| TITLE OF THE | NVENTI ON [ 0001] Process 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 he 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 coating ram ﬁg@) in resistively heated
surfaces, as in autonotive w ni(g@@:‘&ﬂgmémﬁ |1\:I: conponent literature
descri bes [@onpucProcessffod die PepiratiérosT Bis{fentfldngt)iCeenpldxesof bsm@toup Mevila

chem cal vapour deposition (CVD). For electronic devices, high purity raw
materials are inperative for producing operational parts in high yield.

[0004] I n the processes desCBihb&GROUNDSF PAEENVENTISN 6, 002, 036 and
6, 642,402 for_ form ng bis(dienyl)rutheni umconplexes, zinc and nagnesi um
respect i vEIY2] or dhginventicagelatss femetherionie areparatign pigPistdiepyoppletes fdron

reaction, WenkEdis, stcBls bRiJIhRERLAM B xeLbr ittrBghagisenyl - My i npurities.

Al t hough t'he described prior ar teggl_ener ally avoids water in the reaction,
Kadokura (00081 PAM@RD)NGPe @gapmegRs) complies iswhighM eprents e FUthengim he
react ant .Y IS aRgGa PGS AHPPBSABE aZEIRL SRobén AR di

form Homeg%@r%%"?ﬁgérggelﬁtghﬁgﬁgndl %g?}kgngrggpto ﬁ%wasr/uqﬁ%&/ater |snlsuppl%§§g% by

t he Ru sakystenMbtiforthydsaatesh sype cgmplek.aird sonmoenly s dhpropassasirelatingrig thin
typically,.,FeCl3. 13.. and e t ry |

content . RedrhR gt ot il oty AT e Sed B bt i il mlfih o
deconpose whhe resistiae beshndwttiat 1ayemn tieediecing] asodenrativedoatirgs dn serafmidsngudrin tesies may

still be present jn the prior art canpl exes. J0005]1t would, t .

desi r abl e%f’ %y E?aéed{fe acfeﬁ’ﬁélbﬁl%}%matévfc"}“ﬁoé‘@ ' %?‘?25%? ncl:JoCr?ﬁ'? p@)%%%%feﬁgﬁli%gdg&{ﬁbeeﬁ ds
whi | e ensusidogivelTai fhas@ofeidlesibifeilintfo@mtiafn eiarharhichlaapour deRiitiok (SUMYARY OF
THE | NVENTI ON [ 0006] The jnvention rel ates to net hofd of ‘E)r.e ari ng qn

or ganonet gpq qhg; o ‘étﬁesofpglp B?r% ray materials are imperative for prod cmgp operational parts

in high yield. '

[0004] In the processes described in U.S. Patents Nos. 6,002,036 and 6,642,402 for forming
bis(dienyl)ruthenium complexes, zinc and magnesium, respectively, are utilized as reducing
metals. Using Zn or Mg in the reaction, however, can form pentadienyl-Zn and pentadienyl-Mg
impurities. Although the described prior art generally avoids water in the reaction, Kadokura
(U.S. Patent No. 6,002,036) suggests that trace water from the reactant RuCl; hydrate is adequate
to decompose any Zn(EtCp), that may form. However, there is no indication as to how much
water is supplied by the Ru salt. Metal hydrates are generally non-stoichiometric, and typically,
FeCls, RuCls_and OsCl; 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.



(1): MRPD)2(lI) wherein M= iron, ruthenium or osmum R = H or an alkyl
group having about 1 to 4 carbon atons; and PD = a cyclic or open chain

di enyl systemthat fornms a sandw ch type conpl ex, and wherein the conpound
having formula (1) has a netal purity of at |east about 99.99% The nethod
conprises reacting a MII11) trichloride2hydrate and a HRPD conpound w th at
| east one reducing netal selected fromthe group consisting of A, G, In,
Th, Cd, Hg, Li, Na, Ti, V ERERAGUMPRRNOF THE INVENTION N an al cohol sol vent.
DETAI LED DESCRI PT| ON OF THE | NVENTI ON [ 0007] The inventjion re |

met hod of [48P@lpar F%lnﬁ?lﬁ@ﬁéﬂgﬁ%@lmqﬁhwﬁf@% rorgapemgnic @R = gfor%lf'ﬁ (1):
N(RPD)Z(Ih)In formula (1), Mis a netal selected fromiron, ruthenium or
osmum and is preferably ruthe- nium R may be hydrogen_or a Cl4-al kyl
group, such as CH3 (methyl), C2HSURBPhyl), C3117 (n- pré&Pyl or isopropyl),
or CAH9(ng h%‘l%l%lM" LB M 1111'30& otsﬁ"lﬂmplﬁ ¥ H)()r an IRyl ﬁ@ﬁ[ﬂ%ﬁfﬂ{gsab@utcl)’tﬁw darbeh open
chain dleny system’(l'i'gand) that may forma Sandw ch type conpl ex.

Sui t abl e albmsydnd $Yst eawliaceopencivin disnylisestem thas Frimp asandgach Wes complirping
optionally substituted cyclic pentadienyl, cyclopentadienyl, indenyl,

tetrahydr o} ndand oo AJ :dﬁ)cf B e foRia ﬁfﬁzﬁ@fgé’tzﬂf hH@r& Ayleast hlﬂﬁlﬂd@ 999 Qh@ﬁlef red

PD | igand 1's option y substituted enta i enyl that may have at

c
| east onethCﬂc«iiaplaﬂeksﬂlactslgcﬁel\dﬂﬂhtrwhlogé@%ydaﬁe e HRPRyppmapy wiffuateast gn§008] The
or ganoret g v b al Bl ImAFE G ARALER ARCPKHI Ng {0
t he inven[al:Cl %%Qg%%%ﬁgﬁ ?H?Pgrppee 0 %ase met al |npur?tﬁes Base netal s
are connnhthkﬂhmﬁaasd@a&nhyﬂoﬁmhutamte metal s which dissolve in
hydrochl ori c acid and rel ease hydrogen For exanple, Fe, Ni, Pb, Zn, and
sonetines Cu are conventionall e arded as base netals. ngh metal purity

is inperative for the hDEFTAJL BIONOE THE BPENIThal el ectroni ¢

devi ces nv i -l east
99. 99% (4@87%” gﬂ%nlr“\g %ﬁgg@%ﬁ%&)ﬁ%ﬂggﬁ&%@ﬁgf as rﬁ?%ﬁ{%%@gg 9%530?156 A s

wor ds, t heratfotrabla@t al inpurities conprise | ess than 100 ppm of the wei ght
of the conpl ex havi ng for”“h@ﬁﬁﬁ%% or less than 50 min a preferred

enbodi nent. The 3 term "net urity" may be understood to describe the
amount of I foatda (Mlis £netabgeiested fioer irdnh artheRtung rooupmeineamhs prefesadnrughe- B, Na,

and Fe) that are present in the conpl ex.
nium. R may be hydrogen or a C;_4-alkyl group, such as CHj (methyl), C;Hs (ethyl), CsH7 (n-

propyl or isopropyl), or C4Hs (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
PD ligand is optionally substituted cyclic pentadienyl that may have at least one C;-C4 alkyl side
chain, such as two methyl side chains.

[0008] The organometallic complexes having formula (I) that are prepared according to the
invention are substantially free of base metal impurities. Base metals are commonly known as
easily oxidizable metals which dissolve in hydrochloric acid and release 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 impurities comprise less than 100 ppm of the

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



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

pr epared accord-

ing to the invention include

bi s( et hyl cycl opent adi enyDr ut heni un(H) and bi s(2, 4-

di met hyl pent adi enyl ) rut heni un(11),
CH HO 47 C- CH2CH HC HCCH RU HC CH re,
CC---CR"C-CH3 H2C CH2 RU HC CH 2

as shown in Figs.
CBl G- CH2CH3 Fi g.

1 and 2 respectively.
1 CH

term “metal impurity” may be understood to describe the amount of trace metal elements other
than Pt group elements (such as B, Na, and Fe) that are present in the complex.

[0009]
ing to the invention include bis(ethylcyclopentadienyl)ruthenium(II) and bis(2,4-

Preferred organometallic complexes having formula (I) that may be prepared accord-

dimethylpentadienyl)ruthenium(II), as shown in Figs. 1 and 2 respectively.
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[0010] The process for preparing organometallic complexes of formula (I) comprises react-
ing a M(IIT) trichloride hydrate and a HRPD compound with at least one reducing metal, pref-
erably in powder form, in an alcohol solvent. For example,
bis(ethylcyclopentadienylruthenium(II) may be prepared by reacting RuCls hydrate with ethyl-
cyclopentadiene (HEtCp) and a reducing metal.

[0011]
panol, n-butanol, t-butanol, n-pentanol, or n-hexanol. Ethanol is a particularly preferred solvent.

[0012]
Ti, V Cr, Mn, Pb, Ni, Ca, and Cu. The reducing metal preferably has a purity of about 99% or

The alcohol solvent is preferably a C;-Cs alcohol, such as methanol, ethanol, isopro-

Preferred reducing metals include, without limitation, Al, Ga, In, Th, Cd, Hg, Li, Na,



7 () HCH Fig. 2 [0010] The process for preparing organonetallic conpl exes
of fornmula (1) conprises react- ing a MIIl) trichloride hydrate and a HRPD
compound with at |east one reducing netal, preferably in powder form in an
al cohol sol vent. For exanple, bis(ethylcyclopentadi enyDruthenium(H) may be
prepared by reacting RuCl3 hydrate wi t h4et hyl cycl opent adi ene (HEtCp) and a
reduci ng netal. [0011] The al cohol solvent is preferably a Cl-C6 al cohol,
such as ngtdanal a pettbRRk of ASAPTIMIPAR L lesh-Matannlit,is dlsdwithinahe scopepemiteanol |

or n-hexanol . Ethapol is a particylarly. preferred solvent. . [0012

Pr ef er r edYEHGR Fhyilize redpeing E’E?aifd’«‘é‘,ﬂ‘ ‘?ﬁf“’trﬁg § and;nyrifics ﬁblﬁ Sﬁ\lw,“htﬁlatge fﬁ?}’e%, Cd,
Hg, Li, N&einlkatiof éinclliB mokPthad\bne réducin@iitktdlin tht e cli@tbinig. WRkSpreferadfyer abl y
has a purity of about 99% or 4 greater and_a parti I$ ﬁi ze of abouyt 75

m crons olic FeEEEns mstagis @pumipym pecadsedpis RRftgplArlY HEPcHYGIPn Tt TG TFATUK on t o

utilize rQAUCRACLRREALE pYitidiere! Bficohbiz8 iR cRYrd dps chalirt rukifenadesies. Wist hi n
the scope of the invention to include nore than one reducing netal in the

reacti on PrEYPuRxdesprificd, ip pEPEITERIPGEsses Haing Me R iZags astdering aeat. psnadisi ¥e@ause

it is parj] Ly b1k 1A i ffi [ DNRGE, RtGl3 salts
and pent a%{ldéglég&la%lgjl[éco 0 ‘ﬁtgsoﬂ]%%%%s%l%{iﬁdng% lglgg%rgﬂg‘i( n rut henocenes. As
pr evi ous| e dedagonppadtadienylpAl exmpapid iy highbsmegblgsit sqomMypestedie hepresertagdati ng
agent, pentadje - : . t adi - M. Lopurities may be problematic and
difficul tlpffpglgbelﬁ%}ileer&ﬂgﬁv:g‘yg?@ agcg)(lr:(gﬁgleo tﬁ%élbégrallgflbgous pent adi enyl - Al conpound
i s hi ghl y[001¥t abTle readtion $s preferablypedboettdtuadéyen pressamosphsreanich apargét. gt i n t he

reaction m xture according to the inveniion. [0013]-Fhe react] ' :

pr ef er abl {Egﬁti% 1Y AT 8? p%‘?ﬁsuir%gﬁh aﬁtﬁ hrgolg ;C) Ter [éwatseﬁbﬁ&arg&glr%gE)grp?gfgéaﬁlgl Ifeight |y
above at niagpdikit iaCedut @BSperaufd) Qlthas aloul-20MC bidslof, andbldoved tdhmactrsbady aodh | s
pr ef er abl erforned at a reduced eratyre, such _as . about -20C or Dbel ow,
and al | OV\% (8 TPU FPETA5REF 9veéﬁ€°%§'ﬁg¥8urf'oﬁﬂﬁ4@ﬁﬁ@%ﬁa§% r%a\(fé?né Ut 12 18
hours. |tatil$w tefipefati@dbechitdtan bR@hdrRacichd®idn ARy RNt QhdRHataé pdlometiAMpesatier e
because an _exotherm c reaction nmay cause undesirabl e palynerization of the
HRPD | i gangrDfigands cihg artugli thpe needddf complels thn teactiop H@YP%&% Wﬂedﬁw fae-oy-

det er m negsOrusA deAKBIRVAAREpPARE LableRENdi Ng on the specific reactants.

[ 0014] The reaction of MII11) trichloride hydrate, HRPD, and reducing. netal

may resul 0014 varThsusackgmpitd(&h gichlonid hedsatprbHty T and redupipe metabmay 5yl in

M (RPD) " ’va&i'aué"@ cub, ISPLETRRD Stirfer B M-RPDN8Rd MAAPDY), iSWRith #F r&prELpidai N9
metal or sem-retal. M may be the reducing netal used in the reaction or
may r esul metilrasimar srniMasueti a8 educonzanesfl or kenismetal iMignasbethe sdycing mgtakused an

| nteger dgtgraldy i ork QF 12 4ARRleEnaMal (B PR chiffieger
react ant lg\ltﬂ?e uc{a%?rg{/%%)? %gulgg&ﬁlg? . B, nfr?,e Ee, or - %a prior art B

pr ocessesdetginingd b thervaBnceast M. rited excinmpde, et rady, bezhiRpAamrd, ity RBP2Isp ipliei t i es
may be f % nd nsi.ve vacuum di.sti) | atiaon L. [ jred to
Separ at ¢ KU AT Sh oI R SHH R ByEF MR 22 % » S RE L, 2Bt

or ganonetMkRDE, tigpiptiesxmaHmeradd, and expasiveeacubodisti]atibaequiyatent isacgeddto t he
reaction w| | A di Iée% .%eco ose ango Al g FPTIi_)%tE ‘%o. &, hon- oregEl nic s éxuq*()%v_
materi al YHHL eﬁ‘é‘% Ryl sc!of'{g"??“é’%% dgers oMt desied gerem tO pUr¥eation of
the desi redr, angapenehaklth waeaRdRY to AB adao@ausillZsadin deddingospatyl AIRED waul d
not be so easily rengvable. . . . P

a non-organic soluble material that may be easily removed by filtration prior to purification of

the desired organometallic complex. Analogous Zn and Mg impurities would not be so easily
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




[ 0015] Accordingly, in order to elimnate undesirable M (RPD)" byproducts,
the nmethod preferably includes adding to the reaction m xture an anount of
wat er sufficient to conpletely deconpose any M (RPD)" conpl exes. This
water will supplenment any waters of hydration that are present in the
reaction m xture fromthe netal salt reactant and wll react with the
reactive 5 AI(RPD)3 or other M (RPD)x species that may form The water is
pr ef er abl x1(REOR@r bihe’ (REBS! spacidsQniay fartim. ERzesseris proferabdpaeiitd troatidagt achange
in val ency of the reducing netal reactant to epsure, that |l M _.(RPD
corrpoundsyog%meléhﬂcéﬁsﬂlghr @Eﬁﬁ%@?ég”?ﬂgﬁéﬂ Vaé%ﬁﬁ?@‘?r ‘é‘nﬁff’legll Bqac%?t’o‘grel\ll\sl@’fjel d
require 6himied (RPDYRbAPoundy &8 c&ﬂpl@ﬁé@&fc&orﬁ%dsbd.%%ﬁﬁnﬁl&&inem & 1RPD) x
species fornmed fromboth the reducing neta reagl;aﬂt @G&S@Qe inﬁyri ties
will be deetdfrauiEt mpipgpef pater.tJush an pies Wieapue Gpkihg FRECIeR Y WEht ity
corpar ed gy LO& (hY re@Réhg¥hédiUeacki ar@t&?xe %g%)ﬁﬁgg will3dieé dHEp RS Ultat 13 trab bave

added i s adequate to deconpose any ( 3 according to the reaction 3 H20
+ Al ( RPD)1Betald ap| yeOHnBillin guRmipy, compared tphefAd pahMe(RypFe. Os) pepapt.gpd thsempiiter  of

hydrati on %?Eﬁéﬁ%a@u%\? Eo R@%?éﬁdgg Qﬁféﬂﬁyﬁfg %E&rc%iﬁ@ﬁ)ttﬁ@;eaétfbn@eﬂm ose any

Zn(RPD) 2 or yprooduct s Rat her, addi ng excess water
ensures tAKRPPheuAl@h=et3HBPRI lideprisrabirent éxsrely dn) thdhywatebefglydraspy indbs F¢.oy ed.

[ 0016] Fol |, owi reactian of t ri i .
reduci ng ﬂr{rlrlsftozralp,g “t“ﬁl%”’%hﬁgéaﬁ% r?‘aeﬁt%? It({@etcgr#ejl@]?%sf @%ﬁ(ﬁ@%ﬁpﬁ%@@%&@ %@?? {ed by.
st andar d predieni Qaesr, afding excassphaer enfupesrtaclic wiwantest metabloprmy speeiedivdll b¢ | ed
under reduceg $r§ssure, such as by utilizing a standard distillation

col um. PrEPEEHO%S | | ation conditions include a pot tenperature of

g_bOU_tI I150[_¢i{)19¢=.r]d aFJiloRsSestioh l())ﬁﬁnghﬁetzﬂ’ trabhIomidg hy driosesh EPD,l altnldeecklpmgirrieitai, the
istillation conditions, may be_determ ned eri tally on_a case-hy-case
basi s dep‘gﬁﬁioﬁ’@‘aﬂf? TRl dé%ﬁ?‘?‘?p&exr@@’c?wgegﬁ Stﬁ?@%ﬂ%&@‘i’"ﬁﬁ E%ﬁrﬁé%%ﬁ&ﬁ%% to
t he proceggeh nlili@reRhBaR istilBY Gidel RAucedipedssifie, @fich by @utifia%g aktahdued dietilfd- eX
having formula (1) may be attained, maki ng t he %Locessggesiu:&i@og fgr

i ndust ri afiongepmite Rreleied distHlatipp sanditions jop\pds,t PRtEMREL3YE O 2o gnaa

det er m neﬁemreIo@ﬁ%d\{ﬁo.(zIﬁﬁﬁgﬁngvbv@@r,%@ﬁﬁaﬁb/aﬁllamﬁ%mmrxw bR deirhiaed

anal ytic nethods. Because e nost frequent|ly occurring i guri ties are
removed duppgently qaraoeessty-cash basisdpaendingPghoTIEiis reeapals ¢ae FoAfGh netal
purity. aRoefhon AScolfl? B prolRd B A0 Brekedl BLARN, Wl oo DSl drieobdlRA 1 1
conjunction with ti’ue ? I OV\F ng, non-timting exanple. Parts and percentages
are by weliayhg fomiubsd) vahbe sizied maingthe procExdpdnble foiadigirial fnplicytons. The

Bi s( Et Cp) [1.) fr.om + . HEt ( ) ed 12
D 3 neck Pair ot BTG BYE b hfertyidlch ARE Bbd Ehfalpataehgl SRess

et hanol , ©Marydbr dthérianQpti€ ttheds, Bromsetheinadst freqontly erolteing iroprSics I dri ch)
and 144 g_of um pum powder rticle. si s 1 1 C{. purity
06354 - conmaree ity BE PR EE GRS bR ohe S e AR elRTLERARTS | P
separat e @rgor.fl ushed flask, 415 g RuCl3 hydrate (nenufactured by WC.

Her aeus, [ﬁﬁlﬁ]a F'?heslg{fénrt}gg wﬁf?\dw gez ﬁlugt{r]alfedv@%grll’ju&rt}gn ]\i/?tz?henijﬁllg&irﬁg‘,nn%ln-linﬁting

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

EXAMPLE: Preparation of Bis(EtCp)Ru (II) from RuCl; hydrate + HEtCp
[0019] 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 RuCl3 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 tenperature.
After conpletion, the reaction appeared6éto be a gray colored slurry.

[ 0020] The slurry was filtered under inert gas, concentrated to oily solids,
and ext r agéredorhbih€l. Mexab@snts Fihe DR K AnRSsSwex chitled toiaove-Q00E @530 edd b eloan

anber oil. Subsequent hi &E vacuumdistillatio i el ded ?9236}83 of the desired
product i s¢2dBadditan otihe uieniap. sqlubep wasePoepe -ﬁ\é(fﬁmé‘a‘r‘?ﬂ Psel’ "Eh St 8% of
t he produgtndinthin)solufioR BSELRE hdded AR MEIcH WaK all&Red\B sfwli verns batRlte showed
only B (1.8 ppm) and Na (0.5 ppm at |levels greater than o al to 0.5

r u
ppm Al | I6eMEIMPAEItEES AfiET eomiehoanthe regctinRGAtaEeddp bp ég?YtCﬁ@FFdoS? bpm I n

parti cul aiggadihe PRGER! KA R IRRIUnd&Enerfigss QUTARMrh BB W dily¥solifl, Bl ext@stecud ppm
Accordingly, 'the product had a netal purity as high as 99.995% [0021]It
will be dspansei Ahalbxmyesehivast wakedneengrajed tq areamber ofl hagbseqpsageh vasuvs db8-made
to the e ' I j Int i EPQirhdraY EPRIE@PEom-

i nventi vggtg(g{r?ggg%éﬁdégf(g%%j&%{&ﬁggﬁﬁgfgr%?%topél?]%fﬁ-te%te?o?e,r t ha thitg%i ﬁr\?enti on
i s not | ipmistdaboudd% v thegreductuhiaturegdndoktisermataband| ysis by SeB-Mp ok the sammpe | nt ended

L2 o e B DB AT ALy g Rl b ke R of Loukl'8 O GRRTAL LRKEC T 0

or ganonet@aéthls evemopiiestdin afnofnns ofiks thdn)0.5 prRPID)aftichlanhiey @inpentation efifie, a
. ruthenium_or asm um. = H an al kyl ..gro hayi . bon

at ons; POyORMOUHPPPIY lﬁﬁub‘ﬁ@n&é\%ﬁ% ‘éf%\)ﬁ%}?ghs";fgﬁ %ﬁ]gl{cﬁg%@%%%lsﬁug )geésnd%@%:sh type
conpl ex, @rwswherein the conplex having formula (1) has a netal purity of
at | east t 99.99% the. nethod conpri Si reacting a trichloride
hydr at e a[ﬁg%gn I—hﬁﬁ?%ﬁ’é’ffiﬂ?{?%yt osﬁﬁﬁﬁ'éda@ttfp%ﬁ%t Ptecﬁi‘ﬁ’ﬁ%ﬁﬁo'm\épa%eeﬁoé%t ed from
t he groupengRAFThdctd RRerdtd Move GRtholtRllepatting feén tHdtrodd invelvive dincep thereof Muis Pb,
Ni, Ca, and Cu in an al cohol solvent. 2. The ne .(S)rdi gto

I / . o t hod ac
claim1, widemsiepd thereforee Batthisdnypation ismet lipisd;tp iy particular embodimenys, %‘Fﬁ’od

ac S\gr di NGk & ;SRR dlio @bved moMIRAGINR wWifhfh the PG 4hE bR AF the prdsbntdnvefiish £ a
owder .
P defined by the appended claims.



4. The nmethod according to any one of clains 1 to 3, 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 val ence of M, the nethod
further conprising adding to the reaction water in an anount effective to
conpl etely deconpose the at | east one M/(RPD)" conpound. 5. The
nmet hod according to claim4, wherein M is selecting fromthe group
consisting of Zn, My, Fe, and Al. C 6. The net hod according to any
one of the preceding clains, further c[&%ﬁ sing purifying the

or ganonmetwkkijagm:conpl ex having fornmula (1) by distilling under reduced
pressure. 7. The nethod according to claim®6, wherein the

distillationis rfor with.a pot te ature of ﬁQQ SOCanda
pressure of abou prepaﬂ“g%org%’ogﬁ'gmrﬁgw gccorH%L( g to any one of

t he preceding clalanpnmﬁreln PD is an opthonal ly substituted non- cycllc or
cyclic pentadienyl

and. . 9. _The t hod accordj to,cl
wher ei n Pﬂ’qf"smé/[“n'é?f‘-’ %Hﬂﬁndﬁro@?‘(‘:‘m'g:p%ﬁf%? Hﬁrouﬁj\?vﬂé F?@Hnt%ﬁg ? one to
about fi Vigodd; @ LHBIANS or ofen chain dienyl s¥&em TH fdiRk B@dld@@myph dnplex, ay one of
t he preceding clains, wherein PD isS ethyl cyc| opent adi

2, 4- di metWErge Hteaﬂm@kwhavmg formula (I) gs 2 mial Wh%ﬁ%@é@%ﬁ%‘ﬁ&%gﬂsg}ﬁf“%@ of

the prece&h{ﬁﬁsﬁk alBng AAGIB LikhidhRe H{/&@t@@ﬂ@ﬁ:ﬁhkl’g cGRpBkiRyiliatIde detrenl a (1)
is bis(ethylcyc opentadl enyl)ruthenium(11): CH HO c:.r) _ C-CHnOH HCCH Ru HO
CH HOO- OHvgidg metal selected from the group con31st1ng of Al, Ga, In, Th, Cd Hg, Li, Na, Ti, V Cr, Mn,

Pb, Ni, Ca, and Cu in an alcohol solvent.
2. The method according to claim 1, wherein the reducing metal is aluminum.

3. The method according to claim 1 or 2, wherein the reducing metal is in a form of

a powder.

4. The method according to any one of claims 1 to 3, wherein at least one M’(RPD),
compound is formed as a byproduct, wherein M’ is a metal other than M and x is an integer de-
termined by a valence of M’, the method further comprising adding to the reaction water in an

amount effective to completely decompose the at least one M’(RPD)x compound.

5. The method according to claim 4, wherein M’ is selecting from the group consist-

ing of Zn, Mg, Fe, and Al.

6. The method according to any one of the preceding claims, further comprising pu-

rifying the organometallic complex having formula (I) by distilling under reduced pressure.

7. The method according to claim 6, wherein the distillation is performed with a pot

temperature of about 150°C and a pressure of about 0.2 mmHg.

8. The method according to any one of the preceding claims, wherein PD is an op-

tionally substituted non-cyclic or cyclic pentadienyl ligand.

9. The method according to claim 8, wherein PD is a non-cyclic or cyclic pentadi-

enyl having from about one to about five side chains.



12. The nmethod according to any one of clainms 1 to 10, wherein the
organonetal lic conplex having formula (1) is
bi s( 2, 4-di et hyl pent adi enyDrut henium(11): HCCe-Q--"CCH H2C CH2 Ru HO CH
2 )\ HCH

8

10. The method according to any one of the preceding claims, wherein PD is ethylcy-

clopentadienyl or 2,4-dimethylpentadienyl.

11. The method according to any one of the preceding claims, wherein the or-

ganometallic complex having formula (I) is bis(ethylcyclopentadienyl)ruthenium(lI):

CH

I~
HC C-CH,CH
(D> ,C-CHHs
HC—T"CH
Ru
HC——CH

/TN
HC 2o~ C-CH,CHs

12. The method according to any one of claims 1 to 10, wherein the organometallic

complex having formula (I) is bis(2,4-dimethylpentadienyl)ruthenium(II):

CH
HaC-C~7" N\ C-CHjy
N
H20 CH2
Ru
HoC | CHy

\
H3C_C\%|—|)”C-CH3




