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- 1- DESCRIPT.CN METAL COVPLEX COVPOUND COVPRI SI NG
f-DI KETONATO LI GAND = 5 FI ELD OF THE I'NVENTI ON The

present invention relates to a netal conplex conpound
having a P-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 devel-Gpnents have 15 been
performed on netal conplex conpounds for preparing

materials enployed in th %g&hﬁﬁ,rﬁbmsem conduct ors,
el ectronic el enents and i ca énents. For

|ngt ance, cogl ex C%%)[Bngound Wghg&#%‘l Baﬁ%%%%a:m |

magnesi um are errpl ﬂ\%’@l‘ material s
for manufacturing ferro d| eI ec- trics an

supeg gﬁ%ﬁiﬁ%\ \ﬁjn adgéfl i%‘éﬁﬁél éofﬁrmeﬁéip%rr@ﬂ
CS 16 ’éﬁﬁg g';gh% @r F’§ yobly
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el ectro-conductive filnms and Iight- emttlng eI ement s.

' Conpl ex conmpoundgyng gamﬂ@j Tdigri odic
TabIeIIIB(eg, I um %?umnum andgalllum are
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lj ght- ?%%&%33;:. %q‘g'fng%f f;o%é@%%c‘?ﬁ 2@% H{ai Tan d have
i REENaPERG G B AL CHHERERS r CORRRBRYS g AEE, preparing
mpéfxadamtpidwaﬁ mttaﬂtes Tesbds befl sembecondiuctors,

Tabkerithhie @lenarntsnthd egsh)ica® ebpheyed.f oFor instance,

- NBokhaex dORE tiansTs tdesarEheg! 18- verdudticv aable

FLiR 389430 TR Rndheh 8 W Gin A0 PhEmELIBAY NEF-eOkmployed
"gLa §cHBSE BRf materials for manufacturing ferro-dielec-
trice and super-conductive elements or materials for
preparing a protective film of a plasma display device.
Complex compounds of metals described in Periodic Table
ITB (e.g., zinc) are employed and studied as materials
for manufacturing light-transmitting electro-conductive
films and light-emitting elements. Complex compounds of
metals degceribed in Periodic Table IIIB (e.g., indium,
aluminum, and gallium) are employed and studied as mate-
rials for manufacturing light-transmitting electro-con-
ductive films and insulating films of sema.—conduc:tor
memory gate,

Complex compounds of metals described in Periodic
Table IVR {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
hafniunm) are 5 enployed for
preparing-ferro-dielectrics (PZT) and bar rier filns
for copper wiring of silicofsem -conductors. Conpl ex
conpounds of netals described in Periodic Table VIA

chro u are enployed.fo [e
S g, y&g”ﬁ HEiqrd g&&ﬁﬂpﬂ?{s | B RS £ilms
rﬁﬂ%@%d’ﬁﬁm Obt SHELGPE FER RN Bt odi ¢
Tabl e Canpil e gorparemdanet eyehidse deiscydathdis tRew kgdic
aS‘aﬂlﬂI&ﬁ TVA als. &0y @iwﬂiumg gl eebhdoly eirid halaviuels are
AR I o Pk dféi‘t‘é!'—aiei&dﬁi&tl%fsl T Prand bar-

qul @%&eﬁ& el W de yard ation o
f[r %?Q%gm% f»eéure dad ithe O i deble

_ rosi st ance W t
dgggg |(|§=e$ i FRFeHIE) T cePLeyedl or maaaé:rm@rﬁjlass for

cabakptiard sfilkeddosr prmdactagihil nﬁ gterk]l gurface.
s Chirpdxs Wﬂﬂ@t@f Smé@als ngegast bedddns idariidic Table
conEer (au %y\éﬁr big thdied as mate-
'Eﬁbﬂ%ﬁ%ﬁ&‘ hﬁ %& and further
ug& ﬁg;ﬁ QﬁaE%%P - thermis-
SCr in r ver

E fWﬂ e mEkrak ; reﬁlstance with tem-
eP@@FF@I@oﬁa%MJ\ﬁBE ViFETRRE R gire h?ées@ %ﬂﬂﬂ hatCamgelssx com-
nBeHrgiss pfwmasials elzsdribedi tnaReriodict Talplzs VB yie.q.,
anfgitsdr agkl stalhiles) lmve deediednfort prtepardnepEilmes used
f bhmsibeeeus GatnC URReTudtdrg | Sop n’ﬂh@!‘é@sﬁn ﬁe&ﬁﬂty of

ggébgékg&umréf%eﬁéi&?&ﬁe a %?a A reasing
S e
e%:?ﬁg aegcrl eﬁbﬁ %t Eyerlodlc

e&ggﬁe B (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-
per £ilm, because a copper £ilm is employable for mamu-
facturing wiring of silicon 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, vitrium, and
1anthan01ds) &re pald attention as materials for prepar-
ing high-temperature super-conductive element, high di-
electrics for a gate insulating film and ferro-dielec-
trics for PLZT £ilm, Accordingly, the complex compourids
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 val ue
for preparing these mnmaterials. -3- The netal filns
and netal oxide filns are capven tionally prepared by
the CVD nethod, because the CVD nethod can easily

g

N6
g S, T ot thick-
emaﬁ/ed "alsemf@rem mtema@ﬁeﬁavmmwloyab e in the
atdi ceritladdi agef reaquilyethe CVD net hod. The net al
conpl exatcorpeupteskayi adme, Or@ided! aronifll <t codmpaumddar kaving

- %@ocﬂmn}t@mm%amgahm are sulldinptdmgiloRs@Res tiateftals

%ﬁ‘lﬂ '&eméﬁag.hﬁt%\t—%rﬁ%iﬁ fO{lmthe Y9 cvD

epﬂ?éel'ﬂ fLVEo aeR & duﬂﬁi(f' i Of a&ﬂceton—
Egﬁég%} qeﬁifiéﬁatlon
sources for
, af‘E‘% and QP%"E%F%{:@‘:&{V%@WM he f-diketon-
t &RSeradRRaa R faFeSEYRAGRUMBBGO d a@fperanchrd,. 2, 6, 6-tetra-
Tn@téﬁtﬂre? 3 Heeptanedicnationddgiet al conpl ex
conpourids issnobednthat sostcef kel Q¥aktdoolex com-

| paiﬁxﬁig qmamg 20p PB&AE&t@ﬁa‘th uﬁga@i@w%@l@af@& an ordi-
e 874 ﬁsvea%%m H e 153 @égéagéﬂ
éi!ﬂéz&ééé ofFe '1% n‘&%f
d?b

Co Iex Coqﬂgughe pipe systems fcr supplying a metal
source, and is not satisfactorily accepted in industry.
For the.reason mentioned above, a number of studies
have been made for obtaining metal complex compounds
having good stability and a low melting temperature. One
of the known improvements resides in the attachment of an
ether bonding-containing substituent group to the f-di-
ketonato ligand to obtain a metal complex compound having
a satisfactory stability and a low melting temperature.
For instance, Patent publication 1 and Non-patent
publication 1 (menticoned afterward) describe complex com-
pounds of strontium (described in Periodic Table IIA)
having the following formulas (a) and (b):

CELU.SS
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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 ether bondi ng-containing substituent
group to the Rdi 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

(rmenti oned afterward) descrrfa conpl ex com pounds of
strontium (descriped in Periodic A) having
the follow ng f l asy(a) and (b): Sr (a) Sr

(6} C 5 O0It that the oL conpl ex
conpound of 1 I,-a(é ) spo i @redy)
stability but e- Ifﬁsho vapor
pressure, and tRa trontium conpound of
the forrmula (b) good stability Pand good

subl i mati on, but fortunately has high nelt- ing

poi nt (235C). Ther\efore, it appears-that these com 15

plex materials akg not favorably enpl oyed for the

prepa- ration ofc§ strontiumfilmby the CVD nethod.

Non- pat ent publication 2 (nmentioned afterward) de-

scri besi'ta tonpdexdcohpbutteoktzbont i(ae senidles: idbmpound of

P%@@Mﬁ' €a) | @mﬁévh rbled! Eg%%‘%ﬁ; Wﬂiﬁ&q:unate-i
a

Me{tléﬁ g{ﬁ-é r@e 3 nq'?c:u.um
Cabilit
)é%’s% 0 ﬁeggﬁﬁggr ! Gufion melt-

erefore, it appears t these com-
p ax materlals are not favorably employed for the prepa-
ration of a strontium film by the CVD method.
Non-patent publication 2 (mentioned afterward) de-
scribes a complex compound of zince (described in Periodic
Table ITB) having the following formula:

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 aftexward) describes
a conplex compound of aluminum (described in Periodic
‘Table IIIB) having 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 11113) having an ether group-containing |igand
which 35 is illustrated below -53 5 It is noted
that the above-nentioned al umi num corn- plex conmpound
shows l.ow thernmal stability and hence easi- |y suffers
thernmal deterioration. Therefore,.it is not 10 easy to
supply the al unt num conpl ex conpound with no - -
troubles. There are ] no no stidi es in connection
with galli- um conplexico unds\ and i ndi um conpl ex
conpounds. Patent Publifcati ~4nent i oned afterward)
describes 15 Sn(dpn)2las &\ co compound of tin
(described in Peri- odiyc Table a)-. It is noted that
the tin conplex com podnd\is vggy sensitive to water.
Therefore, it is not easy o handle this tin conplex
compound. As for t he | ead“conpl ex conpounds, Patent

Publ i cay ﬁ%ﬁﬁ“&ﬁé(ﬁﬁaééOﬂéﬂtﬁéﬁé&“@iﬂ%lﬁﬂM.Com—
Nl be PO,(!;WghD iS3 g Shenal $Egbidiry| §0d) hepge easi-

néYe&u fhers W@&twmsi@emnp@m hEherefbigh nEl isngot
paasy toheugidne tliidh esleinciaigh TR UBESpSIAdNRt th no
ﬁblggctorlly enpl-oyabl e for the preparatJon of a

Lgﬁgoagﬁ&gvana |U{a ﬁ%ﬁ.}ﬁﬁéﬁ;@t l?g&%% galli-

descr|B@§Eﬂtd§mhilqatmqnrﬁn@mamtmmne®|aftenwardx describes
cBrpdpml, s oa hasmalekgbompbiingg aioitin  (Bresa-138ed o, Peri-

‘todsccvabllex TVBMOUNE it ARStaRttisface | +in efphpYex com-

pound is very sensitive to water. Therefore, it is not
easy tO handle this tin complex compound.

As for the lead complex compounds, Patent Publica-
tions 4 and 5 (mentioned afterward) desaribe Pb(Amp), and

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

noted that these complex compounds “have a high melting
point. Therefore, these complex compounds are not satis-
factorlly'emplcyable for the preparation of a lead film
by the CVD wmethed.

As for the complex compound of vanadium (described
in Periodic Table VA), Patent Publication 6 (mentioned
afterward) describes V{(dpm),. It is noted that this
complex compound also has a high melting point. There-
fore, this complex compound is not satisfactorily employ-

 able for the preparation of a vémadium £1lm by the CVD

method.

_ As for the complex compound of nickel (described in
Perl?dlc'Table VIIY), Nen-patent Publication 2 and Patent
Publication 7 (mentioned afterward) describe a metal com-
plex compounds having the following formulas (c) and (d):
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~Publica- ti¢n 8 AT1me

able for the preparation of a vanadiumfilmby the Cvb
met hod. As for the conpl ex conmpound of nicke
(described in Periodic Table VII1), Non-patent
Publication 2 and Patent = 35 Publication 7 (nmentioned
afterward) describe a nmetal com pl ex conpounds havi ng
the following formulas (c) and (d): -6 (d) 'N (O
J.2 52 it is noted that- the nickel conpl ex conpound
of the formula (c) shows poorgthermal stability and
easily suf- 10 fers thernal deterioration, and that

t he nickel conplex conpound of-the for a (d) shows
a | ow vapor pressure\ due to its Ji cul ar

wei ght. As ffor tNe It comple Pat ent
ned after <y i bes a

met al conpl &x (of0)
formula: Go\ 20

thernal stabili{® and eaS|Iy suf f A5 t Aer mal
deterioration.“Therefore, it is not easy to sup ply

t he cobakt igompired Qﬂmtpmﬂé \Micﬂ{élp & oot of the

N R i o

€0 n%he Tormula shows a low-vapor pressure
due to its high molecular weight. :
As for the cobalt complex compound, Patent Publica-
tion 8 (mentioned afterward} describes a metal camplex

compound.haV1ng the follawxng formula:

‘It is noted that the above-mentioned cobalt complex
compound shows poor thermal stability and easily suffers
thermal deterioration. Therefore, it is nof easy to BUp-
ply the cobalt complex compound with no troubles,

As for the copper complex compound, Patent Publica-
tion 9 (mentioned afterward) describes a copper cmmplax
compound hav1ng'the following fornmla
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Cu 35 . R2 -7 in which Ris isopropyl or
tert-butyl, RL is nethyl 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 enploy- able due to its | ow
productivity. As for the compglex conpounds of rare
earth netals Patent Publications 10 to 12 descri be

‘et al ngl ex com pounds having the follow ng

fo-'r‘-'ﬁuwlal ORRISRERCPYORYA r JEytriwiith FEMist amddyl or

f oethyl ar andaRf hisepubpyloor Butyd i sobutyl or

t1 b%amé igz:teél Sty %@ﬁ?‘}gﬁ@fﬁf ahcs@m%ﬂzlljzeg)%@ger complex
C BNEWbWAT ¥k td $B Bapper £ilm

ne megggs%et R te ahoves iRl aded, F e oy

p0|n gegglgggo égﬂggﬂggpﬁaave aIuL?e in

or anl CHRE YIS ‘Q/mcfér%e? e dRegals,

CeRhpErR W@ﬂeﬁt&r A0 &® 130 dencrbematah foRpiex com-

J @W@%%@Wﬂgpﬁh@n@m ifsrnmlagE- A- 2207866

Patent Publication 3: JP-A-6-234779

in which REM stands for a rare earth metal atom, R is
isobutyl or t-butyl, and R? is igopropyl, isobutyl, t-
butyl, 1wethylpenty1 or 2- (z-methaxyethaxy) -1, 1'-d1meth~
viethyl.

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

JP-A~9-136857
DE-A-2207866
JP-A-6-234779
JP-A-2002-155008

Patent Publication
Patent Publication
- Patent Publication
Patent Publication 4:
Fatent Publication 5: - JP-A-2003-226664
Patent. Publication JP-A-~2003-49269
Patent Publlcatlon_7 CWO 01/48130

mm;&wMH



Pat ent Publication 4: JP-A-2002-155008 Patent
Publication 5: JP-A-2003-226664 35 Patent Publication
6: JP-A-2003-49269 Patent Publication 7: WD 01/48130
-8- Patent Publication 8: JP-A-2-121944 Patent
Publication 9: JP-A-2001-181840 Patent Publication
10: JP- A-2003-321475 Patent Publication 11:
JP- A-4-72066 Patent PublicggLon 12: JP- A-9-228049
~Non-patent Publication 1: Zhurnal Neorgai chesko

Khi miiPaB8669) Pub2192619%1) 8:Non-JitZeri-Fubd4&ation 2
Inorg. Cnem, 1(2), 404 (1962) D SCLOSURE OP THE
| NVENTI BAteppr Bubdicatd ave Sol vetP - 2Hel T h§ &8¢ Pon)

ol 1 ol BEERE, PUbd ERab 10 b & 00s 72 B8 heat

and | thesebALepUbak i ooy bl yp e Oyahe fof the

preparation of netal-containing I'ms by the CVD
nmet hod. Paf énveRtibdn chd isol V2 ¢+ haTprbeRBPORA a first

aspect, there is proyvided a metal c | ex ound .
havi ng BOT &t Rt ORAPALERGARE Whi chZHESNa NEOTgatcheskol
al koxyal kyl met hyl group. The (3-@ikgfpnat t@;ﬁﬂ@bj@(lggl)
“the nmetal conplex com pound di sclosed ‘preeferably has

the folNawpmtdmr bl {datioX 2:/ (1IjoRyH C2pm.Q 1D2),
Y wherein X stands for an alkoxyah&zkﬂﬁbyyl havi ng t he

DISCLOSURE OP THE INVENTION
[Problems to be solved by the invention]

Disclosed are metal complex compounds which has a low
melting point, good stability to water, air and heat, and
therefore which is favorably employable for the

. preparation of metal-containing films by the CVD method.

[Invention to solve the problems]

In a first aspect, there is provided a metal compléx
compound having a B-diketonato ligand which has an
alkoxyalkylmethyl group.

The B-diketonato ligand of the metal complex com-
pound disclosed preferably has the following formula (1):

X , |
— (1) Cge R @)
N : \O>£

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-



above-nentioned fornmula (2) in which each of Ra and Rb

“independently represents a linear or branched al kyl

group having 1 to 5 carbon atons; Y stands for an

al koxy al kyl net hyl 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 atomor an’
al kyl group haV|ng l1to 4 CQ§bon atoms. The net al

-conpl ex conpound di scl osed préferably is represented

bYam?lﬁl@i‘:ﬂ}j}la c§f3)thé< alg?% ment EMH;;E% N2 W% 14n-
:rggﬁang? %n an | :? %ﬂ %;.%5‘34 i aiom;lfl
i sSanet § 55%3%@% PIPAFOE T Ff‘é‘b up having

| 1 850145 AT QQOW% particularly preferred that M

is an atom of netal selected fromthe group

consi st TR§ BECARgRAEPIE eamaund discdesednpreierablih is

zi neprosentedl oy then faadliaun3)i:ndi um ger mani um

tin, lead, vanadium nipbium and tantalum Further, M

preferably is. a net/al “gtom described in Periodic

Table VA, VIA VIIA, or It is particu- larly

preferred that M t om off-yyet al l ected from

the group consi sti g of\¢|ta m zis oni um haf ni um

chrom um' manganese, niy/CKeM fcobalt, iron, ruthenium”*

and iridium FurtRer¥yore, Igreferably is. a neta

aton1described in Periodic ‘Table 1S, and n preferably

is1or 2. it is partlcularly preferred that Mis a

g?éﬁ'vgﬂ?mﬁels 508 S MPENSES B9 & 9, ana 2
GRS e e Ok ﬁteanmg, and n is an integer of 1 to 4.
. M preferably is a wmetal atom described in Periodic
Table 'ITA, IIB, IIIB, IVB or VA. It is particularly

- preferred that M is an atom of metal selected from the’
-group conglsting of magnesium, calcium, strontium, bari-
um, zing, born, aluminum, 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, ruthenium, and
iridium, -

Furthermore, M preferably is. a metal atom.described

- in Periodic Taeble IB, and n preferably is 1 ox 2. It is

particularly preferred that M is a wetal atom selected

© from the group consisting of a copper atom, a silver

atom, and a gold atom.
‘Furthermore, M preferably is a rare éarth metal
atom, and n preferably is 3 or 4. It is particularly




atom and 'a gold atom Furthernore, Mpreferably is a
rare earth nmetal 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- dym um neodyrni unm
samari um europium erbium ytterbium and |utetium
and nis 3 or 4. In a secong.aspect, there is provided
a process for preparing a netal oxide film which
cpmpfesesdt hhast Hpss afi: abeatdhgnet et & leorad ekrom the

c W, na | h
%E‘Eﬁgjaﬁ? L O JhLETa I%a*%&@’ﬁo%gﬁﬂwhiﬁr@?e?

t qghds%ﬁhﬁﬂ%mnu?urpﬁéumap%F l?ﬁm)ﬁﬁter lum,
- r aadt Lohethampeand m vits ¢h ar dubstrate is placed; and
bringing the vapor into contact with oxygen or steam
in thel %eﬁc??%ﬁngh%ﬁrﬂ%%truﬁch@rrehéﬁt PREVEECded oA ORI fOr

tpmpa;mrg ta mahaZLerdxudet élamnwhabho&onipryeesrtlaaadsteps
éét{%q he ng@é c@ﬁ{pieex" %'Plda RS by gC% L the
trate t apov ntlon roc
tr‘?I??gt% e hay rﬁn ﬁW&m@Fhé(anﬂfQPP to
@rﬁﬁ X wm‘@mﬁ the met@]stoe:mplezqomh@ommﬂdy apelr soppaging
biyh e dﬁlfhéﬁ”&”ﬂéﬁttﬂ@ﬂ‘ahdm%eﬁr%&a%%ﬁc%yadbﬁﬁgk¥h@@ is

a%f;%c?% SR iR reliard kb ol Ogen
e@ﬁnﬁﬁ&aﬂ!Hydﬁ&maﬂkmwwb;@mVeha eraunderhheatmhgeh@)de¢®m—
ddre rch@spesdx ﬁ@%@v&@glﬁwcf%grnﬁes’%&slogﬁéﬂé Gfapor and

nlgﬁ%ﬁeﬁ% RN AR TR T
ISQﬁﬁii ch has an alkoxyalkylnethyl group to give a
vapor fh the a 55% —men fo%éd?%”%%%gg %8% 5%855¥1Q§ érﬁ%tal
oxide film, the heating of a metal complex compound in
the step is preferably performed by heating a solution
which is prepared by dissolving a metal complex compound
in an organic solvent (particularly, an aliphatic hydro-
carbon solvent, an aromatic hydrocarbon solvent or an
ether solvent).

In a third aspect, there is provided a process for
preparing a metal film which comprises the steps of:
heating a metal complex compound having a B-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 surface of the substrate.

In the above-mentioned process for preparing a metal
- film, the heating of a metal complex compound in the step
is also preferably performed by heating a solution which




vapor into a reaction chanber in which a substrate is
pl aced; and bringing the vapor into contact with
hydrogen in the reaction chanber under heating to
deconpose the vapor to convert into a nmetal vapor and
depositing the netal vapor on a surface of the
substrate. In the above-nentioned process for
preparing a netal film é'heating of a netal
conpl ex compound in the st is also preferably

er he ng-.a.sol utio ich -11- epared
i R B 3%%?@%"%’8%%%&56%8&%&31@6‘ s gy £ an
Ogaf%'lrﬁ TeyeRt ulRaryicahaslyphan aliphesdsr harirocarbon
., Sh mﬁii@ hydrocarbon sollvent ox am ettierr
s;ﬂhmxmu» In a fourth aspect, there is provided a
met hod for preparing a netal-containing filmwhich

enplgﬁg a metal conpl ex conpound of the first aspect
as a HeralfosBticasrerts e ofs pRasHdeshp mrEhadeloF

Prispardngl acwoebd Excomrgpiovingy dfilthehilcheamplops & mdtesl

cﬁfr?ﬂ%&s chbapoBh@Paf i ik Fimittladoddh e a metal sextEe.
m by the CVD nethod enables to prepare a netal

tal oxide film having good film

filmor a
[BEEP5EEe Pite TIMGTE AN 151116 froubles in |t% : .
pr epangt vee Sfeydg atak G yc%[%?’tmﬁe?’ offPGy Trven .
ti¢nreinBRIEF PIESER P TiCEN IeERRAANGS Teiall T, of & g¢ta

omiden§tiiltuiyothe Giepssiad cenalabpar Goupreppye g metal
filhuskr at eetalc ensidd dfilen ving eposdt £adm ng@us—

ties wiepalingla maidlbled dam fite peépgratéem stéfs in a
r%%%@%%ﬁ‘ﬁy EOehts B ofMSfimd | OW controller 2 stop

BRTEF DESCRIPTION OF DRAWINGS

Fig. 1 illustrates a constitution of a deposition
apparatus.

Fig. 2 illustrates a constitution of a deposition

apparatus for preparing a metal oxide film using steam.
12: mass flow ¢ontroller
1B: mass flow controller

2 stop valve

3 vaporizer

4: reactor

5: pressure gauge

62 valve

7: trap

8 water

9: cooler

.10A: pre-heater

108: 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 5: pressure gauge 6: valve
7: trap 8: water 9: cooler .10A  pre-heater 102:
heater for vaporizer 10C. heater for reactor 20:
fuzed liquid or solution of netal conplex conpound
21: substrate -12- [Preferred Enbodi nents of
I nvention] The netal conplex conpound which has a
(i -di ketonato |Iigand having an al koxyal kyl et hyl
group is represented. by the aforementioned fornula
(1), -and the netal conpl ex conpound of the invention
| S[eRf @eead ednBydifenes obeNeAveticaned formula (3). In
the formd andda 1@5& ablpxualk whAehh vk 00 W0 di ketonato
rﬁavﬁ&&“éﬁ E‘l\%ﬁﬁﬁ ?%%ﬁé and A recented
eﬁ%:a%n ‘gzﬁgﬁeau WP AU NG dmplex
chras met
- cr:s?r@mn | QB oy HIVEnhiBn: 35, TPERBFEREES Hutle Aforemen-
partgned YEdemalyr 68p. of the fornula (2) or a linear
or br artmethal kytmgtauplhavX isgah edkSxyadbogimetinel group
nﬁ&élyfmnﬁthhd' {20- phopllich eehr efyR? andbRPytepre-
'%&&EQ/ a Iil@é&ﬁ‘%rpﬁf‘éﬁbheaeél loy11rBept Haviflg acttd ;5
&éﬁ $ Y ea%tglarl bh""%@fﬁ:&la' k_t}gopropyl
VI n
L -‘prog t %bp Yip- Bﬁt Ydandt Froup of
fo (2) ora maar oxr ran %. %?ky group hav-
ing 1 to 8 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, t-butyl, pentyl, hexyl,
Cheptyl, or octyl; Z is a hydrogen. atom or a linear or
branched alkyl group having 1 to 4 carbon atoms, such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, iscobutyl, or
t-butyl; and n is an integer of 1 to 4.

The ligand of the metal complex compound of the
dnvention, that is, the p-diketonato ligand hamng an
alkoxyalkylmethyl group, can be easily prepared in a
manner similarx to the wmamner known for the preparation of
the known f-diketones. Representative preparing process-

ey are described hereinafter in Reference Examples.
Examples 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 p-di ketonato |igand 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 R-di ketones. Representative preparing
process- es are described hejginafter in Reference
Exanpl es. 25 Exanples of the netal conplex conmpounds
of the in- vention which has a (3-di ketonato |igand
havi'ng an al koxy- al kyl nethyl group are illustrated

below. -13- (oMo(MM p My p M zzz Mg M (Mg (tM
-0 a a~pa(orta Op'Caap(ta(Capg~0zip
p £ - k= o 9 Sry02, /@ z a (cy_
O (Sr . Q Ba, Bal Ba Ba Q2
03- - @g 0 ﬁgs o%
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SsMs MM10 OM. ,a3 M3 M~} S (1040. t 15 [in
the formulas, Mis arare earth nmetal]. The deposition
of the netal -containing conmpound onto the substrate
can be carried out by the known CVD nethod. For

i nstance, the netal conplex conpound is supplied onto
a heated substrate together-agth an oxidizing gas such
as 20- oxygen, ozone, 'nitrogen oxide (e.g., N2O or a
reduci ng gas such as hydrogen under atnospheric or
reduced pres-, sure, to deposit an netal oxide film
the substrate, Alternatively, a

or a netal filmon

met npkex co is suppl Kedyonto

subsgtra, oget her an 25t N- comnt ai niERG :
bas|{c ¢ iLaPbo {deplsi t 140 met al §ni 1 LrRk
fil t ¢ subsy rate. her W - t al i ng

filmisOdefdositedl orpya/substrate (py/a pl as
gnethod.’The process/for preparing§ a netal oxide film
by the 30 CVD nethod can be perfornmed by a step of

heating a netal conplex conpound of the invention to
gi ve a vapor of thei?neral conp

sup g { he va nj,o a rgacfio
a spibst _is ac d a fsub
brihgi >Phapor fntQld¥mt qct W
ste . €4, watler_yYapor) init
und antnng to del se th
; g cj/v -
P L




-28- a netal oxide vapor and depositing the netal

oxi de vapor on a surface of the substrate. The
process for preparing a netal filmby the C/D nethod
can be performed by a step of heating a nmetal 5
-conpl ex conpound of the invention to give a vapor of
the netal conpl ex conpound and suppl yi ng the vapor
into a reaction chanber in which-a substrate is
placed and a subsequent step?df bringing the vapor
into contact wwth hydrogen in the reaction chanber
under heating to decom 10 pose the vapor to convert
into a netal vapor and deposit- ing the nmetal vapor on
a surface of the substrate. In the CVD nethod, the
nmetal conpl ex conpound is vaporized for the;

formatign of a thig fil'm The netal conpl ex
of "t ntion b& suppl/ed{injo a 1

cha .vapgriz _thejcha T%I r-

t hel net | dx ¢ bl i 4 di ith an
.appkoprg sol ent exampl al i pha

n su&h exane r’g@t he; andar ,
hydr ocaf bon such ag toluene; or“an ether suck as
tetrahydrofuran or 20 di butyl ether) and the resulting

solution is supplied into the vagporizing chanber = -

using a quuid-tran&gorting punp; and vapor . n-the
‘cha (nynely, ol Ufion t The t i
conpl ex Qundf of L?ven io Tp 5 Aed
intg a @-onai ilmin a ctLon er .
a \ efjat ure ref erabl t o/, 700C, r /]

ra )

t

pr ef y/400 t o' 500C And at a dpéséure of pr&ferably
1 to 200 kPa, nore preferably 10.to 110 kPa. The
nmetal conpl ex conmpound can be vaporized at a

tenperature of 30 preferably 50 tg 250C, nore '

pr ef er~ : __
R ' "n.Zr .. “"Zr O -'Zr.

" 4 P Fl { ’




When a netal oxide filmis deposited using an oxi -

di zi ng gas such as oxygen, the oxidizing gas is used
in an amount of preferably 10 to 90 vol. e, nore
preferably 20 to 70 vol.% per a total anmount of the
gaseous mx 35 ture. Wien a netal oxide filmis
deposited using steam the steamis used in an anount
of preferably 5 to 90 -29- A@b-', nore preferably 10
to 70 vol.% per -a total anmpunt of the gaseous

m xture. VWen a netal filmis deposited using a
reduci ng gas such as hydrogen, the reducing gas is
used in an amount of preferably 10 to 95 vol.'s, nore
5 preferably 30 to 90 vol.% per a total anmount of the
gaseous m xture. Wien a netal filmis deposited using

] g basic gas h as a t he
S i s ysed\imian angun
VOT}: re fretterabl
nt { of g@e us
npl e eparatio
i ofhtd) In a 500 nft-vol une

. S
equi pped with a stirrer, a thernoneter and a‘@ropping
funnel were placed 100.6 g (1,862 mol) of sodium

nmet hoxi de and 300 of hexane. | Subsequently, 300.3 g

t @l .2- bronopro)2Q pionat
flaskfun oolin ice
sy etifred Tom2.hofirs {forf-
Alte a%{io Hi
r was\a o the

ng with ice.>The organic portion
was 25 coll ected, washed wth water, and dried over
anhydrous sodium sul fate. The dried. organic portion

was fil yered ' _ .
Cr gmzj, Cr ( é Cr
Q5 o 5
| SO




and pl aced under reduced pressure to distill at 74C
and 12,236 Pa, to give 97.0 g (yield: 46% of nethyl
2- nmet hoxypropi onate as colorless liquid. 30 The

met hyl 2- net hoxypr opi onate had the foll ow ng
characteristics: xHNML (CDC 3, 8 (ppm) : :L.41 (3H
d , 3.40 (3H, s) , 3.77 (3H,s), 3.90 (IHq),

M5(mie): 88.59, 31.15. 35 [Reference Exanple 2] .
(Preparation of 2-nethoxy-6-nethyl -30-.

3, 5-hept anedi one (nopd)) I.n a 200 ni-vol unme fl ask

equi pped with a stirrer, a thernoneter and a droppi ng
funnel was placed 5.15 g (132 mmol) of sodi um am de,
and the flask was purged with 5 argon. Then, 80 nL of
t ol uene was placed ip the flask. Subsequently, 12.0 g
(139. of 3- ylx 2- but aghone. was sl owl

. dropged imtoett he nd th¢ re i ng xt
stirred M put 5. YoMt he 4 as fur
drop .65 g (4Y.8 ) of th - met Qoxy

pr opi nagb br epa he ne of £ Ref er
Exanple "1), and the/m xture was §Plrred for 3
mnutes for carry- ing out a reaction. After tﬁ@
reaction was conplete, 50 nL of water was placed in
the flask under cool¥Hg with ice\ The aqueou portion

t, ne ed wit agetic
subj ~.ext rfact j M.t h gt hery=Oie et er
was ' M Gver ! D od's
sul f §t filt he filitr S €0 c
and '|sdpll d undér Pedficed pressyy e/z(41C,

give 4.25 g (yield: 52a) of 2-nethoxy-6- nethyl’3 5 20
hept anedi one as col orless I|iquid.




The 2-net hoxy- 6- net hyl - 3, 5- hept anedi one had t he
follow ng characteristics: 1HNF. . (CDA 3, S(ppm):
1.17 (6H,d), 1.30 (0.15H,d), 1.36 (2.8514,d),
2.48-2.57 (0.95H M, 2.59-2.73 (0.05H,n, .25 3.36
(0.1511,s), 3.37 (2.85H,s), 3.71-3.78 (1H, m, 3.78
(0.1H,s), 5.81 (0.95H,s), 15.4 (0.95H,s), Ilk (neat,
+cnvl) : 2976, 2936, 1.607 (br) , - 1462, 1366, 1328,
1210, 1120, 910, 805 (the pedak at 1607 cat' is a
characteristic peak of p-diketone), 30 M5(nfe): 142,
113, 59, 43. [Reference Exanple 3] (Preparation of
2- met hoxy- 6, 6-di - net hyl -3, 5- hept anedi one (nobd)) In a
200 ni-volune flask equipped with a stirrer, a 35
thernoneter and a dropping funnel was placed 8.20 g
(210 mol) of sodium am de, and the flask was purged
with,3 rgon. Thep, 80 nL of togluene was plgced in

by the nethod of Ref’er ence Exanple 1), and th
m xture was stirred for 30 mnutes for carrying out a
reaction. After thesreaction was,

wat e | aced A
ice ueousyf por

Wit b d,

et her et her\ ext

overy an 20us sadi :
filtrat® was concentrated and di still ed under £educed

15 pressure (59C, 492 Pa) to give 4.50 g (yield: 52%
of 2- - .




- sol

nmet hoxy- 6, 6- di net hyl - 3, 5- hept anedi one as col orl ess
lig- uid. The 2'-nmethoxy-6, 6-dinethyl -3, 5-hept anedi one
had the followi ng characteristics: 20 'H -NWR (CDd 3,
8 (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
(2.67H,s), 3.73-3.77 (1H M, 3.79 (O. 22H,s), 5.91
(0.89H,s), 15.7 (0.89H's), IR (neat, cm'): 2972,

- 2936, 1602(br), 1461, 1366, 25 1200, 1059; 886, 809
(the peak at 1602 cmi'- is a charac- teristic peak of

[ 3-di ketone), M5(nme): 186, 156, 127, 59, 43. [Exanple
A-11 (Preparation of tris(2-methoxy-6-nmethyl- 30 3, 5
-heptanedlonato) indium (I11) - In(mopd)3) In a 100
mL-vol une flask equipped with a stirrer, a

thernnneter and a dropping funnel was placed 4.26 ¢
(22. 3 i

of 2.04 g (6.96 mmol), of |nd|un(lll) chl ori de\ -

tetrahydrate in 15 nlL of nethanol was slowy added to

the m xture. The reeflting mxtuge was stirr for 30
i nu ng with jc '

rea ter the XxaBictionfwas | ete,
reaqtio 1 xEr e | wasy nd ted{ipre I o
di sty anol \of f the \resi wer e d Z0 mL

of elherpawg 40 oy wat.er. Yhegprganic p rtgbn was
-taken odt, dried ovef anhydrous 10 sodium sul fate, and

filtered. The filtrate was concen-
g %>:Ru (:
3
P




trated. The concentrated filtrate was pl aced. under re-
duced pressure and distilled at 175C, 31 Pa, to give
3.27 g (yield: 74% of
tris(2-nmethoxy-6-nethyl -3, 5-hept ane-

di onat o) i x5di un(I11) as viscous yellow liquid. 15 The
tris(2-methoxy-6-nethyl -3, 5-hept anedi onat 0) -
indium(I'll) is a neM/conpoqughaVIng the follow ng
char- acteristics: IR (neat, ciri9: 2975, 2933, 1571,
1539, 1515, 1429, 1402, 1363; 1331, 1230, 1120, 952,
914, 809, 554 (the 20 characteristic peak (1607 cni.)
of S-di ketone has di sap= peared, and a characteristic
peak (1571 crn71) of (3-di- ketonato appears),

El emental analysis: found: C51.3% H 7.25% In 18%;
cal culated (C27H'SMOIn) : C51.6x, H7.22% In 18.3% .
25 Ms(nfe): 628, 598, 457, 227, 115, \59.

fhoe Sk et g

t her r fand a pi hg fun
(11.0 of 26% si@di‘dm net hoxi de
solution. Into the ice-cooled solution was slowy
dr opped 2. 03, g (10.9 nnDI) of

2- met hoxy' - 6, 6- di et hyl - heptahedione (pre- pared
by t thdd of Ref e Exanpl and t e 5

m xt yre rirred f nu es “Fe
sol u{ ti t? Mn R? &% I

chl ony tetra -3%- drate in f met

slowy a to the déw—ture hé} dul ting mi

was stirred for 30 mnutes under cooling with ice for
carrying out a reaction. After the reaction was
conplete, the reaction mxture was 5 placed under
reducgd pregsure to distyl!l nethanol off.




To the residue were added 40 nL of ether and 40 nL of
wat er. The organic portion was taken out, dried over
anhydrous sodiumsulfate, and filtered. The filtrate
was concentrated. The concentrated filtrate was

pl aced under 10 reduced pressure and distilled at
180C, 37 Pa, to give 1.56 g (yield' 63% of
tris(2-nmethoxy-6, 6-dinethyl - .

hept anedi onat o) i ndi un(111) a%5pale yeIIom;solld ‘The
tris(2-methoxy-6, 6-di net hyl - 3, 5- hept anedi onat o) -
indiun(l11l) is a new conpound having the follow ng
char-- 15 acteristics: nmp : 76C, IR (KBr, cnr): 2975,
2932', 1565, 1516, 1420, 1383, 1359, 1214, 1163,
1117, 1057, 953, 888, 813, 553, 481 (the
characteristic peak (1602 cm) of [3-di ketone has 20
di sappeared, and a characteristic peak (1565 cmi,) of
p- di ketonato appears) El enental analysis: found: C
53.8% H,7.69% 796 calculated (C30H5103I n

53. 79 : _ e)
485, {243 A 59 25 anple [
bi s(®- - Gu ept 10
(I'1)\S p 6)nL Vo

rek) the

a sti tes and opptng fuypne
pl aced 0’ 60 g 30 (5 79 mol ) of sVrontlun(II) lede _
and 20 nL of ether. Into the ice-cooled solutidon were
sllow y dropped 40 of water and 2.00 g (11.61 nmol)
of 2-met hoxy- 6- met hyly 3, 5- hept anedi one (prepayged by

t he d f Ref ce Exanpl
ne tj r
the 'éht
ture C?l ced u
2

i



-34- heated to i80C for concentration. To the
concentrate was added 15 m, of hexane. The resulting
m xture was stirred and then filtered. The filtrate
was concentrated and distilled under reduced pressure
(240C, 53 Pa), to give 5 0.20 g (yield: 8% of

bi s(2- met hoxy- 6- net hyl - 3, 5- hept ane-
"dionato)strontium(Il)-as pale.yellow solid. The

bi s( 2- met hoxy- 6- net hyl - 3, 5-"Hept anedi onat 0) -

. strontium(ll) is a new conpound having the foll ow ng
characteristics: 10 IR (KBr, cm): 3421, 2970, 2932,
1614, 1499,. 1464, 1435, 1374, 1347, 1208, 1150,

1117, 1089, -1020, 911, 809, 782, 548, 520, 480,

El emental analysis: found: C 50.6% H 7.06% Sr 20%
calcul ated (C, 6H3006Sr) : C50.3% H 7.03% Sr 20.4%:
15 M5(me): 1119, 883, 689, 537, 474, 259, 113, 59,

43. Fromthe MS data, the strontium conplex conpound .
IS nsi dered t ave a trimersstructure. [Exanple

A- 4] @par ati on \of i s(2- et X 6, 6- di hyl - 20

3, 5- higpt ap#dj onat ¢) st rogki um (| D) =~-7§r(m)bd an‘ a
100_nf - ol ume fl as @q‘ﬂigpedwi irrer, ag,»-AQ
ther ter and (Sroppi ng f el were pl d 9.58 ¢
(5.60 mol ) of stgentiun(ll) oﬁde and 20 of et her.
Into the ice-cooled solution were slowy erpped 40 ngy
of 25 water and 2.10 g (11.28 nmol) of

2- met hoxy- 6, 6- di qet hyl - 3, 5- hept aneda. one (prepared by
th thod of Refklence Exanple 3), and tRe m xture
was skifyed for o '
After therggact i

m Xt yrehas™ pl ace & Ag
heat to 1800 r concentr ~gonctentrate
was ddded 15 M p
._._o‘_‘
o-"g
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m xture was stirred and then filtered. The filtrate
was concentrated and distilled under reduced pressure
(2750C, 32 Pa), to give 0.65 g (yield: 25% of

bi s(2- met hoxy-6,6 35

di met hyl - 3, 5- hept anedi onato) strontiun(l1) as pale
yellow solid. -35- The

bi s(2- met hoxy- 6, 6- di net hyl - 3, 5- hept anedi onat o)
strontiunm(ll) is a new conpakhd having the foll ow ng

. characteristics: np: 130C, 5 IR (KBr, (cXA : 3430,

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

1104, 1055,,1018, 884, , 15k, 474, E

anal ysi g: ; : 7.51% % calcu d
(C20H_u A8% . Sr 1 M
M5( Nl e)k ) e A eparhtio

bi s(2- 1 hept an ongt 0) zi Rc 1)

- Zn. (nopd {% vol unk ffhsk equi ppbedf@hi th
a stirrer, 'a 15 thernoheter and a droppi ng funnek was
placed 6.56 g (34.01 mmol) of- 28% sodi um net hoxi de

nmet hanol solution. Into the ice-cooled solutionwas.
slowy dropped 6.00 4.8 mtl) o

2- met hoyy~ hyl - 3{ 5" Re nedi gne - par

net hod pf epce {Exa -"M, nd §he m 9t
stirredfor "nut gs. quentl y, [ u- t\{ &
2.26'g (\16- ) o égc;l)chor e/ n 20 ©

met hanol * wa$® sffowl y add¢d to the mixerlre. The resdlt-
ing mxture was stirred for 30 m nutes under cooling

wit.h i.ce for carryipng,out a reaction. After, the
reﬁiﬂ i mf%%n'plplei‘@, a; RErEPe BN MRLRre was
pl aced Thlalepedictdn pfeshur metaldicthitainiidharstpound onto

- ofthhe Eunltdteratesi due ber earried cut by the known CVD method.

For instance, the metal complex compound is supplied onto
a heated substrate together with an oxidizing gas such as
oxygen, ozone, nitrogen oxide (e.g., NQ) or a reducing

- gas such as hydrogen under atmospheric or reduced pres-
sure, to deposit an metal oxide f£ilm or a metal film on
the substrate. Altermatively, a métal complex compound
is supplied onto a heated substrate together with a ni-
trogen-containing basic gag such as ammonia to deposit a
metal nitride film on the substrate. Otherwise, a metal-
containing film ig deposited on a substrate by a plasm
VD method. '

The process for preparing a wetal oxide £ilm by the

CvD method can be performed by a step of heating a metal
complex compound of the invention to give a vepor of the
metal complex compound and supplying the vapor into a '
reaction chamber in which a substrate is placed and a
subgequent step of bringing the vapor into comtact with
oxygen or steam (i.e., water vapor) in the reaction cham-
ber under heating to decompose the vapor to convert into
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added 20 nL of hexane and 20 nL of water. The organic

portion was taken out, dried over anhydrous sodi um

sul - fate, and filtered. The filtrate was

concentrated. The 30 concentrated filtrate was pl aced

under reduced pressure and distilled at 160C, 27 Pa,

to give 4.91 g (yield: 730) of

bi s(2- met hoxy- 6- net hyl - 3, 5- hept anedi onat 0) zi nc(ii) as

vi scous yellow liquid. The_ 8-

bis(2-nethoxy-6-nethy|-3,5-%eptanedionato)- 35

zi_ng II&tis 2. new conmpound_havi ng the follow ng

chaf5EH a}?&ﬁ? cepenand depeaitivg thermetad3znxide vapor

198922 ssrdace 3y, 188 Fubididatd 118, 912, 805,558 (the

char actisei gtricearen kil Gepiidgoh fetdhierene BRS the cvD

dmeghpdacet 1N harRRAMAT ISy I StL€ Ppsgkhéégg%ﬁc@ ) t%{l

Dcd@&ém&ﬁ@@r@ 1 208! {%6? QMO S the

58etdn HomAdad o 7 | 5inl CHHACRA). -
bl b1, 08T ot

seedhve o

SPeltd 1bn’ i B i by
VB # - EX -t Shpg -T2 - CotP
she %'E%ﬁéﬁ .P%w@wsf Lpbpe gapEECSn with
nePhox: §SRANIAR Swsogie pradkeli beatongi kol Hecom-
) TRPPE &O1 it fa aektaluipped anthdeposit-

s&imgr*ﬁhli gtaw en %;@ga?gf ot he nQﬁbsﬁ@ﬁteé
pl acedrd. FRe0CH -hil, tefB8 he®is
ﬁﬁﬁﬁﬁﬂkeéofég' Eﬁg glfgz:gggiﬁ:i il | Oq%kfgn Effrtng% & metal
Srof eh ihyeliiin, qan b, sapp)iedninto a
HOREE F-2€5hdt HelGri GRaFReHas Alter-
Fed 4 br Pribfds CONpd 6% Germamdh 19| dilehediwith an
BRI 126 WD) (EPTt ErprpLechiesy ialleiplaat e nhy@tocar-
RN as hexane or octane; an aromatic hydrocarbon.
sgch as tolueng; or an ether such as tetrahydrofuran or
élbutyl ether) and the resulting solution is supplied
nto the vaporizing chamber using a liquid-transporting
pump and vaporized in the chamber (namely, a solution
method) . : '

The metal 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, wore preferably 10 to 110 kPa. The metal
complex compound can be vaporized at a temperature of
preferably 50 to 250°C, more preferably 90 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. wWhen a metal oxide film is deposited using steam,
the steam iz used in an amount of preferably 5 to 90

\
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was slowy added to the m xture. The resulting m xture
was stirred for 30 m nutes under cooling with ice for
carrying out a reaction. After the reaction was com
plete, the reaction m xture was placed under reduced

25 pressure to, distill nmethanol off. To the residue
was added 30 nL of hexane, and the resulting m xture
was fil- tered. The filtrate was concentrated. The

concentrated filtrate was pl aced under reduced
pressure and distilled at ™ ¥6C, 31 Pa, to give 4.36 g

(yield: 77% of bjis(2 30
ng’ﬂioféy- @‘Ci%? Hreteraintyt Aot Pli-H| PETag yeitahy amount
| PHutle gaseous mixture. When a metal film is deposited
busiagmet medusing tdys - Sudhhapt hydtivgeat, 0 Xhe medudinc gas
alsewsedhpoursh fewdugt thE pobEewnblychar &ef & <iclt %S more
3preRefaddly 3o 2O Mol 2932ped543totdll ambht oB4he
1gd8eohikl this888re 91 47ha898, mdeafl ?iﬁ&hig e ﬁtl:‘e% using a
q_%.rte hﬂ nitrO"‘

a

ogrogln < st %H%E%ﬁg o é
e eont.d hka : S d gx‘i gh%in of; preferably 10
R e R e oy 20

4BNGYFLEHOF POy WIXBUNE( m e) : 462, 403, 291,
151, 113, 59. [Exanple A-7] (Preparation of
tris(2-nmethoxy-6-nethyl- EXAMPIES

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

i e S N A—

HERA fhol ) of 28% sodi um et boxi de met hanol

sol uti of. & rarqlageg oblask setaippadwid thl awsgirrer, a
gustey gl @ elronmwing ofunnel were placed 100.6 g

2({ hed6dxymnod.) metfhydodd b mexitaneiile nend pk epamed offy hetbgie .

ratheecabnRafer ance Banal &7 ,mAcl) tEE Mskhyll e 2uesokRpro-

pionatef§ wasd sliomlle Srcpis® fenh | Yhe 538514 1BR cooling

Wi ice. The resulting mixture was stirred for 2 hours

for carrying out a reaction. After the reaction wag
complete, 300 wl 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 orgamic portion was filtered
and placed under reduced presgure to distill at 74°C and
12,236 Pa, to give 97.0 g (yvield: 46%) of methyl 2-
methoxypropionate as colorless liquid.

The methyl 2-methoxypropionate had the following
characteristics:

H-NMR {CDCl,, &(ppm)): 1.41 (3H,d), 3.40 (3H,s),
3.77 (3H,3), 3.90 .(1H,q), .

MS(m/e): 88.59, 31.15.

[Reference Example 2] (Preparation of 2-methoxy-6-methyl-
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g (5.91 mmol) of vanadium(lll) chloride in 15 nL of
met h- anol was slowy added to the m xture. The

resulting mx- ture was stirred for 30 m nutes under
cooling with ice for carrying out a reaction. After
the reaction was com 20 plete, the reaction mxture

‘was pl aced under reduced pressure to distill nethanol

off. To the residue were added 30 nL of hexane and 30
nmL of water. The organic po3®+on was taken out, dried
over anhydrous sodiumsul- fate, and filtered. The

fi3 13 dheprasedoonentmapad,) The 25 concentrat ed

fil trat:ﬂlV\&S.?QbaﬁlEdVﬁ!]lﬁﬁlé Eﬁ%@@% er, a
ditdiehheteetr 1808 7 :
Ofmﬁdl)s &£ sga S % ggﬁ % w2

5 h
5 nedtﬂ@ﬁt el fugm wﬁﬁlﬁ@ﬁi A
338 - o PieHd din a Fethagl - -2-butanone
fxf&‘li?; iﬁg gxeprae E6 B@ﬁélﬁﬁhr:r@%é:he;mwk@mg
c Hepgaiee |VQE!-$ cStlI‘RE@néar 16Nt 2e75, RA38 tHSH6Blask was
15thien Hragsed 51ed1g 14218 #003) %311:16351%11 Bnethoxy-
(b&% ﬁﬁa%‘é elhSbhEredaky L0, 5 € mple
er&xt?&f’eaw& aéé; %%@ ;'%H%e 51 FOr carry-
DeVATGRD) hhe Feactd gptplete, 50
(%Ee .q‘ff%?ﬁ? /‘%éf% 320 gléggzwgo Gﬁ%@t J-Ifg Wc:;.th o
QT f neutralized wi
égcn@q:,l&,y ey ecggd@geextracgﬁon with ether. The

~

'3e§hﬁ§ D EAFEEBh sy avashed mgl th) watak( npded) ohvera ydrous

nﬁ%@hﬁﬁﬂ%&ecﬁmb@ﬂ%t@da stTher il t@ate was concen~ -
t beatede ter ﬁ%ﬁm@ﬂﬂhﬂﬂefuﬁéﬁhcé@r r@b@‘é&% % %9 27 Pa)
edl

(€c68-isa0ly), z@f e¥ rhgt -
R L
TEolioT& , 2met XCB%’- = tc:angélnge v2d the

WL characteristics:

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 (0Q.05H,m},
3.36 (0.15H,s), 3.37 (2. 85H,s), 3.71-3.78 (1H,m), 3.78
(O iH,s), 5.81 (0.95H,s), 15.4 {(0.95H, 1),

IR (neat, cw®): 2976, 2936, 1607 (bx), 1462, 1366,
1328, 1210, 1120, 910, 805 (the peak at 1607 cm? is a
charac:terlstlc peak of f-diketone),

MS (m/e) : 142, 113, %9, 43,

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

In a 200 mL-volume flask equipped with a stirrer, a
thermometer and a dropping furmel was placed 8.20 g (210
mmol) of sodium amide, and the flask was purged with
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ture was heated to 150C for carrying out a reaction
with distillation of ethanol. After the reaction was
com plete, 20 nL of hexane and 20 nL of water were
added. The organic portion was taken out, dried over
anhydrous 15 sodiumsulfate, and filtered. The
filtrate was concen- trated. The concentrated filtrate
was pl aced under re- duced pressure and distilled at
160C, 27 Pa, to give 3.41 % (yield: 969 of
tris(2-methoxy-6-.methyl -3, ept ane-

d| Qnat o) al,ﬁ nu(rsg: Tlg ais: g@ e yela%%\é\rl I :]rqur d_ ﬁgt@ee Flask.
al%ﬁﬁmcramww sla. :hem &bﬁﬁoﬁnﬂmﬂé\h oF Ehé-thlmrahhyﬂg—z—

c artantcene stas ssldwdly eV into29he, £193%, 1351‘313 the re-
1536t Ak4P fuiA42% wé§4§t1 é& fé%Zis %i%uté%? B0 the

gtﬂﬁﬁ@%tﬁﬁﬁéf m%;é { g £. wethyl 2-
ki on%% %&g ﬁ %eaﬁcerence

dun minutes
c:%f%’ ?’iﬁ t%?%e tﬁrsteeoq;éct@%%as
%)e‘: 4 0 5% o epovagoplased g E Ak uyder

(5P WBi-tb a8 < ( ARt AEN9OBS nEORY O3 WES r:ake.n ok,
h@ﬁl’&ﬁ'ﬁé@r tm@rmcu nai¢id) anfpéubperepd o ctotraction
mvivhl efineit.as Klen e tiped &uctilaﬁtsmsrﬁﬁ_shad with water,

t et eaTek el @ﬁﬂl@f&s@%@a %iﬁﬁéei 18880 The

351&1:&%@%49) é&I m@ a?l J r@dﬁ
p ?‘%\;?% fa%& 0292 %q‘é.ﬁ”t Ya.5 it eEz%S‘ of 2-
oxXy-8-"di e%%ra%%?@ﬁeﬂe ﬁeeseﬂea@aﬁs lig-

tﬁé t hod of Reference Exa le 3) were successively
and_s| &Ly 2irsibexy ﬁwes-r'@:s’mthy@ i Stheptanadisvier ted the

f 6pléawiyiongheracreardattiam: After the reac

H-MMR (CDCLy, & (ppm)): 1.18 (0.99H,8), 1.20
(8.01H,8), 1.35 (0.33H,4), 1.37 (2.67H,4), 3.35
(0.33H,8), 3.37 (2.67H,8), 3.73-3.77 (1H,m), 3.79
(0.22H, s}, 5.91 (0.89H,s), 15.7 (0.89H,s),

IR ‘(neat, cm?): 2972, 2936, 1602 {br), 1461, 1366,
1200, 1059, 886, 809 (the peak at 1602 cm™ is a charac-
teristic peak of f-diketone), |

- MS{w/e): 186, 156, 127, 59, 43,

[(Example A-1] (Preparation of tris{2~methoxy-6-methyl-
3,5~heptanedionato) indium(ITT) - In(mopd),)

In a2 100 mL~volume flask equipped with a stirrer, a
thexmometer and a dropping fummel 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
mol) of 2-methoxy-6-methyl-3,5-heptanedione (prepared by
the method of Reference Example 2), and the mixture was
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5 tion was conplete, the reaction m xture was
concentrated by heating under reduced pressure. The
concentrate was placed under reduced pressure and
distilled at 210C, 25 Pa, to give 3.75 g (yield: 90%
of bi s(2-nethoxy-6-di-

met hyl - 3., 5- hept anedi onat o) magnesi un(l1) as pal e

yel | ow 10 gl assy sol i'd. Th%

bi s(2 nmet hoxy- 6- et hyl - gpt anedi onat o) -

es s new co ound having the fqoll ow ng
i Iee’r{r(%ﬁz I i gresy) Bybseaiensd %fcﬁﬂl Fo yd:ztftlbrcaf 2.04

@ﬁs:{mq@lsnf 11512@1umm§i oride] getrabydrarky in 15
91124 D 3etdtiol Breseslevlgnaiyeds tof ehadmiGtsdel% e
O T2 e B3 s N LA Qﬂlggﬁdsgggogg%ﬁ S
%l or t ea2Pio the
5%%1%&%@%&%9@& Eﬁﬁ WW&S placed
l_,lrn C&ﬂSI ered to \ I ner, stryctur.e
B e e o @ats ;-; JTEERRBRY. Gt oo the
- @ anb (94) ethey ABPq#Y) s Of, viter.
18‘@% BAHEEIOR G *@@szt fuk, stiriteér ovgr anhydrous
t Bofibie Bat fate a andphlletednel Thasiplaretes wsd goncen-
( 2¥agedmo Thenfa@8%rsudived nEf hoxate washplaked under re-
s dlaeldo presiare té&ﬁi'&:@s@@ﬂ@d se! ﬂﬁiS‘@ s BAOWY give 3.27

d @11 (
%ﬁﬁ% ke g; TelR R e By
Rt ur e
was 'SH@ﬁmeﬁé'SG -r@tbt% ndn% thepBanedjonatcs -
rrmmﬁ.)l.umdﬂIIIIéad(sl 8 rew ardieowad 1sdonhy BHdedolOckiey char-
nazteréstifae resulting m xture was stirred for one
hour afRr qeatt,emyer Bl %9‘75‘5”29 5 yhRg 0‘“15?3;9r e%@l@” 1429,
Aiheg, t'.‘ﬂscs'fseaﬁz%i“ﬂ(}a ?%é f rgﬁ [(Ehe
Kﬁi‘é Fé@ﬁgﬂ:@g €:{60'f e Esél to.%e & ci:.sa -
2nd a characterlstm peak {1571 cml) of ]5 ~-di-
ketonato appears),
Elemental analysis: found: C 51.3%, H 7.25%, In 18%,
caleulated (CpH,0,In): C 51.6%, H 7.22%, In 18.3%,
' M3 (m/e) : 628, 598, 457, 227, 115, B9.

[Example A-2] (Preparation of tris(2-methoxy-6,6-dimeth-
y1-3,5-heptanedionato) indium (ITT) - In(mobd).)

In a 100 ml-volume flagk equipped with a stirrer, a
thermometex and a dropping funnel was placed 2.12 g (11.0
mmel) of 28% sodium methoxide methanol solution. Into
the ice-cocled solution was slowly dropped 2. 03 g (10.9

mnol) of 2-methoxy-6,6- -dimethyl-3,5- heptanedlone {pre-

- pared by the method of Reference Example 3), and the

mixture was stirred for 5 minutes. Subsequently, a solu-
tion of 1.08 g (3.68 mmol) of :Lndlum(III) chloride tetra-
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-40- were added 30 nlL of hexane and 30 niL of water.
The or- ganic portion was taken out, dried over
anhydrous sodium sulfate, and filtered. The filtrate
was concentrated. The concentrated filtrate was
pl aced under reduced pres 5 sure and distilled at
185C, 23 Pa, to give 5.00 g (yield: 79% of
hi s( 2- met hoxy- 6- net hyl - 3, 5- hept anedi onat 0) | ead- (11)
as viscous yellow liquid. The
b| s(2- met hoxy- 6- net hyl - 3, 5%t anedi onat o) - | ead(l l)

a_ new corrpound havi ng the fol l owi ng charac-

Y43t IRRLEnBht OLcReEhanod7pas gdgwl %@sidqudao the mix-
me 13217he resultinglmixtuge wor6 stdazed nr S0 minutes
53ndemerebbing- withi stiec fprakati®dho chatl )z afeaction.
(Aibketidoe haacdisappasr eduplaneé,a ttikanaeictrict itixture was
pasliadddImaen’ hdabef- girkekomat @ARH sthd PR lanc] off.
E%Jigfc!ﬁéﬂll‘@@fﬁﬂé' ﬁeréoéﬂ.a@ed%égnﬁfy h'ézl:/‘? 40 mL of

£ c’ ver
tgﬁé%l % ﬁ% gé e Tl FRITE e

Rpced under
jrr-tsto U@ES 1SEEhls tr,:l 37 Pa, to give

tﬁ'er%r%t briekd: a fngrf-arﬁaemexn@%}fmﬁa&e@m@mgl -3,5~

i@ptamﬂaomt@hm:.wﬁwai i e pELeh yeddcnd escakictl 40

M. 25 &hd,t2eils (2thokleihabe6 -Simettnydrd, b -Heftigadionato) -

(ZhBum@JI) ofs a new compound having the following char-

2 aticdhebet-6a®: di net hyl - 3, 5- hept anedi one (prepared by

- the neigpd phecRef erence Exanple 3) were slowy

dr oppedr ( E@r eslzy i ”99'?5’“ 55%2""3515%}5!” ef‘t 1828, 1383,

e et T e és?“' [ g
SOl e 0,01 ol g Sane
h%ﬁ@g c}.e haracterlstlc pe (:L 6% cm Of ﬂ-
iketonato appears)g .
Elemental analysis: found: C 53.8%, H 7.69%, In 17%,
calculated (CHs0sIn): 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-
heptanedionato) strontium(IY) -~ Sr{mopd).)

In a 100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 0.60 g
{5.79 mmol) of strontium(II) oxide and 20 ml of ether.
Into the ice-cooled solution were glowly dropped 40 mg of
water and 2.00 g (11.61 mmol) of 2-methoxy-6-methyl-3,5-
heptanedione (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 conplete, the
reaction mixture was placed under reduced pressure and
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m xture was filtered. The filtrate was concentrated.
The concentrate was placed under reduced pressure and
distilled at 270C, 73 Pa, to give 1.25 g (yield: 23%
of 35

bi s(2- met hoxy- 6, 6- di net hyl - 3, 5- hept anedi onat o) bari un{|
I) as orange solid. -41- The

bi s(2- met hoxy- 6, 6- di net hyl - 3, 5- hept anedi onat o)
bariun(l1l) is a new con‘poun% having the foll ow ng
charac- teristics: 65C5|R(KBr cnrl):

1606 147 434 44 1153, 1105
Eégég %a gaon%entr.’ate was
%d %u?%?‘é %@'OFBZF@’B'% W@ stirred
f?é%er@éi 20. 0w Librnpes: wagl concentazded and

1si¢st5élleﬁomdﬁﬁ tnﬁdmcﬁ@mssmemaéomco%@ Bx), to give

cOrBOuld (YS.cldbnAMerefl bics frveevhdikgt 6Fnetiwydt-3r, &-heptane-
[ &tenple) AtizndiRrelkinatdopale yellow solid.
trl s( zmet m@(z&n@&m&y—s methyl -3, S—heptanedlonato) -

erno

ro f ced 4 63

(ﬁ g 5553 el SreLge négﬂg)u 493701 ) , 1499, 1464,

?J ¥ ‘ﬂwe 3126@@616#% s%?—%l?voﬁoﬁﬁs épa\ﬂlry 911, 309

BAped4d, 15?2@ (28 nmmol) of
2 net hBgrwentahpnad yeimptimenfions §0r spar Ed7bP620 Sr 20%,
tpalaelatedol( RéedSme EXBMH 3% 2)H AndikheSm 20uME,
was SMBT(W@)f 0'115.9“ rsa:ses s@bSﬁwen&w ﬂzséo 187 ¥, 43,
mol ) Fse&mgehé

%fq; %‘r&ound ig
| E8n 1 HkiEh: tOT%%TJee%uoner}%fngﬁ%? Ear(rgyS o o

room t enperature our I ng out a

he react, on | ete, the
e e rpiete ﬁ%‘e@a Gogfémethyl-
{g%ﬁ'@s et Gl b A U

In a 100 mL-volume flask equipped with a stirrver, a

thermometer and a dropping funnel were placed 0.58 g
(5.60 mmol) of strontium(IT) oxide and 20 nmlL of ether.
Into the ice-cooled solution were slowly dropped 40 mg 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 mixture was placed under reduced
pressure and heated to 180°C for concentration. To the
concentrate was added 15 wl 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~heptemedmnato) gtrontium(II) as pale yellow
solid.
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were added 30 nL of hexane and 30 nL of water. The or-
gani c 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 185C, 23 Pa,
to give 4.05 g (yield; 87%) of
tris(2-methoxy-6-nethyl -3, 5-38pt anedi onat 0) -

gal lium(Il1l) as yeIIowquuid The

tris( 21@ 3555h 1°%at50§§%amedlonato) -
T R i e i

C I
5‘%’?131‘%3?}" 1408 1363 1331, 1240 1211, 1121,

961, 9f%: C? {the characteristic peak (1607

aril) GiR plEBkefend) had430sapo70earaad3 arkbas, 1502, 1473,
cHaect a4t clpeak 115TZ7 nmik) abs63- diol® ketsenatans, 784,
amzasr 974 ,El emental anal ysis: found: C 55.5% H 7.75%

Ga 12%] cidroth Bt e 1@45%@%}1 e 52.6%, H f.80%, sr 19%,

G%al%ﬁéted/sédﬂoﬂ;lo ?252 3 )I({ggr s 4?95 A% Ref areence,

neth I hexanedloh nbd% I'n a 200 niL-vol une

flask |pped vvlthastlrrer a thexnmoneter and a
rrmt&a Farel (Em@t‘@b:e@n9014bgs((25metinmw—Eeﬁuethyl -3,5-

taridzite (I hsk Bmsmppided with 15 argon. .

Then o nil 81 mmlwnmwaﬁwmcgqt; taaewfﬂtalsla Stn.rrer, a

StbseumRidet 281 & GHEad9 i iy "PRhheq w§s3pi

b%B@nMGHW)SlﬂWQ’BQrQB@f&n ﬁi té?:?.lutlon

r%iltﬁ)‘“t&ieng.dg i&g 'c{‘t .00 g

t sl .
ng ot %i;, am? ibﬁf ; ﬂ;ﬁ%@jm-
f r%ﬂpe ﬁo@ F
tﬁ% E’ﬁ'@tl or 5 mlnutes Subsequently, a solu-
tion of 2. 26 q (16.6 mol) of zinc(II) chloride in 20 mk
of methanol was slowly added to the mixture. The result-
mg mixture was stirred for 30 minutes under cooling 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 20 wl of hexane and 20 mi of water. 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 4.9l g (yield: 73%)
of bis(2-methoxy-6-methyl-3,5-heptanedionato) zinc (II) as
viscous yellow liquid.

The bis(2-methoxy-6-methyl-3, 5~-heptanedionato) -
zinc(II) is a new compound having the following charac-
teristics:
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conplete, 50 nL of water was placed in the flask under
cooling with ice. The aqueous portion was taken out,
neutralized with acetic acid, and subjected to

extraction 25 with ether. The ether extract was washed
with water, dried over anhydrous sodium sul fate, and
filtered. The filtrate was concentrated and distilled
under reduced pressure (65C, 426 Pa) to give 5.90 g
(yield: 349 of1- nethoxy-5,5-dinmethyl -2, 4-hexanedi one

as colorless liquid. 30 The3g-

1- met hoxy-5, 5-di net hyl - 2, 4- hexanedi one had t he

fol | ow @eatact@nti @972 H2NER, ( CBE2, (k) )1432 171333,
(13184, s)118), 13% 7. 508, 558, (Bha9chardadHeF)i st3dAPpeak (1607
( 2nb7H, o | p 33 iRetOndothas) dléa@@eaé:w 1Erf@) .a &l2racteristic

(%é%t@d"@)s 25(9191 086 -?Llh.ke 3’55 s), IR
e éﬁz@ ; gﬁé R g
I1?2 1 a{"&éﬁ 1 fee Exarrpl e 5] (Preparation of

2- et h&gpmp, téweM& r@’ﬁ%@-hythe gingpcampdEsneompeu)d dm con-
asidered g heve leasdiraemi phedetiztb.a stirrer, a
thernoneter and a dropping funnel was pl aced 8 12

( 7EBamplel B-of] sQataiiaont den @ﬁdbm@ztinéﬁho Msﬁﬂﬁ;l 3,5~
Wiy téﬁe@’JMtc)H!ﬁD(II)SO né} ene was pl aced in

the fl %ﬁk L{%li -
3@?&‘“5?@5 %ﬁ?an"ﬁﬁ% “% S? mﬁ F@E‘éﬂftw 4

Jf% %@m @rm%haa%psgaumcel Into

? éc Tl fees ooubyi @@@pp%ﬂeﬂhm (25.0
t ﬁ@oﬁq) xtDLfr & -WIQXYT%EI%@WBQB b rloepsanedi over ripmepared by
otheameshod of Refflorende Beaaplenzhasandnthe mixture was
stirred for 5 minutes. Subsequently, a solution of 2.25
g (11.9 mmol) of tin{II) chloride in 10 wl of methanocl
was slowly added to the mixture. The resulting mixture
was stirred for 30 wminutes under cooling with ice for
carrying out a reaction. After the reaction was com-
Plete, the reaction mixture was placed under reduced
presgsure to distill methanol off. To the residue was
added 30 mL of hexane, and the resulting mixture was fil-
tgred. 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(II) as yvellow
dicuid.

The bis(2-methoxy-6-methyl-3,5-heptanedionato) -
tin(II) is a mnew compound having the following character-
istics:

IR (neat, cm™): 2974, 2932, 1573, 1511, 1411, 1327,
1210, 1119, 953, 212, 808, 545 (the characteristic peak
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plete, 50 nL of water was placed in the flask under

cool- ing with ice. The aqueous portion was taken out,
neu- tralized with acetic acid, and subjected to
extraction 20 with ether. The ether extract was washed
with water, dried over anhydrous sodium sul fate, and
filtered. The filtrate was concentrated and distilled
under reduced. pressure (53C, 200 Pa) to give 10.23 ¢
(yield: 46!~) of 2- 37

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

25 i quid., The

2SO0 LD, 63% B riisergneshashdipanpgarsse nd & ndharac-
f SRRt @wﬁcﬂe&'?%tméi of- AMIikeCooEso Swss) -

1.17 (Glementd] adalpsis: 28¢imds) C 4628%(0H48HAY%, Sn
12586 6&5. s2HM) 1 ate@3(CRH2MEES) ; G. 26.930 H26.6MS3S) Sn 25.7%,
3.82 (BSUeHA): £5D2 403 924hs),188,8148,988,. s), IR

(neat, cml): 2979, 2937, 1603(br), 1464, 1362, - 1181,

1 1ESargQAes A-846, ( Bidpstdisl qeadt atri§03 -menhoxy-& ~methyl -
C Babahis@iticsicd dqreaio Piatadi Wat pe) -36(&{5@@)@) 127,
73, 43I é.41d00‘?tﬁm-a?cbﬁﬁﬂe Eﬁmlceegu &8 gRarall %1&&8}:‘, _
tthé&ﬁmﬁi%ﬁ:@&*ﬁﬁ EQQ&E@? hNg Y (18.7
(hbﬁﬁ @@hr erno éo EEF%%H Into
s ag'ﬁro; ¥ 3epbn (186
n%"gﬁ@ ofi Lixi £ ?Bt?%@ estreedprepared by
t and Ehe e was
18hB LRG3y fS’ISfleNEﬁPSQ éﬁm‘@hﬁ: (pr spansdorbpt 0.93
t e (refRoBmelL) Retfe ramplnatEl B) hlonidehénnilst uie of meth-
wasodt Wwase g liorlys added dso Subsetwentey, Theokusidnioky mix-
18uPelbag ERiddett|fof30 neimitds [dn@bkosbdRing with ice
t ebrabudigiag ot x Mot 1B hanRFc SRSLREOPEXCEROPPRASs com-
| pleckherieX vt ion mixture was placed under reduced
pressure to distill methanol off. To the residue were
added 30 ml. of hexane and 30 nl, of water. The organic
portion was taken out, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated. The
concentrated filtrate was prlaced under reduced pressure
and distilled at 180°C, 44 Pa, to give 2.65 g (yield: 79%)
of trls(z—methmxy— ~methyl-3, S-heptanedlonato)vanadlumr
(IIT) as vimcous brown liguid.

The tris(2-methoxy-6-methyl-3, 5-heptanedionato) -
vanadium(IIT) is a new-ccmpound.hav1ng the following
characteristics:

IR (neat, cm™): 2975, 2933, 1563, 1511, 1411, 1330,
1211, 1121, 1008, 913, 805, 561 (the characterlstlc 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 2.0%,
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The resulting m xture was stirred under cooling with
ice for 30 mnutes for carrying out a reaction. After
the reaction was conplete, the reaction m xture was
pl aced 15 under reduced pressure to distill nethanol

~off. To the residue were added 40 nL of ether and 40

nmL of water. The organic portion was taken -out, dri.ed
over anhydrous sodiumsulfate, and filtered. The

filtrate was concen- tratedsgThe concentrated filtrate
was placed under re 20 duced pressure and distilled at

189& Q%f%ﬂgv) ftg )ﬁ'ﬂ.zé%,' S%h§§9§/? 99 02%,

Vi scous yellow liquid. The

s(1-npet i met hyl hexaned. i ona

E‘?‘é‘ﬁg@ oy C%peaa{p%z}hcﬁ%a (£ Fﬁ@#ﬁmﬁn@ethyl-'
chap-h ey -alumirpenfTIT): m-- Al (mopdes) 2932,
1566, Imnm 1%@11-43@311!1@ 36usk egaiprpadwithi s, sg%Ter a
$Dhemame(ueme arichrea i fyreedd. (Wwede phayedf 1.07 g
j i(6dERetrod Y)hast cilsmppran €L I andr fethhridet andsgi.20 g (24.4
pmmblé16&6Emﬁéthﬁxyéﬁ4hé&ﬁymkﬂFSéﬁﬁﬁﬁmﬁ&dlaﬁa (prepared by

Etﬁgeﬁbﬁho@%lﬁ’ %e%f Eb%r@ﬂ 7. gg; %ﬂlg : ﬁrfli:::';th

\ QEZ?% [ 925 g : arl SON. com-
%t’ﬂg ePU i ré[lgo‘;’ I‘Fg dded
o) Organt ‘“ R |’%2%‘F<' k Eydr‘f’“s

Aol
sPOF e, S&%ﬁ&g&wr@% 05911% %FEMH@S concen-
ptaatgds. oFhg conoentmasied cﬁlmt's%mw phaged yader re-
néeaadopressureyend et itlHed e coal¥y &9 RBd ortaagive 3.41
strowgeddopPéd)3 diB toriE @ 4nsdt o)) 6 afethyl -3, 5-heptane-
2dhenhbeY adumiGunt (10 e Jabld et e fre- pared
by therpat fed b -RRhSIBRAS- £-9)5- 4H8dionato) -
alumitnum (IIT) is a new compound having the following
characteristics:

IR (neat, cm™): 29735, 2933, 1583, 1536, 1457, 1420,
1247, 1211, 1121, 915, 798, 565 (the characteristic peak
(1607 cm™} of p-diketone has disappeared, and a charac-
teristic peak (1583 cm?) of f-diketonato appears),

Elemental analysis: found: C 60.1%, H 8.41%, Al
5.0%, calculated {(C;HiOAL): C 60.0%, H 8.39%, Al 4.99%,
MS{m/e): 540, 510, 481, 369, 197, 59.

[Example A-8)] (Preparation of bis (2-methoxy-6-methyl-3,5-
heptanedionato)magnesium(IT) - Mg (mopd),)

In a 100 mi~volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 0.66 g
(11.3 mmol) of magnesium(II) hydroxide and 15 wh of 1,2-
dimethoxyethane. Subsequently, 40 mlL of water and 4.30 g
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m xture was stirred for 5 mnutes. Subsequently, a

solu- tion of 1.53 g (5.22 mml) of iridiunm11l)

chloride tetra- hydrate in 15 niL of nethanol was

slowy dropped into the 10 mixture. The resulting

m xture was stirred under cooling wth ice for 30

m nutes for carrying out a reaction. After the

reacti on was conplete, the reaction m xture was

pl aced under reduced pressure to distill methanol off.

To the residue were added 433 of ether and 40 ni of

wa- 15 ter. The organic portion was taken out, dried

ove s e hymodlt oaf QemﬂuhpxyPﬁadamaﬁhyﬁﬂﬂJ&ﬁhﬂptaﬂﬁdlane

f i (preparedsbyctheenethbddofTRe feorrer Eataahe |3 ) atere
wasugpreseiivelgeandr slivets dreppert amhdisgdleth@timixture
1%%% éﬁifﬁedtﬁoﬁléﬁ ﬁé’&m&ybﬁk%adﬂ¥8n<ﬁ After the reac-

W&t he 2ebeb- FREBYH 20 ncentrated
: t%é &d% o)| g nHII% a;xx:@eg’le §|OW so{?%%!.te was
at 'ﬂf redugl eRF@@ﬁBS&q W& 2>

cHEtact@rIsYecd- 7t §. {viede: ?9‘5I)Rciﬁ<§?15@ﬁ

20wt hyEeY, 5 18eptanadionates magness un sy, an_aamlaoy@llow
oxfplamss, s@lbd. 734, 619, 535, 484 (the characteristic
peak (IﬂﬁsIbhs12-méth6xﬁLKemauhyﬂ&$ Hisprpadionang) ~

ak t
e e R e
S ERE o A od (C33H57091 n): C 55. 6% H

g 11%
8. 06% 5 8 1,
it °ﬁ5§ I B0 s el 20
o 1156, P1117, 03, 564,

5, 5- di Wn@al méﬁéﬁﬁengpﬁp&r&wtﬁ%rﬁw M -8.28%, Mg

‘ Sre‘( risd) Zyaldnlatedo (6l HydMob :f Caslo @qyi ipedl. 283 h My 6.63%,

stirrem3 an/dpb: $6e[ neRl esand3a23dr ap@ NGd unnel were
pl aced B3P fhe MS data, the magnesium complex compound is
congidered to have a dimer structure.

[Example A-10] (Preparation of big(2-methoxy-6-methyl-

3, 5-heptanedionato)lead (IT) - Pb{mopd),) .

, In a 100 mi-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 4.50 g (23.3
mmol) of 28% sodium methoxide wmethanol solutiom. Into
the ice-cooled solution was slowly dropped 4.10 g (23:.8
mol) of 2-methoxy-6-methyl-3,5-heptanedione (prepared by
the method of Reference Example 2), and the mixture was
stirred for 5 mirmutes. Subseguently, 3.20 g (11.5 mmol)
of lead(IT) 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 undex
reduced pressure to distill methanol off, To the residue
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(4.35 mol ) of strontiun(ll) hydride and 20 nL of 1, 2-

di net hoxyet hane under an argon atnosphere. Into the

ice- cooled mxture was slowy dropped 1.50 g (8.71

mmol ) of 5 1-nethoxy-5,5-dinethyl-2,4-hexanedi one

(prepared by the nethod of Reference Exanple-4), and

the m xture was .stirred at roomtenperature for one

hour for carrying out -a reaction. After the reaction

was conplete, the reac- tion mxture was concentrated

by heating to 230C under 1084fleduced pressure. To the

concentrate was added 15 nL of hexane, and the

mveirer addes] f3d nds esf Ddweardié | andt 30vas ofowetertr.at &he or-

Agbnial phatisublvie tdeataneept dated bvkr bEdbEreRss sodium

wgdgfate%%d B33 Rred ! WASe NBY BLympbSRaKeGondRRtrted.

%&%ﬁ%{ﬂéh rﬁ%i@@e éﬂa%f?d%é&%h%rv SEauked pres-

§ ©1 é% P27 L4 A0 5. 00 ¢ (yield:

g%%&&m’%@
et mﬁt gy 8f PﬁﬁFP&?ﬁlﬂm@r) lead-
)af)V%ﬁééF Yﬁzﬁﬁk. flask eqU|ppe Wi th
stlrre bl ey hdnatay dpgr Agh to
plaadd 16)4389 a (W ERRemd dravingn awﬁpﬂ)lowmq ﬁﬂaraw
ahgrieticsef 1, 2- di met hoxyet hane under an argon

at mosphEr nekatt,0 dnité) i c2970p0ROBO0N LEISe WEDS| Ad33, 1327,
droppediasQQ ai(% 990w, )oof, 2610, 800, 539 (the charac-
ZtQE?LEQ&)ér Palo- (t:wamietd%rh) 308- pexanedipie HaY esasbeared,

GLence ) difi&tonat -
f%ég_]ﬂ.& was St rret% room ;f_ge}%”pgg?lzltjﬁr g?; r one hour © P
f

i S MR BT,

5 w120f3 hexane The resul ting
m xture_was stirred and filtered. The filtrate was

cSEEaRDAS: 8¢ 1hh (RermRarat iR OF | P piRemeriomyn qnaimeth-
a¥12358- hemaalecimrgmce) hagiug (TFLe| o: Bedmpld) »)

In a 100 nml-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 1.84 g
(10.7 mmol) of anhydrous barium(II) hydroxide and 40 wl
of 1,2-dimethoxyethane. Subsequently, 4.00 g (21.5 mmol)
of 2-methoxy-6, 6~dimethyl~3,5-heptanedione (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 wmixture was concentrated. To the
concentrate was added 20 wl. of hexeme. The resulting

mixture was filtered. The filtrate wag concentrated.

' The concentrate was placed under reduced pressure and

distilled at 270°C, 73 Pa, to give 1.25 g (yield: 23%) of

bis (2 ~methoxy-6, 6~dimethyl-3, 5-heptanedionato) barium(I1)
ag orange golid.
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of bis(2-nmethoxy-2,6,6-trinmethyl-3,5-heptanedi onat 0)

35 strontiun(ll) as pale yellow solid. The

bi s(2- met hoxy- 2, 6, 6-trinmethyl -3, 5- hept anedi on -47-
ato)strontium(ll) is a new conpound having the

following characteristics: mp-: 235C, IR (KBr, cnx):
3426, 2970, 2867, 1607, 1500, 1461, 5 1426, 1386,

1361, 1226, 1178, 1121, 1078, 1052, 966, 858,

789,' 723, 478, Elenental analysis: found: C 54.3% H
7.81% Sr 18% cal cul ated” ?ézszsoesSr) C54.4% H

7.88% Sr 18.0% WMsS(me).: 1259, 773, 73. 10 Fromt he

MS dat Thet bésdﬂrﬂmt&mpcﬂmi dimeripelsgl, § shephaseddoadto) -
toabium (A1) r oLl slawd eionipouridXamel ey A-H8] £6DNpGE hgoeharac-
Ofethoriek.stability and nelt- ing point of indium

conpl ey ﬁorrpg_@lg 15 In a 25 M.-volune flask was

pl acedy Ofcrrrg %?7 “’%981"%0200%8}% 47301434,

!
ChiAr | % %EE{% ‘i‘*\%ﬁl%ngzéﬁf% ”gﬁ-ucndaa 27%,

was_ he
SHcyinred T e S e g e

r &) ar B3det 7adnt I‘%Qiﬁw Hable 32- Table 1 Metal.

conpl ekrews thes Mo daftar mdihes thabrum yeomslexnpoupdunds s
-cappidenade tBx halrel @ dipy; Morwdtange. - pal e yel | ow

remai ned ﬁgl e yeI 1 ow I i |d 30- Comi In(nbd), Turned
gﬂm fkebfows] pdFaspe chPﬁ ET iR e RAIE I P3TRE Ty L -
c%aﬂgbeptﬁaﬁél@@ﬂt@h umeﬁr 1) - Ga(wmopd),)

In a 100 mL-volume flask eguipped with a stirrer, a
thermometer and a dropping funnel was placed 4.63 g (24.0
mmol) 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. Subszeqiently, 1.40 g {(7.95 wmmol)
of gallium(ITY) chloride was slowly added to the mixture.
The resulting mixture was stirred at room temperature for
one hour for carrying out a reaction. After the reaction
was complete, the reaction wmixture was placed uwider re-
duced pressure to distill methanol 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-
gure and distilled at 185°C, 23 Pa, to give 4.05 g (yield:
87%) of tris(2-methoxy-6-methyl-3, 5-heptanedionato) -
gallium(III) as yellow liguid.

The tris(2-methoxy-6-methyl-3,5- heptanedlmato) -
gallium(IIl) is a new conpound having the following char-
acteristics: : :

|—A
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pale yellow solid 35 (mp.:114C) O -In (Wn _,In d 3
I n(nopd) 3 I n(nbd) 3 |n(nnbd)3 -48- 5 The results in
Table | indicate that In(nbd)3 of Conparison Exanple 1
has a | ow nelting point but shows poor thernal
stability and that In(mbd)3 of Conparison Exanple 2
shows good thermal stability but has a high nelting
point. In contrast, In(nmopd), of Exanple 1 shows 10
good thernal stability and.fms a | ow nelting point.

[ Exanpl e A-14] (Conparison of thernal stability and
melt- ing p0|nt of strontlun1coqglex conpound) In a

nL- vol Tite (Reabk wEE ) &R16 028 cﬁ57ﬂe 1533tréﬁ35£nﬂ405

cppP extédbpodad Opr dgdded 417 1px St % &k ﬁa
Elapippetaristac pewpar(166Y Qaaﬁm@fpﬁ rﬂlke'ﬁ@ne s disap-

sreanedunandnpl ekaramteamidtias peedt e(LE D7 238C) f of B5di-
nkecomdes appeearsdduced pressure (40 Pa), and its
appearEhgeenpas eb2dredd: HrRmdsW tss %, set7{ve%h Ga 12%,
Tedt euRat2d [ephg.Acbtale eemex (ResU}ds, ofaiDer 08

C ou - neltlng p0|nt Ex. 4
2&?&%&% % %g chg%g quéo Com 3 Sr (mbd) 3 Turned to

o Eife 1 GRASABIE AR s -

a 200 ml-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 2.74 g (250
mmol) of sodium amide, and the flask was 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-
hutanone was slowly dropped into the flask, and the re-
sulting mixture was stirred for 15 mimutes. Into the
flask was further dropped 10.4 g (99.9 mmol) of methyl
methoxyacetate, and the mixture was stirred for 30 min-
utes for carrying ocut a reaction. After the reaction was
complete, 50 wlh 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 waghed 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 as colorless liguid.

The l-methoxy-5,5-dimethyl-2, 4-hexanedione had the
following characteristics: :

H-NMR (CDCL,, &{ppm)): 1.17 {1.31H,s), 1.19 (7.70H,
s), 3.39 (0.44H,s), 3.43 (2.57H,8), 3.70 (0.29H,s), 4.00
{1.71H,8) , 4.02 (0.29H,s), 5.90 (0.86H,s), 15.6 {(0.86H,
8}, .

IR (neat, cm?): 2970, 2936, 1604(br), 1465, 1365,
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-49- The results in Table 2 indicate that Sr(nbd)3 of
Conparison Exanple 3 has a low nelting point but shows
poor thermal stability and that Sr(mmbd)3 of
Conparison ale 4 shows good thermal stability but has
a high 5 nelting point. In contrast, Sr(nopd)3 of.
Exanpl e 4 shows good thermal stability and has a | ow
nelting point. [Exanples A-15 to A-24](Deposition
tests: Preparation of nmetah4oxide filnm 10 The
dep03|t|on experlnent by the CV!') nethod was

r si &0 epar N i1
Egﬁé@ meg 4 ﬁg. b- %y- @Eﬁéggeﬁ%egecgﬁp%un is
]%%%éﬁ i (Sr(nobd)2)1

Z|nc u pd)2), tin conplex

nﬁpdéﬁz vanadL%nwcongl X, C oun 6,6~

A

E Hgéﬁ T R, Tt
conpouk® @p ﬁ&aﬂolmrﬂﬁﬁléﬁwﬁp ngbtRga stirrer, a
(BatmobapREr enda dnopriog| Bxmebmpas dlecGadn8pdp3y, (208
tomelpl oft ecdhiem idmidsr mmy fhopElasROwdy. pitbged with
expgohrentrhker, @@EMIAGOVRERS s Bladsédniinathe flasck,

q{ﬁéeflé asén&”EH )réshitmg

D
:“jm TG L‘?;’%%v ;ﬁ‘%ﬁ&? %%EE ﬁep@?%f;
r
iﬁe el B e T
vgégrcw A G- @Jtraﬁctwe va"b@?@i e‘Fh% BpReEioR was com-
ter 20t BgeHewaliah vas @dpcenigashenftasksunder cool-
simg| watht heeugh Tharasriddusy ot Toh | ens 36ak8laadta neu-
stopliabdewd Lhilleeratries sieriel i mridesulehstioedi so extraction
regthagéeterq aTedairpmaat-aal ufadyweshedfwothawater,
V@ Y&€36over anhydrous sodium sulfate, and filtered. The
filtrate was concentrated and digtilled under reduced
pressure (53°C, 200 Pa) to give 10.23 g (yield: 46%) of 2-
methoxy-2, 6, 6-trimethyl-2,4- heptanedlone as colorless
Jiquid,
The 2-wethoxy-2,6,6-trimethyl- 2 4-heptanedione had -
the following characteristics:
H-NMR (CDCLs, 8(ppm)): 1.17 (0.72H,8), 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 (0.16H,s), 6.02 (0,924,8), 15.8 (0.92H,
s),

‘ a@@é@{;uéntlla;;stzr@ta% | (208 Sundy) The ﬁmﬁ 281 HEFRVEX 2 -butan-

IR (neat, cm?t}: 2979, 2937, 1603(br), 1464, 1362,
1181, 1119, 1075, 866, 812 {(the peak at 1603 cm4 i a
Characteristic peak of B-diketone),

MS (m/e): 127, 73, 43.
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arranged in a position prior to the vacuum punp and
nmoni - tored by means of a pressure gauge 5. The center
portion of the glass reactor is so constituted that

it can be 35 heated by a heater IOC. The netal conpl ex

conmpound sup- plied into the reactor oxidatively

. deconposes on a sur -50- face of a substrate 21 .for

recei ving deposition which is arranged in the reactor

at the central position and heat- ed to a

predeternmined tenperature b¥4the heater 10C, so that

a netal oxide filmdeposits on the substrate 21. 5 The

g @eoa@mmmw A-gict Frdparatibaust edrint n-nbehoxy-
ak es BReER A mm&:ﬁﬁb)ﬂlﬂ@;@wmmm— Fhgmbd) ;)

depos' g ‘EL‘ER)d V\‘mtﬁ'& %‘Eer, a
FERDIERSY | ogxaﬂ%.f"w% %85 8g (23.2
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beg@irlall €3 2 1¢ing Ebhfvion of

r%oggg @ﬁ;@-@mﬁgﬁ ﬁt g%ér assﬁégig%“?rate

1ng with ice
ér 0 mlnutes or carrylng out a reaction. After the
reaction was complete, the reaction mixture was placed
unider reduced pressure to distill methanol off. To the
residue were added 40 wl of ether and 40 ml: of water.

The organic portion was taken out, dried over anhydrous
godium 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 (vield: 68%) of tris(l-methoxy-5,5-dimethyl-2,4-hexane-
dionato) indium(ITI) as viscous yellow liquid.

The tris(lL-wmethoxy-5;5~dinmethyl-2, 4-hexanedionato) -
indium(III) is a new compound having the following char-
acteristica: ' .

IR (neat, cm™): 2966, 2932, 1566, 1517, 1416, 1383,
1361, 1201, 1163, 1119, 996, 806, 482 (the characteristic
peak (1604 cm™) of p-diketone has disappeared, and a
characterigtic peak (1566 cm?) of p-diketonato appears),

Elemental analvsis: found: C 51.3%, H 7.28%, In 18%,
calaulated (CnHO0.In): ¢ 51.6%, H 7.22%, In 18.3%,

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

[Comparison Example A-2] (Preparation of tris(2-methoxy-
2,6,6- trlmethyl -3, S-heptanedlonato)1nd1um(III) -
In (mmdd) )
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30 (50 nm Ex. A-18 Sn(nopd)2 140C Ti m oxi de (45 nm

Ex. A-19 V(nopd)3 160C Vanadi um oxide (40 nm 35 at.

A-20 Al (nopd)3 ,140C Al um num oxide (35 nm Ex. A-21

My(mopd) 2 190C Magnesi um oxide (40 nnm) -51- Ex. A-22

Pb(nmopd) 2 160C Lead oxide (35 nm Ex. A-23 Ba(nopd)?2

230C Bariumoxide (30 mm 5 Ex. A-24 Ga(nopd)3 140C

Gl liumoxide (35 nm The results shown in table 3

i ndicate that the netal | ex conmpounds of the

i nvention have a good fil mggrm 10 ing property

(Ref erence Exarrpl e 6)(Prepar ation of 2-nmethoxy-3

oct anedibie T0Ghpddvokivee 20bagk- eanipped wdkhedui qa?ﬁéafer: a

withezpcstitae gnd a rapeingnftencinvas wleappichg .98 g (15.5

f onedl) WS J8% cestithin Ingrti@adde mmethanbls gdiluwiniawi de, Into

amthel Hed-laKl e ssdllitgesh Wad saoely. dhoppedl0Q 08 of (15.4

tﬁhuar)ed&a@-@ﬁ IQté“esitEfiﬂﬁe fﬁbgem ebteneichd (pre-
9_&0@# '%ﬂté}re

%@% - i&v\%wﬁﬁer div &&Ie@f q}_ %1 2 solu-

A T Rl

g fIBEXEEr Py IR Shirgedander coolmg
Wlth 1c:e for 30 minutes for carrying out a reaction.

After the reaction was complete, the reaction mixture was
placed under rediced pressure to distill methamol off.

To the residue were added 40 wl of ether and 40 wl of wa-
ter. The organic portion was taken ocut, dried over anhy-
drous sodium sulfate, and filtered. The filtrate was
concentrated. The concentrated filtrate was placed under
reduced pressure and distilled at 190°C, 37 Pa, to give
2.64 g (yield: 70%) of tris{2-methoxy-2,6,6-trimethyl-
3,5~-heptanedionateo) indium (IIX) as pale yellow solid.

The tris(2-methoxy-2,6,6-trimethyl-3,5-heptanedion-
ato) indium(ITI) is a new coupound having the following
characteristics:

m.p.: 114°C, . :

IR (KBr, cm?): 2980, 2934, 1565, 1502, 1415, 1356,
1230, 1184, 1133, 1075, 953, 866, 816, 734, 619, 535, 484
{the characteristic peak (1603 cml) of f-diketone has
disappeared, -and a characteristic peak (1565 cm™) of -
diketonato appears),

Elemental analysis: found: C 55.8%, H 8.11%, In 16%,
calculated (CuHs,;0,In): C 55.6%, H 8.06%, In 16.1%,

MS (m/e): 682, 513, 449, 313, 241, 115, 73,

[Comparison Example A-3] (Preparatlon of bis (1-methoxy-
5,5-dimethyl-2, 4-hexanedionato) strontium (II) - Sr(mbd},)
' In a 100 mL-volume flagk equlpped with a stirrer, a
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tion. After the reaction was conplete, 50 nL of water

25 was placed in the flask under cooling with ice. The
aqueous portion was taken out, made acidic by 2.5

nmol /L sulfuric acid, and subjected to extraction with
hexane. The hexane extract was washed with water,

dried over anhydrous sodiumsulfate, and filtered.

The filtrate was 30 concentrated and distilled under
reduced preéessure (35C, a) to give 14.3 g (yield:
65% of 2-nethoxy-3, 5- oc- f% édi one as col orl ess

|'iquid. The 2-methoxy-3, 5-octanedione had the

f théombngteehandc ke dreipmiig Burme NVRLE0613ceq( PREE) g
0(9438. ﬁc&o(t?aHo@ stkoti idmdrr d)h clrﬁiél achﬂ%bn?nL of 1,2-
2028 nad bindHeTndtd by ngd) Ay Blondedd (348 ehe ice-

S B

of sRgferenksy a?éfaémﬂs@ i4) peaid dhegy- W%Eﬂé'ﬁe)”as

.w@;mﬁ,ﬁd an2 roprg tegperzg uaExEm | en\-251r (Pprpaparydmy out

o4 rehet2onet haxyed, mtﬁ&t%@%&@)wﬂpy&él | the reac-

| B{ROM Akl L kol e
b daca R e

d sDhgt ?ahtmge was

's$%$F?DHF@EQ 5A1§;§a%yfqr 3m%f the concentrated fil-

LR owes3Bedec AN &diS0Re Epr &far ed thyarh aanaly 16bsgrved
ofhaef ar bhackBanepine s8] ichndemdimad xiure sablinBriet ves-
f®el5 minutes. Subsequently, a solution of 2.85 g

(9.72 mol) of indiunm(lll) chloride tetrahydrate in

10Coipakisont Bapaiplend-siloW Bragaed-iont b8 Bixt(Rramethoxy-

. Thesl esdktimpghyl-3, S~-heptanedionato) strontium(IT) -

Sr (mmbd) ,,)

In a 100 ml-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 0.45 ¢
(5.00 mmol) of strontium(II) hydride and 20 wmL of 1,2~
dimethoxyethane under an argon atmosphere. Into the ice-
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 was concentrated by heating to 230°C under
reduced pregsure. To the concentrate was added 15 mh of
hexane. The resulting mixture was stirred and filtered.
The filtrate wag 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(II) as pale yellow solid.

The bis (2-methoxy-2, 6, 6-trimethyl-3, 5-heptanadion-
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m xture was stirred for one hour under cooling with
ice 20 for carrying out a reaction. After the reaction
was conplete, the reaction m xture was placed under
reduced pressure to distill nethanol off. To the

resi due were added 30 nL of hexane and 30 nL of

wat er. The organic portion was taken out, dried over
anhydrous sodi um sul 25 fatesand filtered. The
filtrate was concentrated. The concentrated filtrate

W@:@'ﬁ?ﬂl@ﬂ%‘(ﬂt?dﬂ%‘aﬁ ﬂéﬁﬁ%ﬁg@gﬁ %ﬁv?\&*g“tﬁ'ge afollomg |

Lve 4.01 g (y
tr| sl 2 ne %sﬁ%@ -oct anedi onato)indiunm(ll1) as vis-

caus .24 30 The

tris( 2- T3¢t e 0 RATH)i RBEHV( 11697 slmonemel,
cof 3%5/4 nJg3ﬂqe 18RPowilAg 8chdARat eAOSB ,cSLOTR 966, 858,
(ﬁ?&s&r Tad1)478p64, 2933, 2875, 2824, 1572, 1521,

1427, Blggvéntal analpsies7fospd: 5454(Bhs H 7.81%, Sr 18%,
charlantlatiel | (C,,RE@ESE1608 Garhsof Hp7diglset, ong- Ras og,
dll\mmredmm,d ?735> ¢hRaracteri stic peak (1572 cmmr 1)

of (i.- g ¢ pﬁﬁ?&s)t E g eabs ek d&ﬁﬂghnd is
(%%24 | 53 %@%/%H?%‘IEM

‘?eﬁz I}lﬁt%es% MS( T e) :

,%%:;%‘& Nk ?hegéa%ﬁ&af&yo)and melt-
2 ngp?{ gﬁgt‘{ g$ §e%ﬁe%@£@§g§n9 éodﬂbﬁﬁ Fgre

egﬁ'ﬁ&%?w@%m%éww @ prepavednin) Exanpde dodi,usionpari-
rrﬁtmoﬂxamgiﬁ trario)] 0| Obmpan-hedn 18x8mpleoh-pet hare! indium
%é@'l‘a!éé@@d"‘@é §b@~& # rdiﬁﬂnﬁ%éeélunder

2 Sifantl s BLSRILEY.
Ef%g%tlg%dt P g’gfof rglg’l%u%sequent Ihy, a

soI ution of 1.60 g (11.7 m‘@gj)lgflzlnc(ll) chloride in

Metal complex Results of thermal gtability
conpouryd - - test - appearance

Ex. 1 In (mpd); No change - pale yellow remained
pale yellow liquid
Com.1l In(mbd), - Tumed to black brown
' pale yellow liquid
Com. 2 In(mmbd), No change - pale yellow remained
‘ pale yellow solid
(m.p. :114°C)

in{mopd), In{mbd); in{mmbd)s
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15 4 nL of nethanol was slowy dropped into the

m xture. The resulting mxture was stirred for one
hour at room tenperature for carrying out a reaction.
After the reac- tion was conplete, the reaction

m xture was placed under reduced pressure to distil
met hanol off. To the residue 20 were added 30 nL of
hexane and 30 nL of water. The or- ganic portion was
taken out, dried over anhydﬂ&us sodium sulfate, and
filtered. -The filtrate was concentrated. The
concentrated filtrate was placed under reduced pres-
sure and distilled at 160C, 17 Pa, to give 4.02 g
(yield: 25 84% of

bi s(2- met hoxy- 3, S-oct anedi onat o) zinc(l1) asyel- |ow

| i'qui dyhEheeli S nBt hexwr e, B- %eﬁﬁf&éeéoeﬁae) Faebh)) of

0 Vi th
cﬁgﬁg@gﬁ% ?5‘8%%‘1%%% t wﬁ%&ﬁgzg%ntzm e
mbg) g OF ddgmparison
78%aipde 2 g l pzabllbby bwt’ hasfa high
(Qﬂtk@ﬁoﬁ@lﬁﬁe dum@@m@ﬁta@m&m@i distgaple 1 shows
pgard( thesmadi wtebhil3tl keid tm® apbearmeltEhgnpotat .

"anal ysis: found: C 53.1% H 7.45% Zn 16% cal cul ated

(@mzhﬁrl@] SZcdihard st 195 ﬂmﬁﬁab%taﬁlmtyi epd melt-
BéInt1dE, s%&xnﬁﬁﬁgnQﬁﬁﬁﬁnhg égyeparatlon of

2- ppt ROy Arh: -fldasqe t $A( Bﬁ)&e
NNETS e gﬁ@@fv S
t er poneter _ang .a_droppi n n T e pI 'S5
(BATESOH) VPG &R %%?Wmmles%rﬁt o
afgroBt slomparyl (s keated ba 3350 i e 15 min-

£
viases | eudery redygiest RreEsurg 2040 Fano) )andl its appearance
2wadt flostgrged.- oc e ragiviiia (e metedidythhinnEabibd B
Ref erence Exanple 6),. and the m xture was stlrred for

5 m nut es Subsequently, Table 2
Metal complex Results of thermal stability
compound test - melting point
Ex. 4 Sr(mopd), . No change - 130°C ,
Com.3 Sr{mhd), Turned to black brown - 110°C

Com.4 Sr(nmbd), No change - 235°C

 Sr(mobd); - Sr(mbd); Sr(mmbd),
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10 a solution of 2.23 g (11.8 mml) of tin(ll)
chloride in 6 nL of nmethanol was slowy dropped into
the m xture. The resulting mxture was stirred for
one hour at roomtem perature for carrying out a
reaction. After the reaction was conplete, the
reaction m xture was placed under re 15 duced pressure
to distill nmethanol off. To the residue was added 30
nmL of hexane. The organic portion was taken out,
dried over anhydrous sodiumgul fate, and filtered.

The fiItrate was concentrated. The concentrated

R e

‘Hrys and that Sr( )s of Comparlson

Hﬂ&@mghet&oshe@%ngaﬁaMbﬁnmaﬁ(®nabxliﬁy|hua;mﬁa/a high
ﬂﬁ.‘t‘ n 9 Toheor@hlagw n @ﬁfﬁ%ﬂl 1<=.R 4 shows
80

DDt
(195411 hlmal 1210 H%%yéﬂ%s%fz

cFarac- teristic peak (1608 cml) of (3--d|ketone has

d e 8 gA-18nCaAchRM dBepassition et ¥ 1 Fusparatéon of
ot t@wradle &plmpears), Elemental analysis: found: C

46. 8% The 6A6DH1EM0B0 e2pefimend duyt Atlesl QT BhEER Sk
(@aﬁféwmeﬁlﬁsiﬁ@;aSmeﬁ&l?%Dmpmaﬁﬂd@mpdﬁﬁﬁ.ﬁ&ﬁpaﬁé@ in
Hhea AﬁlAaﬁa]AFEr h@ QO i? co cmpound

%‘fﬁiﬁi BOXV trk 852&&;3 )tﬁ] zinc

ﬁe”m %Drﬁﬂ%r c@ géggﬁﬁ o), alumi -

mm ‘ﬁ%t ﬁﬁﬁ@P 3} 6 WROBESHEIh gRBIPlex com-
IBEd h@Me fecpddtled Mwmb@xsc@mmundr dFbdmapdis) g

G inmmedyp b ex2 comphuxg. dBa-(nokshelli one gepddmar ednipl ex
tewpmuid d (G4 (Rebd) encecdxevpleat. thkefilm-forming proper-
ty.

The experiment for evaluation was performed using an
apparatus illustrated in Fig. 1. The metal complex com-
pourkd 20 placed in a vaporizer (glass 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

_tcgether 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 controller
1B and a stop valve 2. The pressure in the reactor is
regulated to a predetermined value by on-off of a valve 6
arranged in a position prior to the vacuum punp and moni-
tored by means of a pressure gauge 5. The center portion
of the glass reactor is go 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 resulting mxture was stirred for 5 mnutes. To the

m xture was added a solution of 1.03 g (7.72 muvol) of
alumnun(111) chloride in 10 nL of methanol, and the
re- sulting mxture was stirred at roomtenperature
for car- rying out a reaction. After the reaction was
conplete, 101 the reaction m xture was placed under
reduced pressure.to distill nethanol off. To the
resi due were added 30 nlL ofs0hexane and 30. nL of

wat er. The organic portion was taken out, dried over

rQus_s f at.e, ter I |
gt %@ﬁ%ﬁ‘&%@ﬂ%@#é@wﬁ&@gﬁa%& L Phdcn. is
pREERRIE EERCHEs sy dheyrenkyal | pesibiegoend heat-
184 PRO ﬁopgaﬁetﬁrgmd( yieslnerasege dpy the heater 10C, so
tehst 2anwetaly oxisle dotlanatipoeit) abnnthemsubsirase 21.
cBhergasschindugd outhed sy Zewmtthoxys 3is e:dlausted inte the
Satebaphdi-en ghatioirisn WHdd 179 and 2 Resiea
havi ngThEed Wl@ﬂl @&ﬁ{cﬁ&tﬁfﬂétaﬁé se@ofb hn%llow
cnl). 2963 32%7& 282 rﬁﬁ 45%n 1414,

1330, 1212, o M terl stic
- peak (1608 %%t 35 i sap ear ed and, a.
~characteris E &RESF15 i F"’l(?eﬁl Qo)

pears), 25 W&ﬂ@ﬁ@s’qﬁ#ﬁl C?L@@"Cé% H

8.37% A FBregsus d@ areiay B3 20)Pac 60. 0% H
8.39% Al 4DegusitBfmiperidsitko, 33‘10;1114!&1&5369 113,
59. [Exﬁépkésﬂl%%lcﬁp&%sﬁ!ﬂﬂﬂi Offz.lm jorm and analy-
6.4 2orobbERkes. sl 4ol g 105 if “are et
P é{@ﬁ )Telaﬁ%g -vol une Iask eqU| ppe

ITrer, a r iomet er and a droppi ng funnel \Nere

pI aced 4. 52 g (23.4 nmmol) of a sodi um net hoxi de
met hanol sol ution and 6 rrtI‘anlblaeBhanol, Into the

iCe-coolred m Xture was s o 0roppe044ug 22z
mol ) of 2-pEkhaX¥g épr epagedmbprtpRrty
met hod of Refgpence amO' e (film thickness)

Ex., A-15 In (mopd), 140°C Indium oxide
: _ (40 nm)
Ex. A-16 Sr (tmobd) , 220°C Strontium oxide
{30 nm)
Ex. A-17 7 (mopd) , 220°C . Zine oxide
. (50 nm)
Bx. A-18 . Sa(mopd), . 140°C Tin oxide
' ' : (45 nm)
Ex. A-19 V{mopd) 5 160°C Vanadium oxide
_ C (40 nm)
Ex, A-20 Al (mopd) 5 140°C Aluminum oxide
' (35 rm)
Bx. A-21 Mg (mopd) , 190°C : Magnesium oxide

(40 nm)
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-56- resulting mxture was stirred for 5 mnutes. To
the mxture was added 3.12 g (11.2 mmol) of lead(ll)
chlo- ride, and the resulting m xture was stirred at
roomtem perature for carrying out a reaction. After
the reaction 5 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

- mL of water. The or- gani cPbrtion was taken out,

dried over anhydrous sodium sulfate, and filtered.

e fAldpate pRYmepagentrated;ghdcThe concapddtefide
filtrate vvas pl aced uhder reduced pres- sure angys
g@fa

BLAlS S kel L SRS oo

bi’s nmet ho bet anedl onat 0)l ead(ll) as Hoﬁ

id. _The

ge |
n%‘?hoxyb%li@oﬁgé anedi onaf$A€ad(11) i gl 1Lium. o:ude
new compound having the follow ng characteri sti 635 mm}

(reat—er—2062—2032—28732822—1+500—1 5156 —

1419, Tes3reglis shown 101Fak0%3 3 7Z8s8liddize that the metal

dmpl&:erd:snpbﬁndpeak the08 ek iefn Pedrdk el apendiafilm-form-
w@gt vand a charact eristic peak (1590ni) of

(3 di'ket'onat©® appears), 20 El enental analysis: found

C 39.2% H 5.53% . Pb__37.5% cal,.cul ated (C, ,.H3, CcPb

GRSy eyopnee sExauple, 63 1Pyeparpsiare PL shonetdugy 3305-
Dpanadions - [Eafpl e A- 30] (Preparation of

bi s( 2-Fetdox§0 nb-volume- £26sd mal@pmbmmm I$girrer, a
wﬂiemmﬁﬁé‘&efnaﬁdlaodﬁb Qitdh. B g (259

hﬁi{ YA & Swrith
%fi%ﬁ[yi dﬁ%ﬁﬁﬁ% ﬁ ma nesi u %ﬁ X1 1%1&5]{.

4243 e é was slowly
orub‘gomheﬁﬁﬂ.aah,oﬁnaefcéxe %eltémmmrwewes

siriwtnedirbppets miiautesul t agonitte flask was further
dropped 15.0 g (127 mmol) of methyl Z-methoxypropicnate
(prepared by the method of Reference Example 1), and the
mixture was stirred for one hour for carrying out a reac-
tion. After the reaction was complete, 50 mL of water
was placed in the flask under cooling with ice. The
agueocus portion was taken out, wade acidic by 2.5 mol/IL
sulfuric acid, and subjected to extraction with hexane.
The hexane extract was washed with water, dried over
anhydrous sodium gulfate, 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-
tanedicne as colorless licuid.

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

H-NMVR (CDCL,, d(ppm)): 0.94-0.99 {(3H,m), 1.35
(3H,d), 1.6-1.7 (2H,m), 2.29-2.34 (1.7H,m}), =2.51
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ture was stirred at roomtenperature for one hour for

carrying out a reaction. After the reaction was. com

plete, the reaction m xture was concentrated under re
35 duced pressure. The concentrate was then distilled
under reduced pressure at 230C, 32 Pa, to give 3.31 g
(yield: -57- 80% of

bi s(2- met hoxy- 3, 5- oct anedi onat o) magnesi un{I1) as

~viscous yellow liquid. The _
'bi s(2- nmet hoxy- 3, 5- oct anedi oﬁat 0) magnesi un(l ) is a

new co und havi e foll i S

R0 AR oarp Cdb) pohl AR pSho o Sh s 579
149685i13§6 152 OL.E5H,9B4, 792 532, El enent al

anal ysuIB (ﬂ@@rtd 6@35}31 9956 H 8228% 5’/@776 8er7, 1608 (bx),
CAUBBI, afldd2( CIGHAINOAN)I, BGD. (the HoealR58G LG08. 6804 is a
N&ﬁ&ﬁbtei&btz%ﬁbeaﬂ@ ofi( FiDetdeeMp data, the

.3?%2352,“? é% Fe. %?%“Q%A?slﬁg?gf'egiii?. on o

s(2- oct ane- at o%gzﬁl iu él | I”\)ﬁ Bt N

st BREy - B optane
PP@FO)é-n Qﬁmw ﬁppl ng funne] was

pI aced I8, @8 1§ z@ﬂfolﬁm)fbmlgmm@ﬁq with a stirrer, a

mehbexitdetroretsinh e Goppinmn funéd wik placethsndll g (29.6

gmr% 6t>h%f %&%ﬁ»%&h@ﬁ&@%&ﬂ%&ﬂl g620P8Er4- 5&nto

-8 0
(Eég&i?‘g%u @%’%gef etainc Fé’ 51118 AT (30. Oh_
PEFABCL A o 0T SHATER, B |§“e met.
Hal ¢) ungndl) Fhepbrryge,yes stirred
s @w mﬁaﬁ @aww&lm ed wéuté@m ing - 85 g (5.72
mmb&r)eoﬁas_mimmmmm chbom.denpetathydraboe dne loml: of
f petBamon Reghap W1ldwTeagddadt tonthéf hektthe .r edtid aresulting
WaS 1o ohRl Gkl StheF&RCtAondl KbUreunasrPLacedriNdaith ice
reUCed RLASRHISud & BSldtdon, After the reaction was
complete, the reaction mixture was placed under reduced
pressure to distill methanol off. To the residue were
added 30 nl: of hexane and 30 nl: of water. 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 185°C, 19 Pa, to give 4.01 g (yield: 66%)
of tris(2-methoxy-3,5-octanedionato) indium{ITI) as vis-
cous yellow liguid.
The tris(2-methoxy-3,5-octanedionato)indium(III) is
a new compound having the following characteristics:
IR {neat, cmt): 2964, 2933, 2875, 2824, 1572, 1bL21,
1427, 1397, 1211, 1120, 957, 808, 543 {(the characteristic
peak (1608 cm) of P-diketone has disappeared, and a
characteristic peak (1572 cm™) of - -diketonato appears),
Elemental analysis: found: C 51.5%, H 7.24%, In
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met hanol off. To the residue were added 30 nL of
hexane and 30 nL of water. The organic portion was
taken out, dried over anhydrous sodium sul fate, and
filtered. The 30 filtrate was concentrated. The
concentrated filtrate was placed under reduced
pressure and distilled at 175C, 17 Pa, to give 4.07 ¢
(yield: 81% of tris(2-methoxy-3, 5-

oct anedionato)gal lium(I11) as pale yellow liquid. The
tris(2-methoxy-3, 5-octanedisgrato)galtium (I'11) is 35
a new conpound havi-ng the follow ng characteristics:
118 (Ieatcalaf) at 863, 29IRTn2874, 5382%, 1576,224H28In 18.3%,
-58- 1435, 1403, 1330, 1211, 1120, 966, 801, 550 (the

char ac; ti ea of, .p- di ket one has

di sap i daf 8 5ﬁ§ %?apfé?5 K 6%%76 cm) of

P- di ket onato ap- pears), 5 Elenental analysis: found:

dBsmple h72 Gsé?reﬁaxﬁm&omCaﬁcMmﬁQ%ﬂ%%ﬂ$$mzﬁ§x§OGCQ§ne~

s auate) ZiaeddIta- 12ndmpoddE m e) . 582,' 523; 411, 59.

[ Exanpliess ALQR mbh-weBeieDEpaskt lecmm:.pgm:“s mﬁrlnrmrmtlmer, a

dherbibmetet amxdde frbppinbeifdepedi ticre elrrredenisdyy

t¢zer @Bkt hodf agger dodits HethbsideohpiRiionathlution and

rzsr UL B GfetiREnge! f Om’éa eatans_ceac%tl@d GRS was slow-
é&e@ai 2t i-‘n o%c’k;-(é 4R ane -

Kiﬁgo c 6
le 6),

ws. a 5l  Tooee -

ﬁaﬁﬁﬁﬂﬁ%&@%éMI%tuﬁﬁfWﬁﬁ1gglﬁwﬁée qnéggiur atqgﬁom
d:@nmmtun:@ofmtrtc@nsyang eut forthdidony Aftwey rdie reac-
dfidde weew reamplefeplthenreaction mixture wag placed under
reduced pressure to distill methanol 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) zing (I1) ag vel-

low liquid.

The bls(.?:—methoxy 3, 5-octanedionato) zinc (IT) 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 p-diketone has disappeared, and a
characteristic peak (1598 cm™) of p-diketonato appears),

Elemental amalysis: found: C 53.1%, H 7.45%, Zn 16%,
caloulated (CH;00:Zn) : C 53.0%, H 7.41%, Zn 16.0%,

MS(m/e) : 406, 347, 113, 59, |
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Fl ow rate of oxygen: 20 nL/mn. Substrate: Si Q2/Si
(size: 7 an x 40 mm) Tenperature of substrate: 400C
25 Pressure in reactor: 7,980 Pa Deposition period:
60 m nutes The results of deposition (film property
and analy- sis of product were perfornmed by XPS
analysis) are set forth in Table 4. .30 Table 4 Mtal
conpl ex Vaporizing Film property 35 conpound
tenperature (filmthicknessgs-Ex. A-32. In(npod)3
1400C I ndium oxide -59 (40 rinm) Ex. A 33 Zn( nood) 2

X 5 n Ex A— Sn 120C Tin
og}%ébggg b L ’1‘11% AY Ui ﬁuﬁgtane—
20 Fr??){ od)2 130C Lead oxi de
30nn) @an% Anﬁv SFHRQH%@P@@hW&tHea gudrrer, a
SrPQUERETE 2388 1§D fioairia Jurwaré delddad nd) 6459

Iﬁ Fesumpd ) s hdwR 8%n Stetilven dnatidizcialee thdwghahd®e selation and
c6mpLexf coahhandd .of Mite ithve Hdendshad sdDion was =low-
fLynefopped ag20r epeiey. 4 hitgflsr @ -Ramb2y 3, 5-octane-
(HLERET 2bH8Pa?h P AR %ietdd of Reference Example 6),
and the mixture was stirred for 5 minutes. Subsequently,
a solut:.on of 2.23 g (11.8 mmol) of tin(II) chloride in &

wl: of wethanol was slowly dropped into the mixture. The
resulting mixture was stirred for one hour at rocom tem-
perature for ¢arrying out a reacticn., After the reaction
was complete, the reaction mixture was placed under re-
ducted pressure to distill methanol off. To the residue
was added 30 wlL of hexane. 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 160°C,
16 Pa, to give 3.40 g (yield: 63%) of big(2- methoxy~3,5—
octanedionato) tin{IT) as pale yellow licquid. :

‘The bis (2-methoxy-3,5-octanedionato) tin(II) is a new
.compound having the following characteristics:
IR (neat, om?): 2974, 2932, 2873, 2823, 1573, CA1511,

1411, 1327, 1210, 1119, 953 212, 808, 545 (the charaﬁ—
teristic peak (1608 om?) of p-diketone has disappeared,
and a characteristic peak (1573 cm®) of B-diketonato ap-
pears),

Elemental analysis: found: C 46. 'sa, H 6.59%, Sn

25.6%, calculated (CH.,0.8n): ¢ 46.9%, H 6. 56%, 8n 25.7%,

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

[E:xanple A~-28] (Preparatlon of tris(2-methoxy-3, 5-octane-
dionato)aluminum(III) - Al (mood).)
In a 100 mb-volume flask equipped with a stirrer, a

- thermometer and a dropping funnel were placed 4.56 g
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20 hexanedi one (nond)) In a 200 niL-vol une flask

equi pped with a stirrer, a thernoneter and a droppi ng
funnel was placed 10.1 g (259 mmol) of sodi um am de,
and the flask was purged with argon. Then, 120 niL of
met hyl cycl ohexane was placed in 25 the fl ask.

- Subsequently, 7.40 g (127 mmtl) of acetone was slowy

dropped into the ice-cooled mxture in the flask, and
the resulting m xture was stlrred for 3-5 mn- utes.
Into, the flask was further %I‘opped 15.0 g (127 mol)
of methyl 2-nmethoxypropionate (prepared by the .30

me2Rod wimoRef efened BraiRe mbthahidtd heethaddl esdBStion and

sg i r.e8fT RECBANEINUL %t@&}:&afﬂdé%&i& i £8Ge Bas slowly
Ac%f@é éaeq,; gee hqg.a ﬂ%ﬁr@%gﬁ W.{Pﬁmgé Soct@hedione
a]ﬁf aiﬂagr % gi;} ou £ oee % ?hG Ce{%‘}

acl alﬁ dsit r&iﬁdr FRxan

a‘%’iﬁ awé iy © &3 qm d%v‘E‘F‘C’l) of
(EH u 160 1mF 40 Mlpaf methanel, Ted the re-
FEUIEHEE TRECHERC RS, Stdaredd atdiznom | tepersture dioedcar-
pressgr out 68CrehcilokRa) Aftegi the Yedtgidy ivehs: codflete,
of he- m@amemithne@so@aa@%d: Qindéaf hesfudedUWhtessure to
Ta@s,glnrtﬂa@maﬁoi Bffane Qe

ezatg SmL

T 2. '. S
(Vﬁaé%\t GFS E%@@# r@ ech B @.s’éy%ﬁ @5;?%

ician
distphlled 3 180°C,
1934 12 arll‘i@ gbve LeRO Eee(h(lﬁtld%fcﬁfdmo $ri g fdrmethoxy-3, 5-
&q@m@cﬁ;@n@’g@ka mnpnmm{éf[&he)as colorless liguid.
: The tris(2-methoxy-3,5~octanedionato)aluminum(IIT)
is a new corrpcrund havmg the following characteristics:
IR {neat, om?): 2963, 2933, 2874, 2824, 1585, 1528,

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

' teristic peak (1608 cm“i) of p- -diketone has disappeared,

and a. characteristic peak (1585 cml) of f-diketomato ap-
pears),
Elemental analysis: found: C 59.9%, H 8.37%, Al
5.0%, calculated (CpHi;O.Al): C 60.0%, H 8.39%, Al 4.99%,
MS (m/e) - 540, 510, 481, 369, 113, 59.

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

In a 100 n-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 &
wh of methanol. Into the ice-cooled mixture was slowly
dropped 4.20 g (24.4 mmol) of 2-methoxy-3, 5-octanedicne

{prepared by the method of Reference Example 6). The
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M5(me): 114, 85, 59, 43, 27. 15 (Reference Exanple
8] (Preparation of 2-nethoxy-3,5- heptanedi one (nohd)
) In a 200 nmi-volune flask equipped with a stirrer, a
t hernoneter and a dropping funnel was placed 8.00 g
.(205 20 nmol) of sodium am de, and the flask was
purged with argon. Then, 50 nlL of toluene was pl aced
in the flask. Subsequently, 15.0 g (208 mmol ) of

2- but anone was slowy dropped into the ice-cool ed
mxture in the flask, and t3e resulting mixture was
stirred for 10 m nutes. The m x 25 tune was cooled to

%S@@u%%ﬁlkgﬁrg?%}%d S Bfn%ﬁ&%j}% r ;If’@eghe
ar 3 erence : ) Ggte-
e Ll

é’lﬁr t FECy gforﬁ@ctmn
%fc%ﬁP ‘f’t%s Eﬁa%@@cl:ﬁ%éuﬁﬂté’éﬂ@ mrpkmd EFGRE hre-
ed eessuEsusopdietasl wetheakdn ofifi., Roldheoresidue

' mlﬁa BdieGoB) (MBubf UnExane andan® sibjced b, The or-

e tport iibn hwasdi vakgh ether drikel divetrhniepdasus sodium
eulfute weandeshetersdh vake Pfa.m:tcla@é MR e EESted,

ol ‘&B{%’éﬁ ﬁte&nflli {: 111'2%& #&eq_l “diiiced pres-
St E@é’n _ UE %1{); egsure g (Yleld:
g%?gn ’ %5 CH

Cﬁﬁ% §§ ﬁ%ﬂﬁ%% as vis-
gF nedlone had the foll ow ng

chara Hé an@deﬁﬁﬁﬁyb)leﬁmbéfl) is a
mmmmld 11@an$ stBeHro) lowisy (heusidteri st 3es

(2. 52HR)) (nears cyl) 68HGR, 2998 ( BB/, P823, U590, 1515,

@31%) 1BAN5 1M B2HL5)7, 31016, 258] (7BS nchd dfhracteris-

CdcB4dah) , (1608 & B4ADES f-dlkgtfdﬁéﬁtha§rﬂi]9apﬁ@§t’:led and a

200%aA%R8i st GoREd: . (1896mt) of P-diketonato appears),
Elemental amalysisg: found: ¢ 39.2%, H 5.53%, Pb

37.5%, calculated (CpH,OFb): C 39.3%, H 5.50%, BPb 37.7%,
M8 (m/e) : 550, 398, 339, 249, 113, 59.

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

in a 100 mbL-volume flask egquipped with a stirrer, a
thermometer and a dropping fummel were placed 0.66 g
(11.3 mmol) of magnesium(Il) hydroxide and 20 wl of 1,2-

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

methoxy-3,5-octanedione (prepared by the méthod of Refer-
ence Example 6) were slowly dropped. The resulting mix-
ture was stirred at room temperature for ome hour for
carrying out a reaction. After the reaction was com-
plete, the reaction mixture was concentrated under re-
duced pressure, The concentrate was then distilled under
reduced pressure at 230°C, 32 Pa, to give 3.31 g (yield:
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1328, 1210, 1119, 1063, 882, 814 (the peak at 1610

cm1l- is 10 a characteristic peak of p-diketone),

M5(mle): 128, 99, 59, 43, 29. [Exanple B-1]

(Preparation of tris(2-nmethoxy-6-nethyl..

3, 5- hept anedi onato) chrom un(iii) - C(nopd)3) 15 In a

100 ni-volune flask-equipped with a stirrer, a

t hernoneter and a dropping. funnel was placed 4.58 ¢

(237 nmol) of 281 sodiunhgethoxide met hano

solution. Into the ice-coof’ed sol uti on was

slow$y dropped 4.26 .(22.1 nunol) of

28Qe ECIRS7 b soritiondiopatpimagnbpitm (II) as
tﬁ%sﬁ@ﬂﬁowedﬂcﬂeﬂsngudh Exanpl e 2), and the mixture

was sTher bdsf(@ukthoxit-65, 5-piseaseidbhito Qhébh.@.ﬂ't(ll) is
of ‘el cogpGintk hanibly) tOie S DTRWH éﬁa e&+d8tics:
hexahygra@ehk, 1@ml; Oiodm! h@@@b "‘9§7§ Oyl odr @g%gf 1521,
tpashe mgggurgglﬁhe lﬁgﬁLH§641 mas s irr f

30 mi nniéﬁeﬂ%iif 9y Iy gyhgg oyt

reactfﬁg

di stil ﬁ@{ﬁ pe 8% Ofo 5% residue were added 15 niL

of mesFrgRekbe Miedassul tihey Tagneshen vesgpher compound Ls
reepsideredr tonbaveurn, ddmebrc atmitwrdd room

tenperature. To the m xture was added 40 nL of water.
TiExanghoi A-PR] t i(oRe i'aﬁ:a.‘éﬁfl @tu L4 [ RS Dscy=3, 5-octane-
qmﬂ%ﬂ%ﬁyﬁgé fi#g‘if# ate ered. The fiftrafe

t3 dfiltrate was

acegﬂgn e a%ﬂd?l%&mwvééha@ sgdcrer, a
g%h 53-2 Houas @flaced 5.08 g (26.3

£ ﬂ%t %ysgdﬁﬁmh @DEQ@EQMEthanol solution and 10 mQ
&e dMIaRGE hr oty the) lae-vicedmd godditdmt etasi glbdly
BLOE 4158 (g- (R6hoxprGLe Ty |2-hdtthept-anasli swesordione
clinepamdd | by the ameehoao 6o Red diadicRd Hhndnd | W NEnd the
chiattacterwss | ¢8irred for 5 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.unﬁer reduced pressure to distill
methanol off., To the residue were added 30 mL of hexane
and 30 i of watexr. 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 17%°C, 17
Pa, to give 4.07 g (yield: 81%) of tris(2-methoxy-3,5-
octanedionato)gallium(III) as pale yellow licuid.

The tris(2-methoxy-3,S-octanedionato)gallium(III) is
a new compourd having the following characteristics:

IR.(nEat, cm" ) 2963, 2933, 2874, 2823, 1876, 1528,

S8R pdiey 6?33‘552‘{5)' i gg é‘ﬂu p?%§sujtw€ o 63%.
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- ‘B‘?t% ¥ode &

IR (neat, cm1)- 2975, 2933, 1568, 1530, 1415, 1333,

5 1239, 1120, 914, 800, 571 (the characteristic peak

(1607 cml) of p-di ketone has di sappeared, and a
characteristic peak (1568 cm ) of P-diketonato

appears), Elenmental analysis: found: C 57.2% H 8.05%

G 9.2% calculated (Q27THHO C): C57.3% H 8.02% Cr
9.19% 10 Ms5(nmfe): 565, 535, 394, 59. [Exanple B-2
(Preparation of bis(2-nethoxy-6-nmethyl-3,5-
heptaned|onato)Nhnganese(l+58— Mh(nmopd) 2) In a 100

qt ol upe flask _equi pped with a stirrer, a

t %?ﬁnn%ﬂgﬁraﬁa39 dﬂ@ééun&ﬁﬁﬂwuﬂGQWﬁﬁQﬂac%@U2(V@ﬁgﬁharac-
(4eristigopeabf (2698s eu tmakt hodikietune hhas| disappeared,
serdt # opharacteribe lice peedol @d 2l am it pnofiaf -diketynato ap-
drepped, 3.30 g (10.2 mol) of :

2- met hEXaménﬂalhmhaS_ HRaptraRedi one a(sprﬁ)arz@dv bysst hGa 12%,
'MI@@l@@‘:eRef( = am@ &)6%, N8 7 Nl Xé:-é!g%z‘é‘?%

?"%W‘g) igp, mr%? “FFminoce(11) ehlort e
REE R oot BT 2t A0 o

cooling wth ice for carrying out
a reaéﬂ%%ﬁiaﬁﬁﬁétlpﬁeeﬁ@@ﬁﬂﬂ@mﬂzﬁamaﬁxtdﬁﬂmemethmﬁeaccord—
it tientin: xafiozemestfbaedd pucdedinms duee barissued using

teD Toktsal | d:omplda:ancbrr@bﬁndT eﬁ‘p‘lﬁﬂ E@dﬂeﬁs 3o A-
Iﬂaﬁﬁlﬂﬁﬁ@mecéﬁﬂlég EB ?%@?igk com-
nd P fiodly) e %ﬁc 3‘& 3@19 &

é 55 é 2 'ri % Com-
ure chggp (mood) ;) ,

W EX compaund (Ga(moodyg, to evaluate the
ﬁﬁﬁﬁ%ﬁg BXARERYY- 3, 5- hept anedi onat 0) - ,

nangar?%l%%(dqes*oattwgc@g@dnmma aoe detTHorth below:

bi s(2- met hokle®- netaybi3HE- heptdeedi okt ojl:/ 30,
nanganese(IFlowsrateemEcoﬂpg@ﬁg hago wg.Adigyf ol | owi ng

Substrate: 8i0,/Si (size: 7 twm x 40 mm)

Temperature of substrate: 400

Pregsure in reactor: 7,980 Pa

Depogition period: 60 minutes

The results of depogition (£ilm property and analy-

sis of product were performed by XP$ 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 oxide
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characteristics: -63- IR (neat, Cm1): 3375(br), 2971,
2932, 1601, 1510, 1431, 1332, 1211, 1150, 1118, 1020,
955, 911, 804, 546, El emental anal ysis: found: C
54.7% H 7.65% WM 13.7% calculated (CL8H300?Tn): C
54.4% H 7.61% M 13.8% 5 M5(me): 623, 397, 338,
168, 59. Fromthe M5 data, the manganese conpl ex
conmpound is considered to have a diner structure.
[ Exanpl e B-3 (Preparation ¢ 9-
bi s(2- met hoxy- 6- nethyl -3, 5- 10 hept anedi onat o) ni cke
(11) - Ni(nopd)2) In a 100 TL-vol une flask equi pped
a%%h stirrer, a t hernoneter and a dropping f (rh@ epm)
pﬁ 2d 4. Ba{gopgd.5  mol R-AFC28% sodi A met diskilde
met hanol solution. Into the ice-cool ed sol uti of35easm)
ol &3 oppe8ndmdddy ,(24. 0 13.20°0 ol ) of Tin oxide
2- met hoxy- 6- net hyl . - 3, 5- hept anedi one (prepared pys #fip

izt hag-3%5 Ref gl ¢needixanpl e 2pagend the mogULR: oxide
stirred for 5 mnutes. Subsequently, a solution g?ﬁ

2d8 g 11. 7Pﬁr(ﬁlb§fi(?f ni ckel ghlah~chl ori detﬂ%(%

in 6 nL of nethan fas sl oWy "dropped into

A SR Ve AL TR b SRS R oi‘a‘“ .

react After ,the: eactl on s _conpl ete, t e,(40 m“)
E§§ tz}‘gﬂam xt ?émﬁﬁg pl aced uﬁ% rCrer  ducd@plbys peide
to distill nethanol off. To the residue were attfedusd

= narn e

mtof—hexare—and—36—+#—ef—wat-ef——Fhe—o+—25

porti Sevaesaken showndinedabler darimtmts: satiturthe metal
sympaiex compduhdsr off. theeifivbitdon Was/e enegrid af £~ Form-
Ty gomopeetat ed filtrate was pl aced under reduced

pres- sure and distilled at 200C, 25 Pa, to give 4.25

%Hesﬂagdéiw_ce Hmeie 7i| Pr%pﬁratlon of 2 (r)t}etgﬁnxy-?, 5=

pt anedi ona

ni C<e'1ﬁigi%ovﬂnﬁ°-98iuﬁée%ﬂagka% PP with a stirrer, a

thermoneter and a dropping furmel was placed 10.1 g (259
wnol) of sodium amide, and the flask was purged with
argorl. Then, 120 ml of methylcyclohexane was placed in
the flagk. Subsequently, 7.40 g (127 mmol) of acetone
was slowly dropped into the ice-cooled mixture in the
flagk, and the resulting mixture was stirred for 15 win-
utes. Into the flagk was further dropped 15.0 g {127
mmol) of methyl 2-methoxypropionate (prepared by the

method of Reference Example 1), and rhe mixture was

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

- placed in the flask under cooling with ice. The agueous

portion was taken out, made acetic with acetic acid, and
subjected to extraction with hexane. The hexarie extract

was washed with water, dried over anhydrous sodium sul-
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The hi s(2-net hoxy- 6- et hyl - 3, 5- hept anedi onat 0) -
nickel (I'1) is a new conpound having the foll ow ng
charac- teristics: mp.: 46C, 35 IR (KBr, =71): 3410
(br) , 2972, 2932, 1599, 1510, 1430, 1333, 1211,
1153, 1117, 912, 806, 566, -64- Elenental analysis:
found: C 53.8% H 7.57% N 14.5% cal cul at ed
(C18H300GNi ): C53.9% H 7.54% N 14.6% M5(me):
629, 400, 357, 59. Fromtheg®s data, the nickel
conpl ex conpound is 5 considered to have a dieter

ructure. anpl e B4(Preparat|on of
b'IL' k9. _ g8t Eﬁt@rﬁé -nyThe F1IRSRGH RE rrReieeeed and

' q‘h $Lilésd Roger Ypdueed TaeaaR| (FACH| dsR8Badpdw give
- V\Ptﬁ?*agst(w-@éﬂ £3%10 ath &rmeynkicery -ah dheappiigne as col-

fombhebswasqgplidced 4.37.g (22.7 mmol) of 28% sodi um
et boxTHe metetihobysal, G-hetuardiiond Nead cehe obElowing
S@ﬂ,gfagﬁeﬂgtgjcgvm y dropped 4.00 g (23 2 mml) of

Wi " ey ?Q,Jﬁﬁ@ 15,1
%1 %ZLE UTI
crﬁ 'd?rjrd f%%éﬁi}hr ap e80
2%9 of

lﬁ’etzﬂar{ Q- sélrowl dropped into the
m xt ur €8 TReat; e s V)i n@98 Nt FW Tas2828 rbdl1fbrie 1451,
W 368 esldhder 1338, 80Ag (wheh peak fagr 1GXY \dmig dat aachar-
racicerdatiaf peslt bé PO diketiien) Was conplete, the
react inaf (my & Wr a.149s 85l,a6®] 4wder7 reduced pressure to

distill methanol off. To the residue were added 50 nL
Otaéféfénéada?:ﬁr ofy 'P%%P i _Aas _
e ]\gﬁh ous sod?ﬂﬂrqnfsu ate a%\ﬁ§

c ncenPFa?e §P Hith a “stirrver, a
thermometer and a drOPPlng furmel was placed 8.00 g (205

mol) of sodium amide, and the flask was pu::ged with
argon. Then, 50 mlL of toluene was placed in the flask,
Subsequently, 15.0 g (208 mmol) of 2-butanone was slowly
dropped into the ice-cooled 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 ul
of water was placed in the flask under cooling with ice.
The agquecus portion was taken out, wmade 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 wag concentrated and distilled under reduced
pressure (32°C, 26.6 Pa) to give 5.60 g (yield: 49%) of 2~

f| F;@Ef‘?gre Wa%gcogcg:n 25 te(ié\t ed.. The
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duced pressure and distilled at 175C, 67 Pa, to give
4.17 g (yield: 92% of

bi s(2- met hoxy- 6- net hyl - 3, 5- hept ane- di onato)cobalt(I1)
as viscous dark violet liquid. The

bi s(2- met hoxy- 6- net hyl - 3, 5- hept adedi onat 0) 30
cobalt(Il) is a new conpound having the foll ow ng
charac- teristics: IR (neat, cm): 3397(br), 2972,
2932, 1599, 1511, 1431, 13g3. 1211, 1117, 1059, 912,
803, 563 (the charac- teristic peak (1607 cm 1) of

(Redhkalane shag s fgplgsgf@{ igrl stic
Ep 920“‘? mgg’“%?%’t %é%i’;dﬁ? e 14 e o howips

ﬁg}? 53, 9% H.7.83%  Co 14,7
Ca qf 3:3%()9}3@% :Frjoﬂq) NBSH&%?:‘U Lhéo ’

a53 cBipl éx%’orﬁ@o&ﬂﬁi g, 1 msﬁmm d), havesa
d (1 héBHse ucRub6. (DESRERKE ,B3SIAPrmy sl an. o5 (0. 32H 8),
t2t Vakisp28met(REx ) 6- BeBly|(0.84H,5), 15.3 (0.84H,
3, 5- hepRatrdhonabay®)i:t awjgan (Bhs - zTeé@Dpﬁéfa: £pya iQ%s,
n3ae) uneib) aihlggum@gd Wstzh j]%“(fﬂlfé &?ace 1419 cu is

ta efﬁl@f&é@éri‘ dig EQR :
T L aggi’?!}aﬁfy it deand 400 ¢
"%ﬁ% oL PRI el S R o
Af t er

45 orT- & Btahano
C‘F‘T-‘OHD 6%@5& @quz-@md sfitlearetinger, a

GRY epm V\ér@r@ﬂﬂéag Thsredlgams porasdr vB8 g (23.7
mmceh) otmf 2@%i sddiamemethbyd Geumetdmindh $361hatfm andinto
ftite ei@ekcdtibedi bolUtaba WAS %9.@:6@. Bigbed .26 g (22.1
oSN tGRt Bdnbthb 16 ¥ Eﬁ 1 GHICEYrepared by
RILES SEEnEAdofll BbE kéﬂcét f51e24), and the mixture was
stirred for 5 minutes. Subsequently, a solution of 2.01

g (7.54 mmol) of chromium(III) chloride hexahydrate in 10
mL of methanol was slowly dropped to the mixture. The
resultlng mixture was stirred for 30 minutes under cool-
ing 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 15 mL of mesitylene. The resulting
mixture was then refluxed for one hour, and cooled to
room temperature. To the mixture was added 40 wl of
water. The organic portion was taken out, dried over
anliydrous sodium sulfate, and filtered. The filtrate was
concentrated. The concentrated filtrate was placed under
reduced pressure and distilled at 180°C, 23 Pa, to give
2.54 g (yield: 60%) of tr15(2~methoxy=6 methyl -3, 5-hept -

~anedionato) chromium(III) as viscous red-violet liquid.
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Pa, to give 1.65 g (yield: 39% of

tetraki s(2- nmet hoxy- 6-

nmet hyl - 3, 5- hept anedi onato)titaniun(ly) as dark viol et

liquid. The

t et r aki s( 2- net hoxy- 6- net hyl - 3, 5- hept anedi onat o) - 25

titanium(Vl) is a new conpound having the foll ow ng

char- acteristics: IR (neat,_cm): 2973, 2932, 1577,

1531, 1408, 1328, 1231, 11§§ 1065, 915, 803, 601

(the ch racterlstlc ea 1607 cm x) of O-diketone

has di $8BpEELed2 EEE%@NMﬁéTWchKit%rﬁsmeptanadlomﬂt@)*

cRyoBiun{ Lkt d5ato neppengIowEl dnniad thal foliowing

f clmvacesdsticsid 8.28% Ti  6.5% cal cul at ed

(C R ODR3TheatC &ArQ% ﬁﬁ?%ﬁ | $588%0 158B(Mahs, 1333,

SEA39439128099129. 889 [@#ﬂﬂ%ﬁh iﬁ?&f@tge Eg%f1507
-vo

istic

..1 6 k
v&’%k ?lrré ) %ﬁg ?uﬁlnel
YSBLS Erf ‘%@/’8 PePhsxi g8

et 534% o (Aol ot e I§o$ @70 GasS.19%,
sl owl 5655 §35243P4% Efl) of
2- nethoxy 3, 5 octanedione (prepared by the nmeth- od of

EME’ gﬁw @@ﬂpbfeﬁaraa&@m bg iR éﬂ éﬁi?@ (BoGabers, 5-
igg& %ﬁl r| e | thanoerer‘ a

re
% 7 ﬂ u@uweﬁhpgé@ﬁi&@thﬁﬂQ¥ ﬁQkuﬁk@@tloﬁntD
%h‘éolwéa@fu vaSTslowly ot . 30 dgr (10.2
m&?&e@% el laoxy- 6 dinethiyll - A Bhinepitanfedicin: t herepared by

td% mpthed o RefeBenot Biampdea?d ,arthBEH. Wixture was -

| watiorred HRxerganiGupest | OBupas 5 aoéil‘%i&‘q of 1.18

oy o5 FYIRILS &P tnaiarbER e ) A8 T IE Lt rahydrate in 6

nl 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 under re-
duced pressure to distill methanol 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 220°C, 23 Pa, to give 1. 60 g (yleld:
47%) of blS{Q—MﬁthDXY; -methyl-3, S—heptanedlonato)-
manganese (II) as viscous brown liguid.

The J:J:Ls(2--meth.v::u»f:y'w 6-methyl -3, 5-heptanedionato) -

manganese (1I) is a new compound having the following
characteristics: '
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The filtrate was concentrated. The concentrated

filtrate was placed under reduced pressure and

distilled at 220C, 41 Pa, to give 3.47 g (yield: 75%

of tetrakis(2-nmethoxy- 3,5-octanedi onato)zirconiun(lV)

as viscous yellow liquid. 20 The

t et raki s(2- net hoxy- 3, 5- oct anedi onat o) zirconium (VI)

is a new conpound having the foll owi ng characteri s-

tics: IR (neat, cur): 2962, 2932, 2873, 2822, 1595,

1526, 1417, 1329, 1211, 11997 975, 794, 574, 520 (the

charac- 25 teristic peak (1608 cm 1) of A-di ketone has

di sappBr é8eaknd CB Divarski et i c2Pebk 29395 2FO)L,0fL510,

pLedt kel dpdt 013p1, pdass),, 1H1aveeH0 ammysi 811§ oand, 646,

55. 8% EleMedtal Analybidy fealrgly at esh (G36H3DO18EE) | My

SE3 7%, Hod13a%acdd KT, 890080 M e)is 643, 7 148, Sn 13.8%,

[ Exammie (&/&) ¢ Peapar gt_qqun 33t tg@m% 2- met hoxy- 3, 5-
Q

oct anegi-ghat R MAEN guel Vike oD -étﬂggl%goco d i
e B ’ mpound is
ol dTFed 80KnEdY BOLl ! U R BT s 8 o

(25.3 mmol) of 28% sodi um et hoxi de net hanol

sBimmRke Bnd o (Peeparag liote ofo b 2aletthao vesmstyl. y3 , 5-
drappaedidlagol AicReltIirdl )- of (mopd) ,)

2-" methoxy - 806 - AL GOR (ineN &1 GRke R A R Nat PPrer, a
afhcReiansnse &1anal 8rbppiakd fhe, PSS! rEgdy (23,5

@0l )5 B ME L SsoPPRRCHEE de? 28,9 Inte
the?d b 1edf 58 Eg&[{? gﬁf%r hped . (24.0
%n%fv.‘?ﬁn% ydropped (n{0-¥h UT €. e
resul’ti T G ey ws™ F_f,y ela' &t (Peepared by
5‘21(? ﬁ‘?ﬁﬁ%’qg}ro REYPREICEUE=aTPAEC @) on A0 ttdre tbkture was
gma( adasi]nﬂﬂ%s icetgbme;es.t h8ubsesckinml dém o Lﬁcﬂ,ﬂ!ﬁﬁ;@goﬁ 2.78 -
aed LY e§ECRICRERISHN € Eéﬁdh 6 mL
ot methadiiel rest défo%@{/edfgﬂﬁgllgai%b The mi};y?.lre. . The:
rc?sultmg mixture was stirred for ¢ne hour under cooling
with ice for carrying out a reaction. After the reaction
was complete, the reaction mixture was placed under re-
duced pressure to distill methamol off. To the residue
were added 30 mL of hexame and 30 ml of water. The or-
ganic portion was taken out, dried over anltydrous sodium
gulfate, 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 big(2-methoxy-6-methyl-3,5-heptanedionato) - .
nickel (IT) as viscous green glassy solid.

_ The bis(2-methoxy-6-methyl-3,5-heptanedionato) -
nickel (II) is a new compound having the following charac-
terigtics: '

m.p.: 46,
IR (KBr, com?): 3410 {br), 2972, 2932, 1599, 1510,

- 1430, 1333, 1211, 1153, 1117, 912, 806, 566,
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hexane and 30 nL of water. 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 220C, 15 23 Pa, to give 4.32
g (yield; 80% of tetrakis(2-nmethoxy-

3, 5-oct anedi onat 0) haf ni um(1V) as vi scous yel | ow
liquid. The

tetraki s(2- met hoxy- 3, 5- octa %dlonato)hafnlun(VI) s a

new Cog'_@ avi 7]%(%{;; ovmc{1 éj; erf{ !ﬁr',z%%fyzgR
g t%% %%ar%c?e5ﬁ§t|@1 14.6%

peak ( -k 5ﬂﬂaﬁﬂﬁ di sappeared, and a
char acEre®y ﬁ?ﬁ éﬁta(,lm sWichebfcovglest compound is
appRatdsredeEtembwive sadkimes sstafimtnare C 50. 1% H
7.03% Hf 20.6% calculated (C 6H600 2H ): C 50:1% H
7 BRstpHE BO47 YPreRaridbie o f @:Qéi;(%tﬁ@:gy[—éxﬁ@ehﬁlﬂ 5~
rl?i@ptaﬁl!‘fﬁ&bﬁht@ﬂ cofoall®t rrakkis (s %
exane oga f'ltalk n stlrrer
eqgul ’
3?%’ i o ot gt
g pbption.  Into
%tlr%% C@ {£89. ER mté@nc@@qseélmlmc@fppmds%wyg (23.2
mgtb@sygs -mehylef3, S-heptanedione (prepared by
Ziha%t%&]?od e hBefpvdanore Eipredsr &) byand eclietthixodref was
Rt lareend ef Gxabphménidresand Subsegudritle was sbltben 36T 2.70
fapr {1B. Irimabes . oSubebglenTy, cmmlllaé qﬁ&iﬁ&c@ in 20 i
(G2 raethmmb) whahafblag( B¥bpplako
et enoindasi xB8resta %t@&%@%?%df“ t#fh %-8001—
EEH G 0, Eat Hoe cmﬁ;gg 2l oM Gime @ﬁgfe Ll

a_redcf.ion (s placed

1pge. i ot e
%Iﬁ 5%%@?@&5% e Il SO i "1 the

r‘q

t'HE-T e r Bl gfcathereryt 30 ml. of water.

organic portion was taken out, dried over anhydrous

sodium gulfate, 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 (yield: 92%) of bis (2-methoxy-6-methyl-3,5-heptane-
dicnato) cobalt (IT) as viscous dark violet liguid.

The bis (2-methoxy-6-wmethyl-3,5-heptariedionato) -
cobalt (II) is a new compound having the following charac-
teristics:

IR (neat, cm?): 3397 (br), 2972, 2932, 1599, 1511,
1431, 1333, 1211, 1117, 105%, 912, 803, 563 (the charac-
teristic peak (1607 cm?) of p-diketone has disappeared,

and a characteristic peak (1599 om?) of B-diketonato ap—'
pears),
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hexane and 20 nL of water. 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 190C, 10 13.3 Pa, to give
3.73 ¢ (yi el d: 41s) of tetrakis(2-

nmet hoxy- 3, 5- hexanedi onat 0) hafni'un(l\/) ‘as Vi scous

yel l ow | i qui d. The

t et r aki s(2 nmet hoxy 3, 5- hexaned| onato)hafnium(Vl) is a

;@Vivé%g s Ega}éedl @31 éfg‘%g t;;%‘ﬁ cgé ; 7%,

char a ea %16 of p- dlketone has
di sap e dakgar Ebﬁe M@k@ﬁm@dds
G@S@éﬂ%ﬁ%&ﬂot@phaﬁeaasﬁlmeﬂ Blemeriuade anal ysis: found:

C 44.6% H5.92% H 23.6% calculated (C28HMO, . 2Hf ) :
dEMEM@&eFBEEQ@Pﬁephrﬁﬁlaﬁ)Dfwﬁém&%kldxﬁﬂméﬂﬁbxﬁigﬁmethyl—
539,5{1&@&&&@&:8@19&&8; Eﬂ@éﬁiﬂﬁnm - Ti (mopd),)

§§ \%ﬂkm(g {rir g# ggsggf %ga%fﬁ W

exr, a

%

i taniun(Fi) b q Bt 510 dB
e §0 W%)f %t éﬁ%FhOXSeﬁam@t@W 313 -heptEredions| jpre-
@ﬁrﬁiré‘ﬂhdﬂye Insthedt afieRéfedienne Exeapdre® )by ThHee mixture
ngtsh gt dof e f et et @ (Ot | and)hoas f@i‘omhrxﬁﬁﬁgp@ﬁt a
bt G vquéﬂscm@@ﬂwhaﬂ RS QFOUMIW AT REAE: the
%@d&ﬁi&h(éﬁ%méé Inﬂ ml, of water

hﬁiﬁ ?ﬁﬁ%ﬁ”"' iﬂ%@ﬁiﬁm:f g &m@%ﬂaﬁrﬁ—

e@{@n CLOSNLIRTSh:  APEePOPRENtEatEcod idgrate was
MCHCHBPTPEFers apd distilled at 180°C, 27

Pa, to give 1.65 g (yield: 39%) of tetrakis (2 (2-methoxy~&-
methyl-3, 5-heptanedionato) titanium(Iv) as dark violet
liquid.

The tetrakls(z—methuxy-ﬁ-methyl 3, 5~heptanedionato) -
titanium{VI) is a new compcund.hav1ng'the falloW1ng chazx-
acteristics:

IR (neat, cm™): 2973, 2932, 1577, 1531, 1408, 1328,
1231, 1119, 1065, 215, 803, 601 (the characterlstlc reak

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

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

Elemental analysis: found: C 59.1%, H 8.28%, Ti
6.5%, calculated (CuHuOpTi): € 59.0%, H 8.25%, Ti 6. 53-5,
MS (m/e) : 561, 435, 309, 58.

[Example B-6 (Preparation of tetrakn.s(z-methoxy-B 5-
octanedionato) zn:c:c)mwn( Iv) - Zr (mood) o)



10

15

20

25

30

35

' en‘p@oyfhe tet

hexane and 50 nL of water were added. The organic por-
tion was taken out, dried over anhydrous sodium -
sulfate, and filtered. The filtrate was concentrated.
The con- centrated filtrate was placed under reduced
pressure and 5 distilled at 20500, 18.6 Pa, to give
12.6 g (yield: 85% of

t et raki s(2- met hoxy- 3, 5- hept anedi onat o) haf ni un(1V) as
viscous yellow liquid. The_g

t et r aki s(2 met hoxy 3, 5- hept anedi onat o) haf nium (V') is

aéggw iﬁs m@m‘iyﬁ theé:f ol | ovm ng char acter Ia@slégi%rgrrer, o

BermoRgter ahdsa ﬂgppplmo‘fum@?ﬂz m&1M(¢h%2 g (24.5
ctﬁﬁ@%\ Lt @f - 2B§t Fedgunk metbrocicie Netwfans L deluniohas Into
dthaﬁﬁﬁar@@oladd soduthars ety mltovd;pmogﬁéﬂ% cu%)gof24.1

rrgbk et ofial emephbsypda SshhctEiminhat  gnadp@ied hputHe meth-
@ATo8' Refelrénhe’ 122.6)% o %ﬂ@tﬁﬁc&&%ﬁ&imed -
Eé7. 5%u.ﬂ1§eé9%sﬁb 15911:1 ng (5. 96
%l?%f éi%coﬁ?; é&%
< 7 g
ex [l
r?m%ku . ng tﬁgr; %yggﬁagy% e%°¥ncmylng
F‘% § &y %ﬂﬁe@&@@ Wmﬂ@
xR §aeScPdarst q&@](ﬂ’w@?@ tC’
lgon@thanoampﬁﬁnd (ot G:ﬂrmpd)e?smdmbaéﬁe CORE®X30 i, of

&mmmmmﬂ(ﬂb(mpdﬂ)vatbmt anfmiie eRiede GoimoLE was taken
(cKict, rodc) dd Fovae. saBpsm g0 @@Jcﬁxlnp %&’1@3&& ( Zeh{cimpﬂiééred.

omémfium&@%@xcoﬁe&ﬁ%bfﬁ%eh “i‘?f?é Rl g, £ rrate
h{ STObE 43 t n@Xal Eé&&f:eiio

H!@ﬁé &L BNt f Qr . de! %“ o
T'?“]Ené 81%1{:8 erca;}%ﬁ (I\i\?’?\?—ai% frlgérfmg? %i;%w llqu_'l_d..

rakis (2-methoxy-3, 5-octanedionateo) zirconium

{VI) is a new compound having the followmg characterig-
tics:

IR (neat, cm?): 2962, 2932, 2873, 2822, 1595, 1k26,
1417, 1329, 1211, 1120, 975, 794, 574, 520 (the charac-
teristic peak (1608 cni') of p-diketone has disappeared,
and a characteristic peak (1595 cm™) of p-diketonato ap-
pears),

Elemental analysis: found: C 55.8%, H 7.76%, Zr
11.7%, calculated (CuHe0:1,2r): C 55,.7%, H 7.79%, Zr 11.8%,

MS (m/e) : 603, 113, 59. ’

[Bxmmple B-7 (Preparation of tetrakis (2- methoxy -3,5-
octanedionato) hafnium (IV) - Bf (mood) a)

In a 100 ml-volume flask equipped with a stirrer, a
thermometer and a dropping fumnel was placed 4.88 g (25 3
mmol) of 28«5 sodium methoxide me:t:hanol solution. Into
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for the formation of a nmetal oxide film O herw se,
the experinent for evaluation was perforned using an
appara 35 tus illustrated in Fig. 2 when steam was
enpl oyed for the formation of a nmetal oxide film
-70- 'T he netal conplex conpound 20 placed in a

"~ vaporizer (glass anmpul) 3 is heated by a heater 1013

to vaporize. The vapor passes through a mass flow

controller 1A and cones ougwof the vaporizer 3

together wth a, helium gas vvhi ch is supplied after
ter 10A. Th r havi_ng caone

“&ﬁ@ 50 —%&jgé%'? s S reliifrorettodoficn (25-¢

JRPTRE t(HFg bypde meth-
PB]\NO r&mlae s@o 3afvehe wEKGUre) wes gtirred
héPP-”u P JHSER -ai rﬁu&gsm Wippii edlubiougbti Be Ofags (6.24
100 wodo Mevfalium (TW arttfiicrbdel &0 watel 8F feehanol was
pedoviye dneppdde ineEe titie imixegu: at ethéorésulting mixture
prade serinireed atalmeoh t@iperifutd BorabMs Bodky Fogedarrying
| ouB ROFiskic®T Rl thﬂtﬁhf Raae A Ha@NdofBAlke © he

e T
gﬁ%&j%%&{ﬁif % ’acﬁ*e"'(")w ﬁ%‘?\@?@a%‘é !§'§é§’n RSy taken

\AEE % SRpRinong FHodiagei Wl}@a‘@@poénﬁ faltered.

idtEpienges aencentetdr Jdthe heoneaenrahted filtrate
pEBSt Péﬁcedndnﬁ@ft ecurend presipdherei aed dbepel akdr atbg20°C,

t?22 baat et 38vkOq, 330 h@leﬂdmt@b-sp)%ﬁeté fﬂEﬂ%RQShﬁe%thym

0B, heceubstiahatA har )C B id.
¢ @_%92% ow licuid

react orpd. tét%hlﬁ%%tze%etﬂ A Um (V)

;%%pasa.en@?d ngb oy r:Lst:Lcs :
gﬁhﬁg 75 n 524 (the characteristic peak

%fg §3en%ﬁ3§ed]]-5l9l‘30w1523
ng cm ) c::f ﬁ -diketone has disappeared, and a charac-
teristic peak (1598 c¢m?) of p-diketonato appears),
Elemental analysis: found: C 50.1%, H 7.03%, Hf
20. s-s, caleulated (CH,OHE): 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-
_hexanedzanato)hafmum(w) ~ HE (momd) ,) _

In a 100 mL-volume flask equipped with a stirrer, a
thexmometer and a dropping furmel was placed 9.40 g (48.7
wnol) of 28% sodium methoxide methanol solution. Into
the ice-cooled solution was slowly dropped 7.00 g (48.9
mmol) of 2-methoxy-3,5-hexanedione {(prepared by the meth-
od of Reference Example 7), and the mixture was stirred
for 15 minutes, Subsequently, a solution of 3.90 g (12.2
mmol) of hafnium(IV) chloride in 20 wlh of methanol was
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Fl ow rate of oxygen: 20 nL/mn. Substrate: Si Q2/Si
(size: 7 mmx 40 mm) Tenperature of substrate: 400C
30 Pressure in reactor: 5,320 Pa Deposition period:
30 m nutes (Exanples B-17 to B-18: the deposition
apparatus of Fig. 1 was enployed] Flow rate of He
carrier: 30 nL/mn. 35 Flow rate of oxygen: 80
m./mn. Substrate: SiQ2/Si (size: 7 mx 40 mm) -71-
Tenperature of substrate: 450c Pressure in reactor:
7,980 Pa Deposition peri o860 mnutes (Exanples B-19
to 8-21: the deposition apparatus of Fig. 5 2 was

esTRbvIMe Cﬁrcffo}_@éﬂf ﬁhﬁooﬁhéenﬁ%hh:%f f %é%\ﬂiﬂ@h@%{ture

Rl oy
M%@f IR ﬁo oty S

grad s2Q ‘BJF' B farwergh&e BPRPen was taken
é?irsl)e%r%v‘@?ét anhyaruusn spaiLgs wlém:ea anb| £iktered.
zialeweﬁﬂaltmlwsmpmemmgtedl m Phepecncersurgteddtiltrate
e plced Whdem redukedspressure and distilled at 190°C,
13.3 Pa, to give 3.73 g (yield: 41%) of tetrakis(2-
methoxy-3, 5-hexanedionato) hafnivm (IV) as viscous yellow
licuid.

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

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

Elemental analysis: found: C 44.6%, H 5.92%, Hf
23.6%, calculated (C, H,OLHF): C 44.8%, H 5.90%, HE 23.8%,

MS (m/e) : €53, 609, 565, 59. ‘

[Example B-9] (Preparation of tetrakis(2-methoxy-3,5-
heptanedionato)hafnium(Iv) - HE (mohd),)

In a 100 mL-volume flask ecuipped with a stirrer, a
thermometer and a dropping funnel was placed 5.90 g (18.4
wol) of hafnium{IV) chloride and 30 ml: of methanol.
Separately, 12.1 g (76.2 mmol) of 2-methoxy-3,5-heptane-
dicne (prepared by the method of Reference Example 8) was
slowly dropped into 18.0 g (75 mmol) of aqueous sodium
hydroxide solution (5 mol/L) under cooling with ice. The
resulting solution was dropped into the hafriium chloride
methanol solution, 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-



|

10

i5

20

25

30

35

25 Ex. B-10 Cr(nopd)3 170C Chrom um oxide (40 nm Ex.
B-11 Mh(nood)2 180C Manganese oxide (35 ram 30 Ex.
B-12 Ni (nood)2 150C Nickel oxide (35 nnm) Ex. B-13
Co(wopd) 2 150C Cobalt oxide (40 nm Ex. 2-14

Ti (nopd) 4 150C Titaniumoxide 35 (45 nm Ex. 2-15

Zr (rmood)4 170C Zirconiumoxide (40 nm Ex. B-16

Hf (Mbod) 4 170C Haf ni um oxide -72 (35 nm Ex. B-17

Hf (nond) 4 140C Haf ni um oxide (40 nn) Ex. B-18

Hf _(nohd) 4 140C Haf ni um oxige- 5 (40 rin) Table 6 10

Metal conpl ex vaporizing Film property conpound

tresrpenatand 60i i OIfi ehnesswerdb added.3- Thdifdrmiid por-

T Hadpi takexi aat( 3ariel BrerBadihAidno BAddidROéul fate,
Zin@ ofd Ieepxide TH30 ANk rEXe Radl HHBRDA-dR0C The con-

LA X ﬁﬁtr% el das" M aclle JREW il dPessure and
BHER Ped4e 5208 caig, , to give 12.6 g (yield: 85%)

of tetrakis (2-methoxy-3, S-heptanedlonato)hafmum(r\i‘) as

vigcous vellow liquid.

The tetrakis (2-methoxy-3,5-heptanedionato)hafnium
(VI} is a new compound having the following characterls—
tics:

IR (neat, cm™): 2978, 2934, 2877, 2823, 1594, 1529,
1431, 1328, 1211, 1120, 1072, 808, 521 (the character-
istic peak (1610 cm™) of f-diketone has disappeared, and
a charac:termtmc peak (1594 cm™?) of f~diketonato ap-
pears),

Elemental analysis: found: C 47.4%, H 6.50%, Hf
22.1%, calculated (CpH.,0.HE): C 47.6%, H 6.49%, Hf 22.1%,

MS(WMe): 681, 651, 621, 367, 221, 128, 99, 59;

[Examples B-10 to B-21] (Deposition tests: Preparation of
metal oxide film)

The deposition experiment by the CVD method wag
performed using a metal complex compound prepared in
Examples B~1l to B-92 {(chromium complex compound
(Cr (mopd) ;) , manganese complex compound (Mn(mopd).),
nickel complex compound (Ni{mopd),), cobalt complex com-
pound (Co(mopd) ), titanium complex compound (Ti(mopd),),
zirconium conplex compound {Zr (mood),), or hafnium complex
compound (Hf (mood),, Hf (momd),, or Hf(mhd)g to evaluate
the film-forming property.

The experiment for evaluation was performed using 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 using an appara-
tus illustrated in Fig. 2 when steam was employed for the
formation of a metal oxide film. . '
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the netal conpl ex conpounds of the invention have a
good filmformng property, 25 [Reference Exanple 9]
(Preparation of 2-nethoxy'-3,5- heptanedi one (nohd))
In a 200 niL-volune flask equipped with a stirrer, a
thernoneter and a dropping funnel was placed 25.0 g
(223 30 mmol ) of potassiumt-butoxide, and the flask
was purged with argon. Then, 100 ni of

met hyl cycl ohexanone was plsged in the flask.
Subsequently, 12.5 g (106 mmol) of nethyl

2- et h@f&%eeaigg &e':sce J_}%a el é{ﬂ% 3. yaporizer
%ﬂéﬁfgﬁﬂﬁ ol b L
d d .
? Eﬁﬁ‘w Nepetigsr e’*a|trC39Z{€1‘1'él‘fé5%t‘ﬂ”alili1 ghcipbium gas
t3h% ﬂéﬁ@lle foafies beaping i@ mrefhepter WoA. The
m having epaskour3ofutder vepaitinemi 3 eiters Thereactor
o deagstiper t whnhwes. baipgen outs wheldh alg zedopilidd through a
aete cf how dconngodlibretBedrikl se)Xptdy aciliwn M (g, 1) or a
et hiplre Yo o hespoainIhg mt-—:@yﬂ qué@( Qﬂ&c@%r@@é ¥BSs
VEISHE (bt PFoYebp! 18dEh8d 208k $0 "I‘l§e essure in

i yeome [ e iet) frh s
. t

f posit on.prlor to
R 52 %@HéH%ﬁé ﬂl;earkﬁ s R [DERFIIID g‘auge 5.
f@%rﬁﬁ:@:@f ]H)o;pp_@@apgt tbe gilagss reactor is #o constituted
Chatetio. g cbaehagted, by- ahbpedeedildiat o) Bepmeetal ) complex
Quinp)@ ) swnphieA0ihtevohereeblcrie emiidaedraly hdecomposes
sl rx esurface hef manetbscendea 2dr @Rt Heddinpgly V&éﬁos:.t:.on
piteicd s 9brang é& 2 £henelehRbrC P HHd '&erhﬁ/ﬂszlb 8ition
and Hodded! LHER iﬂéeﬁﬁiu&ﬁ kAt P IFAUEL | Heater
]10?_'_7 gsc{:ad}étngo ox:.de £ilm deposits on the substrate
21. The gas commg out of the reactor 4 is exhausted’
into the atmosphere through a trap 7 and a vacuum pump.
The deposition conditions are set forth below,
(Examples B-10 to B-16: the deposition apparatus of Fig.

1 was employed]

Flow rate of He carrier: 30 mL/min.
Flow rate of oxygen: 20 nil/min.
Substrate: S$i0,/8i (size: 7 mm x 40 wm)
Temperature of substrate: 400°C
Pressure in reactor: 5,320 Pa
Deposition period: 30 minutes
(Bxamples B-17 to B-18: the deposition apparatus of Fig.
1 was employed] ‘
Flow rate of He carrier: 30 wmlL/min,
Flow rate of oxygen: 80 wml/min.
Substrate: 8i0,/8i (size: 7 mm x 40 wm)
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- stirrer, a therm)mst

nmet hoxy- 6- et hyl - 3, 5- hept anedi one (prepared by the

met hod of Reference Exanple 2) was slowy dropped.
The result- ing mxture was stirred at room
tenperature for 90 mn- utes for carrying out a
reaction. After the reaction was 20 conpl ete, the
reaction m xture was concentrated. The concentrate
was then distilled under reduced pressure at 170C, 63
Pa, to give 1.50 g (yiel d:-8BL%9 of bis(2-

nmet hoxy- 6- met hyl - 3, 5- hept anedi onat o) copper (11) ‘as
violet sol4 Path F .
bi s(2- met hoxy, S@éﬁﬁﬁ %egSUbstt gﬁtee | %%iogj

copper (I'l) f@%ﬁoi;g9¥ §'0nguhﬁt%es°| | ow ng

%@;@g@ﬁ%@ gy T

8

057 14 811 5 0 t he
char act eri StTe pEake (980 %@QQJ@/% metal

di sappear ed &%iﬁm@@*@@ﬁaﬁrﬂé p@Qk S¥n.cnl) of
3- di ket onéﬂp"é ppetesPf Epegarribrahary Sigppliong: steam:
53.7% H 7. 49%, G‘EI}UBBHELB 6% cal cul ated (ggH30pcCu)
C 53.3% HSubSerale: 15570/S1/6(sdee: #0Gn 2620 a7,

- 235, 175, Dampedaturd-of Exabpteate?] GBpeparation of

bi s(2- met h@%s’%&:@%ﬁ”@aa@t@ﬁat Okcﬁﬂﬁe%ﬂ -
Cu( nood) 2) D@@Sj}@:@o gge esh]lﬁ& ed with a
an

droppi ng tTunnel were

plac 10. 1 58 4
ngt mﬁ%@S%Br%aﬂgalwWw Rl gnaly-
Qelughy wers peutormad by ¥8Buemalysis) are set
m&éht'ﬂa#l% ) @11@7548 mmol ) of an aqueous
copper(ll) acetate solution (5.66 w.-.). was slowy
dropped The re- sul ting nTedilee snas stirred at room

t efiper+a at-tre—for—26
Metal complex Vaporizing Film property
compound temperature (£ilm thiclmess)
- Ex. B-10 Cr {mopd) , 170%C Chromium oxide
. _ {40 nm)
Ex. B-11 Mo (mood) , 180°C Manganese oxide
: (35 nm)
Ex, B~12 Ni (mood) , 150°C Nickel oxide
(35 1m)
Ex. B-13 Co (mopd) , 150°C Cobalt oxide
, ' (40 nm)
Ex. B~14 Ti (mopd) 4 150°C Titanium oxide
(45 nm)
Ex. B-15 Zr (mood) 4 170°C Zirconium oxide
' (40 nm)
Ex.

B-16 HE (mood) 4 170°C Hafnium oxide
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10 mnutes for carrying out a reaction. After the
reaction was conplete, the toluene portion was taken
out. There- after, this procedure was repeated tw ce.
The toluene portion was then washed with water and
concentrated under reduced pressure. The concentrate
was t-hen distilled 15 under reduced pressure at 170C,
27 Pa, to give 10.6 g (yield: 87% of bis _
(2- met hoxy- 3, 5- oct anedi onat4)_copper (11) as violet
solid. The bis(2-nethoxy-3, 5-octanedi onat o) copper (I1)
is a new conpound having the foll ow ng (35 mm)

ohar agtefi sti . 78C neat, cni
3431?9&)ﬂ 296§§(r2"é9’§1m42873 2&?5651568 1 fm([ 2“3”’“""‘1"a

6 802, 80 t he
c ar act eri st ﬂ%gé'ggad?%% car %400?5 - di(ket R A Qx:.de

di sappeared, and a characteristic peak (1568 cn¥4§ B

53.8x, H 7.43% Cu 15.7% calculated (CL6H30(c)6Cu):
C.53.3% H 7.45% Cu 15. 7%Tak¢fe): 405, 346, 287,

235,,.175, 113, 59, 28. 30 [ Exanmpl e C-3] (Preparation
of bis(2- né‘ﬂem;t eoﬁplheqat aRapoatiizdmat o) coeld | property
Cu( nohd) 2) |aomepd@idnt - vol ugﬁqp@mﬁ@gw pp@ﬂlymtﬂlmegs)

stirrer, a tnermoneteramd-adropprng—fommet—were

@:@C@-:@B 03 o y ol ) of .
2- met hoxy 3, 5- ]Ee%%lallﬁeﬂl one (p%%gared by 35 %fm‘%g'h%}alde

nce 9) and of tol uen L 1) ,
sequecf]t ly, Q'Eé%oé)fl& 5 ngﬁgLGf an aqu C‘nlm“ oxide
§$‘8\M‘E§/(2&T -75 ace ate sol uti on_ 9.09 wt.% wa&30 nm)

oppett ~ sulti Ag0fExt ure watitaniwd exide.
roomtenperature for 60 mnutes for carrying o{R5am)
- reacttronmr—After—the—+eact-oR—was—conplete—the

organf]%lepé?ﬁﬁl&tﬁ\/&%h@mehnoﬁableﬁd Scamd 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 (mchd))

In a 200 mL-volume flask equipped with a stirrer, a

thermometer and a dropping funmel was placed 25.0 g (223

mol) of potassium t-butoxide, and the flask wag purged
with argon. Then, 100 ml of methylcyclohexanone was
placed in the flask. Subsequently, 12.5 g (106 wmol)

of methyl 2-methoxypropicnate (prepaxed 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 wlh of water was placed in the flask
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5 centrated under reduced pressure. The concentrate
was then distilled under reduced pressure at 160C, 17
Pa, to give 4.06 g (yield: 77% of

bi s. (2- nmet hoxy- 3, 5- hept ane- di onat o) copper(l1) as
violet solid. The

bi s(2- met hoxy- 3, 5- hept anedi onat o) copper(Il) is a 10
new conpound having the follow ng characteristics:

'mp.: 104C IR (neat, cm1):,8432(br), 2978, 2935,

2879, 2826, 1569, 1518, 1443, 1343, 1207, 1127, 1074,

808, 551, 434 (the characteristic peak (1610 cnll) of
FerePReling withi dappeailte; agbus peritioni wasctaken

padk (Mssoraliredowviph dicetionatcddpmread ssubibetedt ab ex-

drgision whuhdmeChHlodUloHeba=9R9% The MfeB%lcyclchexane

ettt el enad GHaEREE6WI-h Wal@r9Y%ar &1 Q:%ér%ﬂi s sodi-

Mt neh€) Fatdd /, andB8£i288red?], '14@1 Fi9hraxde \‘3&5 Eated

%Iﬂﬂt&&_@iiéapﬁﬁﬂékoﬂ‘ehﬁ gﬁfﬁ ¥pa) to
et I el
et

0 CG3 (Cu(ropd)2, (Cu(nood)?2), or
(Cu( mohd) 2), to eval uate the filmform ng property.
sﬁlflbn(ﬁxggar&tnbm tary {Bdnatthosog+ ometiayl -3, 5-
dymparaated omd té) gopherfur) a- hm@ﬁmmﬁﬂ)as was enployed

as therg %Cloé'fdﬁ—%iufn@ Bhagk %f
@Eﬁﬁ%nf %@@gﬁé@?ﬁi’i %"%ﬁl %%&rl? % T
%

@C 3 5 7Pk sEUri? |T!‘F“‘P%bc‘?5r
e —methy' heptanedione (prepared by the method

of Reference E&ample 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 distilled under reduced pressure at
170°C, 63 Pa, to give 1.50 g (yvield: 81%) of bis(2-
methoxy -6 ~methyl-3,5- heptanedlonato)copper(II) ag violet
solid,

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

m.p.: 107°C

IR (neat, cm?): 3436(br), 2970, 2933, 2874, 2327
1572, 1513, 1430, 1334, 1242, 1114, 1057 914, 811, 580
(the characteristic peak (1607 cm?) of p-diketone has
disappeared, and a characterlstlc peak (1572 cm?) of §-
diketonato appears),

Elemental analysis: found: ¢ 53.75, H.7.495, Cu

- 15.6%, calculated (CiH,QCu): € 53.3%, H 7.45%, Cu 15.7%,

MS (m/e) : 405, 362, 287, 235, 175, 113, 59.
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Deposition period: 30 mnutes -76- The results of
deposition (film property and analy sis of product
were performed by XPS analysis) are set forth in
Table 7. 5 Table 7 nmetal conplex Vaporizing Film
(thickness) 10 conpound tenp. (specific resistance)
Ex. G4 Cu(nopd)?2 140C copper (110 nn) 3.5 Ex. CG5 Cu
(rmood), 140C copper (100 nm 15 3.5 Ex. C6
Cu(rohd) 2 140C copper (120 nut) 3.2 Remarks:- Each of
the fornmed copper filns s d a nmetal- 20 lic luster
and had a uniforn1snooth surface. The results shown in
e 7-in that t he net conpl ex conpounds of
@g@%‘ﬁte [BECEREEbAON Ch Koo TH BP0 4 3-098ane -
Banpire) ¢99&?r(ﬁibpar€uKmncdﬁg :

trls(meﬁithQ Blrethywine flask equipped with a stirrer, a
THermtetneri andt a) aobpangElnnel wefailhddd ol g
1EB M -webUreof | asﬂﬁeﬁaéxppsd S sl (pfepared by the
RAHEIRS £1RANErands U@')e'aﬂ&?fﬁ Rird ih@ne.
@:ﬂ&@xm}?ﬁsf 24 agthan 9" er (II)
R it e oy
sodi._um hydr oxi ol uti, on C ub g

_ fq§¢ﬁ%ﬁ wag stirred at rocm tempera or 20
MR Lo r@ammsgsoﬁ@paamc@wq .pr e tra;et:n@ac:tmn
WEEh PTEr L oke or e et EXaapbep2)ytimn siswtpkiropped. THeere-
et i Xhroeedabe Sh s eepahte@D Buigier atng ecdDiene
YO8 A WS SChOh wAERYANG: OH! wA HeRAGH D RorflidBirdhed under
@RI pﬂ@ést‘fﬁ?gpl ei‘ﬁe EBRERRGLRN WHX WHE: st illed

.E&kﬁﬁg%gaﬁugsd pressure at 170°C, 27 Pa, to give 10.6 g

(vield: 87%) of bis(2-methoxy-3, 5—octanedlonato)copper
(IT) ag violet solid.

The bis(2-methoxy-3,5-octanedionato) copper (II) is a
new compound having the follcw1ng characterlstlcs

m.p.: 78°C

IR (neat, cm?}: 3431 (br), 2964, 2933, 2873, 2821,
1568, 1518, 1442, 1366, 1206, 1127, 970, 802, 553, 480
(the characteristic peak (1608 omt) of f-diketome has
disappeared, and a characteristic peak (1568 cmt) of B-
diketonato appears),

Elemental analysis: found: C 53.8%, H 7.43%, Cu
15.7%, calculated (CuH;Q:Cu): C 53.3%, H 7.45%, Cu 15.7%,

MS (m/e) : 405, 346, 287, 235, 175, 113, 8%, 28,

[Example C-3] (Preparation of bis(2-methoxy-3,5-heptane-

. dionato) copper (II) - Cu(mohd),)

In a 100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funmel were placed 5.03 g
(31.8 mmol) of 2-methoxy-3,5-heptanedione (prepared by
the method of Reference Example 9) and 40 wl of toluene.

Subsequently, 33.0 g (16.5 mmol) of an aquecus copper (II)
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filtrate was washed with water and concentrated under

re- duced pressure. The concentrate was then distilled

under -77- reduced pressure at 230C, 26.6 Pa, to give

0.93 g (yield: 45% of ‘

tris(2-nmethoxy-6-nethyl -3, 5- hept anedi onat o) -

| ant hanunm(I11) as viscous colorless |liquid. The

tris(2-methoxy-6-nethyl -3, 5-heptanedi onato)- 5

 ant hanunm(111) is a new conpound having the foll ow ng

characteristics: mp.: 21C1R (neat, cm"'): 3477(br),

2968, 2931, 2870, 2827 1603, 1525, 1483, 1371, 1331,

Eatd Holddiddn (9602 wiQ%104Re HowlddGr 81llThe re-

wWAche3, nﬁk@j@@t%saﬂﬁht&ta& atoHibm & é_ﬂé H-6. Eéﬁ‘o 60

@i mdde s %o ak 4 Yy X ~tion
& con-

82 el B ﬂg %@é Z?ﬁ% 5%9% L

ﬁz“r%r%x 36‘3 ih V:a' o #éﬁt(grrgm Srheprane-
Giianato)Spmad| BF ) zaslmaleaoSmuuﬂol ume flask -

equi ppée \bis(2-meihory;3as5-heptaneeliensam) copbappInp is a
nennaomeneid lecetng . €he €31 36w mEP hastRameidtids! 1)

acet atpg.p 20 1‘040@‘ tetrahydrofuran, and 5 ng (21.7

ol ) S oflt UBUBAAESY| Ao “t ﬁé’ﬁ“ Yozs,
éo 928‘5”"&)12 f ‘th5e51' 434

[t *3
r?cﬂcfnnceﬂa%%ﬁgeg% F?L%‘ZP ot 8-

FRpCE n- utes for carryln out a :
r eact ForRmeREticek QIP%IY%%ﬁilﬁﬁUMS Ccéﬁ’plsest:eﬂtfhe%ﬂ, Cu
A&adH oaniculntedatCildeCel: ThEOLER, H 6.93%, Cu 16.8%,
MS(m/e) : 377, 318, 259, 221, 161, 99, 59.

[Examples C-4 to C-6) (Deposition tests: Preparation of
copper £ilm) ,

The deposition experiment by the CVD method was
performed using a copper complex compound prepared in
Examples C-1 to C-3 (Cu(mopd),, (Cu(mood),),

(Cu(mohd),), to evaluate the film-Fforming property- The
depos:.tlon experiment was carried 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 conditions are set forth below.

- Flow rate of He carrier: 30 ol,/min.
Flow rate of hydrogen: 120 mL/min.
Substrate: 8i0,/81 (size: 7 wm x 40 wm)
Temperature of substrate: 250°C
Pressure in reactor: 7,980 Pa
Deposition period: 30 minutes
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30 trate was washed with water and concentrated under

re- duced pressure. The concentrate was then distilled
under reduced pressure at 230C, 26.6 Pa, to give 0.58

g (yield: 35% of

tris(2-methoxy-6-nethyl -3, 5-heptanedi onat 0)

samarium(l11) as viscous yellow liquid. 35 The
tris(2-nmethoxy-6-nethyl -3, 5- hept anedi onat o)

samarium(ll1) is a new comygind having the foll ow ng

-78- characteristics: mp.: 25C IR (neat,-cm): 2968,

2931, TRY reRBP5s éﬁoﬂepéﬁiﬁlonll(%,lrrﬂ@%bpéhﬂﬁi a:icil&naly-

]5151.]53 oflg%d&l@ w:§9é Sgré?ﬁgrﬁegl Bﬁo A a?%ig%%. - are set

C27H45 48 8% H 6.83x, Sm 22.6% I\/S(nie)

688, 494, 368 324, 113, 5%ablle MM R (CDC13, S (ppm))

T 0.87 - 0. 99 (3Hordy, 2 (oHm2 5t 29

(3H brs), ¥Mekal eoraeiezrr, Vappriziogs. 60 Film 7(thickness)
(1H br). [Bcanpbendd3] (Preempation of(specific resistance)

lmad_mgad) 3) lmﬁ@ﬁdj\ﬂ- vol umes jhask equi Pp%ﬁs A 8110 nm)
stirrer, a 15 therm)neter and a dropping fu

Bcelsh .8 AR o BT i

ssodlump i de solutlon(lovvt 9 .
%@entry, Ciplrao f 41.6 nmok$03F copper (120 nm)
2- et hoxy 3 5-oct anedr one (prepared by t he rretlibdaof

Remalrﬂqmg anh urﬁ mhs Mmeddcappeeom&a@%ﬁm&@ d anetal -
ddenilmsttes dmd Ined ryimgi futmasweach eorféldeer the

react e wassete sheine, ihheapeachi PRGHCENY &S the metal
oA ked colfifnindd reg ethésafn%@ﬁafen%w@ o1 %1 Im- Form-
%@CW under reduced

[Example D~-1] (Preparation of tris(2-methoxy-6-methyl-

3, 5-heptanedionato) lanthamum(ITI) - La (mopd).)

. In & 100 wl-volume flask equipped with a stirrer, a
thermometer and a dropping fumnel were placed 1.0 g (3.16

mmol) of lanthanum(III) acetate, 20 wl of tetrahydro-
fTuran, and 5 my (21.7 mmol) of agqueous sodium hydroxide

- solution (10 wt.%). Subsequently, 2.0 g {11.6 mmol) of

2-methoxy-6-methyl-3,5-heptanedione (prepared by the .
method of Reference Example 2) was slowly dropped. The
regulting mixture was stirred at room temperature for 90
minutes 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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25 pressure. The concentrate was then distilled under
re- duced pressure at 230C, 26.6 Pa, to give 0.55 g
(yield: 27x) of Iris (2-nmethoxy-3, 5-octanedi onato)

I ant hanunm(111) as viscous colorless liquid. The
tris(2-nmethoxy-3, 5-octanedi onato)l anthanun(ll1) 30 is
a new conpound having the follow ng characteristics:
mp.: 10C IR (neat, cnm-): 2961, 2931, 2873, 2826,
1600, 1518, 1479, 1338, 1209, 1116, 1019, 960, 789,
EI emental anal ysis: found: '67219 5% H6.99% la 35

%&%e&al cul at ed C27HA5MLa C49.7% H 6.95%. La
z{e NBERS 2791C, 386-61F2, LR IEE Q4R 9 (yield:
' 4pRIVROECELS, %mm@apcy-cs e 43 , 5dhegtareddpnatols

- lansBanon (A1) 2 265 ididd)s @R &E s)iqlid7 - 3. 64
(1H, q) The. teleﬂaAMEtﬁbﬁyaeﬂmﬁﬁhﬁilﬂX Dephepthhedibaato) -

I 0
Prgﬁigehé%aﬂéﬂrz 197) 3% o & peryjéquﬁegﬁg fb&traeamg
~lanth L x conpound prepared in Exanpl e Dl
(La(gﬁ 59‘[@ Iuatet filmft
pr % ’Fﬁ@tde Q& ?6§/a 283,1,7, e§ Qut 2827,
$ﬁ§ G20 R SO, T e, mhiide "1060,
cb%l ti 8ﬁ§fa9é08e185f’50r t&i-lbeﬁ(ﬁﬁl, 93%w rate of He

carri eBlegenfa/lmanalitsds r dierwi: dXyEHRN2% 128 flOARnR. La
151 Subst calleulsied JC,H5L08a)7%: @ mX, 79, ) 6.95%, La 21.3%,

;egggrﬁsw 9" %g*sst e C3:|_ ewe;}%ﬂfesgto;i @

n & BSa hes e 2.2
of QGQO?mI 091@ :?' gﬁert)y @cga g% ¥ 65 (1H,q), 5.18
(1H, s) .

[Example D-2] (Preparation of tris(2-methoxy-6-methyl-
3, 5-heptanedionato) samarium(IIT) - Smmopd),)

In a 100 mL-volume flagk equipped with a stirrer, a
thermometer and a dropping fummel were placed 1.0 g (2.50
mnol) of samarium(III) acetate, 20 ml: of tetrahydrofuran,
and 5 mg (21.7 mwol) of agqueous sodium hydroxide solution
(10 wt.%) . Subsequently, 1.72 g (10.0 mmol) of 2-
methoxy-6-methyl-3, 5-heptanedione (prepared by the wethod
of Reference Example 2) was slowly dropped. The result-
ing mixture was stirred at room temperature for 90 win-
utes for carrying out a reaction. After the reaction was
complete, the reaction mixture was filtered. The £il-
trate was washed with water and concentrated umder re-
duced pressure. The concentrate was then distilled under
reduced pressure at 230°C, 26.6 Pa, to give 0.58 g (yield:
35%) of tris{2-methoxy-6-methyl-3,5-heptanedionato) -
samarium(III) as viscous vellow ligquid.

The tris(2-methoxy-6-methyl-3,5-heptanedionato) -
gamarium(III) is a new compound having the following
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sis of product were perfornmed by XPS anal ysis) are set
forth in Table 8. Table 8 25 Metal conplex Vaporizing
Film property conpound tenperature (filmthickness)
30 Ex. D4 La(nopd)2 180C | ant hanum oxide (30 nm The
results shown in Table 8 indicate that the netal 35
conpl ex conpound of the invention has a good
filmformng property. [Exanple E-1] (Preparation of
bi s(2- met hoxy- 3, 5- hept ane -80- di.onato) lead (11) Pb

" (rmohd) 2) In a 100 niL-vol unEe T | ask equi pped with a

stirrer, a. thernoneter and a dropping funnel were

g egﬁgggﬁg'sion of 8.04 g (28.9 nmml) of

| ead( | Zhl i'de and 40 nl 5 of nethéécyclohaxanone.

Into t BSBENsFBn hia < 268wi49 3 Hir , 19835, g1pB8H, 11523,
o1 oF32LmelBdity- 3280mepildAedi ¢ (Prpd @, bYB2 he

met hodBbemeptaleanalPsispl Ec8ndkat @ ddmS% erfpeh Bk e. Sm
Sbhstyuemalgulated {OpH,nSo0al € 48 )@%r ¢ i3y ofped2.6%,
14.5 gM% Nade) 61688D| 19af, 3¢@cou24l,7%1spdisam 10

hydr oxirpango! (CHED, TNppmysul td gz m x4 We (&, Bigyred .12
a{GH AP SEAPRIAL WA ¢ BO5 quey, RRW) [ Of. AN VI 1k ObiHALrs) ,
reagy 119ng7Aligal pife reaction was conplete,’ the

organi ¢ por- tioh-was taken out, dried over anhydrous
sodiumsulfate, and filtered. The filtrate was
coneumplatBu3lindBreparationcod prdssiF-auethasy-3, 5-octane-
chinment o plenvhsninénId) st-i Ehgehaaadlg) reduced pressure

at 190fta 20168, mi.oveluRe’ £2Esk hfhed W & stirrer, a
hitsRndiRe BOXYaRd 5a hapbaRe L0 18300} JoBfeddS1.0 g (3.16

Cmmol) of lantharmum(TTIT) acetate, 20 wl of tetrahydro-

furan, and 5 mg (21.7 mmel) of agqueous sodium hydroxide
solution (10 wt.%). Subsequently, 2.0 g (11.6 mmol) of
2-methoxy-3, 5~octanedione (prepared by the method of Ref-

- erence Example 6) was slowly dropped. The resulting

mixture was stirred at room temperature for 90 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 distilled under re-
duced pressure at 230°C, 26.6 Pa, to give 0.55 g (yield:
27%) of trisg(2-methoxy-3,5-octanedionato) lanthamun (T1T)
as viscous colorless liguid. .

The tris(2-methoxy-3,5-octanedionato) lanthanum{III)
is a new compound having the following characteristics:
' m.p.: 10°C

IR (neat, cm?): 2961, 2931, 2873, 2826, 1600, 1518,
1479, 1338, 1209, 1116, 101%, 960, 789,

Elemental analysis: found: C 49.5%, H 6.99%, Ia
20.9%, calculated (C M, O)la): C 49.7%, H 6.95%, La 21.3%,

MS (m/e} : 675, 481, 398, 142, 113, 59. :
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wat er tenpe

cous yellow liquid. The

bi s(2- met hoxy- 3, 5- hept anedi onato)lead(11) is a 20 new
conmpound having the follow ng characteristics: IR
(neat, ccni): 2976, 2934, 2877, 2822, 1594, 1516,

1420, 1371, 1335, 1302, 1210, 1117, 1068, 1016, 944,
882, 821, 515 (the characteristic peak (1610 cm ) of
P-di ket - one has di sappeared, and a characteristic

peak (1594 cm) 25 of -diketonato appears), El enental
anal ysis: found: C 36.6% +¥%-03% Pb 39.5%

cal cul ated (C16H2606Pb): C 36.8% H 5.02% Pb 39. 7%
MVB(m eJH-19E2, (IB3]; 351(Pe,) 590 . 89 (Iamp) el E22] (3H,d),
(PréParali. b8 dRH{ m)s( 2.0 W@H,, 5-hS@aneH,s), 3.57 - 3.64
di{ bHagd) | BALeM(1, )~ In(nond)3) In a 100 m L-vol une
flask equi pped with a stirrer, a thernoneter and a

d ng . funnel._was placed 11.7 NaQH . A3.5
RS, BUT DEPOR IR, e s e 0 of oLy Rboum

i @¥1€80F&4Meol yti on was slowy dropped 6.51 g (45.5

mol ) The2daporikios, sxperdmetioiy (FresiRdueyhofdewas
-Bar Lopnkddusinge fe lamthafranmicny)ex Mempasndit prgpared in
nExémpke Das rarmesd)q), Stol svhasatsubeq iy Lomning
Sﬁi@b{aﬁﬁyof TheOdesokli S iSr@Bipeimaditdivig | dddried ocut

G ggﬁgdghéegﬁggygﬁﬁtaeoﬂ 43P 1L, of methanol was slowy

dr oppe%eaagg Eitﬁgﬁ“ ﬂei%%ﬁ M2 SdESEE BAIRY.

r - or out a
reaction. é#’r?ﬁ %rg #EOR: S W%?éﬁy@%qnt of
met hyl cycl ohe®¥n&35fTd “20 SR fa)o : TR ded.
Then, the oPYRFLEAEEFt i SHedSit ARdASsut M &P Aua)
anhydrous sSEMBRTEGEE ©f swbstrateed 4507 10 |
filtrate wa¥reesusrest izt etbadider: r U0 Paessure. The

concent r at eDepestbdondigrdrilded wolenimegysed pressure
at  180C, 15 Pa, to give 5.91 g (yield: 799 of

tris(27me results of deposition (film property and anmaly-
gisg of product were performed by XPS analysis) are setb
forth in Table 8.

Table 8
Metal complex Vaporizing Film property
compourid tenperature {film thickness)
Ex. D-4 La (mopd) » 180°C lanthanum oxide

{30 nm)

The results shown in Table 8 indicate that the metal
complex compound of the invention has a good f£ilm-forming

Property.

[Example E-1] (Preparation of bis(2-methoxy-~3, 5-heptane-
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nmet hoxy- 3, 5- hexanedi onato)i ndiun(l11) as viscous pale
yellow liquid. 15 The

tris(2-methoxy- 3, 5-hexanedi onato)indium(lIl) is a new
conmpound having the follow ng characteristics: IR

(neat, cur'): 2981, 2933, 2882, 2824, 1574, 1523,

1412, 1387, 1265, 1212, 1119, 1025, 909, 806, 538 (the
characteristic peak (1611 cnml) of P-di ketone has di sap.

20 peared, and a characterdgfid ¢ peak (1574 cur') of

(S-di- ketonato appears), Elemental analysis: found: C

4B BB BRDUEI) n- E’ﬂz(ﬂ%ldb:a)l culated (C21H'MINn): C

46. 3%IrH . 1000 mLAvaluhes £1lahR( shei withta lirrer, a
Gkt dd Bnd% &2 Eanked] welPeeRARRIAP ™ Buspen-
ekl s (& (5@@0&8 39 01 ezseng@aarmq) Er{l%ﬁfi&&f(éﬁéi 40 mls
O T Efi{e%é(%t Suly

L2 ilan?ﬁﬁ om% HET e edione
W% e g:f hf% LN

%islﬁe&aae&w eﬁé-pm@a?e@fbynwu o s elium
&gtchn:em:h Babpteod) . The resulting mixture wees stirred at
Hdon egeniE e UEeS- ofdbhegue fiblry calritgrigio variren Seac-

tﬂ:ﬂaﬁ?d WW'%&@EM&SW&EO epRDedHd ic por-

$alddr WP rtéa'E &.‘) al y@@ﬁg"é&g sulfate,

%Hici"fl éxfled R es”?‘or C it igre—

re gﬁ‘@%@r&, th % r

Lk
Jcﬁ rm%tla%m%n Ew@@éﬁn@@ %X/eﬁts vig-

Mtislays dl LamEdt f at e, and fil- tered. The filtrate
was cﬁtﬁérhl%\f%ﬁn@hh@x}frédﬁcheppaegdlomtc) lead(IL) is a
new compound having the following characteristics: .
IR (neat, cw?): 2976, 2934, 2877, 2822, 1594, 1516,
1420, 1371, 1335, 1302, 1210, 1117, 1068, 1016, %44, 882,
821, 515 (the characteristic peak (1610 cm?) of p-diket-
one hag disappeared, and a characteristic peak (15%4 cm™)

of p-~diketonato appears),

Elemental analysis: found: C 36.6%, H 5. 03%, Pb
39.5%, calculated (CH,O/Fb): C 36.8%, H 5.02%, Fb 39.7%,
MS (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 mU-volume flask ecquipped 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—methc1xy-3,5-hex:anedione (prepared by the



‘sure. The concentrate was then distilled under reduced
pressure at 220C, 24 Pa, to give 5.78 g (yield: 47%

of tetrakis(2-methoxy- 3, 5- hexanedi onat o) zi rconi un({ni)

as 10 viscous colorless liquid. The

tetraki s(2- met hoxy- 3, 5- hexanedi onat 0) zi rconi um (V)

is a new conpound having the foll ow ng characteri s-
- tics: IR (neat, cnil): 2979, 2932, 2873, 2823, 1597,

1526, 15 1414, 1361, 1272,41211, 1120, 1023, 794,

516, 419 (the char acterlstl c peak (1611 cnml) of

R- di_ket one has di sap- peared, and a characteristic

qd 5oy Refersnee prarplreidnat Fhgppaausting mixture

Mashert bt redafosi §: miouhes.C 50bsEquars 13 %a AZoRtion of
.6 'Kk, (T3l 8uimatdy OF 8HAA0AIZIN): dRla-iid tdifa8Grate
Zm 133) Lc:of oﬁ/ﬁtlﬁthémoilﬂaslgiowl 99 drdippeld). dAvick athe eresult-

T B “%% ﬁ%m e %@m
o ] &
%%#ﬁ %’ﬁetﬁ ﬁoprsa%ﬁ vt i vy

| d-WEJF OPEeS@ééP@dS%ﬁaﬁeon% fishteysgd. The

10 fiddpata was congentsabe)l vRdemaesvioed rerasure.  The
S takee (waepthed gisthéledt nodesf rRefrredhgressure at
EDEHITR, e 156 FPa arteh tdueran X130 ey wogd eldlt r 26%) oofStris (2-

mgtlaer- S hskexguedibiata) salitingTIa) HY Qrdkddis Pale
I])mpfl ;lggl (I ) chl or| de hexahydrate | n 30 nL of

15 met ha“ﬂie éths h@&gn!et&ﬁ (ITT) is
ior 81&85\&%& a{ét
g2

'U'I:n-

T

tenper M523,
ep%%%é‘ﬂ %2 %, L& 693825 909 806 §3§' (the

. acter:.stlc: peak 611 om™) of Pp-diketone has disap-
20 peared, and a character:.st:.c peak (1574 cm™) of p-di-
ketonato appears),
Elemental analysis: found: C 46.6%, H 6.20%, In
21.0%, calculated (C,H,;0.In): C 46.3%, H 6.11%, In 21.1%,
.MS(m/e) : 544, 514, 401, 289, 199, 115, 59,

25
[Example E-3] (Preparation of tetrakis(2-methoxy-3,5-
hexanedionato) zirconium(IV) - Zir (momd),)
In a 100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping furmel was placed 29.2 g (NaOH
30 78.8 mmol) of aqueous 10.8% sodium hydroxide solution.
Into the ice-cooled solution was slowly dropped 12.1 g
r(83.6 mmol) of 2-methoxy-3,5-hexanedione {(prepared by the
method of Reference Example 7). The resulting mixture
was gtirred for 5 minutes., Subsequently, the above-men-
35 tiomed aguecus solution was slowly dropped into a solu-
tion of 4.33 g (18.6 mmol) of zirconium(IV) chlorlde‘. in
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pressure to distill nethanol off. To the residue were
added 50 nL of nethylene chloride and 50 nL of water.
The organic portion was taken out, dried over
anhydrous 5 sodiumsulfate, and filtered. The filtrate
was concen- trated. The concentrated filtrate was

pl aced under re- duced pressure and distilled at

2300C, 40 Pa, to give 7.20 g (yield: 430) of.

bi s(2- met hoxy- 3, 5- oct anedi onato) ni ckel (11) as dark
green solid. 10 The -82- o

- bi s(2- nethoxy 3, 5- octanedlonato)nlckel(ll) is a new

céRpBlngthEGEthencle AR dhie Fredat bERg NEKiuEe WRS stirred
(Rext 0cmiputes S KaI20631g 2933, 2. 28Fact ben3, Afses; the

18e8rtios] wardBrpllats, KOl Al IO imedhplcyeiohsasne and 50

(theofhwatetrenerts addeak ( 180 £ nihe cbrdhniltkpbatdcmas
lbalieaappeqr Sehic@ byt @aﬂaﬁmwtg@dﬂ@aksﬁi@a&e Mehl £11-
Ofet-dq, di eko 'Iﬁtl‘i‘:r%‘%@%\fa?é

éie& W pres-
s § %ﬁ;% o gg% . nih gga Nk uced
CEEF F‘%’JE—

Vield!°a7%) of
3VESHEPPaRed

ﬁ, iﬁ' on to) z:LrCOIllUIII(IV) asg
V) Hf(rmpd ) Ina 100 -

m_- vol Fr&'&g@ké@dwm B Sihe onato) zirconium
t hEV ISt &r Newd compasme Apvinmdthaefel bhaing GheSagteris-
(2Dce25 mmol ) of 28% sodi um et hoxi de et hano

sol uti OR dneat) o Bf: EIPANRS32 Nt RP8YRe peeacoalssy, 1526,
sodudi om3gas sbgw,y 12dnopped@l. Roms (3760, ML) aho (the
m&a@ﬁér@s@bh Yeak izdigpt&%ﬂil 88ep L%ﬁ@ﬁbn% Pl 78 gap-

%%5 Ofaﬁg gr%ﬁ%teg%%%?bs quen 6 y, a SO|UtIUL g?‘
oy 5 * 1z, 4r
gﬁ;‘g “%T] 1%7 1i 85 (H ,rq%,ea-I aé)gseag% Zr 13.7%,

[Example E-4 (Preparation of bls(2-methoxy—3,5-octan3u
dicnato)nickel (II) - Ni (mood).)

In a 100 wml-volume flask equipped with a gtirrer, 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 solution was
slowly dropped 12.6 g (73.2 wol) of 2-wethoxy-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 (II)
chloride hexshydrate in 30 ml of wmethanol 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 com-



10
15
20
25

2

38

roomtenperature for one hour for carrying out a reac-
tion. After the reaction was conplete, the reaction 35
m xture was placed under reduced pressure to distil

met hanol off. To the residue was added 10 niL of

hexane. -84- The resulting mxture was filtered, and
the filtrate was concentrated. The concentrated
filtrate was placed under reduced pressure and
distilled at 220C, 24 Pa, 849 give 3.00 g (yleld 709%
of bi s(2-met hoxy- 6- net hyl -3¥3kept 5

anedi onat 0) haf niun(1V) as pale yellow solid.. The
HPsgbenet-ABx e oy mixmire ol el gymder reduced

HaFrRe SR VIOl digtiddv Haff ng Thethel rowidye were
caddedabbenisoifc peting.end adQ.oxndie Rugd el , minet) water.
3Mhd (bryan2879ored3d, w2y 1aleld? hut 15821 ed S58¢exrl dfRhydrous
18801 uh240] 3240, ahtP E11k6d 969N 1811 traFe waé Cuieen-
CEREBEHET | $hiC cheRert el e FRite xﬂas Eh@@a i@Sler re-

daﬁ 8l U oat DAL U
i W%"%j@* Betope ot ey
59. Pé 205 ,%% al\ll%ecslncim,%to?mc KeITIT) is &

tl%%‘fiaﬁqb U-ﬁsgtha ﬁ:g{q]ﬁqlw:l_ng characteristics:
3, 5- heﬁRaﬁ@@ﬁEma?ﬁfZﬁ?cﬂﬂ-@ﬂWM 2963 ¢ n8pap4) 2874 RAHE3.
598} URE20| adk38quILBREd WAL A K117/ etQ1E, 960, 795, 558

ﬁ

-t fieheookaeachedistdoogealy (1608 cl) eofl fedd ketiimey has

(isdppeakedof aﬁ&%seﬁia:rammm peinagnk9gokbutoror f-
euﬁﬂ.;eﬂ,@ngtooé h I nt o t he | ce- cool ed sol ution

\Azllas g OXég%ﬁagg%g q *”)”ed(': @? reﬁaﬁe%ﬂy %i\ﬁgjﬁ 6%
%re %’; 2@& § l and ﬁé m xtfure ‘was ‘
e

2')
stirre 39-

[Ebcample E-5 (Preparation of tetrakis (2-methoxy-6-methyl-
3, 5-heptanedionato) hafnium(IV) - HE (mopd)4)

In a 100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 3.95 g (20
mmol) of 28% sodium methoxide methanol solution and 10 nil
of methanol. Into the ice-cooled solution was slowly
dropped 21.2 g (3.65 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. Subse-
quently, a solutiorn of 1,60 g (5.00 mmol) of hafnium(IV)

chloride in 6 ml: of methanol wag slowly dropped into the
ice-cooled 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 pressure to distill
methanol off. To the residue was added 10 nl of hexane,
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Subsequently, a solution of 1.38 g (5.92 nmmol) of

zirco- niun(1ST) chloride in 4 nL of nethanol was

slowy dropped 30 into the ice-cooled m xture. The
resulting mxture was stirred at roomtenperature for

one hour for carrying out a reaction. After the

reacti on was conplete, the reac- tion m xture was

pl aced under reduced pressure to distill nethano

off. To the residue were adgl d 30 nL of hexane 35 and

30 ML of water. The organic ‘gortl on was taken out,

dried over anhydrous sodiumsulfate, and filtered. The
“Bevresuitang Waxtawicsme dladered andebbeafidtrate was
feoneanbraged . pl Jhed comdmniredisst df phessive ewasdplaced under
drsdité@dpaes2Rie a2hl dBatildad e 220 @4 e, 128%ive
of . OO sg2{(yrehaxy 70% et bis (2-methoxy-6-methyl~3, 5-hept-
Yan&d fohapb3Radinaal (NG| a0 P NeFRowabely@l | ow

sol i d. ‘I‘ﬁeTﬁis(z——methoxy—&S methyl ~3,5- anedlcnato)ﬂ

tlhéf =2 Q- he

z% ﬁfﬁg’?ﬁ[) %s a newco c"cs,nd avil %‘% f,oil.il.cgmlﬁ
aracrerts p.: 165C, TR (neat aril): 2974,

2932, 2859°Chtg0. O T

1, 1
1210 0123860 CM9Hg, %%4 Szétﬁg'?l' 2823,
ChioPher BoR4y d433ak 1(3@@07 240 WL1R dlk%@onwﬁas 969, 918,
dTappesdt edthen aharelchexdisdriic pealpeike@1580 "¢ no)f §f-dd.~
peettiket baat disppeeesied,Elenk i ahmratystistioupdakC (1582
SIm3Y ofl B-dd¥etdnalto Ep@dbrsp) cul ated (C36T30px2Zr):

C 55. 191 etkeRtADS aréll sz%f@ﬁﬁm@)so 608, @19.162, HE

E%gs(@l ecEl&quBE:%&af(@g ): € 50.1%, H 7.00%, HE 20.7%,

hept anedl ona o)y tfl - Y(rmpd) ) 20 In a 100
ﬁl-esg a&&%%ﬁtctf +AEEE (zametho -5 methyl

HF %ﬁ‘ S50 20 %E%mﬁ% Xé&l?lﬁﬁg%@%g' E&%err

ermmet&r and a dropping fummel were placed £2.70 ¢
(24.4 mmol) of 28% sodium methoxide methanol soluticn and
10 wl, of methanel. Into the ice-cooled scolution was
slowly dropped 4.20 g {24.4 mmol) of 2-methoxy-6-methyl-
3,5-heptanedione (prepared by the method of Reference
Exaumple 2), and the mixture was stirred for 5 minutes.
Subsequently, a solution of 1.38 ¢ (5.92 mnol) of zirco-
nium(Iv) chloride in 4 wl of methanol was slowly dropped
into the ice-cooled mixfure., The resulting mixture was
stirred at room temperature for one hour for carrying out
a reaction. After the reaction was conplete, the reac-
tion mixture was placed under reduced pressure to distill
methanol off. To the residue were added 30 wl: of hexane
and 30 mL of water. The corganic portion was taken out,
dried over anhydrous sodium sulfate, and filtered. The
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10 mL of nethanol. Into the ice-cool ed solution was
slowy dropped 4.60 g (26.7 muol ) of

2- met hoxy- 6- net hyl 25 3, 5- hept anedi one (prepared by
the nethod of Reference Exanple 2), and the m xture
was stirred for 5 mnutes. Subsequently, a solution
of 2.62 g (8.64 mmol) of yttri- unm(l11) chloride
hexahydrate in 20 nL of nethanol was slowy dropped
tnto the m xture at room tegperature. The 30 resulting
m xture was stirred at roonitenperature for one hour

fo11 f‘é{:éé' soﬁbn%e’h‘f:%‘étt'éﬁ‘ ""fﬂ@r LQNEMBErate was
@@f 1@& &t 220°C, 25

ucﬁ msau s ﬁ@ et
'\ﬁrsaiﬁ?d% %%;%’m ‘J %%%%ﬁgl %éto)* e

fﬂlﬁs‘a%uwégv oRFe Pm&ompg&mdrﬁéa%%e%‘@%fe
f%éﬁ‘éeﬁé@tgﬁg%ed under reduced pres- sure and
di stilTeB-at 35 Pj ive 2.43 ¢

of tri SR {RERRox FI6-net4 74"3 Fépt 284y o%é@é“) 158% 1333,
431 u 329& §3§I:a§-§9-00rél|4§é):sol$) : 59G%e 914, 797, 575,
t543(2thetn yaetmuaulxzsmaﬂeptm@m@néﬁ opf p-diketone has
ydisappéate), i snd mewheosauaert dtaid noeske (1680owmnry of f-
aiiticetonseni apipedram,p. : 38C, IR (neat, cn¥l):
3435(bE1em8:ﬁE§.il &%&%&%&Jl foidgd, C19s5 1898, H193%2%, zr

2ns 1 10 A
]I'::ﬁf B'ﬁ ?c‘]ﬁy& S ‘fﬁ?é&" %‘%5 5‘3/5%]72 ’7%@07\79% %]5/011 8%,
cal cul%?é@ F&?ﬁ@é@g 3/.C33.8% H 7.53% Y 14.8' %
M5(m e): 625, 602, 571 559, 543, 431, 339, 259, 15
1lBxvahfl el Befrer@nepapsipie dOltLDE ep&n@th@ﬂyos-methyl -3,5~-
ZnaBERARNi3nAto) yrtrium (IV) - Y (mopd) 4)

In a 100 mL-volume flask equipped with a stirrer, a
thermoneter and a dropping funnel were placed 5.12 g
(26.5 mmol) of 2B% sodium methoxide methanol solution and
10 mL of methanol. Into the ice-cooled solution was
slowly dropped 4. 60 g (26.7 mrol) of 2-maethoxy-6 —methyl—
3,5-heptanedione (prepared by the method of Reference
Example 2), and the mixture was stirred for 5 minutes.
Subsequently, a zeolution of 2.62 g (8.64 mmol) of yttri-
um{Ill) chloride hexahydrate in 20 ml of methanol was
glowly dropped into the mixture at room temperature., The
resulting mixture was stirred at room temperature for one
hour for carrving ocut a reaction. After the reaction was
complete, the reaction mixture was placed under reduced
pressure to distill wethanol off. To the residue were
added 30 mlL of hexane and 30 mlL of water. The organic
portion was taken out, dried over anhydrous sodium sul-
fate, and filtered. The filtrate was concentrated.



10

15

20

25

30

- 35

hexanedi one (nmond)) In a 300 nL-vol unme flask equi pped
with a stirrer, a 20 thernoneter and a dropping
funnel was pl aced 29.0 g (258 mml) of potassium
'-hut oxi de, and the flask was purged wth argon.
Then 120 nL of nethyl cycl ohexanone was placed in the
fl ask. Subsequently, 15.0 g (127 mmol ) of net hyl
2- met hoxypropi onate (prepared by the nmethod of 25
Ref erence Exanple 1) was drfg@ped under cooling with
ice, and further 7.40 g (1 nmol ) of acetone was
slowy dropped. The m xture was cooled to 100C and
sthe regntentraved fulesater waar pliampdander eaduoad pres-
Afuee ahd deatciliednatasz00agpl BEePal, 280ghieol vdt ¢ (vield:
versy pl af egiri 8 (RbReBBoklagk mdtdss) -C0 0 i tdirid i Gatdhe
PPIIZ) Oﬁs\/\@iasb?k aI | zed W th

%ﬁ%ﬁ R ..

%égered The flltrate was concentrat ed"’

35 ancfn til rl er reduced pressure (66C, 38

k% SRty @31 ( PASIb306398, 2932, 2871 2822
Slﬁéianéaﬁénelésll 872-15¢0| Grlildss Q2R 912, 787,

TP 2- met hoxy 3, 5- hexanedi one had t he foll owi ng

char adfhamial: ahsl My EEDELINR (PBDH.RLE, H2D.72%, Y

QL 3% d)calledbated 7HodH, 0.5) 2. 1315(328'%44 ) 7.536, Y 14.8%,
(0. 3 (mfopt €357 €D, 57;17 3,9, 43164330, 259,

O.2Hsy, 3.70 - 3.7 ,58(5 (0.'9H7s)’, 15.3
(0.9H,5)" IP (neat, cur ) 2987 2937, 2828 1611(br),
5]f 1368 1337, 1230, 1211, 1119, 1058 1018, 903,
éﬁg@m Ee&? at Preperakions of ehaatdiery<tis-
digue g {perd

In a 300 mla—vog.wna flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 29.0 g (258
mol) of potassium t-butoxide, and the flask was purged
with argon. Then, 120 ol of methylcyclohexanone 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 subjected to
extraction with methyleyclohexane., The methyleyclohexane

‘extract was waghed with water, dried over anhydrous sodi-

um sulfate, and filtered, The filtrate wag concentrated
and distilled under reduced pressure (66°C, 1.38 kPa) to
give 9.63 g (ylelc‘l 53%) of 2-methoxy-3,5-hexanedione as
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M5(me): 114, 85, 59, 43. [Exanples E-8 to

E- 14] (Deposition tests: Preparation of 15 netal oxide
film The deposition experinment by the CVD net hod was
performed using a netal conpl ex conmpound prepared in
Exanples E-1 to E-7, to evaluate the filmform ng
proper- ty. The deposition experinent was carried out
using the 20 apparatus of Fig. 1. The deposition

conditions are set forth below (Exanple E-8) Helium

is supplied together with o®ygen to dilute oxygen. 25
FIl ow rate of Hecarrler 15 M./ m n. FIl ow rate of

ogg&ggﬁlegg r& Fl ow rate of He (for oxygen

dl a0 e at ur e% Sstr a% gﬁ%laés égg‘gﬁ?&e&@
|nrea (2 7H,d) ,
g*iﬂp o >,, %%s £

#r 8t

Copsis (ls,l:”ze'?0 7 n$n
T ﬁp@HaﬁDmeléf %d&tﬂ}ﬁt@ 400C Pressure in reactor
5,320 PR (Deptsi wimoh pe2®®d; 3837 nkB28, 51eEldimlle 1451,
E135§3 HeBBUm 13 up@dldd tolge? hekOm 1 hLOk§gefOBe 801, 814
di{theepeakgan. 1WW1aw ot einfa Hehasacterissionpkainot fi-
diketona) ,
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 metal 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 set 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 wl/min.

Flow rate of He (for oxygen dilution):

105 mly/min,.

Substrate: 8i0,/8i (aize: 7 mm x 40 nm)

Temperature of substrate: 400°C

Pregosure in reactor: 7,980 Pa

Deposition period: 60 minutes

(Examples E-9, E-12, and E-13) :
Flow rate of He carrier: 30 mL/min.
Flow rate of oxygen: 20 wml/min.
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Fl ow rate of oxygen: 80 nL/mn. 10 Flow rate of He
(for oxygen dilution): 90 nL/mn. Substrate: SiQ2/Si
(size: 7 nmmx 40 mm) Tenperature of substrate: 400C
Pressure in reactor: 19.9 kPa 15 Deposition period: 60
m nutes (Exanple E-11) Heliumis supplied together

W th oxygen to dilute oxygen. Flow rate of He
carrier: 60 nL/mn. 20 Flow rate of oxygen: 80
m./mn. Flowrate of He (for oxygen dilution): 60
m./mn. Substrate: Si 2/ Si~&%+ze: 7 mmx 40 nm
Tenperature of substrate: 400C 25 Pressure in reactor:
7,980 Pa Depbsgti-hea:peshiog/se0 (plivkt:ey ohEXamy emm)
E-14) Flow g e@&t\:&ecafff 'a%sn%%ﬂym gec30 Fl ow

rate of oxgg str g/& (si ze:
7 mm x 40 nﬂg a 50C
Pressure inr %’%q-ﬁ‘ Depo |on perl od:

Bﬁ m ng{‘%sEgS The rl&sults of daposgtl on Efl % ﬁpexygren o

s?xﬁg@nset forth in Table 9. Table 9 5
Flow rate of He carrier: 30 wi/min.

Flow rate of oxygen: 80 mb/min.

Flow rate of He (for oxygen dilution):
90 mL/min.

Substrate: €i0,/51i (size: 7 wmm x 40 wmm)

Temperature of substrate: 400°C

Pressure in reactor: 19.9 kPa
Deposition period: 60 minutes

(Example E-11) Helium is supplied together with oxygen to
dilute oxygen.

Flow rate of He carrier: 60 wil/min.

Flow rate of oxygen: 80 miy/min.

- Flow rate of He (for oxygen dilution):
60 ml/min.

Substrate: 84i0,/8i (size: 7 mm x 40 wmm)

Tamperature of substrate: 400°C

Pressure in reactor: 7,980 Pa

Deposition period: 60 minutes

(Exarmpnle E~14)
Flow rate of He carrier: 30 wi/min.
Flow rate of oxygen: 20 ml/min.
Substrate: 8iQ,/8i (size: 7 wm X 40 mm)
Temperature of substrate: 450°C
Pressure in reactor: 5,320 Pa
Depogition period: 30 minutes

The results of deposition (film property and analy-
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which the (3-diketonato |igan
. al koxyal kyl met hyl group is represented by the fornula

Metal conpl ex vaporizing Filmproperty conpound

tenperature (filmthickness) 10 Ex. E-8 Pb(nohd)2

140C | ead oxide (60 nnm) Ex. E-9 In(nond)3 140C
I ndi um oxide (45 rim 15 Ex. E-10 Zr(nond)4 1200C
zirconiumoxide (30 nm Ex. E-11 N (nood)z 180C
ni ckel oxide (50 rim Ex. E-12 H (nopd)4 180C
haf ni um oxi de 20 (30 nn) Ex. E-13 Zr(nopd)4 180C
zirconiumoxide (30nm Ex,.E-14 Y(nopd)3 180C

yttriumoxide (30 nm 25 T%%“results shown in. Table

9 jndicate that the netal_ conpl ex conpounds of the
i $ PF oRT AEVELa WgEsd Pﬁqﬁﬁlﬂﬁﬁgﬁﬁ’ PP apetypls3oarggset
doarpis it FabkdealP .conpl ex conpound having a .
l'i-di ketonato 5 ligand which has an al koxyal kyl net hyl
group. 2. The netal conplexrgggaognd of claiml1; in

havi ng_an

(1): 10 X aMetal complex Vaporizing “Film property
compound tenperature (film thickness)
Ex. E-8 Pb (mohd) 5, 140°C lead oxide
(60 nm)
Bx. BE-9 Tn (momd) 4 140°C Indium oxide
: _ (45 nm)
Ex. E-10 Zr {momd) 4 : 120°C zirconium oxide
_ ' _ (30 mm)
Ex., E-11 Ni (moed) 180°C nickel oxide
’ (50 nm)
Ex. E-12 HE (mopd) 4 180°C hafnium oxide
' ; ‘ (30 nm)
Ex, E-13 Zx (mopd) , 180°C zirconium oxide
(30 nm)
Ex. E-14 ¥ {mopd) 5 180°C yitrium coxide
: . (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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a Y 15 wherein X stands for an al koxyal kyl net hyl
havi ng the above-nentioned formula (2) in which each
of Ra and Rb independently represents a |linear or
branched al kyl group having 1 to 5 carbon atons; Y
stands for an al koxy 20 al kyl net hyl of the
above-nentioned fornula (2) or a lin- ear or branched
al kyl group having ‘1 to 8 carbon.atons; and Z stands
for a hydrogen atomor an aPRyl group having 1 to 4
carbon atons. 25 3. The netal conpl ex conmpound of

claiml1, which is represent'ﬁg tﬁ% the formula (3): X
30 (ZM(3) Yin whi'ch M st a metal atom each.

O:r %{%g; .ihas tffg{sane maain]ngi and n 'ﬁf,@ﬁﬁanato

Chn i G mL@xﬁMm% (ﬁ@%‘i‘ﬁ’bed | n

E:{;lodcTa e | lA lEFB IIIB IVOBlmc‘)éﬁ#A aW| 'ch
AL Q)T‘ggg Epn@@pe' REE i &W{?ﬁ@ @Umﬁ%ky%@etbyl group
g neeprarenhed by ther dievura bek) um  zinc, born,

al um num g@lllum i ndium germani um tin, Iead

vanadi - um um -and tantalum 10 6. The net al
conpl ex com oun of claim3, in which MiR3A netal

at om deﬁ:rﬂsed i n//erl odi (:1)Tabl e IVR\Q/I%VI LA, - or{2)

VIiT.
Y

. wherein X stands for an alkoxyalkylmethyl having the

above-mentioned formula (2) in which each of R* and RP
independently represents a linear oxr branched alkyl group
having 1 to 5 carbon atoms; Y stands for an alkexy-
alkylmethyl of the above-mentioned formula (2) or a lin-
ear or branched alkyl group having 1 to 8 carbon atoms;
and Z stands for a hydrogen atom or an alkyl group haviog
1 to 4 carbon atoms.

3. The metal complex compound of claim 1, which is
represented by the formula (3):

in which M stands for a metal atom; eaéh of X, ¥, and Z2
has the same meaning, and n is an integer of 1 to 4.
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15 7. The metal conpl ex conpound of claim 3, in which
Mis an atomof netal selected fromthe group
consisting of titanium zirconium hafnium chrom um
manganese, nickel, cobalt, iron, ruthenium and
iridium 20 8. The netal conplex conpound of claim 3,
in which Mis a netal atom described in Periodic
Table ID, and n is 1 or 2. 9. The nmetal conpl ex
compound of claim3, in which 25 Mis a netal atom
selected fromthe group com3lsting of a copper atom
a silver atom and a gol d atom 10. The netal conpl ex

conpoup d OfTﬁ a

i r&{;e f t{‘lh rre!_ﬁl which
%@uﬁ fai> %%ga%s,s: ?ﬁﬁ‘md ki ey

rB?’ﬁ group consisting of yttrl um
| ant hanum cerium praseodym um neodym um sanmari um
eur opi 5m eTheufatylt edaidix argdiirel ¢ cBidn 39 fn which

iM% By odindatoPloflierAlP rs%‘l%%%é@ I RA R '@r@u ééhslstlng

Q¥ C{?@ Uy, CP:aﬁ%E’ﬂEﬁ‘d S
e g}ﬁm Ry %%;01?@% ﬁnaigaé' o
t h‘é

n‘é to gl(/e a vapor

C ound and supplylng t he

vapor nto rea on_c arrber in ch a supstrate

&i | aged; %@@ “Wég %g% évr fp which
i JP E@ ﬁfFPH‘ ot E E¥Ry n

do¥eIihe vapor to convert into a metal oxide
vapor and depositing the netal oxide 10 vapor on a
sur f ack. of The websllr goeplEk cthpoanrtest ¢baim 3, in which
M ejparam galacwmedal mexade skillamtedt dafei Nthe ayedabh tdlsisting
igE i tedn e, heai-taei O, ai@tdhm, chromium, manganese,
nickel, cobalt, iron, ruthenium, and iridium.

8. The metal complex compound of claim 3, in which

"M is a metal atom described in Periodic Table IB, and n

is 1 or 2.

9. The metal complex compound of claim 3, in which
M is a metal atom selected 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 ig a rare earth metal atom, and n ig 3 or 4.

11. The metal complex compound of claim 3, in which
M iz an atom of metal selected from the group consisting
of yttrium, lanthanum, cerium, prasecdymium, neodymium,
samarium, europium, erbium, ytterbium, and Iutetium, and
nis 3 or 4.
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conpl ex conpound in the step is perforned by heating a
15 solution which is prepared by dissolving a netal
conpl ex conpound in an organic solvent. 14. The
process for preparing a netal oxide film according to
claim1l, in which the organic solvent' is an 20

al i phatic hydrocarbon sol vent, an aromatic hydrocarbon
solvent, or an ether solvent. 15. A process for
preparing a netal filmwhich_conprises the steps of:
heating a netal conplex cof@éund 25 having a

3-di ketonato |igand which has an al koxyal kyl net hyl

group 1o gi Ve m-cadd ﬁ&riﬁﬁé Cﬁnﬂéﬁélcgﬁﬁdﬁp¥EQm
aﬁﬁl&ﬁp éetbe ﬁl’ﬁp td be‘ r Eiﬁ ﬁhﬁ\%ﬁﬂ EBmplesx
DRGSO KAROL,,

b 5, *’@P M
ELE@ Fé H@Faim Qo TeACtion
§&e 1o ﬁ "%te 1358 H%%ﬁ%%c@@é— pbginging the

ﬁVﬁp@Iin@t@|ﬂﬂnnadhIwmuhxmxygeBSDrngteamcna|uh$339amt10n
wilgtibere umelst fpaofing e aecompbes thenpapor to theavert
siepoi 8 pethdr red.dey gt thd dehodi ing 9%8heWikehll Sxdde
Praparedrby EHaTRld RE THR AbgePREEX conpound in an

organic solvent. 17. The process for preparing a netal

film aggor dry, £ é£§%€ E§ OLY3BLC £i1m
£§§§Eb%hﬁ%§n aFE% |(:¢? dE@r ven opgeﬁ?metal

reh En&%up%ﬁﬂ? g 2
mﬁ?%ﬂtéﬁﬁi ok gt ar %45?; gcaamﬁmlagoalplex
neeRPosndr da, amolgmmmlfmmpr eparing a

metal -containing film

: 14. The process for preparing a metal oxide f£ilm
according to claim 11, in which the organic solvent is an
aliphatic hydrocarbon solvent:, aﬂ.axvmatlc hydrocarbon
solvent, or an ether solvent.

15, A.prccess for preparing a metal film 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 prccess for preparing a metal f£ilm accord-
ing to claim 13, in which the heating of a metal complex
_compound in the step is performed by heating a zolution



10

20

- 25

whi ch enpl oys a netal conplex conmpound of claim2 as a
15 netal source. 20. A nethod for preparing a

netal -containing film which enploys a netal conplex
compound of claim3 as a netal source. 20 21. The

met hod for preparing a netal-containing film
according to claim18, in which the preparation of a
netal conpl ex conpound. 25 I~

-93 -

which is prepared by dissolving a metal complex compdund
in an organic solvent.

- 17. The process for preparing a metal film accord-
ing to claim 14, in which the organic solvent is an ali-
phatic hydrocarbon solvent, an aromatic hydrocarhon sol-
vent, or an eéther solvent.

. 18. A method for preparing a metal-containing film
which employs a metal complex compound of claim 1 as a
metal source.

19. A method for preparing a metal-containing £ilm
which employs a metal complex compound of claim 2 as a
metal source.

20. A method for preparing a metal-qmntaining'film

-which employs a metal complex compound of claim 3 as a

metal source.

21. The wmethod for praparlng a metal ~containing
film according to claim 18, in which the preparatlom.of a
metal complex compound.



