TI TLE OF THE | NVENTI ON [ nonProcess for the Preparation of

Bi s( pent adi enyl ) - Conpl exes of Iron G oup Metals BACKGROUND OF THE | NVENTI ON
[ 0002] The invention relates to a nethod for the preparation of

bi s(di enyl ) conpl exes of iron group netals, such as bis(pentadienyl)

conpl exes of iron group netals. [O0003]MRPD)2 type organonetallic

conpl exes, in which Mrepresents iron, ruthenium or osmun R represents
hydrogen or an al kyl group; and PD nay be a cyclic or open chain dienyl
systemthat fornms a sandw ch type conplex, are commonly used in processes
relating to thin filmformation. For exanple, rutheniumthin filns may be
used in sem conduct or manufacture, where resistive or conductive |ayers are
desired, as decorative coatingslToR (rerARINSENATGONI n resistively heated
surfaces utompti ve w ndows, The el ec ni ¢ conmponent literature
descri bes'eﬁ@duc PSS 19 {1 }‘rﬁf‘a’r‘ihﬁf’i’ S%B’ﬁwal“r“@%‘?@f&?}@’ lptes o ek HERUPOREYs a

chem cal vapour deposition (CVD). For electronic devices, high purity raw
materials are inperative for producing o[%eratl onal &arts in high yield.

[0004] I n the processes des i HEERPHANG G TBEHIBVENTNES. 6, 002, 036 and

6, 642, 402 0jH6n fOﬂél1%119!315&%&“&9%&1@@% i &%PJH%%%@bm(?'ieﬂ?l)%ﬁ;f&%gé‘{‘%%num
respect|vely are utilized as reducing netals

react i on, SHGWEsals, suglath i gpani: ﬁ@ﬁv%aﬁnélﬁymzﬁn@momemﬂatm enyl - I\/g i mpurities.
Al t hough h@@ desgif Mol : ti.on,
Kadokur a ( U Pag en{?)d'@[ g’%&%’i lgggﬁéﬁ{lﬁ!@%g?\éﬂ% ﬂ Eeg{::nelé g/%t‘]{ e@}%}?@?ndtl he
react ant ROGIE hipgreatnes shrade quatadiot er odeamdﬁ@ged)aivwd Zn(iECP2 chdvadicmgy
e U Bk RRRE oy Bl O SBEHAD R0 RO IME R HRLET b 2URRL' o7 BY
typicall yf,l mHeh3ion. Rh@lcagmalndu(mﬁhﬁh tlmydﬁ:ai; ap bt bssd vnascymondmdn@nmuwaﬁcare,

t ent rdi t t ff t to
Gecompose LRG NN B HEE AT BE LR ERp - OMBUN "l SRR P FeTes may

still be ipeBIentd hnficdeadibiaomatite \ma@\l«emﬁ: cidc@@ﬁél(hhpcmwlﬁblhlhtd:&ichﬁlbcs
desirable t _rpﬁucF t he above:-descri RPD) 2 conpl exes in_ hi i el ds
whi | e ensclﬁ’P"FfB t Higt ‘opanae ISt Hpitm | m%% V PRI} g dczosmﬂé MVARY

OF THE | NMENEE(Nid LORE4, The fp'uﬂb&ﬁ“ﬂ\tz nQieraBlagd @eta@vdRt PRAuahs BicRRRNAIDG AN

organonetal | i c. conpl ex of formula
in high yicld.

[0004] In the processes described in U.S. Patents Nos. 6,002,036 and 6,642,402 for forming
bis{dienyljruthenium complexes, zinc and magnesium, respectively, are utilized as reducing
melals. Using Zn or Mg in the reaction, however, can form pentadienyl-Zn and pentadienyl-Mg
mmpurities. Although the described prior art generally avoids water in the reaction, Kadekura
(U.S. Patent No. 6,002,030) suggests that trace water from the reactant RuCly hydrate is adequate
1o decompose any Zn(ECp) that may form. However, there is no indication as {0 how much
water 1s supplied by the Ru salt. Metal hydrates are generally non-stoichiometric, and typically,
FeCls, RuCly, and OsCly hydrate salts vary in their water content. Accordingly, the water of hy-
dration may be insufficient to decompose the unwanted metal pentadienyl compounds, and such
impurities may still be present in the prior art complexes.

[0005] It would thus be desirable to produce the above-described M{RPD), complexes in

high yields while ensuring that base metal impurities are minimized.



M RPD) 2 wherein M= iron, ruthenium or osmum R = H or an al kyl group
havi ng about 1 to 4 carbon atons; and PD = a cyclic or open chain dienyl
systemthat forms a sandwi ch type conpl ex, and wherein the conpound havi ng
formula (1) has a nmetal purity of at |east about 99.99% The nethod
conprises reacting a MII1I1) trichloride hydrate and a HRPD conpound w th at

| east one reducing nmetal selected fromthe grou conS|st|ng of AI, G, In,
Th, Cd, Hg, Li, Na, Ti, VERIEFRHMNRYNGE THE INYEYTEINi n an al cohol sol vent.
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nmet hod of preparing organonetal Iic conplexes of gen- eral forrmula (I)

M RPD) 2 IW:fornmula (1), Mis a netal selected fronllron rut heni um or
osmum and is preferably ruthe- PR R may be hydrogq@ or a Cl4-al kyl
group, such as CH3 (nethyl), ﬁgaiethyl) C3H7(n- propyl or isopropyl), or
C4AHI( n- butfly:lr gin Nboibcum ytithul'onn toeom'-nblmt ' )P,I or RDikbépms bntise gooytld 4:cadr0nopen

chain dien and at [0} andw ch, t.
Sui t abl e é%ré%ny%{(f §tdec ol)i)(n (':]mm c[;rca X/ {em lfdl%()! dns a sanduHXEP Fy]pc COl e]XIex diid
optionally substltuted cycllc pentadlenyl, cycl opent adi enyl , |ndenyl

tetr ahydr\dicnmlenylcomfmwddlenyg forgnid (B(htl%myduabifdruno@fenyrldstldbgaﬂa§9‘70A The efeer r ed
PD | i gan It } ve at
east “ona™ e iRARcls SRAD huth Al S BE A Eouh Bl IR 0081 he
organoneUahkn@rmmnpﬂeuebhmadungmﬁamqumg©1ﬁlKhahléhﬁf®ﬁbphréd Bc¥dndi ng to
t he |nveqw|q ﬁ %ﬁ; I N]fnee of base netal inpurities. Base netals
are comonly kno d‘m lggdpﬁc8()d?§ 4Bl e netal s which dissolve in

hydr ochl ori c aC|d and rel ease hydrogen For exanple, Fe, N, Pb, Zn, and

sonetines Cu are convquﬁﬁ@@ §§@@?ﬁdqgﬁwﬁ@§ﬁygpﬁdkﬁﬂ ngh metal purity

is inperative for the hi |eI manuf act ure of opérational electronic

devi ces. !mﬁﬁllnV@mUHWBU@UprﬂMEsmpmedehahwmngauﬁn@naﬂhabmmdmusyfmﬁgat | east
99. 99@6(4 ]ﬂnnup( preferably a nmetal purity as high as 99.995% I|n other
words, tHe tot Ket al inmpurities conprise |less than 100 ppm of the wei ght
of the conplex havi ng fornuNmREH) or less than 50(ppmin a preferred

enbodine 3 rm"metal inpurit may be unders esc i be the

amount | of"{REE Hebh * SeUted e rog ﬁ%{ﬁel\s{m& LB E1 BHERPETCRER s 13,

Na, and E}?L}m.t ﬁ%ay%‘é%y& og& (Qta (51_4—53@ g?cQﬁFP & ns CHj; (methyl), CaHs (ethyl), C3Hy (n-
propyl or isopropyl), or C4Ho (n-butyl, isobutyl, or tert-butyl)). PD represents a cyclic or open
chain dienyl system (ligand) that may form a sandwich type complex. Suitable dienyl systems
are known in the art and include, for example, optionally substituted cyclic pentadienyl, cyclo-
pentadienyl, indenyl, tetrahydroindenyl, fluorenyl, and octahydrofluorenyl ligands. A preferred
P ligand is optionally substituted cyclic pentadieny] that may have at least one C-Cy atkyl side
chain, such as two methy! side chains.
[G008] The organometaliic complexes having formula (I} that are prepared according to the
mvention are substantially free of base metal impurities. Base metals are commonly known as
easily oxidizable metals which dissolve in hydrochloric acid and selease hydrogen. For example,
Fe, Ni, Pb, Zn, and sometimes Cu are conventionally regarded as base metals. High metal purity
is imperative for the high yield manufacture of operational electronic devices. The inventive
complexes preferably have a metal purity of at least 99.99% (4N), more preferably a metal purity
as high as 99.995%. In other words, the total metal impuritics comprise less than 100 ppm of the

weight of the complex having formula (1}, or less than 50 ppm in a preferred embodiment. The



[ 0009] Preferred organonetal lic conplexes having formula (1) that may be

prepared accord- ing to the invention include
bi s( et hyl cycl opent adi enyl ) rut heni un{H) and bi s(2, 4-

di et hyl pent adi enyl ) rut heniunm{(11), as shown in Figs. 1 and 2 respectively.
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term “metal impurity” may be understood to deseribe the amount of trace metal elements other
than Pt group elements (such as B, Na, and Fe} that are present in the complex.

[0009] Preferred organometallic complexes having formula (I) that may be prepared accord-
g to the invention include bis(ethylcyclopentadienyl)ruthenium(If) and bis(2.4-

dimethylpentadienyDruthenium(Il), as shown in Figs. 1 and 2 respectively.
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16010} The process for preparing organometallic complexes of formula (I} comprises react-
ing a M{IH) trichforide hydrate and a HRPD compound with at [east one reducing metal, pref-
erably in powder form, in an alcohol solvent. For example,
bis(ethylcyclopentadienyl)ruthenium(Il) may be prepared by reacting RuCls hydrate with ethyl-

cyclopentadiene (HE(Cp) and a reducing metal,

{0011} The alcohol solvent is preferably a Cy-Cq alcohol, such as methanol, ethanol, isopro-
panol, n-butanol, t-butanol, n-pentanol, or n-hexanol. Ethanot is a particularly preferred solvent.
[0612) Preferred reducing metals include, without limitation, Al, Ga, In, Th, Cd, Hg, Li, Na,

Ti, V Cr, Mn, Pb, Ni, Ca, and Cu. The reducing metal preferably has a purity of about 99% or



CH Fig. 2 [0010] The process for preparing organonetal lic conpl exes of
formula (1) conprises react- ing a MOB) trichloride hydrate and a HRPD
conpound with at |east one reducing netal, preferably in powder form in an
al cohol sol vent. For exanpl e, b|s(ethylcyclopentadlenyEXUthenlun(lI) may be
prepared by reacting RuCl 3 hydrate witH et hyl cycl opent adi ene (HEt Cp) and a
reduci ng netal. [0011] The al cohol solvent is preferably a Cl-05 al cohol,
such as rEt#anel 4 patdarier of 8y pP auicpaNRIcss nHpye vl 1S Alsb it GHOPS sqppeiibanol |
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m crons or | ess. wever, it 1s e} e scope O e Invention to
utilize nedudiuids st aldpeniatinnaotingkolsi !peyseiénnb ipand @p%@hamuuth@wa&i@@ A thin

the scope of the jnvention 19 ine ude an .one reduci ta n t he
r eact | on ])IGVI(%LISEI)/ dL‘SCN\é Cp!l] JII Rgchesseﬁlﬁm r a 81C| 1}] ds a Je LlCllﬂgi dgbl]tl %En[r%ie because

it is parmdpmhammwiEﬁﬁemﬁmm%nh@mcbammhmhamuhgﬂmemﬁimmmscb@mmmeanmG&B salts
and penta |en s in al go ? |e d C%ﬁ @? open chakg rgthenocenes
previ ous|y ‘W@§§WPG@WJIPH'5PC8P A g %5@% ‘ﬁé] §HRPEFY h %%C%mVﬁdBC|ng
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d|ff|cult€hﬁ ve. However, ggca he analogous Bentad enyl - Al conpound
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undesi rabl e MT{RPD)x byproducts,
the desired organometallic complex. Analogous Zn and Mg impurities would not be so casily

removable.

[0015} Accordingly, in order to eliminate undesirable M’ (RPD), byproducts, the method
preferably includes adding to the reaction mixture an amount of water sufficient to completely
decompose any M'(RPD), complexes. This water will supplement any waters of hydration that

are present in the reaction mixture from the metal salt reactant and will react with the reactive



preferably includes adding to the reaction m xture an anount of water
sufficient to conpletely deconpose any M (RPD)x conpl exes. This water w ||
suppl ement any waters of hydration that are present in the reaction mxture
fromthe netal salt reactant and will react with the reactive S ARRPD)3 or
other M (RPD)" species that may form The water is preferably added in at

| east a 10009 nolar excess with respect to the cha(ge in val ency of the

reduci ng AEtIEN: preetedr dMIRPIR) aprsies éhat may foan) TMQVRPD)SP! Gl iapideast a
Co”p' et el 13()%‘%!}?985%%&9qu 9({,\)3@‘?0@4 amg{ﬁﬁ CAE%%% 1o SCH!IEqLJCqu lo'efisife Mol es

an excess ensure ecl es orned from
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standard techni ques. For exanple, the reaction m xture nay b |st|F

under rediBes pRadYurdlingsietss yatepgnses g ihn gnustdaneatage i %’F‘P‘FSI vézﬂi b&n
colum. Rrgherfeésgiyahi |l ation conditions include a pot tenperature of
about 150C and "a pressure of about 0.2 mrHg. However, the specific
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renoved durin Q rocess, t| suI g ﬁrodu 4 S have v Y(? met al

bur iy, SEEgR S °B6 S68TNicor dura T aatrh e e R U e KB BE R st r at ed i n
conj unct I[@(mw t Mdchife@d W s dﬂmﬂutqmttmuagu@x iRk ef Lquqs% ande peiment ages

are by ght unl ess otherw se indic ted U%E Pﬂﬁ n of

Bi s( e Cp ’F‘éﬂ“%]ol‘ ljﬂuwamw&efémmﬂdrﬂak@g TCLERESS CPAIHHEIPI o i P58t Behed 12

L 3 neck ni@upahidof tiebihbredk eoi-RRRAnMES By RVENREash Sdubled Pldsig-Mas Spde- Of
et hanol, 671g of HEtCp (diner, conner0|ally avai |l able from Si g Afdrlch)

and 144 §oBETA)Arihsumma Wl‘%iﬁa?%ﬁdlé%“él‘slﬂ‘Q%f’leé‘é“é“YH%H“‘P@‘W&PE‘HMSW%UH ty
99+% comé@a@ldaxlc’%&ég gkt g%cﬁhgm@veﬁlegr hlg[h)newslﬁum%%qs In a

separate argon flushed flask, 41 mahuf act ured by WC.
Her aeus, Y$aht% Fe Springs CA) 625 nmL water and 1876 mL et hanol

[0018] The invention will now be itlustrated in conjunction with the following, non-limiting

example. Parts and percentages are by weight unless otherwise indicated.

EXAMPLE: Preparation of Bis(EtCp)Ru (II) from RuCls hydrate + HEtCp
[(G¢19] Into an argon flushed 12 L 3 neck round bottom flask equipped with overhead stir-
ring, 3.5 L of ethanol, 671g of HEtCp {dimer, commercially available from Sigma-Aldrich) and
144 g of aluminum powder (particle size less than 75 microns, purity 99+%, commercially avail-
able from Sigma-Aldrich) were charged. In a separate argon flushed flask, 415 g RuCly hydrate

(manufactured by W.C. Heraeus, Santa Fe Springs CA), 625 mL water and 1876 mL. ethanol



6 were conbined. The contents of the 12 L flask were chilled to bel ow -20C
(253 K) and a sl ow steady addition of the ruthenium solution was conmenced
and continued for 3 hours. After all of the rutheniumsolution had been
added, the reaction was allowed to slowy warm back to room t enperature.
After conpletion, the reaction appeared’to be a gray colored slurry.

[ 0020] The slurry was filtered under inert concentrated to oil SO|IdS

and ext r CFSEPIRIMGY. X RIS offies o Hirés eex i lor RIS co bRt Bl e 4
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Accor di ngl roduct had a netal rlty 2%
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as defined by the appended chg AIRE Ve & lai m 1.. A ?gthod of
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atons; PD+a cyclic or open chain dienyl systemthat forns a sandw ch type
conplex 988>%kher ei n the conpl ex having fornula (1) has a netal purity of

at | east apqyt Q?W@ﬂ)@dpf)@@mﬁ@%pQQJS@Q(nTWd'1§ {HGreR ek g @uMbelhaddetd inehl ori de
hydr at e and an qPoun | east one reducing netal selected from
the gr ougilﬁ)gﬁgjcg@dm&nb@ yhjove @;_houp ﬁepdrppp g T ﬂlpplg)dd pjventng commept dereptl. INg n, Pb,
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1, whereint reducing netal s alumn
but it is intended to cover modifications within lhc spirit and scope of the present invention as

defined by the appended claims.



3. The method according to claim1, wherein the reducing netal is in a form
of a powder. 4. The nmethod according to claiml1, wherein at |east one

M (RPD), conpound is forned as a byproduct, wherein M is a netal other
than Mand x is an integer determ ned by a valence of M', the nethod
further conprising adding to the reactiofA water in an amount effective to
conpl etely deconpose the at | east one Mf(RPD)". conpound. S. The net hod
according to claim4, wherein MY is séllédMng from the group consi sting of
Zn, My, Fe, and Al. 6. The nmethod according to claim-1, further
conprising puri meglcnhE organonetal li ¢ conpl ex having for rruI a (1) by

distilling under1 r Qdﬁﬁﬁﬁoﬁr@ﬁgwﬁnmo afy (Jf'tﬁl(ﬂﬁthﬂﬂca&ﬁﬁ?wm@ﬂ o claimbé,
wherein the d| E‘ﬁ nisp ormed with a pot tenperature of abou t i50

C and a pressu ut 0.2 mrHg. 8. The method according to claim1,
wherein PDis an op\;{{ﬁnﬁl Iy substituted non-cyclic or cyclic gentadienyl
| i gand. 9. The nethod"according to claim8, wherein PDis a Ron-cyclic

or cyclic pentadiceoi] Maiong rieaniabeubr eeniugnaPoedt] bi vie slidd chains. 8

10, The et hod Aarendl 0% A6l RIS %ar%ﬁﬁﬁhﬂspﬂjjl @Y&B%’%@He”t adi enyl or

2, 4- di net hyl pe lc 1, wherein.
t he or ganonet a‘?lllqu@ I(ﬁi‘ﬁzfl @k*’thﬁbﬁh@ HFlkrﬂlsaPl 1C 1§YPL omplex, and
bi s(et hyl cycl opértedi MeruphmhMILﬂ)wmula D) has a metal purity of

at least about 99.99%; the method comprising reacting a
M(1I) trichloride hydrate and an HRPD compound with at
least one reducing metal selected {rom the group consisting of
Al, Ga, In, Th, Cd, Hg, L1, Na, T1, V Cr, Mn, Pb, Ni, Ca, and
Cu in an alcohol solvent.

2. The method according to claim 1, wherein the reducing
metal 1s aluminum.

3. The method according to claim 1, wherein the reducing
metal is in a form of a powder.

4. The method according to claim 1, wherein at least one
M'(RPD) compound is formed as a byproduct, wherein M' 1s
a metal other than M and x 1s an integer determined by a
valence of M, the method further comprising adding to the
reaction water 1in an amount effective to completely decom-
pose the at least one M'(RPD), compound.

5. The method according to claim 4, wherein M' 1s selecting,
from the group consisting of Zn, Mg, Fe, and Al

6. The method according to claim 1, further comprising
purifying the organometallic complex having formula (I) by
distilling under reduced pressure.

7. The method according to claim 6, wherein the distilla-
tion 1s performed with a pot temperature of about 150° C and
a pressure of about 0.2 mmHg.

8. The method according to claim 1, wherein PID is an
optionally substituted non-cyclic or cyclic pentadienyl
ligand.

9. The method according to claim 8, wherein PD is a
non-cyclic or cyclic pentadieny! having {rom about one to
about five side chains.



12. The method according to claim1., wherein the organonetal lic conpl ex
having formula (1) is bis(2,4-dinethyl pentadi enyerutheniun(ll): CH H3C- CC
CH3 \ H2C CH2 Ru I-12CCH2 \ CH

8

10. The method according to claim 1, wherein PD is eth-
yleyclopentadienyl or 2,4-dimethylpentadienyl.

11. The method according to claim 1, wherein the organo-
metallic complex having formula (I) is bis(ethylcyclopenta-
dienyDruthenivm(II):

CH
Py

HC7 ™ NC — CHLCH;

HC~[-CH
Ru

HC =|~C¥H

I-]l(if\ . /C‘-““““‘“C,\-I’IQCE'{‘_;.

CH

12. The method according to claim 1, wherein the organo-
metallic complex having formula (1) 1s bis(2,4-dimethylpen-
tadienyDruthentum(I1):

CH
H;C0—C /;"’\\(_j e O
H2C | CH;
R
e | o,

) !
HzC—C WC e IS5



