
-1- DESCRIPTION METAL COMPLEX COMPOUND COMPRISING
P-DIKETONATO LIGAND  5 FIELD OF THE INVENTION The
present invention relates to a metal complex  compound
having a S-diketonato ligand which is favorably
employable for preparing a metal oxide film or a metal
10 film by chemical vapor deposition method (CVD
method).  BACKGROUND OF THE INVENTION Recently, 'a
number of studies and developments have  15 been
performed on metal complex compounds for preparing
materials employed in the fields of semi-conductors,
electronic elements and optical elements. For
instance,  complex compounds. of metals described in.
Periodic Table  IIA (e.g., strontium, barium and
magnesium) are employed 20 and studied as materials
for manufacturing ferro-dielec- trics and
super-conductive elements or materials for  preparing
a protective film of a plasma display device.  Complex
compounds of metals described in Periodic Table  IIB
(e.g., zinc) are employed and studied as materials 25
for manufacturing light-transmitting
electro-conductive  films and light-emitting elements.
Complex compounds of  metals described in Periodic
Table IIIB (e.g., indium,  aluminum, and gallium) are
employed and studied as mate- rials for manufacturing
light -transmitting electro-con 30 ductive films and
insulating films of semi-conductor  memory gate.
Complex compounds of metals described in Periodic
Table IVB (e.g., tin and lead) are employed for
manufac- turing light-transmitting electro-conductive
film and 35 ferro-dielectrics. Complex compounds of
metals described  



in Periodic Table VA (e.g., vanadium) are studied for
the -2- purpose of preparing ferro-dielectrics and
barrier films  for copper wiring of silicon
semi-conductors. Complex compounds of metals described
in Periodic  Table IVA (e.g., titanium, zirconium and
hafnium) are  5 employed for preparing
ferro-dielectrics (PZT) and bar rier films for copper
wiring of silicon semi-conductors.  Complex compounds
of metals described in Periodic Table  VIA (e.g.,
chromium) are employed for preparing glass for  an
optical fiber laser and coating of steel surface. 10
Complex compounds of metals described in Periodic
Table  VIIA (e.g., manganese) are employed and studied
as mate- rials for preparing electrochromism devices
and further  employed and studied as materials for
preparing thermis- tors due to their wide variation of
resistance with tem 15 perature and wide temperature
resolution. Complex com- pounds of metals described in
Periodic Table VIII (e.g.,  nickel and cobalt) are
studied for preparing films used  on silicon
semi-conductors for increasing density of  copper
nuclei generation in copper wiring and increasing 20
adhesion of copper wiring to an under-lying layer.
Complex compounds of metals described in Periodic
Table IB (e.g., copper, silver, and gold) are used for
manufacturing electro-conductive wiring for the reason
that these metals show low electric resistance.
Particu7 25 larly, a number of studies have been
conducted on a cop- per film, because a copper film is
employable for manu- 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. 



30 Rare earth metals (e.g., scandium, yttrium, and
lanthanoids) are paid 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 film. Accordingly, the
complex compounds 35 of rare earth metals are of value
for preparing these  materials. -3- The metal films
and metal oxide films are conven tionally prepared by
the CVD method, because the CVD  method can easily
give a thin film with uniform thick- ness. Therefore,
materials favorably employable in the  5 CVD method
are required. At the present time, metal complex
compounds having  a p-diketonato ligand are widely
employed as materials  for preparing a metal
atom-containing film by the CVD  method. The metal
complex compounds having a p-diketon 10 ato ligand are
good in their stability and sublimation  property, and
hence are of value as the metal sources for  the CVD
method. Representative example of the (i-diketon- ato
ligands are acetylacetonato (acac) and 2,2,6,6-tetra-
methyl-3,5-heptanedionato (dpm). 15 It is noted that
most of known metal complex com- pounds having a
(i-diketonato ligand are solid at an ordi- nary
temperature and have a high melting temperature.
Therefore, the use of the known metal complex
compounds  as the metal source in the CVa method is
liable to cause 20 plugging in the pipe systems for
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  25 of the known improvements resides in the
attachment of an ether bonding-containing substituent
group to the R-di- ketonato ligand to obtain a metal
complex compound having  a satisfactory stability and
a low melting temperature. For instance, Patent
publication 1 and Mon-patent 30 publication 1
(mentioned afterward) describe complex com- pounds of
strontium (described in Periodic Table IIA)  having
the following formulas (a) and (b): 35 Sr (a) 0 Sr (b)
O 2 5 It is noted that the strontium complex compound
of  10 the formula (a) shows improved stability but
unfortunate-.  ly shows a low-vapor pressure, and that
the strontium  complex compound of the formula (b)
shows good stability  and good sublimation, but
unfortunately has a high melt- ing point (235C).
Therefore, it appears that these corn 15 plex
materials 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 zinc (described in
Periodic  Table IIB) having the following formula: 20
Zn  25 2 It is noted that the above-mentioned zinc
complex  compound shows a low thermal stability and
easily suffers  30 thermal deterioration. Therefore,
it is not easy to supply the zinc complex compound
with no troubles. 



Patent Publication 2 .(mentioned afterward) describes
a complex compound of aluminum (described in Periodic
Table ITIB) having an ether group-containing ligand
which  35 is illustrated below: -5- 5 It is noted that
the above-mentioned aluminum com- plex compound shows
low thermal stability and hence easi- ly suffers
thermal deterioration. Therefore, it is not 10 easy to
supply the aluminum complex compound with no
troubles. There are known no studies in connection
with galli- um complex compounds and indium complex
compounds. Patent Publication 3 (mentioned afterward)
describes  15 Sn(dpm)2 as a complex compound of tin
(described in Peri- odic Table IVB). It is noted that
the tin complex 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- 20 tions 4 and 5 (mentioned afterward)
describe Pb(dmp)2 and
bis(1,3-diphenyl-1,3-propanedionato)iead(II). It is
noted that these complex compounds-have a high melting
point. Therefore, these complex compounds are not
satis- factorily employable for the preparation of a
lead film  25 by the CVD method. As for the complex
compound of vanadium (described  in Periodic Table
VA), Patent Publication 6 (mentioned  afterward)
describes V(dpm)2. It is noted that this  complex
compound also has a high melting point. There 30 fore,
this complex compound is not satisfactorily employ-
able for the preparation of a vanadium film by the CVD



method. As for the complex compound of nickel
(described in  Periodic Table VIII), Non-patent
Publication 2 and Patent  35 Publication 7 (mentioned
afterward) describe a metal com plex compounds having
the following formulas (c) and (d): -6- 'Ni (C) i (di
5 2  It is noted that the nickel complex compound of
the  formula (c) shows poor thermal stability and
easily suf 10 fers thermal deterioration, and that the
nickel complex  compound of the formula (d) shows a
low vapor pressure  due to its high molecular weight.
As for the cobalt complex compound, Patent Publica-
tion 8 (mentioned afterward) describes a metal complex
15 compound having the following formula 0  20 2 It is
noted that the above-mentioned cobalt complex
compound shows poor thermal stability and easily
suffers  25 thermal deterioration. Therefore, it is
not easy to sup- ply the cobalt complex compound with
no troubles. As for the copper complex compound,
Patent Publica- tion 9 (mentioned afterward) describes
a copper' complex  compound having the following
formula: 30 F12  R~ Cu  35  R 



2 -7- in which R is isopropyl or tent-butyl, R1 is
methyl or  ethyl, and R2 is propyl or butyl it is
noted that the above-mentioned copper complex
compound shows no improvement in its rate of copper
film  5 formation. Therefore, it is not satisfactorily
employ- able due to its low productivity.' As for the
complex compounds of rare earth metals,  Patent
Publications 10 to 12 describe metal complex com-
pounds having the following formula: 10 R1 REM  15 R2
3  20 in which REM stands for a rare earth metal atom,
R.' is  isobutyl or t-butyl, and R2 is isopropyl,
isobutyl, t- butyl, 1-ethylpentyl or
2-(2-methoxyethoxy)-1,11-dimeth  ylethyl. It is noted
that the above-mentioned rare earth 25 metal complex
compounds have a high melting point and is  insoluble
or sparingly soluble in organic solvents.  Further,
the film formation needs a high temperature
operation. 30 Patent Publication 1: JP-A-9-136857
Patent Publication 2: DE-A-2207866  Patent Publication
3: JP-A-6-234779  Patent Publication 4:
JP-A-2002-155008  Patent Publication 5:
JP-A-2003-226664 



35 Patent Publication 6: JP-A-2003-49269  Patent
Publication 7: W4 01/48130 -8- Patent Publication 8:
,7P-A-2-121944  Patent Publication 9: JP-A-2001-181840
Patent Publication 10: JP-A-2003-321475  Patent
Publication 11: JP-A-4-72066 5 Patent Publication 12:
J'P-A-9-228049 Non-patent Publication 1: Zhurnal
Neorgaicheskoi  Khimiii, 36(9), 2279(1991)  Non-patent
Publication 2: Inorg. Chem., 1(2), 404(1962)  10
DISCLOSURE O? Tf INVk JTION  (Problems to be solved by
the invention] It is an object of the invention to
provide metal  15 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-con- taining films by the CVD
method. 20 [Invention to solve the problems] The
present invention resides in a metal complex  compound
having a (3-diketonato ligand which has an
alkoxyalkylmethyl group. The p-diketonato ligand of
the metal complex com- 25 pound according to the
invention preferably has the fol- lowing formula (1):
X  30 R~ (2)  wherein X stands for an
alkoxyalkylmethyl .having the  above-mentioned formula
(2) in which each of Ra and Rb 



35 independently represents a linear or branched alkyl
group  having 1 to 5 carbon atoms; Y. stands for an
alkoxy -9- 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 having  1 to 4 carbon atoms. 5 The
metal complex compound of the invention prefera- bly
is represented by the formula (3): X  10 M  Z (3) Y n
15 in which M stands for a metal atom; each of X, Y,
and Z  has the same meaning, and n is an integer of 1
to 4 M preferably is a metal atom described in
Periodic  Table IEA, I1B, IIIB, IVB or VA. It is
particularly  20 preferred that M is an atom of metal
selected from the group consisting of magnesium,
calcium, strontium, bari- um, zinc, born, aluminum,
gallium, indium, germanium,  tin, lead, vanadium,.
niobium, and tantalum. Further, M preferably is.a
metal atom described in  25 Periodic Table IVA, VIA,
VILA, 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. 30 Furthermore, M preferably is.a metal atom
described  in Periodic Table IB, and n preferably is 1
or 2. It is  particularly preferred that M is a metal
atom selected  



from the group consisting of a copper atom, a silver
atom,.and a gold atom. 35 Furtherm re, M preferably is
a rare earth metal  atom, and n preferably is 3 or 4.
It is particularly -10  preferred that M is an atom of
metal selected from the  group consisting of yttrium,
lanthanum, cerium, praseo-.  dymium, neodymium,
samarium, europium, erbium, ytterbium,  and lutetium,
and n is 3 or 4. 5 The invention further resides in a
process for pre- paring a metal oxide film which
comprises the steps of:  heating a metal complex
compound having a p-diketonato  ligand which has an
alkoxyalkylmethyl group to give a  vapor of the metal
complex compound and supplying the 10 vapor into a
reaction chamber in which a substrate is  placed; and
bringing the vapor into contact with oxygen  or steam
in the reaction chamber under heating to decom- pose
the vapor to convert into a metal oxide vapor and
depositing the metal oxide vapor on a surface of the
15 substrate. In the above-mentioned process for
preparing a metal  oxide film, the heating of a metal
complex compound in  the step is preferably performed
by heating a solution 20 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). The invention furthermore resides in a
process for  25 preparing a metal film which comprises
the steps of:  heating a metal complex compound having
a (l-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
30 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  35 film, the heating of a metal
complex compound in the step  is also preferably
performed by heating a solution which -11- is prepared
by dissolving a metal complex compound in an  organic
solvent (particularly, an aliphatic hydrocarbon
solvent, an aromatic hydrocarbon solvent or an ether
solvent). 5 [Effects of invention] The use of the
metal complex compound of the inven- tion in the
process for preparing a metal film or a metal  oxide
film by the CVD method enables to prepare a metal 10
film or a metal oxide film having good film
characteris- tics with little troubles in its
preparation steps in a  relatively short period of
time. BRIEF DESCRIPTION OF DRAWINGS  15 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.  20 1A: mass flow controller 1B: mass flow
controller  2: stop valve 



3: vaporizer  4: reactor 25 5: pressure gauge  6:
valve 7: trap  8: water  9: cooler 30 10A: pre-heater
lOB: heater for vaporizer  10C: heater for reactor 20:
fuzed liquid or solution of metal complex  compound 35
21: substrate -12- [Preferred Embodiments of
Invention] The metal complex compound which has a
0-diketonato  ligand having an alkoxyalkylmethyl group
is represented.  by the aforementioned formula (1),.
and the metal complex 5 compound of the invention is
represented by the aforemen- tioned formula (3). In
the formula (1), x is an alkoxyalkylmethyl group
having the formula (2) in which each of RA and Rb
repre- sents a linear or branched alkyl group having 1
to 5 10 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl,  .n-butyl, isobutyl, t-butyl, or pentyl; Y
is a group of  the formula (2) or a linear or branched
alkyl group hav- ing 1 to 8 carbon atoms, such as
methyl, ethyl, n-propyl,  isopropyl, n-butyl,
isobutyl, t-butyl, pentyl, hexyl, 15 heptyl, 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, isobutyl, or  



t-butyl; and n is an integer of 1 to 4. The ligand of
the metal complex compound of the  20 invention, that
is, the (3-diketonato ligand having an
alkoxyalkylmethyl group, can be easily prepared in a
manner similar to the manner known for the preparation
of  the known (3-diketones. Representative preparing
process- es are described hereinafter in Reference
Examples. 25 Examples of the metal complex compounds
of the in- vention which has a (i-diketonato ligand
having an alkoxy- alkylmethyl group are illustrated
below: -13- O M9 Mg (tOM9 p MO. x o x (>M9 p Mg p M0 z
i0  Ca Ca ~p a p Ca  10 b  p " (Jca Ca p _Ca CI*a -T4-
Sr o  ~ r Sr r ifo4l p  Sr O 'Sr Sr  04 002 10--Ba -
`Ba 4n2 Ba  a x 1042Ba p x Q(o38 a 0-- Ba O " a x x
-15 ~ 'Zn d n n (zn  



Q : /0 z p C x  0 'Zn 0 'Zn 0 'Zn a (Zn 3 n43 %13  0
0- 3- 0 ._B a .a `e 3 0 3 003 -16- - 'AI 'AI (o' O 'AI
p 3 !Q 3 Q 3 O 3 3 AI (I>AJ (ill,.- AI Q 'AI Ga _ (Ga
(ca ..Ga Q 3 ! 3 p _4-G 0' Ga Ga ~Q 'Ga Ga  33 !Q 3 !Q
3 Q 3 17 In 0 '-In  In 0 In #03' i0 In ' !  Q '  b
---0 In  In 0 ''In In 0 1 _ 0 3 0 3 0 3  Sn Sn 0-.Sn
''Sn  4on O Z O 



(>Sn 0 .2 2 ~ Pb Pb Pb O Pb  '1 O x Z O z z  b Pb "Pb
'Pb `Pb  ~ r z i z z  .10 (t21 (4v (II;v  b V 0 _V
(c)-V V  --3 3 -19- ^Q Ti Ti -0. .Ti 4 0 4 4 moo. (Ti
(oo' Ti  /O 4 4.' O 4 to 4 , 4n4 0 4 :4zr (zr (tzr 0
(zr, O  zr  (zr ~ ('zr (QZr . ($ 4 4 4 on 4 -20- O Hf
C (Hf Q ' f f (Hf . (Hf O `'Hf Q ('Hf r b r Gr r  Q r
(cr (ocr r. Mn 



- ''Mr1 (QMn Mn is Q 'O 2 (oMn Mn (OMn 'Mn  O z ~ z O
Ni Ni Ni  O z (ok'Ni  z . 0 i0 z (04 -22- Q CO CO O'
(Co (tco  (O(>CO o /~ x (O)Fe e 4,Fe Fe  Fe .'Fe 'Fe
(eFe 3 , ~ , -23- `'Ir Ir 0 '`.Ir Ir  io3 0. 7 O 3 C J
0 ('rr `Ir Ir O Ir  O 3 O 3 0 3 Ru RU Ru "Ru  /p a /a
s ~p a ~ }  b 3(ju u 0`' u u -24- - ' Hf (t>ui0 Zr r
o _ CO --Fe  0-- MnNi O 



Ru -25- O Cu (tocu /O (c) F, u u O p 2 2 0 -C 0 Cu O
''cu O `'Cu 0 Cu -26- .  -;Ag _Q-Ag \ O Ag -O. Ag a  l
-0-0 Ag A Or g a... 'Ag a~Ag  ,a .a P  O..Ag Q- Ag
0->g a.-Ag -27- M ._M .M 5 3 5 a } io p M M  `M M p  P
0 3 Q 15 [in the formulas, M is a rare earth metal].
The deposition of the metal-containing compound onto
the substrate can be carried out by the known CVD
method.  For instance, the metal complex compound is
supplied onto  a heated substrate together with an
oxidizing gas such as 20, oxygen, ozone, 'nitrogen
oxide (e.g., Nzp) or a reducing  gas such as hydrogen
under atmospheric or reduced pres-,  sure, to deposit
an metal oxide film or a metal film on  the substrate.
Alternatively, a metal complex compound  is supplied
onto a heated substrate together with a ni 



25 trogen-containing basic gas such as ammonia to
deposit a  metal nitride film on the substrate.
Otherwise, a metal- containing film is deposited on a
substrate by a plasma  CVD method. The process for
preparing a metal oxide film by the  30 CM method can
be performed by a step of heating a metal  complex
compound of the invention to give a vapor of the
metal complex compound and supplying the vapor into a
reaction chamber in which a substrate is placed and a
subsequent step of bringing the vapor into contact
with 35 oxygen or steam (i.e., water vapor) in the
reaction cham- ber under heating to decompose the
vapor to convert into -28- a metal oxide vapor and
depositing the metal oxide vapor  on a surface of the
substrate. The process for preparing a metal film by
the CVD  method can be performed by a step of heating
a metal 5 complex compound of the invention to give a
vapor of the  metal complex compound and supplying the
vapor into a  reaction chamber in which a substrate is
placed and a  subsequent step of bringing the vapor
into contact with  hydrogen in the reaction chamber
under heating to decom 10 pose the vapor to convert
into a metal vapor and deposit- ing the metal vapor on
a surface of the substrate. In the CVD method, the
metal complex compound is  vaporized for the,
formation of a thin film. The metal  .complex compound
ofthe invention can be supplied into a 15 vaporizing
chamber and vaporized in the chamber. Alter- natively,
the metal complex compound is diluted with an
appropriate solvent (for example, an aliphatic
hydrocar- bon such as hexane or octane; an aromatic
hydrocarbon  



such as toluene; or an ether such as tetrahydrofuran
or 20 dibutyl ether) and the resulting solution is
supplied  into 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  25 converted into a
metal-containing film in a reaction  chamber at a
temperature of preferably 50 to 700C, more  preferably
100 to 500C and at a pressure of preferably 1  to 200
kPa, more preferably 10 to 110 kPa. The metal  complex
compound can be vaporized at a temperature of 30
preferably 50 to 250C, more preferably 90 to 200C.
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 35 ture. When a metal oxide film is
deposited using steam,  the steam is used in an amount
of preferably 5 to 90 -29- vol.%, more preferably 10
to 70 vol.%, per a total amount  of the gaseous
mixture. When a metal film is deposited  using a
reducing gas such as hydrogen, the reducing gas  is
used in an amount of preferably 10 to 95 vol.%, more 5
preferably 30 to 90 vol.%, per a total amount of the
gaseous mixture. when a metal film is deposited using
a  nitrogen-containing basic gas such as ammonia, the
nitro- gen-containing gas is used in an amount of
preferably 10  to 95 vol.%, more preferably 20 to 90
vol.%, per a total  10 amount of the gaseous mixture.
EXAMPLES  [Reference Example 1](Preparation of methyl
2-methoxypro- 



15 pionate) In a 500 mL-volume flask equipped with a
stirrer, a  thermometer and a dropping funnel were
placed 100.6 g  (1,862 mmol) of sodium methoxide and
300 mL of hexane.  Subsequently, 300.3 g (1,798 mmol)
of methyl 2-bromopro 20 pinnate was slowly dropped
into the flask under cooling  with ice. The resulting
mixture was stirred for 2.hours  for carrying out a
reaction. After the reaction was  complete, 300 mL of
water was added to the reaction mix- ture under
cooling with ice. The organic portion was 25
collected, washed with water, and dried over anhydrous
sodium sulfate. The dried organic portion was filtered
and placed under reduced pressure to distill at 74C
and  12,236 Pa, to give 97.0 g (yield: 46%) of methyl
2- methoxypropionate as colorless liquid. 30 The
methyl 2-methoxypropionate had the following
characteristics: 'H-NMR (CDCl3, 8 (ppm)) : 1.41 (3H,
d) , 3.40 (3H, s) ,  3.77 (3H,s), 3.90 .(1H,q) ,
MS(m/e): 88.59, 31.15.  35 [Reference Example 21
(Preparation of 2-methoxy-6-methyl -30-
3,5-heptanedione (mopd)) In a 200 mL-volume flask
equipped with a stirrer, a  thermometer and a dropping
funnel was placed 5.15 g (132  mmol) of sodium amide,
and the flask was purged with 5 argon. Then, 80 mL of
toluene was placed in the flask.  Subsequently, 12.0 g
(139.3 mmol) of 3-methyl-2-butanone  was slowly
dropped into the flask, and the resulting  mixture was
stirred for.15 minutes. Into the flask was  



further dropped 5.65 g (47.8 mmol) of methyl 2-methoxy
10 propionate (prepared by the method of Reference
Example  1), and the mixture was stirred for 30
minutes for carry- ing out a reaction. After the
reaction was complete, 50  mL of water was placed in
the flask under cooling with  ice. The aqueous portion
was taken out, neutralized with 15 acetic acid, and
subjected to extraction with ether. The  ether extract
was washed with water, dried over, anhydrous  sodium
sulfate, and filtered. The filtrate was concen- trated
and distilled under reduced pressure (41C, 27 Pa)  to
give 4.25 g (yield: 520) of 2-methoxy-6-methyl-3,5 20
heptanedione as colorless liquid. The
2-methoxy-6-methyl-3,5-heptanedione had the  following
characteristics: 'H-NM R (cncl3, 8 (ppm)) : 1.17
(GH,d), 1.30 (0.15H,d) ,  1.36 (2.85H,d), 2.48-2.57
(0.95H,m), 2.59-2.73 (0.05H,m),  .25 3.36 (0.15H,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), IR (neat, cnr'): 2976,
2936, 1607(br), 1462, 1366,  1328, 1210, 1120, 910,
805 (the peak at 1607 aril is a  characteristic peak
of P-diketone), 30 MS(m/e): 142, 113, 59, 43.
[Reference Example 3] (Preparation of
2-methoxy-6,6-di- methyl-3,5-heptanedione (mobd)) In a
200 mL-volume flask equipped with a stirrer, a  35
thermometer and a dropping funnel was placed 8.20 g
(210  nunol) of sodium amide, and the flask was purged
with -31- argon. Then, 80 mL of toluene was placed in
the flask.  Subsequently, 15.1 g. (150.8 mmol) of
3,3-dimethyl-2- butanone was slowly dropped into the
flask, and the re- 



sulting mixture was stirred for 15 minutes. Into the 5
flask was further dropped 5.50 g (46.6 mmol) of methyl
2- methoxypropionate (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, 50 mL of water was placed in
the flask under 10 cooling with ice. The aqueous
portion was taken out,  neutralized with acetic acid,
and subjected to extraction  with ether. The ether
extract was washed with water,  dried over anhydrous
sodium sulfate, and filtered. The  filtrate was
concentrated and distilled under reduced 15 pressure
(59C, 492 Pa) to give 4.50 g (yield: 52%) of 2-
methoxy-6,6-dimethyl-3,5-heptanedione as colorless
liq- uid. The 2-methoxy-6,6-dimethyl-3,5-heptanedione
had the  following characteristics: 20 'H--NMR (CDC13,
8 (ppm)) : 1.18 (0.99H, s) , 1.20  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  (0.22H,s), 5.91 (0.89H,s),
15.7 (0.89H,s), IR "(neat, cnz): 2972, 2936, 1602(br),
1461, 1366,  25 1200, 1059; 886, 809 (the peak at 1602
cm's is a charac- teristic peak of (3-diketone),
MS(m/e): 186, 156, 127, 59, 43. [Example A-lI
(Preparation of tris(2-methoxy-6-methyl- 30
3,5-heptanedionato)indium(III) - In(mopd),) In a 100
ML-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 4.26 g
(22.1  mmol) of 281 sodium methoxide methanol
solution. Into  the ice-cooled solution was slowly
dropped 3.80 g (22.1 35 mmol) of
2-methoxy-6-methyl-3,5-heptanedione (prepared by  



the method of Reference Example 2), and the mixture
was -32- stirred for 5 minutes. Subsequently, a
solution of 2.04  g (6.96 mmol) of indium(III)
chloride tetrahydrate in 15  ML of methanol was slowly
added to the mixture. The  resulting mixture was
stirred for 30 minutes under cool 5 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 40 mL of ether and 40 mL of water.
The organic portion was taken out, dried over
anhydrous 10 sodium sulfate, and filtered. The
filtrate was concen- trated. The concentrated filtrate
was placed. under re- duced pressure and distilled at
175C, 31 Pa, to give 3.27  g (yield: 74%) of
tris(2-methoxy-6-methyl-3,5-heptane-
dionato)itdium(III) as viscous yellow liquid. 15 The
tris(2-methoxy-6-methyl-3,5-heptanedionato)-
indium(III) is a new compound having the following
char-'  acteristics: IR (neat, cm9: 2975, 2933, 1571,
1539, 1515, 1429,  1402, 1363; 1331, 1230, 1120, 952,
914, 809, 554 (the  20 characteristic peak (1607 cm1)
of (3-diketone has disap peared, and a characteristic
peak (1571 cm'-1) of f3-di- ketonato appears),
Elemental analysis: found: C 51.3%, H 7,25%, In 18%,
calculated (C27H45O9In): C 51.6%, H 7.22%, In 18.3%,
25 MS(m/e): 628, 598, 457, 227, 115, 59. [Example A-2]
(Preparation of tris(2-methoxy-6,6-dimeth-
yl-3,5-heptanedionato)indium(III) - In(mobd)3) In a
100 m'L-volume flask equipped with a stirrer, a  30
thermometer and a dropping funnel was placed 2.12 g
(11.0  



mmol) of 28% sodium methoxide methanol solution. Into
the ice-cooled solution was slowly dropped 2.03 g
(10.9  mmol) of
2-methoxy-6,6-dimethyl-3,5-heptanedione (pre- pared by
the method of Reference Example 3), and the 35 mixture
was stirred for 5 minutes. Subsequently, a solu- tion
of 1.08 g (3.68 m=l) of indium(III) chloride tetra
-33- hydrate in 15 at of methanol was slowly added to
the mix- ture. The resulting mixture was stirred for
30 minutes  under cooling with ice for carrying out a
reaction. After the reaction was complete, the
reaction mixture was  5 placed under reduced pressure
to distill methanol off. To the residue were added 40
mL of ether and 40 ML of  water. The organic portion
was taken out, dried over  anhydrous sodium sulfate,
and filtered. The filtrate was  concentrated. The
concentrated filtrate was placed under 10 reduced
pressure and distilled at 180C, 37 Pa, to give  1.56 g
(yield: 63%) of tris(2-methoxy-6,6-dimethyl-3,5-
heptanedionato)indium(III) as pale yellow solid. The
tris(2-methoxy-6,6-dimethyl-3, 5-heptanedionato)-
indium(III) is a new compound having the following
char- 15 acteristics: mp: 76C, IR (KBr, curl) : 2975,
2932', 1565, 1516, 1420, 1383,  7.359, 1214, 1163,
1117, 1057, 953, 888, 813, 553, 481  (the
characteristic peak (1602 cm-) of P-diketone has 20
disappeared, and a characteristic peak (1565 cm1) of
diketonato appears), Elemental analysis: found: C
53.8%, H 7.69%, In 17%,  calculated (C3oH51O9In): C
53.7%, H 7.67%, In 17.1x,  MS(m/e): 670, 640, 613,
485, 243, 127, 59. 



25 [Example A-31 (Preparation of
bis(2-methoxy-6-methyl-3,5-
heptanedionato)strontium(II) Sr(mopd)2) In a 100
mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 0.60 g
30 (5.79 mmol) of strontium(II) oxide and 20 at of
ether.  Into the ice-cooled solution were slowly
dropped 40 mg of  water and 2.00 g (11.61 mmol) of
2-methoxy-6-methyl-3,5- heptanedione (prepared by the
method of Reference Example  2), and the mixture was
stirred for one hour for carrying 35 out a reaction.
After the reaction was complete, the  reaction mixture
was placed under reduced pressure and -34- heated to
180C for concentration. To the concentrate was  added
15 mL of hexane. The resulting mixture was stirred
and then filtered. The filtrate was concentrated and
distilled under reduced pressure (240C, 53 Pa), to
give 5 0.20 g (yield: 8%) of
bis(2-methoxy-6-methyl-3,5-heptane-
dionato)strontium(II) as pale yellow solid. The
his(2-methoxy-6-methyl-3,5-heptanedionato)-
strontium(II) is a new compound having the following
characteristics: 10 IR (KBr, camx): 3421, 2970, 2932,
1614, 1499,. 1464,  1435, 1374, 1347, 1208, 1150,
1117, 1089, 1020, 911, 809,  782, 548, 520, 480,
Elemental analysis: found: C 50.6%, H 7.06%, Sr 20%,
calculated (C,,H30O6Sr) : C 50.3%, H 7.03%-, Sr 20.4%,
15 MS(m/e): 1119, 883, 689, 537, 474, 259, 113, 59,
43.  From the MS data, the strontium complex compound
is  considered to have a trimer structure. [Example
A-4] (Preparation of bis(2-methoxy-6,6-dimethyl- 



20 3,5-heptanedionato)strontium(II) - Sr(mobd)2) In a
100 nit-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 0.58 g
(5.60 mmol) of strontium(II) oxide and 20 mL of ether.
Into the ice-cooled solution were slowly dropped 40 mg
of 25 water and 2.10 g (11.28 mmol) of
2-methoxy-6,6-dimethyl- 3,5-heptanedione (prepared by
the method of Reference  Example 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 30 pressure and
heated to 180C for concentration. To the  concentrate
was added 15 mL of hexane. The resulting  mixture was
stirred and then filtered. The filtrate was
concentrated and distilled under reduced pressure
(275C,  32 Pa), to give 0.65 g (yield: 25%) of
bis(2-methoxy-6,6 35
dimethyl-3,5-heptanedionato)strontium(II) as pale
yellow  solid. -35- The
bis(2-methoxy-6,6-dimethyl-3,5-heptanedionato)
strontium(II) is a new compound having the following
characteristics: mp: 130C, 5 IR (KBr,(cm7}): 3430,
2970, 2903, 1609, 1502, 1473,  1434, 1344, 1206, 1151,
1104, 1055, 1018, 884, 839, 784,  751, 474, Elemental
analysis: found: C 52.6%, H 7.51%, Sr 19%,  calculated
(C20H3406Sr) : C 52.4%, H 7.48%, .Sr 19.1%, 10
MS(m/e): 1189, 731, 273. [Example A-5 (Preparation of
bis(2-methoxy-6-methyl-3,5- heptanedionato) zinc (II)
- Zn(mopd)2) In a 50 mL-volume flask equipped with a
stirrer, a  



15 thermometer and a dropping funnel was placed 6.56 g
(34.01 mmol) of 28% sodium methoxide methanol
solution.  Into the ice-cooled solution was slowly
dropped 6.00 g  (34.8 mmol) of
2-methoxy-6-methyl-3,5-heptanedione (pre- pared by the
method of Reference Example 2), and the 20 mixture was
stirred for 5 minutes. Subsequently, a solu- tion of
2.26 g (16.6 mmol) of zinc(.II) chloride in 20 mL  of
methanol was slowly added to the mixture. The result-
ing mixture was stirred for 30 minutes under cooling
with  ice for carrying out a reaction. After the
reaction was 25 complete, the reaction mixture was
placed under reduced  pressure to distill methanol
off. To the residue were  added 20 ML of hexane and 20
mL of water. The organic  portion was taken out, dried
over anhydrous sodium sul- fate, and filtered. The
filtrate was concentrated. The 30 concentrated
filtrate was placed under reduced pressure  and
distilled at 160C, 27 Pa, to give 4.91 g (yield: 730)
of bis(2-methoxy-6-methyl-3,5-heptanedionato)zinc(fl)
as  viscous yellow liquid. The
bis(2-methoxy-6-methyl-3,5-heptanedionato)- 35
zinc(II) is a new compound having the following
charac- teristics; -36- IR (neat, cr1): 2972, 2932,
1582, 1513, 1432, 1333, 1211, 1118, 912, 805, 558 (the
characteristic peak (1607  cm'") of P-diketone has
disappeared, and a characteristic  peak (1582 cmx) of
R-diketonato appears), 5 Elemental analysis: found: C
53.1%, H 7.45%-, Zn 16%-,  calculated (C18H3o06Zn): C
53.0%, H 7.41%, Zn 16.0%,  MS(m/e): 641, 406. From the
MS data, the zinc complex compound is con- 



sidered to have a dimer structure. 10 [Example A-61
(Preparation of bis(2-methoxy-6-methyl-3,5-
heptanediorzato)tin (II) - Sn (mopd) Z) In a 100
mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 4.70 g
(24.4  15 mmol) of 28% sodium methoxide methanol
solution. Into the ice-cooled solution was slowly
dropped 4.30 g (25.0  mmol) of
2-methoxy-6-methyl-3,5-heptanedione (prepared by  the
method of Reference Example 2)., and the mixture was
stirred for 5 minutes. Subsequently, a solution of
2.25 20 g (11.9 mmol) of tin(II) chloride in 10 mL of
methanol  was slowly added to the mixture. The
resulting mixture  was stirred for 30 minutes under
cooling with ice for  carrying out a reaction. After
the reaction was com- plete, the reaction mixture was
placed under reduced 25 pressure to distill methanol
off. To the residue was  added 30 mL of hexane, and
the resulting mixture was fil- tered. The filtrate was
concentrated. The concentrated  filtrate was placed
under reduced pressure and distilled  at 146C, 31 Pa,
to give 4.36 g (yield: 77%) of bis(2 30
methoxy-6-methyl-3,5-heptanedionato)tin(II) as yellow
liquid. The
bis(2-methoxy-6-methyl-3,5-heptanedionato)- tin(II) is
a new compound having the following character- istics:
35 IR (neat, curl): 2974, 2932, 1573, 1511, 1411,
1327,  1210, 1119, 953, 912, 808, 545 (the
characteristic peak -37- (1607 cml) of (3-diketone has
disappeared, and a charac- teristic peak (1573 cm 1)
of P-diketonato appears), 



Elemental analysis: found: C 46.8%, H 6.61%, Sn
25.6%, calculated (C18H30O6Sn): C 46.9%, H 6.56%, Sn
25.7%,  5 MS(m/e): 462, 403, 291, 151, 113, 59.
[Example A-71 (Preparation of tris(2-methoxy-6-methyl-
3,5-heptanedionato)vanadium(III) - V(mopd)3) In a 100
mL-volume flask equipped with a stirrer, a  10
thermometer and a dropping funnel was placed 3.61 g
(18.7  mrnol) of 28% sodium metboxide methanol
solution. Into  the ice-cooled solution was slowly
dropped 3.20 9 (18.6  mmol) of
2-methoxy-6-methyl-3,5-heptanedione (prepared by  the
method of Reference Example 2), and the mixture was 15
stirred for 5 minutes. Subsequently, a solution of
0.93  g (5.91 mmol) of vanadium(III) chloride in 15 mL
of meth- anol was slowly added to the mixture. The
resulting mix- ture was stirred for 30 minutes under
cooling with ice  for carrying out a reaction. After
the reaction was com 20 plete, the reaction mixture
was placed under reduced  pressure to distill methanol
off. To the residue were  added 30 mL of hexane and 30
mL of water. The organic  portion was taken out, dried
over anhydrous sodium sul- fate, and filtered. The
filtrate was concentrated. The 25 concentrated
filtrate was placed under reduced pressure  and
distilled at 180C, 44 Pa, to give 2.65 g (yield: 79%)
of
tris(2-methoxy-6-methyl-3,5-heptanedionato)vanadium-
(III) as viscous brown liquid. The
tris(2-methoxy-6-methyl-3,5-heptanedionato)- 30
vanadium(III) is a new compound having the following
characteristics: IR (neat, cn7l): 2975, 2933, 1563,
1511, 1411, 1330,  1211, 1121, 1008, 913, 805, 561
(the characteristic peak  (1607 cml) of [i-diketone
has disappeared, and a charac- 



35 teristic peak (1563 cr') of P-diketonato appears),
Elemental analysis: found: C 57.3%, H 8.05%, V 9.0%,
-38- calculated (C27H45O9V): C 57.4%, H 8.03%, V
9.02%,  MS(m/e): 564, 393, 59. [Example A-8]
(Preparation of tris(2-methoxy-6-methyl- 5
3,5-heptanedionato)aluminum( III) - Al(mopd)3) In a
100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 1.07 g
(6.60 mmol) of aluxninum(III) triethoxide and 4.20 g
(24.4  mmol) of 2-methoxy-6-methyl-3,5-heptanedione
(prepared by 10 the method of Reference Example 2).
The resulting mix- ture was heated to 150C for
carrying out a reaction with  distillation of ethanol.
After the reaction was com- plete, 20 mL of hexane and
20 mL of water were added.  The organic portion was
taken out, dried over anhydrous 15 sodium sulfate, and
filtered. The filtrate was concen- trated. The
concentrated filtrate was. placed under re- duced
pressure and distilled at 160C, 27 Pa, to give 3.41  g
(yield: 96%) of tris(2-methoxy-6-methyl-3,5-heptane-
dionato)alumi:num(III) as pale yellow liquid. 20 The
tris(2-methoxy-6-methyl-3,5-heptanedionato)-
aluminum(III) is a new compound having the following
characteristics: IR (neat, cm'1): 2975, 2933, 1583,
1536, 1457, 1420,  1247, 1211, 1121, 915, 799, 565
(the characteristic peak  25 (1607 cml) of R-diketone
has disappeared, and a charac- teristic peak (1583
cmi) of P-diketonato appears), Elemental analysis:
found: C 60.1%, H 8.41%, Al  5.0%, calculated
(C27HS5o9Al): C 60.0%, H 8.39%, Al 4.99%,  MS(m/e):
540, 510, 481, 369, 197, 59. 



30 [Example A-9] (Preparation of
bis(2-methoxy-6-methyl-3,5--
heptanediona.to)magnesium(II) - Mg(mopd)2) In a 100
mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 0.66 g
35 (11.3 mmol) of magnesium(II) hydroxide and 15 mL of
1,2- dimethoxyethane. Subsequently, 40 mL of water and
4.30 g -39- (25.0 mmol) of
2-methoxy-6-dimethyl-3,5-heptanedione  (prepared by
the method of Reference Example 3) were  successively
and slowly dropped. The resulting mixture  was stirred
for carrying out a reaction. After the reac 5 tion was
complete, the reaction mixture 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
bis(2-methoxy-6-di-
methyl-3.,5-heptanedionato)magnesium(II) as pale
yellow  10 glassy solid. The
bis(2-methoxy-6-methyl--3,5-heptanedionato)-
magnesium(II) is a new compound having the following
characteristics: m.p.: 41C 15 IR (KBr, cnml):
3421(br), 2972, 2933, 1613, 1526,  1437, 1334, 1218,
1150, 1117, 912, 803, 564,  Elemental analysis: found:
C 59.01, H 8.281, Mg 6.6%, calculated (C,,H,0O6Mg) : C
59.0%, H 8.25%, Mg 6.63%,  MS(m/e): 561, 398, 366,
323, 113, 59. 20 From the MS data, the magnesium
complex compound is  considered to have a dimer
structure. [Example A-103 (Preparation of
bis(2-methoxy-6-methyl- 3,5-heptanedionato)lead(II) -
Pb(mopd)2) 



25 In a 100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 4.50 g
(23.3  mmol) of 2896 sodium methoxide methanol
solution. Into  the ice-cooled solution was slowly
dropped 4.10 g (23.8  mmol) of
2-methoxy-6-methyl-3,5-heptanedione (prepared by 30
the method of Reference Example 2), and the mixture
was  stirred for 5 minutes. Subsequently, 3.20 g (11.5
mmol)  of lead(II) chloride was slowly added to the
mixture.  The resulting mixture was stirred for one
hour at room  temperature for carrying out a reaction.
After the reac 35 tion was complete, the reaction
mixture was placed under  reduced pressure to distill
methanol off. To the residue -40- 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 5
sure and distilled at 185C, 23 Pa, to give 5.00 g
(yield:  79%) of
bis(2-methoxy-6-methyl-3,5-heptanedionato)lead- (II)
as viscous yellow liquid. The
bis(2-methoxy-6-methyl-3,5-heptanedionato)- lead(II)
is a new compound having the following charac- 10
teristics: IP. (neat, CM-1): 2970, 2930, 1595, 1504,
1423, 1327,  1208, 1151, 1116, 1016, 947, 910, 800,
539 (the charac- teristic peak (1607 cm') of
[3-diketone has disappeared,  and a characteristic
peak (1595 cm':') of P-diketonato ap- .15 pears),
Elemental analysis: found: C 39.0%, H 5.51%, Pb
37.8%, calculated (CjH30O6Pb): C 39.3%, H 5.50%, Pb
37.7%,  MS(m/e): 550, 491, 379, 59.20 [Example A-11]
(Preparation of bis(2-methoxy-6,6-dimeth 



yl-3,5-heptanedionato)barium(III) - Ba(mobd)2) In a
100 mL-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
mL 25 of 1,2-dimethoxyethane. Subsequently, 4.00 g
(21.5 mnol)  of
2-methoxy-6,6-dimethyl-3,5-beptanedione (prepared by
the method of Reference Example 3) were slowly
dropped.  The resulting mixture was stirred at room
temperature for  carrying out a reaction. After the
reaction was com 30 plete, the reaction mixture was
concentrated. To the  concentrate was added 20 mL of
hexane. The resulting  mixture was filtered. The
filtrate was concentrated.  The concentrate was placed
under reduced pressure and  distilled at 270C, 73 Pa,
to give 1.25 g (yield: 23%) of 35
bis(2-methoxy-6,6-dimethyl-3,5-heptanedionato)barium(I
I)  as orange solid. -41- The
bis(2-methoxy-6,6-dimethyl-3,5-heptanedionato)
barium(II) is a new compound having the following
charac- teristics: m.p.: 105C 5 IR (KBr, cm71): 3433,
2970, 2902, 1606, 1473, 1434,  1344, 1153, 1105, 1017,
839, 783, 472, Elemental analysis: found: C 47.5%, H
6.80%, Ba 27%,  calculated (C20H3406Ba) : C 47.3%, H
6.75%, Ba 20.0%,  MS(m/e): 831, 717, 426, 127, 59. 10
From the MS data, the barium complex compound is
considered to have a dimer structure. [Example A-12]
(Preparation of tris(2-methoxy-6-methyl-
3,5-heptanedionato)gallium(III) - Ga(mopd)3) 15 In a
100 mL-volume flask equipped 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  mmol) of
2-methoxy-6-methyl-3,5-heptanedione (prepared by 20
the method of Reference Example 2), and the mixture
was  stirred for 5 minutes. Subsequently, 1.40 g (7.95
mmol)  of gallium(III) 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 25 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. 30 The
concentrated filtrate was placed under reduced pres-
sure and distilled at 185C, 23 Pa, to give 4.05 g
(yield:  87%) of
tris(2-methoxy-6-methyl-3,5-heptanedionato)-
gallium(III) as yellow liquid. The
tris(2-methoxy-6-methyl-3,5-heptanedion.ato) 35
gallium(III) is a new compound having the following
char- acteristics: -42  IR (neat, M-3) : 2976, 2934,
1577, 1537, 1436, 1408, 1363, 1331, 1240, 1211, 1121,
961, 915, 803, 562 (the  characteristic peak (1607
cm-') of f-diketone has disap- peared, and a
characteristic'peak (1577 cart) of 13-di 5 ketonato
appears), Elemental analysis: found: C 55.5%, H 7.75%,
Ga 12%,  calculated (C27H45O9Ga): C 55.6%, H 7.78%; Ga
12.0%,  MS(m/e): 582, 523, 411, 59. 10 [Reference
Example 4] (Preparation of 1-methoxy-5,5-di- 



methyl-2,4-hexanedione (mbd)) In a 200 tL-volume flask
equipped with a stirrer, a  thermometer and a dropping
funnel was placed 9.74 g (250  mmol) of sodium amide,
and the flask was purged with 15 argon. Then, 80 mL of
toluene was placed in the flask.  Subsequently, 25.0 g
(249.6 mmol) of 3,3-dimethyl-2- butanone was slowly
dropped into the flask, and the re- suiting mixture
was stirred for 15 minutes. Into the  flask was
further dropped 10.4 g (99.9 mmol) of methyl 20
methoxyacetate, and the mixture was stirred for 30
min- utes for carrying out a reaction. After the
reaction was  complete, 50 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 25 with ether. The ether
extract was washed with water,  dried over anhydrous
sodium sulfate, and filtered. The  filtrate was
concentrated and distilled under reduced  pressure
(65C, 426 Pa) to give 5.90 g (yield: 34%) of.1-
methoxy-5,5-dimethyl-2,4-hexanedione as colorless
liquid. 30 The 1-methoxy-5,5-dimethyl-2,4-hexanedione
had the  following characteristics: 1H-NMR (CDCl3,
6(ppm)): 1.17 (1.31H,s), 1.19 (7.70H,  s), 3.39
(0.44H,s), 3.43 (2.57H,s), 3.70 (0.29H,s), 4.00
(1.71H,s), 4.02 (0.29H,s), 5.90 (0.86H,s), 15.6
(0.86H,  35 s), IR (neat, cm`1): 2970, 2936, 1604(br),
1465, 1365, -43- 1280, 1201, 1118, 990, 941, 800 (the
peak at 1604 cm-1 is  a characteristic peak of
(3-diketone), MS(m/e): 172, 127, 45. 5 [Reference
Example 5] (Preparation of 2-methoxy-2,6,6- 



trimethyl-3,5-heptanedione (mmbd)) In a 200 ML-volume
flask equipped with a stirrer, a  thermometer and a
dropping funnel was placed 8.12 g (208  mmol) of
sodium amide, and the flask was purged with 10 argon.
'T'hen, 80 mL of toluene was placed in the flask.
Subsequently, 20.6 g (206 mmol) of
3,3-dimethyl-2-butan- one was slowly dropped into the
flask, and the resulting  mixture was stirred for 15
minutes. Into the flask was  further dropped 14,8 g
(112.0 mmol) of methyl 2-methoxy 15 isobutyrate, and
the mixture was stirred for 30 minutes  for carrying
out a reaction. After the reaction was com- plete, 50
mL 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 sulfate, and
filtered. The  filtrate was concentrated and distilled
under reduced  pressure (53C, 200 Pa) to give 10.23 g
(yield: 46%-) of 2-
methoxy-2,6,6-trimethyl-2,4-heptanedione as colorless
25 liquid. The
2-methoxy-2,6,6-trimethyl-2,4-heptanedione had  the
following characteristics: 1~I-NMR (CDCl3, 8 (ppm)) :
1.17 (0.72H, s) , 1.20 (8.28H,  s), 1.29 (0.4814,s),
1.36 (5.52H,5), 3.23 (0.24H,s), 3.24  30 (2.76H,s),
3.82 (0.16H,s), 6.02 (0.9214,s), 15.8 (0.92H,  s), IR
(neat, cml): 2979, 2937, 1603(br), 1464, 1362,
1181,1119, 1075, 866, 812 (the peak at 1603 cal is a
characteristic peak of p-diketone), 35 MS(m/e): 127,
73, 43. -44- 



[Comparison Example A-1] (Preparation of
tris(1-methoxy- 5,5-dimethyl-2,4-hexanedionato)indium
(III) - In(mbd)3) In a 100 mL-volume flask equipped
with a stirrer, a  thermometer and a dropping funnel
was placed 4.48 g (23.2  5 mmol) of 28% sodium
methoxide methanol solution. Into' the ice-cooled
solution was slowly dropped 4.00 g (23.2  mncl) of
1-methoxy-5,5-dimethyl-2,4-hexanedione (prepared  by
the method of Reference Example 4), and the mixture
was stirred for 5 minutes. Subsequently, a solution of
10 2.18 g (7.44 mmol) of indium(III) chloride
tetrahydrate  in 15 mL of methanol was slowly dropped
into the mixture.  The resulting mixture was stirred
under cooling with ice  for 30 minutes for carrying
out a reaction. After the  reaction was complete, the
reaction mixture was placed 15 under reduced pressure
to distill methanol off. To the  residue were added 40
mL of ether and 40 mL of water.  The organic portion
was taken out, dried over anhydrous  sodium sulfate,
and filtered. The filtrate was concen- trated. The
concentrated filtrate was placed under re 20 duced
pressure and distilled at 190C, 15 Pa, to give 3.20  g
(yield: 68%) of
tris(1-methoxy-5,5-dimethyl-2,4-hexane- dionato)indium
(III) as viscous yellow liquid. The
tris(1-.methoxy-5,5-dimethyl-2,4-hexanedionato)-
indium(III) is a new compound having the following
char- 25 acteristics: IR (neat., cm-Y): 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  characteristic peak
(1566 cif-l) of (i-diketonato appears), 30 Elemental
analysis: found: C 51.3%, H 7.28%, In 18%,  calculated
(C27H75O9In) : C 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- 35
2,6,6-trimethyl.-3,5-heptanedi.onato)indium(IIT) - In
(mmbd) 3 ) -45- In a 100 mL-volume flask equipped with
a stirrer, a thermometer and a dropping funnel was
placed 2.98 g (15.5  nmtol) of 28% sodium methoxide
methanol solution. Into  the ice-cooled solution was
slowly dropped 3.08 g (15.4 5 mmol) of
2-methoxy-2,6,6-trimethyl-3,5-heptanedione (pre- pared
by the method of Reference Example 5), and the
mixture was stirred for 5 minutes. Subsequently, a
solu- tion of 1.53 g (5.22 mmol) of indium(III)
chloride tetra- hydrate in 15 mL of methanol was
slowly dropped into the 10 mixture. The resulting
mixture was stirred under cooling  with ice for 30
minutes for carrying out a reaction.  After the
reaction was complete, the reaction mixture was
placed under reduced pressure to distill methanol off.
To the residue were added 40 mL of ether and 40 mL of
wa- 15 ter. The organic portion was taken out, dried
over anhy- drous sodium sulfate, and filtered. The
filtrate was  concentrated. The concentrated filtrate
was placed under  reduced pressure and distilled at
190C, 37 Pa, to give  2.64 g (yield: 70%) of
tris(2-methoxy.-2,6,6--trimethyl 20
3,5-heptanedionato)indium(III) as pale yellow solid.
The tris(2-methoxy-2,6,6-trimethyl-3,5-heptanedion-
ato)indium(III) is a new compound having the following
characteristics: m.p.: 114C, 25 IR (KBr, cm71): 2980,
2934, 1565, 1502, 1415, 1356,  



1230, 1184, 1133, 1075, 953, 866, 816, 734, 619, 535,
484  .(the characteristic peak (1603 cm'-) of
(3-diketone has  disappeared, and a characteristic
peak (1565 cm'') of j3- diketonato appears), 30
Elemental analysis: found: C 55.8%, H 8.11%, In 16%,
calculated (C33H5709In): C 55.6%, H 8.06%, In 16.1%,
MS(m/e): 682, 513, 449, 313, 241, 115, 73. [Comparison
Example A-3] (Preparation of bis(1-methoxy- 35
5,5-dimethyl-2,4-hexanedionato)strontium(II) -
Sr(mbd)2)  In a 100 mL-volume flask equipped with a
stirrer, a -46- thermometer and a dropping funnel were
placed 0.39 g  (4.35 mmol) of strontium(II) hydride
and 20 mL of 1,2- dimethoxyethane under an argon
atmosphere. Into the ice- cooled mixture was slowly
dropped 1.50 g (8.71 mmol) of 5
1-methoxy-5,5-dimethyl-2,4-hexanedione (prepared by
the  method of Reference Example-4), 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 230C under 10 reduced pressure. To the
concentrate was added 15 mL of  hexane, and the
mixture was filtered. The filtrate was  concentrated.
A trial for sublime the concentrated fil- trate was
made at 235C,. 53 Pa. it was merely observed  that a
black brown solid remained in a sublimation ves- 15
sel. [Comparison Example A-4] (Preparation of
bis(2-methoxy-
2,6,6-trimethyl-3,5-heptanedionato)strontium(TI)  Sr
(mmbd) Z) 20 In a 100 ml,-volume flask equipped with a
stirrer, a  thermometer and a dropping funnel were
placed 0.45 g  



(5.00 nunol) of strontium(II) hydride and 20 mL of
1,2- dimethoxyethane under an argon atmosphere. Into
the ice- cooled mixture was slowly dropped 2.00 g
(9.99 mmol) of 25
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 230C under 30 reduced pressure. To the
concentrate was added 15 mL of  hexane. The resulting
mixture was stirred and filtered.  The filtrate was
concentrated. The concentrated filtrate  was sublimed
at 235C, 53 Pa, to give 1.37 g (yield: 56%)  of
bis(2-methoxy-2,6,6-trimethyl-3,5-heptanedionato) 35
strontium(II) as pale yellow solid. The
bis(2-methoxy-2,6,6-trimethyl-3,5-heptan.edion -47-
ato)strontium(II) is a new compound having the
following  characteristics: m.p_: 235C, IR (KBr, ca7;
): 3426, 2970, 2867, 1607, 1500, 1461,  5 1426, 1386,
1361, 1226, 1178, 1121, 1078, 1052, 966, 858,
789,'723, 478, Elemental analysis: found: C 54.3%, H
7.81%, Sr 18%,  calculated ((:.z2H38p6Sr) : C 54:4%, H
7.88%, Sr 18.0%,  MS(m/e).: 1259, 773, 73. 10 From the
MS data, the strontium complex compound is  considered
to have a trimer structure. [Example A-13](Comparison
of thermal stability and melt- ing point of indium
complex compound) 15. In a 25 mL-volume flask was
placed 0.50 g of the  indium complex. compound
prepared in Example A--1, Compari- 



son Example A-1, or Comparison Example A-2. The indium
complex compound was heated to 190C for 15 minutes
under  an argon atmosphere, and its appearance was
observed. 20 The results are set forth in Table 1.
Table 1 Metal complex Results of thermal stability  25
compound test - appearance Ex. 1 in(ntpd), No change -
pale yellow remained  pale yellow liquid  30 Com.1
ln(mbd)3 Turned to black brown pale yellow liquid
Com.2 In(mmbd)3 No change - pale yellow remained  pale
yellow solid  35 (m.p.:114C) .)n C) in 1~\_Ocl (1n
In(mopd)3 ln(mbd)3 In(m m bd)3 -48- 5 The results in
Table I indicate that In(mbd) of Comparison Example 1
has a low melting point but shows  poor thermal
stability and that In(rmibd)3 of Comparison  Example 2
shows good thermal stability but has a high  melting
point. In contrast, Tn(mopd)3 of Example 1 shows 10
good thermal stability and has a low melting point.
[Example A-14](Comparison of thermal stability and
melt- ing point of strontium complex compound) in a 25
mL-volume flask was placed 0.30 g of the 15 strontium
complex compound prepared in Example A-4, Corn-
parison Example A-3, or Comparison Example A'-4. The
strontium complex compound was heated to 235C for 15
min- utes under reduced pressure (40 Pa), and its
appearance  was observed. The results are set forth in
Table 2. 



20 Table 2 Metal complex Results of thermal stability
25 compound test - melting point  Ex. 4 Sr(mopd)3 No
change - 130C Com.3 Sr(mbd)3 Turned to black brown -
110C  30 Com.4 Sr(mmbd) No change 235C Sr Sr 0 Sr  35
Sr(mobd)3 . Sr(mbd)3 Sr(mmbd)3 -49- The results in
Table 2 indicate that Sr(mbd)3 of Comparison Example 3
has a low melting point but shows  poor thermal
stability and that Sr(mmbd)I of Comparison  Example 4
shows good thermal stability but has a high 5 melting
point. In contrast, Sr(mopd)3 of. Example 4 shows
good thermal stability and has a low melting point.
[Examples A-15 to A-24](Deposition tests: Preparation
of  metal oxide film) 10 The deposition experiment by
the CVD method was  performed using a metal complex
compound prepared in  Examples A-1 and A-4 to A-12
(indium complex compound  (In(mopd)3), strontium
complex compound (Sr(mobd)2), zinc  complex compound
(Zn(mopd)2), tin complex compound 15 (Sn(mopd)2).,
vanadium complex compound (V(mopd)3), alumi- num
complex compound (Al(mopd)3), magnesium complex com-
pound (Mg(mopd)2), lead complex compound (Pb(mopd)2),
barium complex compound (Ba(mobd).,), or gallium
complex  compound (Ga(mopd)3), to evaluate.the
film-forming proper- 20 ty. The experiment for
evaluation was performed using an  



apparatus illustrated in Fig. 1. 'The metal complex
com- pound 20 placed in a vaporizer (glass ampul) 3 is
heated  by a heater 10B to vaporize. The vapor passes
through a 25 mass flow controller 1A and comes out of
the vaporizer 3  together with a helium gas which is
supplied after heat- ing in a pre-heater 10A. The
vapor having come out of  the vaporizer 3 enters a
reactor 4 together with an oxy- gen gas which is
supplied through a mass flow controller 30 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
pump and moni- 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 loc.
The metal complex compound sup- plied into the reactor
oxidatively decomposes on a sur -50- face of a
substrate 21 for receiving deposition which is
arranged in the reactor at the central position and
heat- ed to a predetermined temperature by the heater
1OC, so  that a metal oxide film deposits on the
substrate 21. 5 The gas coming out of the reactor 4 is
exhausted into the  atmosphere through a trap 7 and a
vacuum pump. The deposition conditions are set forth
below:  Flow rate of He carrier: 30 mL/min.  Flow rate
of oxygen: 20 mL/min. 10 Substrate: SiO2/Si (size: 7
mm x 40 mm)  Temperature of substrate: 400C  Pressure
in reactor: 5,320 Pa  Deposition period: 30 minutes
The results of deposition (film property and analy- 15
sis of product were performed by XPS analysis) are set



forth in Table 3. Table 3  20 Metal complex Vaporizing
Film property  compound temperature (film thickness)
25 Ex. A-15 In(mopd)3 140C Indium oxide (40 nm) Ex.
A-16 Sr(mobd)2 220C Strontiim oxide  (30 nm) Ex. A-17
Zn(mopd)2 220C Zinc oxide  30 (50 nm)  Ex. A-18 Sn
(mopd) 2 :1400C Tin oxide (45 nm)  Ex. A-19 V(mopd)3
160C Vanadium oxide  (40 nm) 35 Ex. A-20 Al(mopd)3
.140C Aluminum oxide  (35nm)  Ex. A-21 Mg(mopd)2 1900C
Magnesium oxide (40 in) -51- Ex_ A-22 Pb(mopd)2 160C
Lead oxide (35 nm)  Ex. A-23 Ba(mopd)2 230C Barium
oxide  (30 nm) 5 Ex. A-24 Ga(mopd)3 140C Gallium oxide
(35 rim) The results shown in Table 3 indicate that
the metal  complex compounds of the invention have a
good film-form- 10 ing property. [Reference Example
6)(Preparation of 2-methoxy-3,5- octanedione - mood) 



In a 200 mL-volume flask equipped with a stirrer, a
15 thermometer and a dropping funnel was placed 10.1 g
(259  mrnol) of sodium amide, and the flask was purged
with  argon. Then, 100 mL of toluene was placed in the
flask.  Subsequently, 14.4 g (167 mmol) of 2-pentanone
was slowly  dropped into the flask, and the resulting
mixture was 20 stirred for 15 minutes. Into the flask
was further  dropped 15.0 g (127 mmol) of methyl
2-methoxypropionate  (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 25 was placed in
the flask under cooling with ice. The  aqueous portion
was taken out, made acidic by 2.5 mol/L  sulfuric
acid, and subjected to extraction with hexane.  The
hexane extract was washed with water, dried over
anhydrous sodium sulfate, and filtered. The filtrate
was 30 concentrated and distilled under reduced
pressure (35C,  20 Pa) to give 14.3 g (yield: 65"s) of
2-methoxy-3,5-oc- tanedione as colorless liquid. The
2-methoxy-3,5-octanedione had the following
characteristics: 35 1H-NMR (CDC13, b (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 -52- (0.3H,m), 3.36 (3H,s),
3.60 (0.3H,s), 3.74 (1H,q), 5.79  (0.85H,s), 15.3
(0.85H,s), IR (neat, cn11): 2967, 2936, 2977, 2827,
1608(br),  1458, 1332, 1210, 1119, 802 (the peak at
1608 cm"1 is a  5 characteristic peak of (3-diketone),
MS(m/e): 142, 113, 59, 28. [Example A-251 (Preparation
of tris(2_methoxy-3,5-octane- 



dionato)indium(III) - In(mood)3) 10 In a 100 mL-volume
flask equipped with a stirrer, a  thermometer and a
dropping funnel was placed 5.71 g (29.6  mmol) of 28%
sodium methoxide methanol solution. Into  the
ice-cooled solution was slowly dropped 5.18 g (30.0 u
nol) of 2-methoxy-3,5-octanedione (prepared by the
meth- 15 od of Reference Example 6), and the mixture
was stirred  for 5 minutes. Subsequently, a solution
of 2.85 g (9.72  mmol) of indium(III) chloride
tetrahydrate in 10 mL of  methanol was slowly added to
the mixture. The resulting  mixture was stirred for
one hour under cooling with ice 20 for carrying out a
reaction. After the reaction was  complete, the
reaction mixture was placed under reduced  pressure to
distill methanol off. To the residue were  added 30 ML
of hexane and 30 mL of water. The organic  portion was
taken out, dried over anhydrous sodium sul 25 fate,
and filtered. The filtrate was concentrated. The
concentrated filtrate was placed under reduced
pressure  and distilled at 185C, 19 Pa, to give 4.01 g
(yield: 66%)  of
trris(2-methoxy-3,5-octanedionato)indium(III) as vis-
cous yellow liquid. 30 The
tris(2-methoxy-3,5-octanedionato)indium(III) is  a new
compound having the following characteristics: IR
(neat, cm-1). 2964, 2933, 2875, 2824, 1572, 1521,
1427, 1397, 1211, 1120, 957, 808, 543 (the
characteristic  peak (1608 col) of R-diketone has
disappeared, and a 35 characteristic peak (1572 col)
of 13-diketonato appears),  Elemental analysis: found:
C 51.5%, H 7.24s, In -53- 18.2%, calculated
(C27H45O9In): C 51.6%, H 7.22%, In 18.3%, MS(m/e):
628, 598, 457, 227, 113, 59. 



5 [Example A-26 (Preparation of
bis(2-methoxy-3,5-octane- dionato)zinc (II) -
Zn(mood),) In a 100 mL-volume flask equipped with a
stirrer, a  thermometer and a dropping funnel were
placed 4.62 g  (24.0 mmol) of 28% sodium methoxi.de
methanol solution and 10 6 mL of methanol. Into the
ice-cooled solution was slow- ly dropped. 4.11 g (23.9
nmol) of 2-methoxy-3,5-octane- dione (prepared by the
method of Reference Example 6),  and the mixture was
stirred for 5 minutes. Subsequently,  a solution of
1.60 g (11.7 mmol) of zinc(II) chloride in 15 4 mL of
methanol was slowly dropped into the mixture.  The
resulting mixture was stirred for one hour at room
temperature for carrying out a reaction. After the
reac- tion was complete, the reaction mixture was
placed under  reduced pressure to distill methanol
off. To the residue 20 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 160C, 17 Pa, to give 4.02 g (yield: 25
84%) of bis(2-methoxy-3,5-octanedionato)zinc(II) as
yel- low liquid. The
bits(2-methoxy-3,5-octanedionato)zinc(II) is a  new
compound having the following characteristics: IR
(neat, cml): 2963, 2933, 2874, 2823, 1598, 1522,  30
1431, 1334, 1211, 1119, 959, 796, 537 (the
characteristic  peak (1608 cmx) of (3-diketone has
disappeared, and a  characteristic peak (1598 cm'-) of
(3-diketonato appears), Elemental analysis: found: C
53.1%, H 7.45%, Zn 16%,  calculated (CI6H33O6Zn): C
53.0%, H 7.41%, Zn 16.0%, 35 MS(m/e): 406, 347, 113,
59. 



-54- [Example A-271 (Preparation of
bis(2-methoxy-3,5-octane- dionato)tin(II) - Sn(mood)2)
In a 100 ML-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 4.64 g 5
(24.1 mmol) of 28% sodium methoxide methanol solution
and  6 mL of methanol. into the ice-cooled solution
was slow- Jy dropped 4.21 g (24.4 mmel) of
2-methoxy-3,5-octane- dione (prepared by the method of
Reference Example 6),  and the mixture was stirred for
5 minutes. Subsequently, 10 a solution of 2.23 g (11.8
mmol) of tin(II) chloride in 6  mL of methanol was
slowly dropped into the mixture. The  resulting
mixture was stirred for one hour at room tem- perature
for carrying out a reaction. After the reaction  was
complete, the reaction mixture was placed under re 15
duced pressure to distill methanol off. To the residue
was added 30 mL 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 160C, 20 16 Pa, to give 3.40
g (yield: 63%) of bis(2-methoxy-3,5-
octanedionato)tin(II) as pale yellow liquid. The
his(2-methoxy-3,5-octanedionato)tin(II) is a new
compound having the following characteristics: IR
(neat, off'): 2974, 2932,-2873, 2823, 1573,.1511,  25
1411, 1327, 1210, 1119, 953, 912, 808, 545 (the
charac- teristic peak (1608 cm') of (3-diketone has
disappeared,  and a characteristic peak. (1573 cm') of
G3-diketonato ap- pears), Elemental analysis: found: C
46.8%, H 6.59%, Sn 30 25.6%, calculated (CjH3OOgSn): C
46.9%, H 6.56%, Sn 25.7%,  



MS(m/e): 403, 291, 113, 59. [Example A--28)
(Preparation of tris(2-methoxy-3,5-octane-
dionato)aluminum (III) - Al(mood)3) 35 In a 100
mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 4.56 g
-55- (23.6 nunol) of 28% sodium methoxide methanol
solution and  6 mL of methanol. Into the ice-cooled
mixture was slowly  dropped 4.15 g (24.1.mmol) of
2-methoxy-3,5-octanedione  (prepared by the method of
Reference Example 6). The 5 resulting mixture was
stirred for 5 minutes. To the  mixture was added a
solution of 1.03 g (7.72 mmol) of  aluminum(III)
chloride in 10 mL of methanol, and the re- sulting
mixture was stirred at room temperature for car- rying
out a reaction. After the reaction was complete, 101
the reaction 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 organic portion
was taken  out, dried over anhydrous sodium sulfate,
and filtered.  The filtrate was concentrated. The
concentrated filtrate 15 was placed under reduced
pressure and distilled at 180C,  13 Pa, to give 1.90 g
(yield: 46%) of tris(2-methoxy-3,5-
octanedionato)aluminum(TTT) as colorless liquid. The
tris(2-methoxxy-3,5--octanedionato)aluminum(III)  is a
new compound having the following characteristics:  20
IR (neat, cm1) 2963, 2933, 2874, 2824, 1585, 1528,
1458, 1414, 1330, 1212, 1121, 977, 796, 552 (the
charac- teristic peak (1608 cm') of A-diketone has
disappeared,  and a. characteristic peak (1585 cm-1)
of p-diketonato ap- pears), 25 Elemental analysis:
found: C 59.9%, H 8.37%, Al  



5.0%, calculated (C27H45O9Al): 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- 30
d.ionato) lead (II) - Pb (mood) 2) In a 100 mL-volume
flask equipped with a stirrer, a  thermometer and a
dropping funnel were placed 4.52 g  (23.4 mmol) of a
sodium methoxide methanol solution and 6  mL of
methanol. Into the ice-cooled mixture was slowly 35
dropped 4.20 g (24.4 m=l) of 2-methoxy-3,5-octanedione
(prepared by the method of Reference Example 6). The
-56- resulting mixture was stirred for 5 minutes. To
the  mixture was added 3.12 g (11.2 mmol) of lead(II)
chlo- ride, and the resulting mixture was stirred at
room tem- perature for carrying out a reaction. After
the reaction 5 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. 10 The concentrated
filtrate was placed under reduced pres- sure and
distilled at 205C, 51 Pa, to give 4.66 g (yield:  76%)
of bis(2-methoxy-3,5-octanedionato)lead(II) as vis-
cous orange liquid. The
bis(2-methoxy-3,5-octanedionato)lead(II) is a  15
new-compound having the following characteristics: IR
(neat, cml): 2962, 2932, 2873, 2822, 1590, 1515,
1419, 1333, 1211, 1117, 1016, 953, 788 (the
characteris- tic peak (1608 cm') of R-diketone has
disappeared, and a  characteristic peak (1590nr1) of
(3-diketonato appears), 20 Elemental analysis: found:
C 39.2%, H 5.53%, Pb  



37.5%, calculated (C,aH,op4Pb): C 39.3%, H 5.50%, Pb
37.7%,  MS(m/e): 550, 398, 339, 249, 113, 59. [Example
A-30] (Preparation of his(2-methooxy-3,5-octane- 25
dionato)magnesium(II)'- Mg(mood)2) In a 100 mL-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 20 mL of 1,2-
dimeth:oxyethane. Subsequently, 4.13 g (24.0 mmol) of
2 30 methoxy-3,5-octanedione (prepared by the method
of Refer- ence Example 6) were slowly dropped. The
resulting mix- ture was stirred at room temperature
for one hour for  carrying out a reaction. After the
reaction was. com- plete, the reaction mixture 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
bis(2-methoxy-3,5-octanedionato)magnesium(II) as
viscous yellow liquid. The
bis(2-methoxy-3,5-octanedionato)magnesium(II) is  a
new compound having the following characteristics: 5
IR (neat, c[ni): 2962, 2932, 2873, 2822, 1610, 1521,
1436, 1336, 1212, 1117, 964, 792, 532, Elemental
analysis: found: C 58.9%, H 8.28%, Mg  6.6%,
calculated (C,5HHoO6Mg): C 59.0%, H 8.25%, Mg 6.63%,
MS(m/e): 561, 307, 59. 10 From the MS data, the
magnesium complex compound is  considered to have a
dieter structure. [Example A-31] (Preparation of
tris(2-methoxy-3,5-octane- dioiiato) gallium (III) -
Ga(mood)3) 15 In a 100 mL-volume flask equipped with a
stirrer, a  thermometer and a dropping funnel was
placed 5.08 g (26.3  



mmol)' of 28% sodium methoxide;methanol solution and
10 mo  of methanol. Into the ice-cooled solution was
slowly  dropped 4.56 g (26.5 mmol) of
2-methoxy-3,5-octanedione 20 (prepared by the method
of Reference Example 6), and the  mixture was stirred
for 5 minutes. Subsequently, 1.52 g  (8.63 nrcnol) 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 25
tion. After the reaction was complete, the reaction
mixture was placed under reduced pressure to distill
methanol off. To the residue were added 30 mL of
hexane  and 30 mL of water. The organic portion was
taken out,  dried over anhydrous sodium sulfate, 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 g
(yield: 81%) of tris(2-methoxy-3,5-
octanedionato)gallitun(III) as pale yellow liquid. The
tris(2-methoxy-3,5-octanedionato)gallitmm(III) is  35
a new compound having the following characteristics:
IR (neat, cml): 2963, 2933, 2874, 2823, 1576, 1528,
-58- 1435, 1403, 1330, 1211, 1120, 966, 801, 550 (the
charac- teristic peak (1608 cml) of {i-diketone has
disappeared,  and a characteristic peak (1576 crn-1)
of 0-diketonato ap- pears), 5 Elemental analysis:
found: C 55.7%, H 7.75%, Ga 12%,  calculated (q74
5O9Ga): C 55.6%, H 7.78%, Ga 12.0%,  MS(m/e): 582
,523, 411, 59. [Examples A-32 to A-38](Deposition
tests: Preparation of  10 metal oxide film) 



The deposition experiment by the CVD method accord-
ing to the aforementioned procedures was performed
using  a metal complex compound prepared in Examples
A-25 to A- 31 (indium complex compound (In(mood)3),
zinc complex com- 15 pound (Zn(mood)2), tin complex
compound (Sn(mood)2), aluminum complex compound
(Al(mood)3), lead complex com- pound (Pb(mood)2),
magnesium complex compound (Mg(mood)2),  or gallium
complex compound (Ga(mood)3), to evaluate the
film-forming property. 20 The deposition conditions
are set forth below:  Flow rate of He carrier: 30
mL/min.  Flow rate of oxygen: 20 mL/min.  Substrate:
SiO2/Si (size: 7 mm x 40 mm)  Temperature of
substrate: 400C 25 Pressure in reactor: 7,980 Pa
Deposition period: 60 minutes The results of
deposition (film property and analy- sis of product
were performed by XPS analysis) are set  forth in.
Table 4. .30 Table 4 Metal complex Vaporizing Film
property  35 compound temperature (film thickness)
Ex. A-32. In(mood)3 140C Indium oxide -59 (40 nm)  Ex.
A-33 Zn(mood)2 100C Zinc oxide  (35 nm) Ex. A-34
Sn(mood)2 120C Tin oxide  5 (35nm)  Ex. A-35 Al(mood)3
140C Aluminum oxide 



(40 nm)  Ex. A-36 Pb(mood)2 130C Lead oxide  (30 nm)
10 Ex. A-37 Mg (mood)., 170C Barium oxide  (40 nm)
Ex. A-38 Ga(mood)3 140C Gallium oxide (45 nm) 15 The
results shown in Table 4 indicate that the metal
complex compounds of the invention have a good
film-form- ing property. [Reference Example 7]
(Preparation of 2-methoxy-3,5- 20 hexanedione (momd))
In a 200 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 10.1 g
(259  mmol) of sodium amide, and the flask was purged
with  argon. Then, 120 mL of methylcyclohexane was
placed in 25. the flask. Subsequently, 7.40 g (127
meal) of acetone  was slowly dropped into the
ice-cooled mixture in the  flask, and the resulting
mixture was stirred for 15 min- utes. Into the flask
was further dropped 15.0 g (127  mmol) of methyl
2-methoxypropionate (prepared by the 30 method of
Reference Example 1), and the 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 aqueous portion
was taken out, made acetic with acetic acid, and  35
subjected to extraction with hexane. The hexane
extract  was washed with water, dried over anhydrous
sodium sul -60- fate, and filtered. The filtrate was
concentrated and  distilled under reduced pressure
(66C, 1.38 kPa) to give  



9.63 g (yield: 53%) of 2-methoxy-3,5-hexanedione as
col- orless liquid. 5 The 2-methoxy-3,5-hexanedione
had the following  characteristics: 'H-NMR (CDCl3,
8(ppm)): 1.30 (0.33H,d), 1.35  (2.67H,d), 2.11
(2.67H,s), 2.26 (0.22H,s), 3.36  (2.67H,s), 3.37
(0.33H,s), 3.70 - 3.81 (1.22H,m), 5.80 10 (0.89H,s),
15.27 (0.89H,s), IR (neat, cm'-): 2987, 2937, 2828,
1611(br), 1451,  1368, 1211, 1119, 801 (the peak at
1611 c m71 is a char- acteristic peak of p-diketone),
MS(m/e): 114, 85, 59, 43, 27.  15 [Reference Example
8] .(Preparation of 2-methoxy-3,5- heptanedione
(mohd)) In a 200 mL-volume flask equipped'with a
stirrer, a  thermometer and a dropping funnel was
placed 8.00 g (205  20 mmol) of sodium amide, and the
flask was purged with argon. Then, 50 mL 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 25 ture
was cooled to 5C, 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 niL 30 of water was placed
in the flask under cooling with ice.  The aqueous
portion. was taken out, made acetic with 2.5  mol/L
sulfuric acid, and subjected to extraction with
diethyl ether. The diethyl ether extract was washed
with  



water, dried over anhydrous sodium sulfate, and
filtered. 35 The filtrate was concentrated and
distilled under reduced  pressure (32C, 26.6 Pa) to
give 5.60 g (yield: 49%) of 2 -61-
methoxy-3,5-heptanedione as colorless liquid. The
2-methoxy-3,5-heptanedione had the following
characteristics: 'H-NMR (CDC13, 8 (ppm)) : 1.08
(0.48H,t), 1.16  5 (2.52H,t), 1.30 (0.48H,d), 1.36
(2.52H,d), 2.38  (1.68H,q), 2.56 (0.32H,q), 3.37
(3H,s), 3.45 (0.321H,s), 3.71 - 2.81 (1H,m), 5.80
(0.84H,s), 15.3 (0.84H,s),  IR (neat, car'): 2984,
2939, 2828, 1610(br), 1458,  1328, 1210, 1119, 1063,
882, 814 (the peak at 1610 car' is 10 a characteristic
peak of p-diketone),  MS(m/e): 128, 99, 59, 43, 29.
[Example B-1] (Preparation of tris(2-methoxy-6-methyl-
3,5-heptanedionato)chromium(III) - Cr(mopd)3) 15 In a
100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping. funnel was placed 4.58 g
(23.7  m=l) of 28% sodium methoxide methanol solution.
Into  the ice-cooled solution was slowly. dropped 4.26
q,(22.1  moral) of
2-methoxy-6-methyl-3,5-heptanedione.(prepared by 20
the method of Reference Example 2), 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  resulting mixture was stirred for
30 minutes under cool 25 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
30 room temperature. To the mixture was added 40 mL of
water. The organic portion was taken out, dried over
anhydrous sodium sulfate, and filtered. The filtrate
was  concentrated. The concentrated filtrate was
placed under  reduced pressure and distilled at 180C,
23 Pa, to give 35 2.54 g (yield: 60%) of
tris(2-methoxy-6-methyl-3,5-hept-
anedionato)chromium(III) as viscous red-violet liquid.
-62- The tris(2-methoxy-6-methyl-3,5-heptanedionato)
chromium(III) is a new compound having the following
characteristics: IR (neat, cm71): 2975, 2933, 1568,
1530, 1415, 1333,  5 1239, 1120, 914, 800, 571 (the
characteristic peak (1607  curl-) of (3-diketone has
disappeared, and a characteristic  peak (1568 car) of
(3-diketonato appears), Elemental analysis: found: C
57.2%, H 8.05%, Cr  9.2%, calculated (C271-14509Cr) :
C 57.3%, H 8.020, Cr 9.19%,  10 MS(m/e): 565, 535,
394, 59. [Example B-2 (Preparation of
bis(2-methoxy-6-methyl-3,5-
heptanedionato)Manganese(II) - Mn(mopd)2) In a 100
mL-volume flask equipped with a stirrer, a  15
thermometer and a dropping funnel was placed 2.71 g
(14.1  mmol) of 28% sodium methoxide methanol
solution. Into.  the ice-cooled solution was slowly
dropped 3.30 g (10.2  mmol) of
2-methoxy-6-methyl-3,5-heptanedione (prepared by  the
method of Reference Example 2), and the mixture was 20
stirred for 5 minutes. Subsequently, a solution of
1.18  g (5.96 mmol) of manganese(II) chloride
tetrahydrate in 6  mL 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 25 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. 30 The concentrated
filtrate was placed under reduced pres- sure and
distilled at 220C, 23 Pa, to give 1.60 g (yield:  47%)
of his(2-methoxy-6-methyl-3,5-heptanedionato)-
manganese(II) as viscous brown liquid. The
bis(2-methoxy-6-methyl-3,5-heptanedionato)- 35
manganese(II) is a new compound having the following
characteristics: -63- IR (neat, cm`1): 3375(br), 2971,
2932, 1601, 1510, 1431, 1332, 1211, 1150, 1118, 1020,
955, 911, 804, 546,  Elemental analysis: found: C
54.7%, H 7.65%, Mn  13.7%, calculated (C18H30O6Nln) :
C 54.4%, H 7.61%, Mn 13.8%, 5 MS(m/e): 623, 397, 338,
168, 59. From the MS data, the manganese complex
compound is  considered to have a dimer structure.
[Example B-3 (Preparation of
bis(2-methoxy-6-methyl-3,5- 10 heptanedionato)nickel
(II) - Ni(mopd)2) In a 100 ML-volume flask equipped
with a stirrer, a  thermometer and a dropping funnel
was placed 4.53 g (23.5  mmol) of 28% sodium methoxide
methanol solution. into  the ice-cooled solution was
slowly dropped 4.13 g (24.0 15 maul) of
2-methoxy-6-methyl-3,5-heptanedione (prepared by  the
method of Reference Example 2), and the mixture was
stirred for 5 minutes. Subsequently, a solution of
2.78  g (11.7 mmol) of nickel(II) chloride hexahydrate
in 6 mL  



of methanol was slowly dropped into the mixture.. The
20 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
30mL of water. The or 25 panic 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 200C, 25 Pa, to give 4.25 g (yield:  91%)
of bis(2-methoxy-6-methyl-3,5-heptanedionato) 30
nickel(II) as viscous green glassy solid. The
bis(2-methoxy-6-methyl-3,5-heptanedionato)- nickel(II)
is a new compound having the following charac-
teristics: m.p.: 46C, 35 IR (KBr, cm1): 3410(br),
2972, 2932, 1599, 1510,  1430, 1333, 1211, 1153, 1117,
912, 806, 566, -64- Elemental analysis; found: C
53.8%, H 7.57%, Ni 14.5%, calculated (C,,H,,O6Ni): C
53.9%, H 7.54%, Ni 14.6%,  MS(m/e): 629, 400, 357, 59.
From the MS data, the nickel complex compound is  5
considered to have a dimer structure. [Example 2-4
(Preparation of bis(2--methoxy-6-methyl-3,5-
heptanedionato)cobalt(II) - Co(mopd)2) In a 100
mL-volume flask equipped with a stirrer, a  10
thermometer and a dropping funnel was placed 4.37.g
(22.7  m=l) of 28% sodium methoxide methanol solution.
Into  the ice-cooled solution was slowly dropped 4.00
g (23.2  mmcl) of 2-methoxy-6-methyl-3,5-heptanedione
(prepared by  



the method of Reference Example 2), and the mixture
was 15 stirred for 5 minutes. subsequently, a solution
of 2.70  g (11.3 mmcl) of cobalt(II) chloride
hexahydrate in 20 mL  of methanol was slowly dropped
into the mixture. The  resulting mixture was stirred
for 30 minutes under cool- ing with ice for carrying
out a reaction. After the 20 reaction was complete,
the reaction mixture was placed  under reduced
pressure to distill methanol off. To the  residue were
added 50 mL of ether and 30 mL of water.  The organic
portion was taken out, dried over anhydrous  sodium
sulfate,-and filtered. The filtrate was concen 25
trated. The concentrated filtrate was placed under re-
duced pressure and distilled at 175C, 67 Pa, to give
4.17  g (yield: 92%) of
bis(2-methoxy-6-methyl-3,5-heptane- dionato)cobalt(II)
as viscous dark violet liquid. The
his(2-methoxy-6-methyl-3,5-heptariedionato) 30
cobalt(II) is a new compound having the following
charac- teristics; IR (neat, cml): 3397(br), 2972,
2932, 1599, 1511,  1431, 1333, 1211, 1117, 1059, 912,
803, 563 (the charac- teristic peak (1607 cm') of
(3-diketone has disappeared, 35 and a characteristic
peak (1599 cm1) of P-diketonato ap  pears), -65-
Elemental analysis: found: C 53.8%, H 7.56%, Cc 14.6%,
calculated (Ci3H30QGCo): C 53.9%, H 7.53%, Co 14.7%,
MS(m/e): 631, 401, 358, 59. From the MS data, the
cobalt complex compound is  5 considered to have a
dither structure. [Example B-5 (Preparation of
tetrakis(2-methoxy-6-methyl- 3,
5-heptanedionato)titanium(IV) - Ti(mopd)4) 



In a 100 mL-volume flask equipped with a stirrer, a
10 thermometer and a dropping funnel were placed 1.31
g  (5.73 mmol) of titanium(IV) tetraethoxide and 4.00
g  (23.2 mmol) of 2-methoxy-6-methyl-3,5-heptanedione
(pre- pared by the method of Reference Example 2). The
mixture  was stirred at 140C for one hour for carrying
out a 15 reaction with distillation-off of ethanol.
After the  reaction was complete, 20 mL of hexane and
20 mL of water  were added. The organic portion was
taken out, dried  over anhydrous sodium sulfate, and
filtered. The fil- trate was concentrated. The
concentrated filtrate was 20 placed under reduced
pressure and distilled at 180C, 27  Pa, to give 1.65 g
(yield: 39%) of tetrakis(2-methoxy-6-
methyl-3,5-heptanedionato)titanium(rv) as dark violet
liquid. The
tetrakis(2-methoxy-6-methyl-3,5-heptanedi.onato)- 25
titanium(VI) is a new compound having the following
char- acteristics: IR (neat, cm-): 2973, 2932, 1577,
1531, 1408, 1328,  1231, 1119, 1065, 915, 803, 601
(the characteristic peak  (1607 cm1) of 0-diketone has
disappeared, and a charac- 30 teristic peak (1577 cm1)
of fi-diketonato appears), Elemental analysis: found:
C 59.1%, H 8.28%, Ti  6.5s, calculated (C3fiH,50Q12Ti)
: C 59.0%, H 8.25%, Ti 6.5316,  MS(m/e): 561, 435,
369, 59. 35 [Example B-6 (Preparation of
tetrakis(2-methoxy-3,5- octanedionato)zirconium(IV) -
Zr(mood)4) -66- In a 100 mL-volume flask equipped with
a stirrer, a thermometer and a dropping funnel was
placed 4.72 g (24.5  mmol) of 28% sodium
methoxide.methanol solution. Into  



the ice-cooled solution was slowly dropped 4.15 g
(24.1 5 mmol) of 2-methoxy-3,5-octanedione (prepared
by the meth- od of Reference Example 6), and the
mixture was stirred  for 5 minutes. Subsequently, a
solution of 1.39 g (5.96  mmol) of zirconium(IV)
chloride in 6 mL of methanol was  slowly dropped into
the mixture. The resulting mixture 10 was stirred at
room temperature for one hour for carrying  out a
reaction. After the reaction was complete, the
reaction mixture was placed under reduced pressure to
distill methanol off. To the residue were added 30 mL
of  hexane and 30 ML of water. The organic portion was
taken 15 out, dried over anhydrous sodium sulfate, and
filtered.  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-methoxy-
3,5-octanedionato)zirconium(IV) as viscous yellow
liquid. 20 The
tetrakis(2-methoxy-3,5-octanedionato)zirconium  (VI)
is a new compound having the following characteris-
tics: IR (neat, cm''): 2962, 2932, 2873, 2822, 1595,
1526,  1417, 1329, 1211, 1120, 975, 794, 574, 520 (the
charac- 25 teristic peak (1608 cal) of p-diketone has
disappeared, and a characteristic peak (1595 cm-') of
fl-diketonato ap- pears), Elemental analysis; found: C
55.8%, H 7.76%, Zr  11.7'x, calculated (C36H60O12Zr) :
C 55.7%, H 7.79%, Zr 11.8%,  30 MS(m/e): 603, 113, 59.
[Example B-7 (Preparation of tetrakis(2-methoxy-3,5-
octanedionato)hafnium(IV) - Hf(mood)4) In a 100
mL-volume flask equipped with a stirrer, a  35
thermometer and a dropping funnel was placed 4.88 g
(25.3  



mmol) of 28% sodium methoxide methanol solution. Into
-67- the ice-cooled solution was slowly dropped 4.41 g
(25.6  mmol) of 2-methoxy-3,5-octanedione (prepared by
the meth- od of Reference Example 6), and the mixture
was stirred  for 5 minutes. Subsequently, a solution
of 2.00 g (6.24 5 mmol) of hafnium(Iv) chloride in 10
mL of methanol was  slowly dropped into 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 mixture was
placed under reduced pressure to 10 distill methanol
off. To the residue were added 30 mL of  hexane and 30
mL of water. The organic portion was taken  out, dried
over anhydrous sodium sulfate, and filtered.  The
filtrate was concentrated. The concentrated filtrate
was placed under reduced pressure and distilled at
220C, 15 23 Pa, to give 4.32 g (yield: 80%) of
tetrakis(2-methoxy- 3,5-octanedionato)hafnium(IV) as
viscous yellow liquid.  The
tetrakis(2-methoxy-3,5-octanedionato)hafnium(VI) is a
new compound having the following characteristics:  IR
(neat, car'): 2962, 2932, 2873, 2822, 1598, 1528,  20
1430, 1211, 1120, 976, 795, 524 (the characteristic
peak (1608 cm') of p-diketone has disappeared, and a
charac- teristic peak (1598 cml) of p-diketonato
appears),  Elemental analysis: found: C 50.1%, H
7.03%, Hf 20.6%, calculated (C36H60O1af): C 50.1%, H
7.00%, Hf 20.7%,  25 MS(m/e): 693, 113, 59. [Example
B-8 (Preparation of tetrakis(2-methoxy-3,5-
hexanedionato)hafnium(IV) - Hf(momd)4) In a 100
mL-volume flask equipped with a stirrer, a  30
thermometer and a dropping funnel was placed 9.40 g
(48.7  



mmol) 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 35 for 15 minutes. Subsequently, a
solution of 3.90 g (12.2  mmol) of hafnium(IV)
chloride in. 20 mL of methanol was slowly dropped into
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 mixture was placed under reduced pressure to
5 distill methanol off. To the residue were added 20
mL of  hexane and 20 mL of water. The organic portion
was taken  out, dried over anhydrous sodium sulfate,
and filtered.  The filtrate was concentrated. The
concentrated filtrate  was placed under reduced
pressure and distilled at 190C, 10 13.3 Pa, to give
3.73 g (yield: 41x) of tetrakis(2-
methoxy-3,5-hexanedionato)hafnium(IV) as viscous
yellow  liquid. The
tetrakis(2-methoxy-3,5-hexanedionato)hafnium(VI)  is a
new compound having the following characteristics:  15
IR (neat, cm1): 2979, 2932, 2873, 2823, 1599, 1528,
1416, 1362, 1274, 1212, 1120, 1023, 794, 517 (the
charac- teristic peak (1611 curl) of p-diketone has
disappeared,  and a characteristic peak (1599 cm') of
R-diketonato ap- pears), 20 Elemental analysis: found:
C 44.6x, H 5.92`x, Hf  23.6%, calculated (C26H44012Hf)
: C 44.8 H 5.90%, THE 23.8%,  MS(m/e): 653, 609, 565,
59. [Example B-9](Preparation of
tetrakis(2-methoxy-3,5- 25 heptanedionata)hafnium(IV)
- Hf(mohd)4) In a 100 mL-volume flask equipped with
a-stirrer, a  



thermometer and a dropping funnel was placed 5.90 g
(18.4  mmol) of hafnium(IV) chloride and 30 mL of
methanol.  Separately, 12.1 g (76.2 mmol) of
2-methoxy-3,5-heptane 30 dione (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 hafnium chloride  methanol
solution, and the mixture was stirred at room 35
temperature for 30 minutes for carrying out a
reaction.  After the reaction was complete, 50 mL of
methylcyclo -69- hexane and 50 mL 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 205C,
18.6 Pa, to give 12.6 g (yield: 85%)  of
tetrakis(2-methoxy-3,5-heptanedionato)hafnium(IV) as
viscous yellow liquid. The
tetrakis(2-methoxy-3,5-heptanedionato)hafnium  (VI) is
a new compound having the following characteris- 10
tics: I12 (neat, Gtrii): 2978, 2934, 2877, 2823, 1594,
1529,  1431, 1328, 1211, 1120, 1072, 808, 521 (the
character- istic peak (1610 ctrl) of f3-diketone has
disappeared, and  a characteristic peak (1594 cm') of
P-diketonato ap 15 pears), Elemental analysis: found:
C 47.4%, H 6.50%, Hf  22.1%, calculated (C32H52O12Hf):
C 47.6 , H 6.49%, Hf 22.1%,  MS(m/e): 681, 651, 621,
367, 221, 128, 99, 59. 20 (Examples B-10 to
B-21](Deposition tests: Preparation of  metal oxide
film) 



The deposition experiment by the CVD method was
performed usinga metal complex compound prepared in
Examples B-1 to B-9 (chromium complex compound 25 (Cr
(mopd) 3) , manganese complex compound (Mn (mopd) 2) ,
nickel complex compound (Ni(mopd)2), cobalt complex
com- pound (Co(mopd)2), titanium complex compound
(Ti(mopd)4),  zirconium complex compound (Zr(mood)4),
or hafnium complex  compound (Hf(mood)4, Hf(momd)4, or
Hf(mohd)4) to evaluate  30 the film-forming property.
The experiment for evaluation was performed using an
apparatus illustrated in Fig. I when oxygen was
employed  for the formation of a metal oxide film.
Otherwise, the  experiment for evaluation was
performed using an appara 35 tus illustrated-in Fig.
.2 when steam was employed for the  formation of a
metal oxide film. -70- The metal complex compound 20
placed in a vaporizer (glass ampul) 3 is heated by a
heater 1033 to vaporize.  The vapor passes through a
mass flow controller 1Z~ and  comes out of the
vaporizer 3 together with a helium gas 5 which is
supplied after heating in a pre-heater 10A. The  vapor
having come out of the vaporizer 3 enters a reactor  4
together with an oxygen gas which is supplied through
a  mass flow controller 133 and a stop valve 2 (Fig.
1) or a  helium gas containing steam supplied through
the mass 10 flow controller 113 and a cooled water B.
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 pump and monitored
by means of a pressure gauge 5.  The center portion of
the glass reactor is so constituted 15 that it can be
heated by a heater 10C. The metal complex  



compound supplied into the reactor oxidatively
decomposes  on a surface of a substrate 21 for
receiving deposition  which is arranged in the reactor
at the central position  and heated to a predetermined
temperature by the heater 20 10C, so that a metal
oxide film deposits on the substrate  21. The gas
coming out of the reactor 4 is exhausted'  into the
atmosphere through a trap 7 and a vacuum pump. The
deposition conditions are set forth below.  (Examples
B-10 to B-16: the deposition apparatus of Fig.  25 '1
was employed] Flow rate of He carrier: 30 mL/min.
Flow rate of oxygen: 20 mL/min.  Substrate: SiO2/Si
(size: 7 mm x 40 mm)  Temperature of substrate: 400C
30 Pressure in reactor: 5,320 Pa  Deposition period:
30 minutes (Examples B-17 to B-18: the deposition
apparatus of Fig.  1 was employed] Flow rate of He
carrier: 30 mL/min.  35 Flow rate of oxygen: 80
mL/min.  Substrate; SiO2/Si (size: 7 mm x 40 mm) -71-
Temperature of substrate: 450C  Pressure in reactor:
7,980 Pa  Deposition period: 60 minutes (Examples B-19
to 13-21: the deposition apparatus of kg- -5 2 was
employed] Flow rate of He carrier for supplying metal
complex compound: 60 mL/min. Flow rate of He carrier
for supplying steam:  60 mL/min. 



10 Substrate: SiO2/Si (size: 7 mm x 40 mm)
Temperature of substrate: 300C  Pressure in reactor;
2,660 Pa  Deposition period: 60 minutes 15 The results
of deposition (film property and analy- sis of product
were performed by xPS analysis) are set  forth in
Tables 5 and 6. Table 5  20 Metal complex vaporizing
Film property  compound temperature (filth thickness)
25 Ex. B-10 Cr(mopd)3 170C Chromium oxide  (40 nm) Ex.
B-11 Mn(mood)2 180C Manganese oxide  (35 nm) 30 Ex.
B-12 Ni(mood)2 150C Nickel oxide  (35 nm)  Ex. B-13
Co(mapd)2 150C Cobalt oxide (40 nm)  Ex. B-14
Ti(mopd)4 150C Titanium oxide  35 (45 nm) Ex. B-15
Zr(mood)4 170C Zirconium oxide  (40 nm) Ex. B-16
Hf(mood)4 170C Hafnium oxide -72 (35 nm)  Ex. B-17
Hf(momd)4 140C Hafnium oxide  (40nm) Ex. B-18
He(mohd)4 140C Hafnium oxide  5 (40 nm)  



Table 6 10 Metal complex vaporizing Film property
compound temperature (film thickness)   15 Ex. B-19
Hf(mohd)4 140C Hafnium oxide (30nm)  Ex. B-20
Zr(mood)4 140C Zirconium oxide  (30 nm) Ex. B-21 Ti
(mopd) 4 120C. Titanium oxide  20 (35 nm)  The results
shown in Tables 5 and 6 indicate that the metal
complex compounds of the invention have a good
film-forming property. 25 [Reference Example 9]
(Preparation of 2-methoxy-3,5- heptanedione (mohd)) In
a 200 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 25.0 g
(223  30 mmol) of potassium t-butoxide, and the flask
was purged with argon. Then, 100 mL of
methylcyclohexanone was  placed in the flask.
Subsequently, 12.5 g (106 mmol) of methyl
2-methoxypropionate (prepared by the method of
Reference Example 1) was dropped under cooling with
ice,  35 and further 7.70 g (107 mmol) of 2-butanone
was slowly dropped. The mixture was cooled to 10C and
stirred for  30 minutes for carrying out a reaction.
After the reac- tion was complete, 70 mL of water was
placed in the flask -73- under cooling with ice. The
aqueous portion was taken  out, neutralized. with
acetic acid, and subjected to ex- traction with
methylcyclohexane. The methylcyclohexane  



extract was washed with water, dried over anhydrous
sodi 5 um sulfate, and filtered. The filtrate was
concentrated  and distilled under reduced pressure
(77C, 1.26 kPa) to  give 10.4 g (yield: 62%) of
2-methoxy-3,5-heptanedione as  colorless liquid 10
[Example C-1] (Preparation of
bis(2-methoxy-6-methyl-3,5- heptanedionato)copper(II)
- Cu(mopd)2) In a 100 mLL-volume flask equipped with a
stirrer, a  thermometer and a dropping funnel were
placed 0.906 g  (9.29 mmol) of copper(II) hydroxide
and 10 mL, of mesityl 15 ene chloride. Subsequently,
1.57 g (9.12 mmol) of 2-
methoxy-6-methyl-3,5-heptanedione (prepared by the
method  of Reference Example 2) was slowly dropped.
The result- ing mixture was stirred at room
temperature for 90 min- utes for carrying out a
reaction. After the reaction was 20 complete, the
reaction mixture was concentrated. The  concentrate
was then distilled under reduced pressure at  170C, 63
Pa, to give 1.50 g (yield: 81%) of bis(2-
methoxy-6-methyl-3,5-heptanedionato)copper(II) as
violet  solid. 25 The
bis(2-methoxy-6-methyl-3,5-heptanedionato)- copper(II)
is a new compound having the following charac-
teristics: m.p.: 1070C IR (neat, cm"1): 3436(br),
2970, 2933, 2874, 2827,  30 1572, 1513, 1430, 1334,
1242, 1114, 1057, 914, 811, 580  (the characteristic
peak (1607 cnr1) of p-diketone has  disappeared, and a
characteristic peak (1572 cm1) of (i- diketonato
appears), Elemental analysis: found: C 53.7%, H 7.49%,
Cu 35 15.6%, calculated (CYaH O Cu): C 53.3%, H 7.45%,
Cu 15.7%,  



MS(m/e): 405, 362, 287, 235, 175, 113, 59. -74-
[Example C-2] (Preparation of
bis(2-methoxy-3,5-octane- dionat,o)copper(II) -
Cu(mood)2) In a 100 mL-volume flask equipped with a
stirrer, a  thermometer and a dropping funnel were
placed 10.1 g 5 (58.4 mmol) of
2-methoxy-3,5-octanedione (prepared by the  method of
Reference Example 3) and 30mL of toluene.
Subsequently, 24.0 g (7.48 mmol) of an aqueous
copper(II)  acetate solution (5.66 wt.%). was slowly
dropped. The re- sulting mixture was stirred at room
temperature for 20 10 minutes for carrying out a
reaction. After the reaction  was complete, the
toluene portion was taken out. There- after, this
procedure was repeated twice. The toluene  portion was
then washed with water and concentrated under  reduced
pressure. The concentrate was then distilled 15 under
reduced pressure at 170C, 27 Pa, to give 10.6 g
(yield: 8796) of
bis(2-methoxy-3,5-octanedionato)copper  (II) as violet
solid. The bis(2-methoxy-3,5-octanedionato)copper(II)
is a  new compound having the following
characteristics: 20 m.p.: 78C IR (neat, cm-'):
3431(br), 2964, 2933, 2873, 2821,  1568, 1518, 1442,
1366, 1206, 1127, 970,.802, 553, 480  (the
characteristic peak (1608 cm-1) of ft-diketone has
disappeared, and a characteristic peak (1568 cm71) of
p- 25 diketonato appears), Elemental analysis: found:
C 53.8%, H 7.43%, Cu  15.7%, calculated (C,8H30O6Cu) :
C 53.3x, H 7.45%, Cu 15.76,  MS(m/e): 405, 346, 287,
235,.,175, 113, 59, 28. 30 [Example C-31 (Preparation
of bis(2-methoxy-3,5-heptane- 



dionato)copper (II) - Cu(mohd)2) In a 100 mL-volume
flask equipped with a stirrer, a  thermometer and a
dropping funnel were placed 5.03 g  (31.8 mmol) of
2-methoxy-3,5-heptanedione (prepared by 35 the method
of Reference Example 9) and 40 mL of toluene.
Subsequently, 33.0 g (16.5 mmol) of an aqueous
copper(II) -75- acetate solution (9.09 wt.%) was
slowly dropped. The re- sulting mixture was stirred at
room temperature for 60  minutes for carrying out a
reaction. After the reaction  was complete, the
organic portion was taken out, and con 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
bis.(2-methoxy-3,5-heptane- dionato)copper(II) as
violet solid. The
bis(2-methoxy-3,5-heptanedionato)copper(II) is a  10
new compound having the following characteristics:
m.p.: 104C IR (neat, cm m1): 3432(br), 2978, 2935,
2879, 2826,  1569, 1518, 1443, 1343, 1207, 1127, 1074,
808, 551, 434  (the characteristic peak (1610 aril) of
p-diketone has 15 disappeared, and a characteristic
peak (1569 cm.') of (3- diketonato appears), Elemental
analysis: found: C 50.8%, H 6.98%, Cu  16.8%,
calculated (C16H26O6Cu): C 50.9%, H 6.93%, Cu 16.8%,
MS(m/e): 377, 318, 259, 221, 161, 99, 59. 20 [Examples
C-4 to C-6)(Deposition tests: Preparation of  copper
film) The deposition experiment by the CVD method was
performed using a copper complex compound prepared in



25 Examples C-i to C-3 (Cu(mopd)2, (Cu(mood)2), or
(Cu(mohd)z), to evaluate the film-forming property.
The  deposition 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. 30
The deposition conditions are set forth below.  Flow
rate of He carrier: 30 mL/min.  Flow rate of hydrogen:
120 mL/ma.n.  Substrate: SiO2/Si (size: 7 mm x 40 mm)
Temperature of substrate: 250C 35 Pressure in reactor:
7,980 Pa  Deposition period: 30 minutes -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 Metal complex Vaporizing Film
(thickness)  10 compound temp. (specific resistance)
Ex. C-4 Cu(mopd)2 140C copper (110 nm)  3.5 Ex. C-5
Cu(mood), 140C copper (100 nm)  15 3.5  Ex. C-6
Cu(mohd)2 140C copper (120 nm) 3.2  Remarks: Each of
the formed copper films showed a metal- 20 lic luster
and had a uniform smooth surface. The results shown in
Table 7 indicate that the metal  complex compounds of
the invention have a good film-form- ing property. 25
[Example D-1] (Preparation of
tris(2--methoxy-6-methyl- 



3,5-heptanedionato)lanthanum(III) - La(mopd),) In a
100 ML-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 1.0 g
(3.16  mmol) of lanthanum(III) acetate, 20 mL of
tetrahydro 30 furan, and 5 mg (21.7 mmol) of aqueous
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
resulting mixture was stirred at room temperature for
90 35 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 -77- reduced pressure at
230C, 26.6 Pa, to give 0.93 g (yield:  45%) of
tris(2-methoxy-6-methyl-3,5-heptanedionato)-
lanthanum(III) as viscous colorless liquid. The
tris(2-methoxy-6-methyl-3,5-heptanedionato)- 5
lanthanum(III) is a new compound having the following
characteristics: m.p.: 21C IR (neat, cml): 3477(br),
2968, 2931, 2870, 2827,  1603, 1525, 1483, 1371, 1331,
1209, 1151, 1114, 1060,  10 1019, 955, 910, 865, 811,
782, 553, Elemental analysis: found: C 50.2%, H 6.91%,
La  21.7%, calculated (C27H4SpgLa): C 49.7%, H,6.95%,
La 21.3%,  MS675, 481, 398, 310, 173, 113, 59. 'H-NM2
(CDC13, 6(ppm)): 1.24 (3H,d), 1.35 (3H,d), 2.2  1S -
2.3 (iH, m), 3.33 (3H,s), 3.58 - 3.65 (1H,q), 5.18
(N,s). [Example D-21 (Preparation of
tris(2-methoxy-6-methyl- 



3,5-heptanedionato)samarium(III) - Sm(mopd)3) 20 In a
100 mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 1.0 g
(2.50  mmol) of samarium(III) acetate, 20 mL of
tetrahydrofuran,  and 5 mg (21.7 mmol) of aqueous
sodium hydroxide solution  (10 wt.%). Subsequently,
1.72 g (10.0 mmol) of 2 25
methoxy-6-methyl-3,5-heptanedione (prepared by the
method  of Reference Example 2) was slowly dropped.
The result- ing mixture was stirred at room
temperature for 90 min- utes for carrying out a
reaction. After the reaction was  complete, the
reaction mixture was filtered. The fil 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:  351k) of
tris(2-methoxy-6-methyl-3,5-heptanedionato)
samarium(III) as viscous yellow liquid. 35 The
tris(2-methoxy-6-methyl-3,5-heptanedionato)-
samarium(III) is a new compound having the following
--- - - - ----- -78  characteristics: m.p.: 25C IR
(neat, cm-1): 2968, 2931, 2870, 2825, 1605, 1525,
1495, 1371, 1331, 1210, 1113, 1020, 910, 804, 783, 5
Elemental analysis: found: C 48.5%x, H 6.87%, Sm
22.1%, calculated (C27H45O9Sm) : C 48.8%x, H 6.83%, Sm
22.6%,  MS(m/e): 688, 494, 368, 324, 113, 59. 1H-EMR
(CDCl3, 8(ppm)): 0.87 - 0.99 (3H,brd), 1.12  (6H,m),
2.5 (1H,m), 2.9 (3H,brs), 3.29 - 3.65 (IH,brs),  10
5.60 - 5.77 (1H,br). [Example D-3] (Preparation of
tris(2-methoxy-3,5-octane- 



dionato)lanthanum (III) - La(mood)3) In a 100
ML-volume flask equipped with a stirrer, a  15
thermometer and a dropping funnel were placed 1.0 g
(3.16  mmol) of lanthanum(III) acetate, 20 mL of
tetrahydro- furan, and 5 mg (21.7 mmol) of aqueous
sodium hydroxide  solution (10 wt.%). Subsequently,
2.0 g (11.6 mmol) of  2-methoxy-3,5-octanedione
(prepared by the method of Ref 20 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 25
pressure. The concentrate was then distilled under re-
duced pressure at 230C, 26.6 Pa, to give 0.55 g
(yield:  27%) of
tris(2-methoxy-3,5-octanedionato)lanthanum(Ill)  as
viscous colorless liquid. The
tris(2-methoxy-3,5-octanedionato)lanthanum(III)  30 is
a new compound having the following characteristics:
m.p.: 10C IR (neat, cm1): 2961, 2931, 2873, 2826,
1600, 1518,  1479, 1338, 1209, 1116, 1019, 960, 789,
Elemental analysis: found: C 49.5%, H 6.99%, La 35
20.9%, calculated (C.27H4509La) : C 49.7%, H 6.95%,
Imo. 21.3%,  MS(m/e): 675, 481, 398, 142, 113, 59.
-79- 'H-NMR (CDC13, 8(ppm)): 0.86 (3H,t), 1.23 (3H,d),
1.48 - 1.58 (2H,m), 2.05 (2H,t), 3.32 (3H,s), 3.57 -
3.64  (1H,q), 5.19 (1H,s). 5 [Example D-4](Deposition
test: Preparation of lanthanum  oxide film) The
deposition experiment by the CVD method was  



performed using a lanthanum complex compound prepared
in  Example D-1 (La(mopd)3), to evaluate the
film-forming 10 property. The deposition experiment
was carried out  using the apparatus of Fig, 1. The
deposition conditions are set forth below.  Flow rate
of He carrier: 30 mL/min.  Flow rate of oxygen: 120
mL/min. 15 Substrate: SiO2/Si (size: 7 mm x 40 tram)
Temperature of substrate: 450C  Pressure in reactor:
7,980 Pa  Deposition period: 30 minutes 20 The results
of deposition (film property and analy- sis of product
were performed by XPS analysis) are set  forth in
Table 8. 25 Table 8 Metal complex Vaporizing Film
property  compound temperature (film thickness)  30
Ex. D-4 La(mopd)2 180C lanthanum oxide  (30 nm) The
results shown in Table 8 indicate that the metal  35
complex compound of the invention has a good
film-forming  property. [Example E-1] (Preparation of
bis(2-methoxy-3,5--heptane _80- dionato) lead (II) -
Pb(mohd) 2) In a 100 mL-volume flask equipped with a
stirrer, a  thermometer and a dropping funnel were
placed a suspen- sion of 8.04 g (28.9 mmol) of
lead(II) chloride and 40 mL 5 of methylcyclohexanone.
into the suspension was slowly  dropped 10.35 g (60.1
mmol) of 2-methoxy-3,5-heptanedione  



(prepared by the method of Reference Example 8) at
room  temperature. Subsequently, into the ice-cooled
mixture  was dropped 14.5 g (NaOH 61 mmol) of aqueous
17% sodium 10 hydroxide solution. The resulting
mixture was stirred at  room temperature for one hour
for carrying out a reac- tion. After the reaction was
complete, the organic por- tion was taken out, dried
over anhydrous sodium sulfate,  and filtered. The
filtrate was concentrated under re 15 duced pressure.
The concentrate was then distilled under  reduced
pressure at 1900C, 20 Pa, to give 7.57 g (yield:  50%)
of bis(2-methoxy-3,5-heptanedionato)lead(II) as vis-
cous yellow liquid. The
bis(2-methoxy-3,5-heptanedionato)lead(II) is a  20 new
compound having the following characteristics: IR
(neat, cm1): 2976, 2934, 2877, 2822, 1594, 1516,
1420, 1371, 1335, 1302, 1210, 1117, 1068, 1016, 944,
882,  821, 515 (the characteristic peak (1610 cml) of
S-diket- one has disappeared, and a characteristic
peak (1594 cm')  25 of P-diketonato appears),
Elemental analysis: found: C 36.6%, H 5.03%, Pb
39.5'x, calculated (C6H26O6Pb): C 36.8%, H 5.02%, Pb
39.7%,  MS(m/e): 522, 463, 311, 99, 59. 30 [Example
E-2] (Preparation of tris(2-methoxy-3,5-hexane-
dionato)indium (I2I) - In(momd)3) In a 100 mL-volume
flask equipped with a stirrer, a  thermometer and a
dropping funnel was placed 11.7 g (NaOH  43.5 mmol) of
aqueous 14.8% sodium hydroxide solution. 35 Into the
ice-cooled solution was slowly dropped 6.51 g  (45.5
mmol) of 2-methoxy-3,5-hexanedione (prepared by the
-81- method of Reference Example 7). The resulting
mixture  



was stirred for 5 minutes. Subsequently, a solution of
4.04 g (13.8 mmol) of indium(III) chloride
tetrahydrate  in 30 mL of methanol was slowly dropped,
and the result 5 ing mixture was stirred at water
temperature for 30 min- utes for carrying out a
reaction. After the reaction was  complete, 50 nit of
methylcyclohexane and 20 mL of water  were added.
Then, the organic portion was taken out,  dried over
anhydrous sodium sulfate, and filtered. The 10
filtrate was concentrated under reduced pressure. The
concentrate was then distilled under reduced pressure
at  180C, 15 Pa, to give 5.91 g (yield: 79%) of
tris(2- methoxy-3,5-hexanedionato)indium(III) as
viscous pale  yellow liquid. 15 The
tris(2-methoxy-3,5-hexanedionato)indium(III) is  a new
compound having the following characteristics: IR
(neat, cm-'): 2981, 2933, 2882, 2824, 1574, 1523,
1412, 1387, 1265; 1212, 1119, 1025, 909, 806, 538 (the
characteristic peak (1611 cm'') of P-diketone has
disap 20 peared, and a characteristic peak (1574 car')
of (i-di- ketonato appears), Elemental analysis:
found: C 46.6%, H 6.20%, In  21.0%, calculated
(Cz,H33O9In.) : C 46.3%, H 6.11%x, 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) - Zr(momd)4) In a 100
mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel was placed 29.2 g
(MaOH  30 78.8 m=l) 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 stirred for 5 minutes. Subsequently, the above-men
35 tioned aqueous solution was slowly dropped into a
solu- tion of'4.33 g (18.6 mmol) of zirconium(IV)
chloride in -82- 40 mL of methanol, and the resulting
mixture was stirred  for 30 minutes for carrying out a
reaction. After the  reaction was complete, 40 ml, of
methylcyclohexane and 50  mL of water were added.
Then, the organic portion was 5 taken out, dried over
anhydrous sodium sulfate, and fil- tered. The filtrate
was concentrated under reduced pres- 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-hexanedionato)zirconium(IV) as
10 viscous colorless liquid. The
tetrakis(2-methoxy-3,5-hexan(-di.onato)zirconium  (IV)
is a new compound having the following characteris-
tics: IR (neat, cml): 2979, 2932, 2873, 2823, 1597,
1526,  15 1414, 1361, 1272, 1211, 1120, 1023, 794,
516, 419 (the  characteristic peak (1611 cm') of
R-diketone has disap- peared, and a characteristic
peak (1597 cm71) of (i-di- ketonato appears),
Elemental analysis: found: C 50.9%, H 6.71%, Zr 20
13.6%, calculated ((723H44Oj2Zr): C 50.7%, H 6.68%, Zr
13.7%,  MS(m/e): 519, 193, 109, 85, 59. [Example E-4
(Preparation of bis(2-methoxy-3,5-octane-
dionato)nickel (II) - Ni(mood)2) 25 In a 100 mL-volume
flask equipped with a stirrer, a  thermometer and a
dropping funnel were placed 14.1 g  (73.1 m=l) of 28%
sodium methoxide methanol solution and  



15 mL of methanol. into the ice-cooled solution was
slowly dropped 12.6 g (73.2 mmol) of 2-methoxy-3,5 30
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 hexahydrate in 30 mL of
methanol was slowly  dropped into the ice-cooled
mixture. The resulting mix 35 ture was stirred at room
temperature for one hour for  carrying out a reaction.
After the reaction was com -83- plete, the reaction
mixture was placed under reduced  pressure to distill
methanol off. To the residue were  added 50 mL of
methylene chloride and 50 mL of water.  The organic
portion was taken out, dried over anhydrous 5 sodium
sulfate, and filtered. The filtrate was concen-
trated. The concentrated filtrate was placed under re-
duced pressure and distilled at 23011C, 40 Pa, to give
7.20  g (yield: 43%) of
bis(2-methoxy-3,5-octaned.iona.to)nickel  (II) as dark
green solid. 10 The
bis(2-methoxy-3,5-octanedionato)nickel(TI) is a  new
compound having the following characteristics: IR
(neat, cm'-): 3415(br), 2963, 2933, 2874, 2823,  1598,
1520, 1431, 1334, 1211, 1117, 1017, 960, 795, 558
(the characteristic peak (1608 cm') of 1i-diketone has
15 disappeared, and a characteristic peak (1598 crl)
of [3- diketonato appears), Elemental analysis: found;
C 53.7%, H 7.59%, Ni  14.5%, calculated (C,8H30O6Ni):
C 53.9%, H 7.54%, Ni 14.6%,  MS(m/e): 400, 341, 113,
59. 20 [temple E-5 (Preparation of
tetrakis(2-methoxy--6-methyl- 



3,5-heptanedionato)hafnium(IV) - Hf(mopd),) In a 100
mL-volume flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 3.95 g
(20  25 mmol) of 28% sodium methoxide methanol
solution and 10 mL 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 30 quently, a solution of
1.60 g (5.00 mmol) of hafnium(IV)  chloride in 6 mL of
methanol was slowly dropped into the  ice-cooled
mixture. The resulting mixture was stirred at  room
temperature for one hour for carrying out a reac-
tion. After the reaction was complete, the reaction 35
mixture was placed under reduced pressure to distill
methanol off. To the residue was added 10 mL of
hexane. -84- The resulting mixture was filtered, and
the filtrate was  concentrated. The concentrated
filtrate was placed under  reduced pressure and
distilled at 220C, 24 Pa, to give  3.00 g (yield: 70%)
of bis(2-methoxy-6-methyl-3,5-hept 5
anedionato)hafnium(IV) as pale yellow solid. The
bis(2-methoxy-6-methyl-3,5-heptanedionato)-
hafnium(IV) is a new compound having the following
char- acteristics: m.p.: 160C, 10 IR (neat, cm-l):
3414 (br) , 2974, 2932, 2871, 2823,  1582, 1534, 1433,
1329, 1240, 1210, 1120, 1060, 969, 915.,  797, 544
(the characteristic peak (1607 cm"') of P-di- ketone
has disappeared, and a characteristic peak (1582  cmi)
of p-diketonato appears), 15 Elemental analysis:
found: C 50.3%, H 7.10%, Hf  



20.5%, calculated (C36H60012Hf) : C 50.1%, H 7.00%, Hf
20.7%,  MS(m/e): 693, 113, 59. (Example E-6
(Preparation of tetrakis(2-methoxy-6-methyl- 20
3,5-heptanedionato)zirconium(IV) - zr(mopd)4) In a 100
mL-volune flask equipped with a stirrer, a
thermometer and a dropping funnel were placed 4.70 g
(24.4 mmol) of 28%- sodium methoxide methanol solution
and  10 mL of methanol. Into the ice-cooled solution
was 25 slowly dropped 4.20 g (24.4 mmol) of
2-methoxy-6-methyl- 3,5-heptanedione (prepared by the
method of Reference  Example 2), and the mixture was
stirred for 5 minutes.  Subsequently, a solution of
1.38 g (5.92 mmol) of zirco- nium(IV) chloride in 4 mL
of methanol was slowly dropped 30 into the ice-cooled
mixture. The resulting mixture was  stirred at room
temperature for one hour for carrying out  a reaction.
After the reaction was complete, the reac- tion
mixture was placed under reduced pressure to distill
methanol off. To the residue were added 30 mL of
hexane 35 and 30 mL of water. The organic portion was
taken out,  dried over anhydrous sodium sulfate, and
filtered. The -85- filtrate was concentrated. The
concentrated filtrate was  placed under reduced
pressure and distilled at 220C, 25  Pa, to give 1.27 g
(yield: 28%) of bis(2-methoxy-6-meth-
yl-3,5-heptanedionato)zirconium(lv) as pale yellow
solid. 5 The
bis(2-methoxy-6-methyl-3,5-heptanedionato)-
zirconium(IV) is a new compound having the following
characteristics: m.p.: 165C, TR (neat, cm1): 2974,
2932, 2871, 2823, 1580, 1533,  10 1431, 1329, 1238,
1210, 1120, 1060, 969, 914, 797, 575,  



542 (the characteristic peak (1607 cm'1) of 0-diketone
has  disappeared, and a characteristic peak (1580 c
rl) of p- diketonato appears), Elemental analysis:
found: C 55.3%, H 7:72%, Zr 15 11.3%, calculated (C3dT
0%Zr): C 55.7%, H 7.79%, Zr 11.8%,  MS(m/e): 603, 113,
59. [Example E-7 (Preparation of
tris(2-methoxy-6-methyl-3,5- heptanedionato) yttrium
(IV) - Y (mopd) , ) 20 In a 100 mL-volume flask
equipped with a stirrer, a  thermometer and a dropping
funnel were placed 5.12 g  (26.5 mmol) of 28"s sodium
methoxide methanol solution and  10 mL of methanol.
Into the ice-cooled solution was  slowly dropped 4.60
g (26.7 mmol) of 2-'methoxy-6-methyl 25
3,5-heptanedione (prepared by the method of Reference
Example 2), and the mixture was stirred for 5 minutes.
Subsequently, a solution of 2.62 g (8.64 mmol) of
yttri- um(III) chloride hexahydrate in 20 mL of
methanol was  slowly dropped into the mixture at room
temperature. The 30 resulting mixture was stirred at
room temperature for one  hour for carrying out a
reaction. After the reaction was  complete, the.
reaction mixture was placed under reduced  pressure to
distill methanol off. To the residue were  added 30 ML
of hexane and 30 ML of water. The organic 35 portion
was taken out, dried over anhydrous sodium sul- fate,
and filtered. The filtrate was concentrated. -86- The
concentrated filtrate was placed under reduced pres-
sure and distilled at 220C, 35 Pa, to give 2.43 g
(yield:  47%) of
tris(2-methoxy-6-methyl-3,5-heptanedionato)-
yttrium(III) as glassy orange solid. 5 The
tris(2-methoxy-G-.methyl-3,5-heptanedionato)- 



yttrium(III) is a new compound having the following
char- acteristics: m.p.: 38C, IR (neat, crT'):
3435(br), 2973, 2932, 2871, 2822,  10 1608, 1531,
1432, 1331, 1211, 1152, 1118, 1022, 912, 787,  559,
Elemental analysis: found: C 55.3%, H 7.72%, Y  11.3%,
calculated (C27H45O9Y) : ' C 53.8%, H 7.53%, Y 14.8'x,
M3(m/e): 625, 602, 571, 559, 543, 431, 339, 259,  15
113, 59. [Reference Example 10] (Preparation of
2-methoxy-3,5- hexanedione (momd)) In a 300 mL-volume
flask equipped with a stirrer, a  20 thermometer and a
dropping funnel was placed 29.0 g (258  mmol) of
potassium t-butoxide, and the flask was purged  with
argon. Then, 120 mL of methylcyclohexanone was  placed
in the flask. Subsequently, 15.0 g (127 mmol) of
methyl 2-methoxypropionate (prepared by the method of
25 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 10C 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 30 flask under cooling with ice. The
aqueous portion was  taken out, neutralized with
acetic acid, and subjected to  extraction with
methylcyclohexane. The methylcyclohexane  extract was
washed with water, dried over anhydrous sodi- um
sulfate, and filtered. The filtrate was concentrated
35 and distilled under reduced pressure (66C, 1.38
kPa)to  give 9.63 g (yield: 53%) of
2-methoxy-3,5-hexanedione as -87- 



colorless liquid. The 2-methoxy-3,5-hexanedione had
the following  characteristics: 'H-NM (CDC13, 8 (ppm))
: 1.29 (0.31-1,d), 1.35 (2.7H,d),  5 2.11 (2.7H,5),
2.26 (0.3H,s), 3.36 (2.7H,s), 3.37  (0.3H,s), 3.64
(0.2H,s), 3.70 - 3.77 (1H,m), 5.80  (0.9H,s), 15.3
(0.9H,s), IR (neat, cu'): 2987, 2937, 2828, 1611(br),
1451,  1368, 1337, 1239, 1211, 1119, 1058, 1018, 903,
801, 814  10 (the peak at 1611 car' is a
characteristic peak of (3- diketone), MS(m/e): 114,
85, 59, 43. [Examples E-8 to E-141 (Deposition tests:
Preparation of  15 metal oxide film) 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  20
apparatus of Fig. 1. The deposition conditions are set
forth below.  (Example E-8) Helium is supplied
together with oxygen to  dilute oxygen. 25 Flow rate
of He carrier: 15 mL/min.  Flow rate of oxygen: 80
mL/min. Flow rate of He (for oxygen dilution):  105
mL/min. Substrate: SiO2/Si (size: 7 mm x 40 mm)  30
Temperature of substrate: 400C  Pressure in reactor:
7,980 Pa  Deposition period: 60 minutes  (Examples
E-9, E-12, and E-13) 



35 Flow rate of He carrier: 30 mL/min.  Flow rate of
oxygen: 20 mL/mim. -88- Substrate: SiO2/Si (size: 7 mm
x 40, mm)  Temperature of substrate: 400C  Pressure in
reactor: 5,320 Pa  Deposition period: 30 minutes 5
(Example E-10) Helium is supplied together with oxygen
to  dilute oxygen. Flow rate of He carrier: 30 mL/min.
Flow rate of oxygen: 80 mL/min.. 10 Flow rate of He
(for oxygen dilution):  90 mL/min. Substrate: SiO2/Si
(size: 7 mm x 40 mm)  Temperature of substrate: 400C
Pressure in reactor: 19.9 kPa 15 Deposition period: 60
minutes (Example E-11) Helium is supplied together
with oxygen to  dilute oxygen. Flow rate of He
carrier: 60 mL/min.  20 Flow rate of oxygen: 80
mL/min. Flow rate of He (for oxygen dilution):  60
ML/min.. Substrate: SiO2/Si (size: 7 mm x 40 mm)
Temperature of substrate: 400C 25 Pressure in reactor:
7,980 Pa  Deposition period: 60 minutes  (Example
E-14) Flow rate of He carrier: 30 mL/min.  30 Flow
rate of oxygen: 20 mL/min.  



Substrate: SiO2/Si (size: 7 mm x 40 mm)  Temperature
of substrate: 450C  Pressure in reactor: 5,320 Pa
Deposition period: 30 minutes 35 The results of
deposition (film property and analy -89- sis of
product were performed by XPS analysis) are set  forth
in Table 9. Table 9  5 Metal complex vaporizing Film
property  compound temperature (film thickness)  10
Ex. E-8 Pb(mohd)2 140C lead oxide  (60 nm)  Ex. E-9
in(momd)3 140C Indium oxide (45 nm) 15 Ex. E-10
Zr(momd)4 120C zirconium oxide  (30 um) Ex. E-11 Ni
(mood)2 180C nickel oxide  (50 nm)  Ex. E-12
Hf(lmDpd)4 180C hafnium oxide 20 (30 nm) Ex. E-13
Zr(mopd)4 180C zirconium oxide  (30 nm) Ex. E-14
Y(mopd)3 180C yttrium oxide  (30 nm)  25 The results
shown in Table 9 indicate that the metal  complex
compounds of the invention have a good film-form- 



ing property. 30 -90- CTAIMS 1. A metal complex
compound having a ii-diketonato  5 ligand which has an
alkoxyalkylmethyl group. 2. The metal complex-compound
of claim 1, in which  the P-diketonate ligand having
an alkoxyalkylmethyl group  is represented by the
formula (1): 10 X Z (1) R X (Z)  Y 15 wherein. X
stands for an alkoxyalkylmethyl. having the
above-mentioned formula (2) in which each of Ra and Rb
independently represents a linear or branched alkyl
group  having 1 to 5 carbon atoms; Y stands for an
alkoxy 20 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 having  1 to 4 carbon atoms. 25 3. The
metal complex compound of claim 1, which is
represented by the formula (3): X p  30 (Z.M (3)  Y n
in which M stands for a metal atom; each of X, Y, and
Z  35 has the same meaning, and n. is an integer of 1
to 4. -9i- 4. The metal complex.' compound of claim 3,
in which 



M is a metal atom described in Periodic Table IIA,
IIB,  IIIB, IVB or VA. 5 5. The metal complex compound
of claim 3, in which  M is an atom of metal selected
from the group consisting  of magnesium, calcium,
strontium, barium, zinc, born,  aluminum, gallium,
indium, germanium, tin, lead, vanadi- um, niobium, and
tantalum. 10 6. The metal complex compound of claim 3,
in which  M is a metal atom described in Periodic
Table IVA, VIA,  VILA, or VIII. 15 7. The metal
complex compound of claim 3, in which  M is an atom of
metal selected from the group consisting  of titanium,
zirconium, hafnium, chromium, manganese,  nickel,
cobalt, iron, ruthenium, and iridium. 20 8. The metal
complex compound of claim 3, in which  M is a metal
atom described in Periodic Table IS, and n  is 1 or 2.
9. The metal complex compound of claim 3, in which  25
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 is
a rare earth metal atom, and n is 3 or 4. 30 11: The
metal complex compound of claim 3, in which  M is an
atom of metal selected from the group consisting  of
yttrium, lanthanum, cerium, praseodymium, neodymium,
samarium, europium, erbium, ytterbium, and lutetium,
and  35 n is 3 or 4. -92- 12. A process for preparing
a metal oxide film 



which comprises.the steps of: heating a metal complex
compound having a p-diketonato ligand which has an
alkoxyalkylmethyl group to give a vapor of the metal 5
complex compound and supplying the vapor into a
reaction  chamber in which a substrate is placed; and
bringing the  vapor into contact with oxygen or steam
in the reaction  chamber under heating to decompose
the vapor to convert  into a metal oxide vapor and
depositing the metal.oxide  10 vapor on a surface of
the substrate. 13. The process for preparing a metal
oxide film  according to claim 10, in which the
heating of a metal  complex compound in the step is
performed by heating a 15 solution which is prepared
by dissolving a metal complex  compound in an organic
solvent. 14. The process for preparing a metal oxide
film  according to claim 11, in which the organic
solvent is an  20 aliphatic hydrocarbon solvent, an
aromatic hydrocarbon solvent, or an ether solvent. 15.
A process for preparing a metal film'which  comprises
the steps of: heating a metal complex compound  25
having a (3-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 30 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 process
for preparing a metal film accord- 35 ing to claim 13,
in which the heating of a metal complex  compound in
the step is performed by heating a solution 



-93- which is prepared by dissolving a metal complex
compound  in an organic solvent. 17. The process for
preparing a metal film accord- 5 ing to claim 14, in
which the organic solvent is an ali- phatic
hydrocarbon solvent, an aromatic hydrocarbon sol-
vent, or an ether solvent. 18. A method for preparing
a metal-containing film  10 which employs a metal
complex compound of claim 1 as a  metal source. 19. A
method for preparing a metal-containing film  which
employs a metal complex compound of claim 2 as a  15
metal source. 20. A method for preparing a
metal-containing film  which employs a metal complex
compound of claim 3 as a  metal source. 20 21- The
method for preparing a metal-containing  film
according to claim 18, in which the preparation of a
metal complex compound. 25 




