiinum cOTPpuad vegpenst dokotlebm thigekaess) 30

EX. Dﬁléa&ﬁ@@di%é@@ aQLﬁéﬁH a3, dehel %ﬂ@a@:.o'ﬂiﬁ:o)—

c&}ﬁ%@co ouLdl%f tﬁe i%‘v”é on h%s ‘Wl1cting

bperty. [Exanple E-1] (Prepar ation of
bi s(2-Fe¥ ho 3—- 5--heptane _80- dionato) lead (I1)
Pbé hEj 99e3%, cmdd: nﬁ-ﬂcvaﬂﬁﬁé t PRER e a933pe REH QN 2827,

k603 erlS25, tABIpnkd el ahd3d, di8PBi nd1lhdandllder 060,
pleced 355usHbd, 86Dn 8118.082¢g £38,9 mmol ) of
| ead( |E)emdis] denabgs8: nfobndt CeBbykeycHoletdrignda
ik 07% h e UBRRNSERN( Hﬁ@gm’iy cdaopped $06395%,(6% b1.3%,
ol ) 9% (7 FL Yy, 3 hepgnedignes 73, 113, s9.

H-NMR ((DCI,, a(ppm)) 1.24 (3H,d), 1.35 (3H,4), 2.2

- 2.3 (1H, m), 3.33 (3H,s), 3.58 - 3.65 (1H,q), 5.18
(1H, =) .

[Example D-2] (Preparation of tris(2-methoxy-6-methyl-
3,5-heptanedionato) samarium(IIT) - Sm{mopd)s)

In & 100 mL-volume flask equipped with a stirrey, a
thermometer and a dropping fummel were placed 1.0 g (2.50
mol) of samarium(III) acetate, 20 mb of tetrahydrofuran,
and 5 mg (21.7 mmol) of aqueocus sodium hydroxide solution
(10 wt.%) . Subsequently, 1.72 g (10.0 mmol) of 2-
methoxy=-6-methyl -3, 5-heptanedione (prepared by the wethoed
of Reference Example 2) was slowly dropped. The result-
ing mixture was stirred at room temperature for 90 min-
utes for carrying cut a reaction. After the reaction was
complete, the reaction mixture was filtered., The £il-
trate was washed with water and concentrated under re-
duced pressure. The concentrate was then distilled under
reduced pressure at 230°C, 26.6 Pa, to give 0.58 g (yleld:
35%) of tris(2-methoxy-6-methyl-3,5-heptanedionato) -

 samarium(III) as viscous yellow liquid.

The tris(2-methoxy-6-methyl~3,5-heptanedionato) -
gamarium(III) is a new compound having the following
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% %oﬁﬁé ok i
FLom

(prepared by the nmethod of Reference Exanple 8) at

room tenperature. Subsequently, into the ice-cooled

m xture was dropped 14.5 g (NaOH 61 nmol ) of aqueous

17% sodi um 10 hydroxi de solution. The resulting

m xture was stirred at roomtenperature for one hour

for carrying out a reac- tion. After the reaction was

conpl ete, the organic por- tion was taken out, dried

over anhydrous sodiumsulfate, and filtered. The

filtrate was concentrated- Ulﬁder re 15 duced pressure.

The concentrate was then distilled under reduced
TerStIAC, 20 Pa, to give 7.57 g (yield: 50%

of bi f-RetdSky- 3, 5- hept anedi onat o%l eadgll) as Vi s-

cous | Geati qu ) Tha968, 2931, 2870, 2825, 1603, 1525,

Bi4S92- rié‘tﬂioxyﬂriﬁfl& Heptnedibhat W}2@ad¥10,) 884a 78D0,new

conpo Elenemialty driedl yraold oviimdahat atd 3% stHc6. 8VR, Sm

@eals, wallculdtes @9M, 0807, 28L2,8%9pM, 61838, Sm 22.6%,

1420, MERHY, ,e)1~3¥88 1309, 1238, 9347,11968591016, 944,

882, fi2AMR he s meros@vc p§a§9(¥§ﬁ0b‘£@)) af 12

QE%@ aﬁgel% onat o appgg%?éssqm brs).

errent ana ys’l 5t ‘found C 36.6% H 5.03% Pb
39.5"x, calculated (C6H2606Ph): C 36.8% H 5.02% Pb
JexavupleVB-R]e) (PrEgraaGiin 39 , 1905 (Sanet@okFEanpltoctane-
B a0 apaitMarRm Of Ty 1S (2 aRIRDXY - 3, 5- hexane-
di onaiye) 'an‘i'ddlmn{ﬂ—g}alwné 'Kl@:‘]@') % aVQEEH?Eer a

fgh%ijﬁkoﬁﬁfltfe@p o & d]aﬂ o f_(:e. .16
T @qﬁ%ﬁ i %iggggﬁrs

~—

25T CRERM0d St CRAFEISEH Qe aPsRE T mheth%sreﬁﬁghﬁ‘é of Bef-

.ﬁrﬁﬂ]@ﬁeE}ﬁn‘@le 6) was slowly droppad The resulting

mixture was stirred at room temperature for S0 minutes
for carrying out a reaction. After the reaction was com-
plete, the reaction mixture was filtered. The filtrate
was washed with water and concentrated under reduced
pressure. The concentrate was then digtilled under re-
duced pressure at 230°C, 26.6 Pa, to give 0.55 g (yield:
27%) of tris(2-methoxy-3, 5-octanedionato) lanthaman (T1Y)
as viscous colorless liguid.
: The tris(2-methoxy-3,5-octanedionato) lanthanum(III)
:LS a new compomld having the following characteristics:
m.p.: 10°C .
IR (neat;, cml) : 2961, 2931, 2873, 2826, 1600, 1518,
1479, 1338, 1209, 1116, 1019, 960, 789,
: Elemental analysis: found: C 48.5%, H 6.9%%, la
20.9%, calculated (CpH,Ola): C 49.7%, H 6.95%, La 21.3%,
MS (m/e) : 675, 481, 398, 142, 113, 59.
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hexanedi onﬁ “Zl’F%

was stirred for 5 mnutes. Subsequently, a solution of
4.04 g (13.8 mol ) of indiun(l11) chloride
tetrahydrate in 30 nL of nethanol was slowy dropped,
and the result 5 ing mxture was stirred at water
tenperature for 30 mn- utes for carrying out a
reaction. After the reaction was conplete, 50 nit of
net hyl cycl ohexane and 20 nL of water were added.

Then, the organic portion was taken out, dried over
anhydrous sodiumsul fate, -gpd filtered. The 10
filtrate was concentrated under.reduced pressure. The
concent-avE WaBRdlhend i) ) ked. 8AddBH, &dycdd 23 eSS ,
a.4880Q,,.9% Pal,dip, 02 Vves5(3, ¢) (yBekd: (38%:)of 3.57 - 3.64

t (ies, (P, @ti@xmﬁ,@y hexanedi onat o) i ndiunm(I111) as
viscous pale yellowliquid. 15 The

s(2-Jret ho 5- hexanedi onato indiun(L11)
CERUGIE o DR oL Po g cEFacrErF PP oF " LafichBtm
(neiads TAm) : 2981, 2933, 2882 2824 1574, 1523,
1412, ﬂ%ﬁeﬂﬁﬁﬁnﬁﬁl@xp&ﬁﬂxﬁeﬂﬂ%ﬁ tEéQCVBOﬁ]@tBB@. telse
qear fmdrsd. sdsDng ea Kl 4rididmen comoleR- dokpbond pagpared in

e 10 nneﬁr @Qa (r@i&gdﬁg)ch@ca@mtﬁue: Hreakf { khHoraity
gircﬁdeﬁi @Qf@%ﬁ)e fﬁﬁ@ﬁ@' wabak¥shSed out

[ Exanpl e E- ﬁ% ar A %‘?"Df%? ljﬂg 3, 5-
Wean ;mi'-ﬂ*a 100
nL-vol ume fFERREEHR ppeoiQu/Hi a(Sélﬁer-r of g x 40 tm)

t her nonmet erTempisatiued pbh gswdsiehtaas ﬁﬁ@%(éd 29.2 g
(MaOH 30 7&-Essmmte D paueowus: 1073989o0BaUM hydr oxi de
sol uti on. |E§;&3éi@1¢ﬁg}éﬁﬂb&g s9b Ui Adr#as sl owly
dropped 12.1 r(83 nmol ) of

2- et haxy résuﬁg%( OF d&@ﬂgsn(.@lgxe a fgltk?lyp}:gﬁerty and analy-

gis of product were performed by XPS analysis) are seb
forth in Table 8. )

Ga 00/ cal cul at ed
(%Lzs(% s:sgo Z%é ! Betle m%ft%below.

Table 8
Metal complex Vaporizing Film property
compourid tenmperature (Film thickness)
Ex. D-4 La (mopd) 4 180°C lanthamum oxide

(30 num)

The results shown in Table 8 indicate that the metal
complex compound, of the invention has a good film-forming

property.

[Example E-1] (Preparaticn of bis(2-methoxy-3,5-heptane-
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met hod of Reference Exanple 7). The resulting m xture
was stirred for 5 mnutes. Subsequently, the above-nen
35 tioned aqueous solution was slowy dropped into a
solu- tion of'4.33 g (18.6 nmol ) of zirconiun(lV)
chloride in -82- 40 nL of nethanol, and the resulting
m xture was stirred for 30 mnutes for carrying out a
reaction. After the reaction was conplete, 40 nm, of.
met hyl cycl ohexane and 50 ..gg-of wat er wer e added.

Then, the organic portion was 5 taken out, dried over

aﬂﬁhyﬁm:uslﬁwdm sulfiatneshding fil - tered. The filtrate

was CQRreentires eﬂ;mé Qﬂ@.ﬁ@' é&rmﬂf@nggggg a
é;té:a‘: \Wa Fad T1-
Ao Py & 5}; of’
%@%ﬁ ARG i iui fked' NG Ve
X }E_Y t ]
@vg fd é? %i@gﬁéﬁ%ﬁ

at S'L@rrﬁeaqu%ﬂtﬂgf, 2000 thyyJicegranladopixture
1@@661:01398134114*’: 5 35 1(NaBy 61 1enal) WP RHquedss ¥4, sodium
hlGlroAd Be( i utcilvar actiid Yd=:laceky (ibidues vasf stirred at
Rogbiyk @ RASHE T RRANRAr sk a:ﬂwﬁegeéu'étacﬁac—
REa% (1 éﬁﬁﬁﬁe‘ﬁéﬁﬁtia Qﬂﬁ anlc POL~

l1fate,
_ it Q g%tﬁ 3&3 %@‘ ?i-
S DXPRSEE- b q?&%tg%t% St L AUELE Fed under
FoR! ur(q éyt 1o )E‘j‘i 2801 §ige1 G0 %&owmﬁ;ﬂ
P& k O&q risred ativns <k apediaerelerd bhl) a8 vis-
cpuﬁpvmjlmmﬂeiqum}.e pl aced 14 1 g (73.1 n¥l) of 28%
sodi uftee tie{deatiichand, Ssdlagiamediahato) lead (I1) is a
new compound having the following characteristics:

IR (neat, cm?): 2976, 2934, 2877, 2822, 1594, 1516,
1420, 1371, 1335, 1302, 1210, 1117, 1068, 1016, 544, 882,

821, 515 (the characteristic peak (1610 cm™) of f-diket-
one has disappeared, and a characteristic peak (1594 cm™)

of Pp~diketonato appears),

Elemental analygis: found: € 36.6%, H 5.03%, Fb
39.5%, calculated (CH,.0OPb): C 36.8%, H 5.02%, Pb 39.7%,
MY (m/e) - 522, 463, 311,‘99, 59.

[Example E-2] (Preparation of tris(2-methoxy-3,5-hexane-
dionato) indium(III) - In{(momd).)

In a 100 mb-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 11.7 g (NaCH
43.5 mmol) of agqueocus 14.8% sodium hydroxide solution.
Into the ice-cooled solution was slowly dropped 6.51 g
(45.5 mmol) of 2-methoxy-3,5-hexanedione (prepared by the
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15 L of

slowy dr
oct anedi o
Exanpl e

. m nut es.

mmol ) of

. et hanol

m Xt ure.
tenperatu
After the

met hanol. into the ice-cool ed sol ution was

opped 12.6 g (73.2 mmol ) of 2-methoxy-3,5 30

ne (prepared by the nethod of Reference

6), and the m xture was stirred for 5

Subse- quently, a solution of 10.0 g (11.5

nickel (I'1) chloride hexahydrate in 30 nL of

was slowy dropped into the ice-cool ed

The resulting mxg35 ture was stirred at room
re for one hour for carrying out a reaction.
reacti on was com -83- plete, the reaction

methatk ol Refewatefammbeuted Presseseltingi wikthre
netchartolriedd Lo 3 heimesesive Swivgeqasioiety 50ansobfition of
A Oy IganELBZIB ainicslE) al ﬁﬂimoimat eiloride vegedhgdrate
Aoy t?;oormn/vassft ABHYER OUsn@ €RE1 Babult -

B
é@ﬁl suiay aniwdméls sodium sulfate, and

Adtzamst

X con.ceﬁgﬁgfegqﬁ fﬁé%]gtt? a%dg% er3rer-mf;;5
% L g %?LJ“Y cycﬁh?%'ne ango mL of wgger

@@:o%mwmwv&@wa | Fakem @aFk
gllt@lf‘&d The

Wy <SnBradtatm] onudey) nredutdd | Ppressure newlhe

compeutdaita iwegp thiter disowiied hardet erédiced  pidssure at
(LBGaI: THl PR, 8418f0e)5.2963, (2933.4:2884) J3F23ridERs8,

?étli
g 33

5 : bhatbb%dﬁﬁ&ﬁﬂ%qas RPscS28 pale
|st| C peak (1608 cm) of 1i-di ketone has

?3 aet ( Hf ) is
%%é’ %E_& g ZP : emnen a ﬂ%‘c? smﬁuﬁg :tri

np|1@ /5 lg{q,or;qg5 909 806 '538 tthe

F@Wﬁﬁ#@é—’%ﬁ]@@@i 10 Ihym™*) of p-diketone has disap-
-peared, and a characteristic peak (1574 cm™) of B-di-

ketonato

appears) ,

Elemental analysis: found: C 46.6%, H 6.20%, In
121.0%, calculated (C,H,0,In): C 46.3%, H 6.11%, In 21.1%,
.MS{m/e): 544, 514, 401, 289, 199, 115, 59,

[Exanmple

E-3] {(Preparation of tetrakis(2-methoxy-3,5-

hesanedionato) zirconium(IV) - Zr (momd),)

In a 100 mb-volume flask equipped with a stirzer, a
thermometer and a dropping furmel was placed 29.2 g (NaOH
78.8 mmol) of agqueous 10.8% sodium hydroxide solution.

Into the

ice-cooled golution was slowly dropped 12.1 g

f(83.6 mmol) of 2-methoxy-3,5-hexanedione (prepared by the

method of Reference Example 7). The resulting mixture

was stirred for 5 minutes. Subsequently, the above-wmen-
tioned aquecus solution wag slowly dropped into a solu-
tion of 4.33 g (18.6 mmol) of zirconium(IV) chloride in
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3, 5- hept anedi onat o) haf nium(IV) - H (nopd),) In a 100

mL- vol une flask equi pped with a stirrer, a

t hernoneter and a dropping funnel were placed 3.95 g

(20 25 mol) of 28% sodi um net hoxi de mnet hanol

solution and 10 nmL of nethanol. Into the ice-cool ed

solution was slowy dropped 21.2 g (3.65 mml) of

2- met hoxy- 6- net hyl - 3, 5- hept anedi one (prepared by the

nmet hod of Reference Exanple 2), and the m xture was

stirred for 5 rri nut es. Sub<€®-30 quently, a solution of

16%&8(5 00 of haf ni un(lI chloride in 6 nL of .

oPt wa@t y @ln@pph@ rasultieg mdetvos! s stirred

nfor uR@. mitvatessivt i agroyingr eunas stbectddrat Aftmr the

terpet honreas ocomptebeyr 4bomi.cafr yeabyiulycdoigatne and 50

R Nof Aldeert hers eaqdean Wdheh? 'Tﬁhét Brghla o eREHIh IRy

gkt CoNeS @b-fegdovBdeEnhodread Eb&iﬁﬂi %uﬁ.‘fa‘i‘ﬂét idrde £11-
nEdhaol é ftf&ﬁerﬁéédBSm‘ﬁ@ﬁt@gEE duce pres-

L 3 Pl : "‘“’f
;?;f : ﬁ%&dﬁ% %@%ﬂ@ @%ﬁéﬁgﬁg&é&%‘ I‘;Z;s i

Gfl%??; -3 5- hept

anedi ot; Jﬁx{iﬁweaboqsw& §ehem§duouatm @irconium
b{ BR2-iretdh oxgw 6corpinyhd Shaviegt thedfobabeling characteris-
hafagum(1V) is a new conpound having the follow ng

char- TRt @idst ) canlm P295786085320 bB7Gnea2cMigg7, 1526,

- 34k (brdes, 200, 20821, 28110, 28333 15&2 5383441 3% he

%aél?éﬁs@f& ei'iilz%gﬂf& "1?6&? E&% d:.ssap~
5

%ﬁ% ar act r| Stl C pea

un et %-e q%ﬁars/% p%oundS = e"@”%c‘?' 2% a{{y%I 71%, Zr

1% 6(?15', at SI-IMORZI‘) C 50.7%, H 6.68%, Zr 13.7%,
MS(m/e) : 519, 193, 109, 85, 59.

[Example E-4 (Preparation of bis (2-methoxy-3, 5-octana-
dicnato)nickeld (II) - Ni (mood).)

In a 100 ml-volume flagk equipped with a stirrexr, a
thermometer and a dropping furmel were placed 14.1 g
{73.1 mmol) of 28% sodium methoxide methanol solution and
15 ml of methanol. Into the ice-cooled golution was
slowly dropped 12.6 g (73.2 mmol) of 2-methoxy-3,5~
octanedione (prepared by the method of Reference Example
6}, and the mixture was stirred for 5 minutes. Subse-
quently, a solution of 10.0 g (11.5 mmol) of nickel (II1)
chloride hesmhydrate in 30 ml of methanol was slowly
dropped into the ice-cooled mixture. The resulting mix-
ture was stirred at room temperature for one hour for .
carrying out a reaction. After the reaction was con-
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20.5% cal cul ated (C36H60012Hf) : C 50.1% H 7.00% Hf

20.7% WMS(mle): 693, 113, 59. (Exanmple E-6

(Preparation of tetrakis(2-nethoxy-6-methyl- 20

3, 5- hept anedi onat o) zi rconi un(1V) - zr(nopd)4) In a 100

mL-vol une flask equi pped with a stirrer, a

thernmoneter and a dropping funnel were placed 4.70 g

(24.4 mol ) of 28% sodi um net hoxi de met hanol sol ution

and 10 nL of nmethanol. IntQ the ice-cooled solution

was 25 slowly dropped 4.20% (24.4 mol ) of

2- met hoxy- 6- met hyl - 3, 5-hept anedi one (prepared by the

el cEhRcrerchien Wakgre wRS miaceske widerme

@mﬁs@@m oto 5dhehil dsmetBabodqoEft.| yIoatdsl axstidust were

ladded $56.182 afovkethilenecchloriudel Sdc BlOomldefi watarnt.

dfheredigeneic esrsion wadr cpked 30, ntieriede overr eraheitous

Boditie . sdNeaf s UhhANGi Tt EbEAe WaBe FHEIeR Ak Wbnoen-

USARGER! Urfnd Oéoﬁaénﬁﬁél&eélohﬁﬁﬁcéiﬁbnﬂra%u 1a%é@iiﬁidé¥‘ re-
HBedCak éont?f ive 7.20

%ﬁ%@fx}%ﬁa gcgghéﬁ%é Kl H&i‘?'ear S%%t%g‘ U Eldd o ckel

ter anl c qr n .
taken%ﬁﬁ DLz efajgb@wa%h dPSEé‘ﬂ-?gag ' E%S@ol b is 2
W GAPOuHE bawing; ﬂl?af@ Mylﬁan@bﬁmlws

concenkR afreRti |emal e B445 (Price@Apdde 236 ucHilT4, 2823,
PSS 2hd 31 | 1284 at 1220C, 12537, PaQite §iole T95, $S58
(fHred deh2f80taf 1di 5¢ 2oarkhix808- omt- of B-diketone has

xhs?a M@ﬁ@u@@t@m&ra@@@rﬂgtw) paskpaisameldnoyy of p-

%E.H orRatd & ;
|S(2 P ears él .5fgﬁﬂ aned5§”9%°) 7|59% Ni
3id Ga étf‘e A Eg 7 SO 1463,

ar a | CS
2932 )282%0 o 1431, 1329 1238,

ﬁ?lo 1120 1060, 969 914 797 575
le E-5 (Preparation of tetrakis (2-methoxy-6-methyl-

3, 5-heptanedionato) hafnium(IV) - HE (mopd),)

In a 100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping fumnel were placed 3.95 g (20
mmol) of 28% sodium methoxide methanol solution and 10 nl
of methanol, Into the ice-cooled golution was slowly
dropped 21.2 g (3.65 mwmol) of 2-methoxy-6-methyl-3,5-
heptanedione (prepared by the method of Reference Example

2), and the mixture was stirrved for 5 minutes. Subse-

quently, a solution of 1.60 g (5.00 mmel) of hafnium(IV)
chloride in 6 mh of methanol was slowly dropped into the

Cice~cooled mixture. The resulting mixture was stirred at

room femperature for one hour for carrying out a reac-
tion. After the reaction was complete, the reaction
mixture was placed under reduced pressure to distill
methanol off. To the residue was added 10 mlL of hexane.
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542 (the characteristic peak (1607 cm 1) of O-di ketone

has di sappeared, and a characteristic peak (1580 c

ri) of p- diketonato appears), Elenental analysis:

found: C55.3% H 7:72% Zr 15 11.3% calculated (C3dT

0%Zr): C55.7% H7.79% Zr 11.8% MS5(me): 603, 113,

59. [Exanple E-7 (Preparation of

tris(2-methoxy-6-nethyl-3,5- heptanedionato) yttrium

(IV) - Y (rmopd) , ) 20 In %100 mL- vol une fl ask

equi pped with a stirrer, 4hernoneter and a dr oppi ng

funnel were placed 5.12 g (26.5 mmol) of 28"s sodi um

e ose el g anskteoe uvagnt ahtiered, nandf thst Fddérate was

lenrgatierdioed cooThe sohoghbtnated filtwhyedwagpedatetD inder

rddfced mmegsate 2andefiioyylbedebyb2R%C, 24 Pa, to give

£ Eemegp @ne7opy e@ﬂrbﬂsbﬂmﬁn@%ﬂﬁyhgdu@i:hgﬁf-@r , SeRpt-
&ﬁ(ﬁf}(t&éep&@!é ?éll‘l&a shbafad mnutes.

@m?zfato)m

%g;%mms fgﬂﬁjﬁg R R

li)-’

te Jd&g Oresultlng m xture was stlrred at
roomt“é Tat

Qr ope hour for carrying out

r eact ign I%@‘?i'é‘r ‘F‘He)ﬁe%%éﬁr\}\@szg’gé P, 2t$lé71f 2823,
Rk i 6'r5ﬁﬁrxtl#3ﬁM/aib3%$acb214©ndb2lﬁedméaﬁr BP68suPEN 0915,
Jiosk,i 194settlxn ahafdctolshbe resikuéladlecnzidded J0O-AM-
e tomen e s nih Sopdandd wedmd . o Thikapagaerd sB8icppekikon(1582
st it akemwikeﬂ@n@ﬂgoappegggywous sodi um sul - fate,
and fl%lgéﬁzaf hendiyd1al ef coocsot 88l ed. 7,864, The

I ﬁ_g]] a cegh efg I &gl r o
urgﬁn Z_ﬁa é % g%_ﬁ g)gﬁ%ﬁ to i Veu-p.qg%@gegf 20.7%,

(yield:

t i - -
ﬂ?%l ﬁwytpﬁf Vri;’fﬂ %E:@é iggéthoxy 6-methyl
tris(4 ].L(B@' ﬁ? gtgﬁkegqgnﬁé a stirrer, a

thermometer and a droppmg fumel were placed 42.70 ¢
(2¢.4 mmol) of 28% sodium methoxide methanol solution and
10 wls of methanol. Into the ice-cooled solution was
slowly dropped 4.20 g (24.4 mmol) of 2-methoxy-6-methyl-
3,5-heptanedione (prepared by the method of Reference
Example 2), and the mixture was stirred for 5 mimites,
Subsequently, a solution of 1.38 g (5.92 mmol) of zirco-
rium({IV) . chloride in 4 nl of methanol was slowly dropped
into the ice-cooled mixture., The resulting mixture was
stirred at room temperature for one hour for carrying out
a reaction. - After the reaction was complete, the reac-
tion mixture was placed under reduced pressure to distill
methanol off. To the residue were added 30 ml of hexane
and 30 mL of water. The organic portion was taken out,
dried over avhydrous sodium sulfate, and filtered. The
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yttrium(111) is a new conpound having the follow ng
char- acteristics: mp.: 38C, IR (neat, crT):
3435(br), 2973, 2932, 2871, 2822, 10 1608, 1531,
1432, 1331, 1211, 1152, 1118, 1022, 912, 787, 559,

El emental analysis: found: C55.3% H7.72% Y 11.3%
cal cul ated (C27HA509Y) : ' C 53.8% H 7.53% Y 14.8' x,
MB(nmie): 625, 602, 571, 559, 543, 431, 339, 259, 15
113, 59. [Reference Exanpl 10] (Preparation of

2- met hoxy- 3, 5- hexanedi one rmrml)) In a 300 ni-vol une

l d rer was
g %@M’&é‘f&ﬁg o P

% -5 -1 th—

1@%&7 %an b@ @m?c : Xa” 3# celiia.

‘met hy| 18 PHYae eMED :PX a e C’éf‘
ﬁm

en@ FREPEEBEp V@ﬁﬁe -@VWH‘I
|C&@Ia@¥@riﬁﬁlfh%r 7. 40 g (127 mol ) of acetone was
sl owl Y2-Biro p%@s c"The m'xture was cool ed to 10C and

stirretRf @%ea%o Ut 3978 28PPyi R§Tdut 283%ad5&h. 1533,
Aa3k, thBe9 eak238; ohlhRs THAP) L0601, 2668, n214f, W&Ter 575,
Vs p{tﬁt@d:ham‘a@eeﬁi)stieslkeaﬂndél%ﬁobrrﬁg wift 1P -idiketThe has
atisemrseposd) andes chakactevistheupeaki 10680 on?) of -
apiddtoratt ¢, apskasyP) ected to extraction with

met hy'ﬂ@ﬁﬁ&‘i@éﬁrﬁ‘»ﬂaﬂ_ 1§Et Pduﬁc‘im ehgxane, ﬁXt?r ok, V\@%

\ﬁﬁﬂé&{j V(w“éghcal\l?%tre?%r ﬁ*ﬁ)&\%)l 1 :}gyégé \C/\Z%' ?gncte?#‘? at’e 11 Igf’

35 an&q%ﬁ%/f‘?he%o Indet3 ¢ eiced pressure (66C, 1.38

kPa)to give 9.63 g (yield: 53% of

ZERingsDey 13 P- (eraneehioNen ast - 8F4is (2-methoxy-6 -methyl -3,5-
heptanedionato) yttrium (IV) - ¥ (mopd) )

In a 100 mi-volume flask equipped with a stirrer, a
thermometer and a dropping funrel were placed 5.12 g
(26.5 mmol) of 28% sodium methoxide methanol solution and
10 mL of methanol. Into the ice-cooled solution was
slowly dropped 4. 60 g (26.7 mol) of 2-methoxy-6 -methyl-
3,5-heptanedione (prepared by the method of Reference
Bmmple 2), and the mixture was stirred for 5 minutes.
Subsecuently, a solution of 2.62 g (8.64 mmol) of yttri-
um{III) chloride hexahydrate in 20 ml of methanol was
slowly dropped into the mixture at room temperature, The

resulting mixture was stirred at room temperature for one

hour for carrying out a reaction. After the reaction was
corplete, the reaction mixture was placed under reduced
pressure to distill methanol .off. To the residue were
added 30 mL of hexane and 30 wl of water. The organic
portion was taken out, dried over anhydrous sodium sgul-
fate, and filtered. The filtrate was concentrated.
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colorless liquid. The 2-nethoxy- 3, 5- hexanedi one had

the following characteristics: 'HNM (CDC13, 8 (ppm)

:1.29 (0.31-1,d), 1.35 (2.7H d), 5 2.11 (2.7H5),

2.26 (0.3H,s), 3.36 (2.7H,s), 3.37 (0.3H,s), 3.64

(0.2H,s), 3.70 - 3.77 (1H M, 5.80 (0.9H's), 15.3

(0.9H,s), IR (neat, cu'): 2987, 2937, 2828, 1611(br),

1451, 1368, 1337, 1239, 1211, 1119 1058, 1018, 903,

801, 814 10 (the peak at %g%l car' is a

characteristic peak of (3-"diketone), M5(nme): 114,

85, 59, 43. [Exanples E-8 to E-141 (Deposition tests:

Al arandentvhtedSHnktattexwds bilhopdTheddepaeiiuced pres-

esupes | aweddt Ahyt 1 heedVEX neRORD, vits Pperd®rgee Usiay @ (yield:

NELE)  SONREEY (2 OMREHA%y PESRAERGILE, 5Eﬁéﬁ’eéﬁ§d§oﬁate) -
rdn BV ke ﬁ&sé* | G-hR5e1 B 1E&°per' ty. The

ep03|-ﬁﬁé)rt G2 ﬂg ‘ g %
%ia%%%&%ﬂ%@% %e805|§' on: %on_ gn%§ gné g%t

Is
gen to d|Iute oxygen 25 FIOM/rate
of Fb’%d9T1er mb/mn. Flowrate of oxygen: 80
L/ i R ARRRE at @) : HB4BH Ehrdxy 887 3di B@ﬁﬁon§287110Q322
HOGH n L 6tbst k4l BIXR/ S1213%) 78152, nhixk840108, 902, 787,
F&¥erature of substrate: 400C -Pressure in reactor:
7, 980 FRleemdDepk i drizolygobs § oflouwn@®: Nt nsk e3%, (EXanphes v
B19,3%- Rl ailkted 3)C,H,0,Y) : '€ 53.8%, H 7.53%, Y 14.8%,
M3 (m/e) : 625, 602, 571, 559, 543, 431, 339, 259,
113, 59. '

[Reference Example 10] (Preparation of 2-methoxy-3,5-
hexanedione (momd)) .

In a 300 nbL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 29.0 g (258

mmol) of potassium t-butoxide, and the flask was purged

with argon. Then, 120 nlL of methyloyelohexanone was
placed in the flask. Subsequently, 15.0 g (127 mmol)

of methyl 2-methoxypropionate (prepared by the method of
Reference Example 1) was dropped under cooling with ice,
and further 7.40 g (127 mmol) of acetone was slowly
dropped. The mixture was cooled to 10°C and stirred for
30 minutes for carrying out a reaction. After the reac-
tion was complete, 1,200 mL of water was placed in the

flask under cooling with ice. The aqueous portion was

taken out, neutralized with acetic acid, and subrjected to
extraction with methyleyclohexane, The methylcyclohexane

‘extract was washed with water, dried over anhydrous sodi-

um sulfate, and filtered. The filtrate was concentrated
and distilled under reduced pressure (66°C, 1.38 kPa) to
give 9.63 g {yield: 53%) of 2-methoxy-3,5-hexanedione as
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35 Flow rate of He carrier: 30 nL/mn. Flowrate of
oxygen: 20 nL/m m -88- Substrate: SiQ2/Si (size: 7 mm
X 40, mm) Tenperature of substrate: 400C Pressure in
reactor: 5,320 Pa Deposition period: 30 mnutes 5
(Exanmpl e E-10) Heliumis supplied together with oxygen
to dilute oxygen. Flowrate of He carrier: 30 nL/mn.
Fl ow rate of oxygen: 80 niL/mn.. 10 Flowrate of He

‘(for oxygen dilution): 90 ni/ i n. Substrate: Si Q2/Si

(size: 7 nmx 40 nmm) Tenpdiature of substrate: 400C
Pressure in reactor: 19.9 kPa 15 Deposition period: 60
rr&:aygfieggxg gE-11) Heliumis supplied toget her
wth o e ec0 X e

TS WL, é%%aﬂ;egﬁe%gf LBl Fpgiouing

o E
m@{ﬁ: tE of é|?e 85?1 ?en d| ngon) 005 1.9y,

s

%n‘ﬁiré@u fﬁst bgﬁré 3I5re( JF'Ie z§k§7tor.
980t pga) - DApB4i t(PeﬁHpﬁona 760~ m3m7t'7e5§1H( Ebla

E(Q@HFﬁbw 185t8 6P-PB.8hsrier: 30 ni/nin. 30 FI ow

rat e oIRoxmgeh, e@ i/ 287, 2937, 2828, 16ll(br), 1451,
1368, 1337, 1239, 1211, 1119, 1058, 1018, 903, 80L, 814

{the peak at 1611 cm? is a characteristic peak of p-
diketone) ,
MS (m/e): 114, 85, 59, 43.

[Examples E-8 to E-14] (Deposition tests: Preparation of
metal oxide f£ilm)

The deposition experiment by the CVD method was
performed using a wmetal complex compound prepared in
Examples E-1 to E-7, to evaluate the film-forming proper-
ty. The deposition experiment was carried out using the
apparatus of Fig. 1.

The deposition conditiong are get forth below.

(Example E-8) Helium is supplied together with oxygen to

dilute oxygen.
Flow rate of He carrier: 15 wL/min.
Flow rate of oxygen: 80 wml/min.
Flow rate of He (for oxygen dilution):

105 mi./min.,

Substrate: 8i0,/8i (gize: 7 mm x 40 mm)
Temperature of substrate: 400°C
Pregsure in reactor: 7,980 Pa

Deposition period: 60 minutes

(Examples E—IQ, E-12, and BE-13) :
: Flow rate of He carrier: 30 mL/min.
Flow rate of oxygen: 20 nl/min.
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Substrate: SiQ2/Si (size: 7 mm

X 40 mm) Tenperature

of substrate: 450C Pressure in reactor: 5,320 Pa
Deposition period: 30 mnutes 35 The results of
deposition (film property and analy -89- sis of

product were performed by XPS anal ysis) are set

in Table 9. Table 9 5 Metal conplex vaporizing Film

property conpound tenperature
Ex. E-8 Pb(nohd)2 140C | ead oxi

(filmthickness) 10
de (60 nm Ex. E-9

i n(nmond) 3. 140C | ndi um oxi é88+45 nm) 15 Ex. E-10

Zr (nmond) 4 120C zi rconi um oxi de
(mood) 2 18Q&miiekete OXi 80, A0 M

(30 un) Ex. E-11 Ni
zeEM?IﬁﬁlQ 40 wm)

HF (1 nDpd) 4 44 f&é&@%ﬁxéﬁﬁsé%% oEe‘ E-13

Zr (nmopd) 4

E-14

Y(rmopd) 3 1 rlun1 X1 3 The results
sgomﬁ ?n Ta T $ﬂat ?R giBPéF conplex

anpoqus of the |nvent|on have a_good fil

Helium ig supplied together wuth.oxygen to

dilute oxygan

Flow rate of He carrier: 30 wl/min.

Flow rate of oxygen:

80 wil,/miz.

Flow rate of He (for oxygen dilution):

90 mL/min.

Substrate: Si0,/S1i (size: 7 mu x 40 wm)
Temperature of substrate: 400°C

Presgure in reactor:
Deposition period:

(Example E-11) Helium ig supplied together with oxygen to

dilute oxygen.

19.9 kPa
60 minutes

Flow rate of He carrier: 60 nl,/min.

Flow rate of oxygen:

80 wl/min.

- Flow rate of He (for oxygen dilution):

60 mL/min.
Substrate: 8i0,/8i

(size: 7 mm x 40 wmn)

Tenrperature of substrate: 400°C

Pressure in reactor:
Depogition period:

{(Example E-14)

7,980 Pa
&0 mimutes

Flow rate of He carrier: 30 wl/min.

Flow rate of oxygen:
Substrate: &i0Q,/Si

20 mL/mir.
(size: 7 mn x 40 mm)

Temperature of substrate: 450°C

Pressure in reactor:
Deposition period:

The results of deposition (film property and amaly-

5,320 Pa
30 minutes

forth
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ing property. 30 -90- CTAIMS 1. A netal conpl ex
conpound having a ii-diketonato 5 ligand which has an
al koxyal kyl met hyl group. 2. The netal conpl ex-conmpound
of claiml1, in which the P-diketonate |igand having
an al koxyal kyl met hyl group is represented by the
formula (1): 10 X Z (1) RX (2) Y 15 wherein. X
stands for an al koxyal kyl met hyl . having the
above-nentioned fornula (2) |n whi ch each of Ra and Rb
i ndependently represents a %mear or branched al kyl
group haV|ng 1 to 5 carbon atons; Y stands for an
A& 8E 1y wcivipmwp@rf@ﬁ@edbbyexﬁﬁnﬁmﬂy@lﬁdr Fiflca set
(Gortdr da ITaklea®. or branched al kyl group having 1 to
8 carbon atons; and Z stands for a hydrogen atom or
an al kyl group having 1 tg ggr on atons. 25.3. The
netal conplex. conpound of cldrm which is

represented by the fornula (3): p 30 (Z.M(3)
i n whi ch MMgtmbscomplex neVaporisiideach  §E-1% prom:v
Z 35 has tHeorpekndeani nghemperatuie an Nﬁaé@etthkQESS)

o 49— —The nmetat conptex——Tonpoundof—Ttarmrs3;
IR Wi @ Pb (mohd) , 140°C lead oxide
(60 nm)
Ex. E-9 In (momd) 4 14.0°C Indium oxide
: , (45 nm)
Ex. E-10 Zr {momd) , : 120%¢ zirconium oxide
_ ' - (30 nm)
Ex. E-11 Ni (mocd}, 180°C nickel oxide
' (50 nm)
Ex. E-12  Hf (mopd), 180°C hafnium oxide
' ; ' (30 nm)
Ex. E~13 Zr (mopd) , 180°C zircomium oxide
(30 rim}
Ex. E-14 Y(mc::pd)g 180°C yttrium oxide
- {30 nm)

The results shown in Table 9 indicate that the metal
complex compounds of the invention have a good film-form-

ing property
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.at om of

Mis a netal atom described in Periodic Table IlA,

1B, 111B, IVBor VA 55 The netal conplex conpound
of claim3, in which Mis an atomof netal selected
fromthe group consisting of magnesium cal cium
strontium barium zinc, born, alum num gal [ium

i ndium germanium tin, |ead, vanadi- um niobium and
tantalum 10 6. The netal corrpl ex corrpound of claim 3,
in which Mis a nmetal ator®escribed in Periodic

Table IVA, VIA . VILA or VIII. 15 7. The netal
conpl ex corrpound of claim3; |n which Mis an atom of
net al selectedfromthe gro S|st|ng of titanium.

zi rconj um afn chrom um man se,,  nickel

copal ti f’% aﬁ%ﬁ’aﬁ@ﬂ@ E s Hetonato
cﬁq@%‘i%’%ﬁﬁ%} SoRDcPé 1 GRS metal
atomdscrl dlnPrlodl TabIeIS an s 1 or, 2.

0. Thg REEE EoRbd e CormErRenit. Sl p op Lrpibich
Nehe kﬁFGﬁ@Bﬁﬁ %éﬁa@ﬂebamﬁi B 2deryad dnameting group
ois arepvapentadoby shei Fesmudeorfil)and a gol d atom 10.:

The netal gonpl ex conpound of claim3, in which Mis
arare earth_nmetal atom and nis 3 or 4. 30 11: The
metal conpl conpound of claim-3, ip V]HI ck® Mis an

sel egted fr{dh t he grd%l i sting of2)
yttrium la cerium pr aseodym odym um
samari um -gdropium erbium ytterbium and lutetium

and 35 ni's 3 or 4. -92- 12. A process for preparing
a_netal] oxide film

- wherein X stands for an alkoxyalkylmethyl having the

sbove-mentioned formmla (2) in which each of R* and R°
independently represents a lineary or branched alkyl group
having 1 to 5 carbon atoms; Y stands for an alkoxy-
alkylmethyl of the above-mentioned formala (2) or a lin-
ear or branched alkyl group bhaving 1 to 8 carbon atoms;
and Z stands for a hydrogen atom or an alkyl group having
1l to 4 carbon atoms. .

3. The metal complex compound of claim 1, which is
representéd by the forrmia (3):

in which M stands for a metal atom; each of X, Y, and Z
has the same meaning, and n is an integer of 1 to 4.
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whi ch conprises.the steps of: heating a netal conpl ex
conpound havi ng a p-di ketonato |igand which has an

al koxyal kyl met hyl group to give a vapor of the netal 5
conpl ex conpound and suppl ying the vapor into a
reaction chanber in which a substrate is placed; and
bringing the vapor into contact with oxygen or steam

‘in the reaction chanber under heating to deconpose

the vapor to convert into a nmetal oxide vapor and
depositing the netal.oxi de91k0 vapor on a surface of
t he substrate 13. The process for preparing a netal

oxide ilm é%#%f gégtn110 '8 w%| aER . dn which
%‘“' ”&g;g o et I e ﬁegabed 118,
netal conmpl ex conpound in an organic

solvent. 14. The process for preparing a netal oxide

film mccorthdgnéial! @bmpldx COmpbial bRecREdaANBG in which
$pleen i Scan oﬁ%@é.ﬂ’h@éléc%&f ff&ﬁbeﬂesgt:&a t co@ﬁlstmg

YO M CGDONMO' Sehbnt
b e %
ﬂjé?%%@ﬂl (?o and whi ch has an al koxyal ky

nethyl gro i v.e a vapor. of the | ex com
g0 Sing ﬁi@ @gjﬁ@f wﬁ Sompgind ol ceigime afey Vnich

1% SRR C&cié‘a P%%'D@M?n'gﬁ%et EBA

Yagér 9%t ¥T1idont act mnth hydrogen in the reaction

chanber under heat 30 ing to deconpose the vapor to
converh. i ntihe mstal cmpmiex ancmotemedi of nglaiw Bpt &l which
Mader zon stctvidBeetefl tdel autbed sE¥ehechd 6grdhp @bﬁeees:mg
bEr tAreREiig A rlirdiun) |HA Be6@f d-cl$foihfi@n! Omshahfie43,
A CWRNCh et it Ofr A WL Alm C Ok eXo-; 0mROUNd 1 N

t he step i's perforned by heating a sol ution

8. The wetal complex compound of claim 3, in which
M ig a metal atom described in Periodic Table IB, and n
is 1 or 2.

9. The wmetal complex compound of claim 3, in which
M is a metal atom sgelected from the group consisting of a

copper atom, a silver atom, and a gold atom.

10. The metal complex compound of claim 3, in which
M is a rare earth metal atom, and . iz 3 or 4.

11. The metal complex compound of claim 3, in which
M is an atom of metal selected from the group consisting
of yttrium, lanthanum, cerium, prasecdymium, neodymium,
samarium, eurcpium, erbium, yttexrbium, and lutetium, and
n is 3 or 4.
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-93- which is prepared by dissolving a netal conpl ex
conpound in an organic solvent. 17. The process for
preparing a nmetal filmaccord- 5ing toclaiml4, in
whi ch the organic solvent is an ali- phatic

hydr ocar bon sol vent, an aromati c hydrocarbon sol -
vent, or an ether solvent. 18. A nethod for preparing
a metal -containing film 10 which enpl oys a netal
conpl ex conpound of claiml1l as a netal source. 19. A
nmet hod for preparing a metal2tontaining film which
enpl oys a netal conplex conpound of claim2 as a 15
netal soyr cp. p2BceBs"ELROGr L RRPRY 'lr@;aq. oxmde £ilm

mbhceao kARG thlMsrbhiaC %femﬂ Eﬁnﬁﬂex

ugd' he 2 gaiﬁeﬁgﬁgbonta%%
il %H'h Bud ton ﬁ@%vggﬁaap S getal
ﬁ%ma ngn Supplying pPOr into a reaction
nber a substrate is placed; and bringing the
vapor into contact with oxygen or steam in the reaction
chamber under heating to decowpose the vapor to convert
into a metal oxide vapor and depositing the metal oxide
vapor on a surface of the substrate.

13. The process for preparing a metal oxide film
according to claim 10, in which the heating of a metal
complex compound in the step is performed by heating a
solution which is prepared by dissolving a metal complex

compound in an organic solvent.

14, The process for preparing a metal oxide film
according to c¢laim 11, in which the organic solvent ig an
aliphatic hydrocarbon solvent, an aromatic hydrocarbon
solvent, or an ether solvent.

15, A.process for preparing a metal £ilm which
comprises the steps of: heating a metal complex compound
having a f~diketonato ligand which has an alkoxyalkyl-
methyl group to give a vapor of the metal complex com-
pound and supplying the vapor into a reaction chamber in
which a substrate is placed; and bringing the vapor into

contact with hydrogen in the reaction chamber under heat-
ing to decompose the vapor to convert into a metal vapor
and depositing the metal vapor on a surface of the sub-
strate.

16. The prmmass for preparing a metal £ilm accord-
ing to claim 13, in which the heating of a metal complex
‘compound in the step is performed by heating a solution




10

15

20

25

-9

which is preparved by dissolving a matal conplex compmmd
in an organic solvent.

- 17. The process for preparing a metal f£ilm accord-
ing to claim 14, in which the organic solvent is an ali-
phatic hydrocarbon solvent, an aromatic hydrocarbon sol-
vent, or an ether solvent.

18. A method for preparing a metal-containing film
which employs a metal complex compound of ¢laim 1 as a
metal source.

19. A method for preparing a wmetal-containing film
which employs a metal complex compound of claim 2 as a
metal source.

20. A method for prepaving a metal-containing film

-which employs a metal complex compound of claim 3 as a

metal source.

21. The wethod for preparmg a metal ~cortaining

film according to claim 18, in which the preparation of a

metal complex compound.

i



