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FI ELD OF TH his invention relates to nmethods for the synMpesis
. of metall ocenes.«isqs@ACKGROUND OF THE | NVENTI ON Am no-functi onal i sed
titanocenes are of increasing interest because of their potential to act as
hi ghl y act iweomngkesel ective ol efin pol yneri sati on cat al pcItGROU/@R60r SOr S
[1,2,3,4]. The neutral am no function can reversibly co-ordinate to the
nmetal centre, 10 potentially stabilising highly reactive internedi ates
formed duri n% honbgeneous catal ytic processors. Hi gh catalytic activity has
been found?&j P‘H‘?@b% METALEACENRS| GRBYIS 2o SYCHRABNTARLENF) ?%PWEI&%/POB&%WGS
i nvol vi ng ot et °fefal s. For instance, half sandwich conpl exes of chrom um
in which the pendant am no function is coordinated to the netal centre have
been shown FEELR OF THEYNYENIIONo| ef i n 15 pol yneri sation catal ysts [5].
Fur t her mor ewﬁfs'ﬂ?v RERIAREs RHheRdl HP G AR hBhRIAES. W t h inorganic support
materials, t eregy I'ncorporating traditional metall ocene catalysts into
het er ogefAeous cat al ysts. Quaterni sation of the pendant anmi no group can
result in \A@Aﬁéﬁéw QPWIQI% species [1,2,4]. Such species may not
only provide water sol'uble catalytic conpounds but are also useful as
anti - t unour Agringfnetiopplisgd HEwesanes gef ingraasingmtergsbgsause of theip pesentiabr ug
titanocene djchl ori Ldan i i 1 j cient anti
turour agen® o6, B ity RO ek bErERY Solhiniby Chab Bl e eous
sol ution. The2.3#kalhemestral sininotfynctienicanaeversibly eqrordinatg ie the nfetah eenttenal i sed
titanocepes [ . ! ad. t hel &Ermé i de
deri vat ﬁ\@es,pg%%tagﬂg ?agﬁlf{t/’gﬁr%&l sul E"gb %ngé:&%ﬁt %%%{Jdrmur g%:joen é&ggsdv\ell as
provi di ng noatalyteuiptaekssers.mo dlighs cétalytics etity npst besn nfeutdarwithmerstip ¥t i on of

titanocene dichl ori ﬂg. ' BRMN £V i Gemet hods for
t he prepar afnle@ocg es’?ag‘e;v%gl yﬁ%ﬁ%ﬁ%g{@g?%&%ﬁ lﬁam 'ngéré g%iclzlgllfonal i sed
t i t anocenes sandwizh veniplesesd e clovmivat inowhish thé@endsott amino dyptiopantcedi ene to

B achi evea o Yo el (shifibig e Shoti o J"piy BTG " O

15  polymerisation catalysts [S]. Furthermore, the pendant amino function can interact

with inorganic support materials, thereby incorporating traditional metallocene

catalysts into heterogeneous catalysts.

Quaternisation of the pendant amino group can result in water stable and soluble
20 species [1,2,4]. Such species may not only provide water soluble catalytic
compounds but are also useful as anti-tumour drugs having advantages over the
known anti-tumour drug titanocene dichloride. Although titanocene dichloride is an
efficient anti tumour agent [6,7], it has low solubility and is unstable in aqueous
solution. The greater stability and solubility of amino-functionalised titanocenes
25 renders these materials, and their dihydrochloride derivatives, potentially more
suitable as anti-tumour agents as well as providing more suitable models for studying

the mechanism of action of titanocene dichloride as an anti tumour agent.

Known synthetic methods for the preparation of the dihydrochloride salts of amino-
30 functionalised titanocenes involve the deprotonation of the neutral cyclopentadiene to

give lithium, sodium or thailium salts [2,3,4]. In situ deprotonation can be achieved
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by the addition of an external base [8]. The reaction of the netal salt
"with T1Cl4 results fromthe formati on of the neutral netallocene which is
then reacted with HO to give the dihydrochloride salt. Accordingly; smchoga
. process involves 3 steps fromthe cycl opentadi ene to the di hydrochl oride
salt. There is a need for an inproved 5 process involving fewer steps and
pr oduci ng Liaydrochloride salt in relatively high yw TEMENTS OF
| NVENTI ON k@gg% |%g to the present invention there is éﬁg&?ﬁ%ﬁﬁg nmet hod for
the preparation of a 10 netal | ocene halide salt having at |east one

cycl opent adi ene group substituted by a basic group, said nethod conprising
reacting t ogemébeddifonndtadlextilal e iBY hTlee r@yctbd pL1he akit2 el swdsTiCL,ut ed by said

basi c group. Accordjngly the_ present inyentian. prqvides S| e step
process for’ei"llfégﬁﬁn “8?1°’?L§‘°8?“ mﬁ'ﬁg‘?‘ff)’lef"a’rﬂ‘ff‘t‘? gﬁﬁlr‘ia%‘é%wﬁh?'gjlll ocene whi ch
can be prodygp@ thddihydgdthietied shit. | AccoslingBl suetv protddsinvbves3 siepfrémst ep process
i s possible because the netﬁg&ﬁy%&lLaeslt resencgfof an "internal base"
rather tharH§Y t?f{je o thyy diygireedioppe, it |y Brf 1968 "B ep process.
20 The et haekes inté16ing feme Blepd AMEHroiRihgNBY dikpdréhfiride dalt @ tdhtively epar at i on of
nmet al | ocenes of bhoth early and late transition netals including the group
IV netal s TW$h$§lwand Hf . Preferably the netal halide is a honol epdc hali de,
mare preferably a honol eptic 25 chloride, an exanple being Tid 4.
Preferably the substituted cycl gpentadi enyl carries a pendant Lewi s base.
More pr ef er%xwﬁé‘ﬁéwg“ﬁ%ﬁ?q provi ded by an anino group, for instance,
a tertiary irhiithgdb B PrescRXRAVRNIGH tHeR i§ifroviddédHAhdtdN(6iEE Bobgar AR of a

- CH2CH2N( CH2) s. §0 2. .. 12 MAY 2004 02- G--20Q02 GBOOAUr6t Preferably the
cycl opeHt adnenlipeenedalidsniali hpwne W least oRe cYRapsitadiche i sRVP; hbstifEedPegence” of an
inert sol veptic WG, 38id trdthtRINSom PR Sedlthy tdd8ers Whadiit iiad wiC! ppent adi ene
and the netal halide are reacted together at 5 anbient tenperature or

bel ow. One yelgpaniediengystigiedycfaid bagic g0¥P-ot her in a dropwi se fashion. The
addition may be carried out nore quickly the |lower the tenperature. The

nmet al | ocene halide salt prepared by the nethod of the present invention may
be conver t etkccouinglyethepretentinventipn ployidenesingle sempraesss fog thelreepsrgtion wi t h a base.
Fur t her ypr eof%?aén%&-%ﬁdﬁ%ﬂl@%ﬂ@tﬂ%&e%é@&h b BYodBEdGR MR i }Qs Ot her

speci es.” For ex
believed that this single step process is possible because the method utilises the

presence of an “internal base™ rather than by making use of an external base in the

known 3 step process.

20 The method of the present invention may be applied to the preparation of
metallocenes of both early and late transition metals including the group IV metals
Ti, Zr and Hf.

Preferably the metal halide is a homoleptic halide, more preferably a homoleptic
25  chloride, an example being TiCly.

Preferably the substituted cyclopentadienyl carries a pendant Lewis base. More
preferably the Lewis base is provided by an amino group, for instance, a tertiary
amino group, examples being —~CH,CH,N(CHCH3), and -CH2CHaN(CH,)s.
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contacting the netall ocene halide salt with an al kyl ating agent results in

“the formation of an al kyl substituted netall ocene. The net hof{)@féﬁidﬁﬁg,

pr esg bk sdHoenti on represents a new and facile route to netal

hal ﬁ%gzs (ﬁZS

over the known three steps synthetic routes. DETAI LED DESCRI PTI ON -OF THE
| NVENTI ON The present invention will now be described in greater detail and
with reference to 20 Figures 1 and 2 of the acconpanying draw ngs which ‘
illustrate th i e Lch will h escr|ped. .By way of exanple,
Figure 1-ill u?f?%@k@% @°E’§§‘éﬁﬂ£§‘\§ﬂ>’ﬂﬂ%@¥g&@8ﬂﬁég%wad R@dﬁﬂ! ﬁlﬁd’rﬁﬁnqelﬁ
present i nventahaterf Rivehtvackpésapremd, i on of an am no-functionaii sed

titanoceue; the 25 nethod of the invention is shown as step (v). ' The.
titanocene di hydrochloride salt 2 can be synthesised either by direct

reaction of t ' al cl nt.adiene 1.and TiCl4 in

t ol uene or by??eefggtt’l?\grﬁésg’w&?}g@?ﬁ%% cand ?@WMW&»@@W%MH on
with HCl. Fhe ambient ictpéranire3dt belost. CDRITeastisk By be 6dded A9the SlHeP 5] S8PwRS

previ ously degagjbe&gbéddlr-errrm nand co 3 ~ ~ ~r~rr-vr~ mrrrr 1 2 MAY
2004 0~- 0~- 208 r R8F @P.Wﬁ?@%@%@ﬁwmc&btbgbmxtbemmw as a dark
orange solid which is soluble in a polar solvent=such as nethanol, water
and acetoniti~ile. The neutral titanocene 4 scan be obtained by reaction of

t he di hydr ochlTbe metallacent hifids saltuprepaned by tiemethed ofviie priseht Mveh®AChiPBe by t he
sodiumsalt 3 with TIQ4 in ether.” The highly au and noi sture sensitive
titanocene 4 8%&%@?36?%&@%@%?%%%&55%%3&3@- Jurthermore i s

sol ubl e .i pQ apghet metalléiehé haBdd s} Bay©. : SHSMCH . etgher,. t ol uene.
An anal ytically pure sanple can r@%ﬂoﬁ?‘ﬁ‘@hgfg‘;?é‘?gy%@%n sa?i%‘gﬁglrebm

ether. 10 ~ . cqutasting dhe gnctallocengi halideosaltl withden 2llglatihg fagent esultsvéd el s of
MeLi results j pmléfbﬁ i ermal |y stabl e dinethyl ated species
fc’t ed | nJ [ g%& stﬂgs?tﬁ:ge& Hﬁmhg'%en

5, as illustra pecl es Fs a highly air sensitive red oil
15 Accordingly the present = invention provides a synthetic route for a

fi tanocene di dr’%&géthde which is Moth air stable anti orator_ sol uble and
avoi ds a numbe®™B B Pretent inyFation fepfriept angw and ficie rawtetoanetaliocened wat er -

sensi ti vels THelide saltst mkigh piefl ©The thettol!is TSGR ﬁgﬂ% aft dsoveP il i nitely
C

and the neutral titanocene can be generated by re ion w a base.
Depr ot onat i orkioMg three stepssyntheticroute situ by a 20 cocataiyst such as MAC
(et hyl atunmunoxane) to give the neutral. netall ocene dichloride as the
catal yst precursor. Furthernore, reaction with four equivalents of an
al kyl ati ng adRETANEEDDESCGRIFTION QFKEHE INVENTION:d titanocene. SPECIFIC

EXAMPLES - . .25 Exa es .of the preparation of titanpcene conpounds w | |
now be descri gcfmgﬁntﬁjﬁcélgf’g “R)E't o%’T%&%WWT%%‘PW%h and
TiO = | 279 FigurOD andlof tief acbuihiaghdeVibki it iR Girite W eyitlfcirdiis? S1 UMMy
in 100 m 30 .0.38. M (0.66 g, 0.0034 nol) TiC45i?%75m of THF.

f. THE to
On addition 9’(‘3“‘9‘? 64 devel oped is the toluene and a col ourl ess
precipitate formed. The

By way of example, Figure 1 illustrates the known synthetic route and the method of
the present invention for the prepaxation of an amino-functionalised titanocene; the
25  method of the invention is shown as step (v). '

- The titanocene dihydrochloride salt 2 can be synthesised either by direct reaction of
two equivalents of the neutral cyclopentadiene 1 and TiCl, in tolﬁene or by reaction
of the sodium salt 3 with TiCl4 followed by reaction with HCl. The substituted

30  cyclopentadiene 1 can be synthesised as previously described by Herrmann and co-
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in high yield. The nmethod is therefore highly advant agedaB000476C



08004476C 4 12 MAY 2004 02-02-2002 ~B000476~ reaction mre was |left to
“stir for I h after which the solvent was renoved in vacuo. The gigﬂv%ﬁ%was
est;% in -100 mL. of toluene. Recrystallisation fromtoluene aff t

pr o®2c32-280%aFt ¢ orange crystals. 5 ~ Method 2: From . GB000476C
(CpC~zCHzN( CHz~( CHz~~Ti Cl Z2HC1 Two equi val ents of Mel~i (0.0018 not, 1:26

m, 1.4M solution in Eti O were added dropw se to a suspension 0.48 ~ g of

( CpCH2CHs N( CH2y ~( CH~~Ti Ch2HC1 (0.00088 not) in 100 m ~ of tol uene The

m xture was stirred for 2 h after which an orange col our had devel oped in.

the tol uene. TWerksw|[91.i dhe Wiyydrochlordesaltaiddsalated soh \darkt orafiger silidvehich fis vacuo

The resi due ' ~U.mt _of, taluene and tfjge sol vent vYas
removed in v\ggﬁ% ée%\%'ﬁ’tr?gagi&g%éguc&aa?E‘%’Fﬁﬂg@at%ﬁ&fm"m (C6176): b 2.4
(t, 4H, CpCHs), 8 2.07 (t, 4H, CpCH=CHi ~, 8 2.3689 (m 8H, N(CHzh) 8 1.S5
m 8H, NCHz)l (CH2~, 8 .1.37 (-l 4H, N CH2~ QHZ~ CHz), 6.26, 5.89 t,
(8H, Cg-~. '(30 m& Retizlotitanagenecd gﬁ@ Q&Mﬂ( b:e.reaé;mneofgtmp drides2 5€ith(18

N(CHz~, 8 &6. : L . CFi ~( CHsJ 1 . 8 |14.98,
(56 an (op 1 iih cvpleh e MAEHE by rddetoh o e by st b T oty

( CpCHz CH2N( CHelFtie( Iighdy laifi st 2ndistire. seaitiveQitarikerdetd cith be' iséRitedNs DePéallineund: C,
61.4; H, 7.8S N 6.10. ,;X'mhem of ( CpCHSCH-N( CH ~( CHz~} zTi Of zZHCI® (2) 20
Met hod 1 (il | f6FP YRRersolid and is solyble in aprefic, polar andynenppisnsolvantssechrpsetherand Two

equi val ent s ofanfnsladdey AH adalvtic sm%%q{,%; ] ‘%1 9 not)
in toluene (50 rnl) were ad(}lgdag'rg%vi seto a so utlon_‘c#@‘f%ﬂu ﬁé‘g
0. 008S not) i $thepl uene (150 M) at -78 C. The solution was stirred for 30

m nutes duygpi ng which 25 tine a dark orange solid had precipitated. The-
m xture was warnmed to rimtenperature and stirred for an additional .4.h..

, The t ol uene Reastioneothe cihydrochuride 2 ehith Nus @4ui vhlRS oNVAIIE Credillishin( @kher and
dried in vacuq |l eaving.2 as dar k of an solid, Yield =4,19, 89% . 305
WV ~Tv.r.r- ~??ﬁ“fa.g9? F’Pth” tgﬁ""gl‘*ﬁhﬁ(ﬁ%ﬂ“ﬁﬁg@%ﬁi Spepilesterted i Fgwred. from
(CQCH CHzN' ( Cigpediés@H8 h highly did sendifivk Elibil TO @ solution of 0.10 g of 1 {in

deuterat ed benzene in an NMR tube) was added an " excess of HO {40%
solution. Imediately a dark orange solid precipitated. The benzene was

e {copeyS 5 AR hCpalil Tpyitel! ARRIACE dRnSR N by MinbiSED 50,
(m 8H N (CHiihyd®clilodde which s $oth airGtdbleNpdHehérGotdble arld dvolid a( fBmbbrof
N CH2h( Gz hCHQn’the%b 7s%e’ps F%n vﬁnéﬂjghe rSeaHg’ent%p aqg 'air! En% wawtlzr (se%egxtt)xél)e 'Is'he resultant
“protected” titanocene can be stored indefinitely and the neutral titanocene can be
generated by reaction with a base, Deprotonation can be carried out in situ by a
20  cocatalyst such as MAO (methylalumunoxane) to give the neutral metallocene
" dichloride as the catalyst precursor. Furthermore, reaction with four equivalents of

an alkylating agent generates the dialkyl substituted titanocene.

SPECIFIC EXAMPLES .
25  Examples of the preparation of titanocene compounds will now be described.

Synthesis of (CpCH;CH;N(CHz))) TiCh(1)

Method 1: From NaCpCH;CH;N(CH;),(CH.), and TiCl,

1.37g (0.0069 mol) of NaCpCH,CH;N(CH;),(CH,); was added as a slurry in 100 ml
30 .of THF to 0.38 ml (0.66 g, 0.0034 mol) TiCl in 75 ml of THF. On addition an

orange colour developed in the toluene and a colourless precipitate formed. The



26.43 (CpG H~, 8 S7.10 (CpCH~CHz), 8 54.39 (N(CHzh) E 24.23 (N[ CHZ {W
"8 22.64 (N(CHz~(CHzhCHaa, 8 |24.64, 116.95 {Cp ring C), b 133.33 (gpz n@“’*

10 q@m). ~ M5 (FAB, mz ~ (relative intensity, %: 472
- ([Cp ‘ CH2h( CH2hh) Ti O 2] +, ?.43). Synthesis of (Cp(GHhN CH) s) XGBbbY476
(3) 15 To a suspension of 2 ir; Et20 {0.5 g, 0.92 mmol, 50 mL EtzO was
added .two equivalents of MeLi (1.4 M 1.3 m, 1.84 mmol) in BtZOwith
vigorous stirring. Evolution of a gas was inmedi ately apparent. The m xture

was Left to sti room t t ur r .2 h,, during which a deep orange
sol ution had foljéw’rrdé-;l nang ?@%ﬁ‘?ﬁﬁ%&@?i&%%&ﬁsvlﬂmm&m@m ‘
-renoved in vacUkheaprddidd Gvas rexftudidd WASOR Kl 't S f-0l.uene to Leave the
product as a dar ed- brown oil. Synthesi sq{’)lﬁglte( ng&ysmﬁsahon rom toluene
CH=CHs N( MeKCH= Jthe-prpduct ascdark orpuge ciystalsequi val ents (0. 19 g: 0.13 nol) of

met hyl iodide were added to 0.30 g 25 (0.00067 nol) ~ of
CpCH-CH2N( CHZh{ CHzhhTi CI~ in 50 nl of toluene. The reaction m xture was

stirred for 330 Miéthed 2sFfonx(CpCHAHNOH, 5 @g-dH@ci pi tate had forned
The toluene was filtered fromthe

d | i ned, i ol uene.
B oduct - o 0 4ESmish of Mt 8ol d 6 ml b 4eneion in e pewceided
lid. 30 6 ) | S Qf ape
?(CJDpICH( ali 2) 2( Cﬁ) p?l%é—l%)g#i c%z(E ési)mﬁg?o% (C)SFJS W&%ﬁ%ﬁé@%@rmd
( CpCH2CH2IN( CHz‘oz%m ol 100 mi of telyeed Thennsiztute WaGHEE B2 K 4631205
0.73g, 3.92 ngpl.d f THF dded to.a 5 solution of Ti0C 4
g 0. 389g, 1. 96 mm%é %%&?B%P W%Pe#ﬁge%ﬁ’ﬁ%" gﬁﬂs@gggwsét;#;g ﬂ;)tmolv;,}nhour s
af ter i ch0a iommued jrvasicp (TR edidva thab tERekd 405D G SALAY drdTod Bt ned a
ven e

deep red col our. Tgﬁ,sol ution was filtered and sol vent renov vacuum
to | eave a dar¥®mSVehievasen leaving b asg dakeuinge solid. 'H NMR (CeDe): 5 2.54 (t, 4H,

CH(CH2 ' HEL A h f
( ChoreGroN Oy P BT B Ep et Sl fme B, DR heicissm 85, ¢ he
di t ti GH,)Xa8po6 )gﬁ(ﬂjﬁ ) ' b
riaggfi oLegI? I(%:(%-{(zé}bg 2(0&3% 2 Wl(t h (%H.g’ é'zb’%igf%ﬁﬁg&g%?’m&ovuwo
CeDs): & 29.16 (CpCHy), 5.59.6 (CpCH,CHy), § 55.10 (N(CHy)y, 5 26.74
15 (N(CH2(CHa)), & 25.16 (N(CH)(CH;)(CHy), 5 114.98, 123.31 (Cp ring C, 5

136.65 (Cp ring quaternary). Anal. Caled for (CpCH,CH,N(CHy):(CHz);),TiCly
(449.32); C, 61.16; H, 7.70; N, 5.94. Found: C, 61.4; H, 7.85; N, 6.10.

‘ Synthesis pf (CpCH;CH;N(CH2):(CH,).); TiCl=2HCI (2) 4
20 Method 1 (illustrative of the method of the invention): frém TiCL and
HCpCH,CH;N(CH,);(CH;), o
. Two equivalents of freshly distilled HCp CH;CH,N(CH,),(CH,), (3.0 g, 0.0169 mol)
in toluene (50 ml) were added dropwise to a solution of TiCly (1.6g, 0.0085 mol) in
toluene (150 ml) at -78 °C. The solution was stirred for 30 minutes during which
25 time a dark orange solid had precipitated. The mixture was warmed to Toom
temperature and stirred for an additional 4 h. The:toluene was removed in vacuo and
the solid was washed with ether and dried in vacuo leaving 2 as a dark orange solid.
Yield = 4.1 g, 89%.
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. 6.2

Sel ected NVR Data PCT/ GB00O/ 04760 ConpoundChemni cal Shifts of 17 MAY 2004
" Cycl opent adi enyl Protons (s~ ppm Sol vent . 16.26, S.88C6Db26. 68,

6. 5% 2, 6.48CD30D6. 57, 6.47D203S.53, 5.8706D646.7S, 6.59CD3CNS6. 37,
€75, 6.70CD30D 1 2 MAY 2004 WO 011 42260 PCT/ GBOO/ 04760 GB000476(

REFERENCES: (1) Jutzi, P.; Redeker, T. Eur. J. Inorg. Chem 199S, 663-674.
{2) Jutzi, P.; Redeker, T.; Neumann, B.; Stanmer, H -G Oganonetallics

1996, |5, 4153-4161. 5 (3) Blais, M S.; Chien, _J. C. W; Rausch, M D)
Organorretalllc . 7 AT Jut zi ; Kleineier, J. J.

Or ganonet . Che?nﬂg@ggg Q@P@%@M@&hbﬁ% and HEks, K. : Verkovnic,
G P. 1. Gernarronasoﬁmo 309@31@5@ b a‘ﬁ%; Maj | n | exes in
Cancer Chenot her apy; e pl er, Qfﬁ&n &%& n%% “%Wﬁ%.“}h) lan 1993;

pp 259. (7) Tof¥&ess of HQ? (40% selutiont . Immedidtely ﬂﬁmorﬁge sol'i@ﬁéc,hﬁzted 944 9S3.
én,

\(]8?4 Siop é:g,ﬁer ??&e%s%%@%erefgg%g@ES@&M\d%”ﬁ@Wl% CD#NA. | I\/bravm etz, T.
VO 01149260 CLA Ne (Cr 8 39, 070, Enbay p?:r?ét(f’o‘“'f G

WO 011 42260 CLAI M5 PCTI'GB 0104
%z&’e? her a

met al | ocene hafHaCHpab 3. GﬂaﬂmﬂgmaﬂH], éh&Hx);)@ L95; | 1R7e, 3, 2

rotal hal i de wloh B o MGHRGRRLAE: 6179 5t brasty Coma drfé&kh{‘mp 5

26.43 (CpCH,),  57.10 (CpCHzCHy), 8 54.39 (N(CHz),) 6 24.23 (N(CHa)2(CHa)a),

22.64 (N(CH2)(CHz);CHp), § 124.64, 11695 (Cp ring C), & 133.33 (Cp ring

10  quaternary). ‘MS  (FAB; m/z (relative intensity, %) 472
([CpCHCH;NH(CH 2 (CHa)2)) TICL]Y, 7.43). |

Synthesis of (Cp(CH,);N(CH,)s);TiMe; (3)

15 To a suspension of 2 in Et;0 (0.5 g, 0.92 mmol, 50 ml Et;0) was added two
equivalents of MeLi (1.4 M, 1.3 ml, 1.84 mmol) in E4,O with vigorous stirring,
valution ofa gas was immediately apparent. The mixture was left to stir at room
temperature for 2 h, during which a deep orange solution had formed and a colourless
solid precip'itated. The Et;0 was removed in vacuo and the product was extracted in

20 : toluene to leave the ptéduct as a dark red-brown oil.

Synthesis of [(Cp CH;CHzN(Me)(CH:)2(CH,),),TiCL] CI; (4)

Two eqmvalents (0.19 g, 0. 0013 mol) of methyl iodide were added to 0. 30 g
25 (0.00067 mol): of CpCHgCHzN(CHz)z(CHz)z)zTiCIz in 50 ml of toluene. The
reaction mixture was stirred for 30 minutes after which a bright orange precipitate
had formed and no colour remained in thc;.' :tolixenc.' 'I'he toluene was filtered from the
product which was washed with diethyl ether to leave 4 as a powder red solid.
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2. Anmethod as clainmed in claim1 wherein said nmetal halide is a halide of
“an early or a late transition nmetal. 10 3. A nethod as clainmed in tI #2004
wherein said netal conprises titanium zirconiumor hafnium 4. A nethod as
claimed in any one of clains 1 to 3 wherein said netal halide 15 conprises
a honoleptic halide. 5. A nethod as clainmed in claim4 wherein said
honol epti c ‘{;‘?M/ﬂ% conprises a honoleptic chloride. 20 G gifid@d as
claimed in clai mg wherein said honol eptic chloride conprises titanium
tetrachloride. 7. A nethod as clained in any one of clains 1 to 6 wherein
sai d substituted cycl opentadi ene carries a pendant Lewi s base. as 8. A
met hod as CAhBA of [CFERIOR, ) CISNTHL), TaCk(5)-ewi s base is provided by an
am no group. 9. A nethod as clained in claim8 wherein said am no group
conprises a 30 tertiary am no group. 10 1 2 MAY 2004 WO 01142260
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cycl opens adifiRn bETEUND 3 keXo6Nhinbl if A0EmNEFHF) hath slbcnire wahigired &sence of an
inert solvent. 12, A nethod as clai "ﬁgrﬂh%a%gﬁ 11 wherein said inert
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10  Synthesis of (CpCH(CH;)2(CH,);NCH;); TiCl;2HCI (6)

Analogous to the ‘ preparation of (CpCH;CHaN(CHz)2(CHy))2TiClp+2HCI, the
product can be synthesised by the direct reaction of NaCpCH(CH;)2(CH);NCHj3 and
TiCl, in toluene and by reaction of (CpCH(CHz)2(CH2),NCH;TiCl; with HCL.
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, basic group.
2. A method as claimed in claim 1 wherein said metal halide is a halide of an

early or a late transition metal.

10
3. A method as claimed in claim 2 wherein said metal comprises titanium,
zirconium or hafnium.
4, A method as claimed in any one of claims 1 to 3 wherein said metal halide
15 comprises a homoleptic halide.
5. A method as claimed in claim 4 wherein said homoleptic halide comprises a
homoleptic chioride.
20 6. A method as claimed in claim 5 wherein said homoleptic chloride comprises
titanium tetrachloride.
7. A method as claimed in any one of claims 1 to 6 wherein said substituted
cyclopentadiene carries a pendant Lewis base.
25
8. A method as claimed in claim 7 wherein said Lewis base is provided by an
amino group.
9. A method as claimed in claim 8 wherein said amino group comprises a
30 tertiary amino group.

10
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12 A method as claimed in claim 11 wherein said inert solvent comprises

toluene.
10
13. A method as claimed in any one of claims ! to 12 wherein said substituted
cyclopentadiene and said metal halide are reacted together at ambient
temperature or below.
15
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